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Abstract 
 

As plant cuttings have no roots, they are easily damaged and dehydrate when planted in growth 

medium. Better ways of protecting plants against environmental stress and increasing the 

sustainability of crop production after cutting propagation are needed. The aim of this study was to 

investigate the effects of alginate beads that contained Methylobacterium radiotolerans ED5-9 and 

Streptomyces TM32 fermentation broth as the growing medium on the cutting propagation of a Thai 

herbs, Chaing da, Gymnema inodorum. After 4 weeks of cultivation, the plant cuttings tested with 

alginate bead supplemented with both bacterial fermentations gave a higher percentage of survival 

than did those treated without bead (T10). The T1, 2.60 ml/l of Streptomyces TM32 and 0.25 mg/l 

of M. radiotolerans ED5-9 fermentation broths blended with 3% alginate treatment, presented the 

highest percentage of survival (90.48±6 .5 6 %), rooting (50.00±22.40%) and number of leaves per 

plant (5.17±0.54). These promising results were obtained when compared with the non-alginate and 

the synthetic IAA treatments. Therefore, using a gelling biocompatibility technique with bacterial 

fermentation broth was able to improve organic cutting propagation that was vulnerable to 

dehydration and infection by pathogens. 

 

Keywords: Methylobacterium radiotolerans, Streptomyces, fermentation broth, Gymnema 

inodorum, gel rooting medium, cutting propagation   
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1. Introduction 
 

Plant cutting, a simple cloning method which allows commercial growers to clone a certain plant to 

ensure consistency throughout their crops and can be effective depending on various factors such as 

type of cutting, plant species, cutting time and environment. Plant cuttings have no root systems, 

therefore, they are likely to die from dehydration if the conditions are not appropriate [1]. There are 

ways of improving the growth of cutting propagations. For example, a number of moist media are 

used, including but not limited to soil, perlite, vermiculite, coir, rock wool, expanded clay pellets, 

compost [2], and even water given the right conditions.  Moreover, the roots of the cutting will 

usually follow the wound after dipping the cutting into accelerating hormone or anti-fungal agents. 

The rooting hormones, indole-3-acetic acid (IAA), indole-3-butyric acid (IBA) and 1-

naphthaleneacetic acid (NAA), which are also known as auxins, can be applied to the stems of root 

cuttings to increase the number of adventitious roots [1]. However, in organic production, the 

synthetic forms of auxins such as IAA, IBA and NAA are often not permitted, and thus alternative 

hormones/stimulators or techniques are employed to improve rooting success rate and quality. There 

are natural and organic sources that can successfully provide a rooting boost to freshly taken cuttings 

such as honey [3], coconut water [4], willow extract [5] and even bacterial phytohormone [6].  

Among the plant growth-promoting bacteria (PGPB), bacterial endophytes can be isolated 

from various plants that have the capacity to synthesize antibiotics and substances like plant 

hormones. Bacterial hormones, such as indole-3-acetic acid (IAA), cytokinins (CKs) and 

gibberellins (Gas), can affect not only growth and development of plant [6] but also stimulate the 

plant defense system [7]. Pink pigmented facultative methylotrophs (PPFMs) from the genus 

Methylobacterium were found to be plant growth-promoting bacterial endophytes that had great 

potential to synthesize and release IAA as a secondary metabolite [8, 9]. From our previous study, 

PPFMs isolate with the ability to produce phytohormone, IAA, was isolated from Murdannia 

loriformis (Hassk.) R. Rao & Kammathy leaves and the most effective isolate ED5-9 was identified 

later by partial 16S rDNA gene sequencing as a strain of Methylobacterium radiotolerans JCM 

2831(T) [10]. Further work using M. radiotolerans ED5-9 has been done in vitro conditions for 

growth promotion in some plants, such as Rauvolfia serpentina [11], Murdannia loriformis and 

Gymnema inodorum [12], by addition of its fermentation broth into the growing plant media. 

Furthermore, the phytohormone synthesizing actinobacteria isolate Streptomyces TM32, which was 

related to Streptomyces sioyaensis discovered by Nakaew et al. [13], exhibited antagonistic activity 

against the fungus, Rigidoporus sp., which is known to cause white root rot disease of rubber trees, 

with an effective dose (ED50) of fermentation broth at 2.60 ml/l. There is also a promising result 

examined by Sarin et al. [14] on the application of the isolate M. radiotolerans ED5-9 fermentation 

broth in combination with crude antimicrobial agents extracted from fermentation broth of the 

isolate Streptomyces TM32 on tissue culture of Gymnema inodorum (Lour.) Decne., 

Asclepiadaceae, known as Chiang Da (Thai name). This plant is one of the reputed medicinal plants 

that can decrease blood glucose [15, 16] and is widely used in Northern Thai cuisine as a local 

vegetable and in commercial herb tea. Therefore, an efficient method of asexual propagation via 

cuttings of vegetative Chiang Da is needed for the production in large quantity. 

Rooting hormone, in gel form, has become the popular form of rooting hormones, because 

there is no preparation needed and it can be applied right to the plants, with no extra step involved 

[17]. It easily adheres and covers the cut surface completely, and it is the least likely to get washed 

away when the plants are watered. Gel IBA, a commercial hormone, has been favorable for rooting 

native olive cutting [18]. In particular, alginate hydrogels, which are naturally occurring anionic 

polymers typically obtained from brown seaweed, have been attractive to numerous applications 

due to their biocompatibility, low toxicity, relatively low cost, and mild gelation by addition of 

divalent cations such as Ca2+ [19]. These gels provide a physiologically moist microenvironment. 

https://en.wikipedia.org/wiki/Dehydration
https://en.wikipedia.org/wiki/Perlite
https://en.wikipedia.org/wiki/Vermiculite
https://en.wikipedia.org/wiki/Coir
https://en.wikipedia.org/wiki/Mineral_wool
https://en.wikipedia.org/wiki/Expanded_clay_aggregate
https://en.wikipedia.org/wiki/Indole-3-acetic_acid
https://en.wikipedia.org/wiki/Auxin
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All molecules, from small to macromolecules, can also be released from alginate gels being used as 

growing medium, depending on the cross-linker types and cross-linking methods, which can also be 

specifically designed to support plant growth and supply roots with necessities such as hormones, 

water, air, and nutrients. Therefore, the aim of this study was to investigate the effects of 

fermentation broth of M. radiotolerans ED5-9 and Streptomyces TM32 blended in alginate as 

growing medium on the cutting propagation of Gymnema inodorum as a means to protect plants 

against environmental stress and to increase the sustainability of crop production. 

 

 

2. Materials and Methods 
 

2.1 Preparation of cell-free fermentation broth of the isolate Methylobacterium 

radiotolerans ED5-9 
 

Methylobacterium radiotolerans ED5-9 was cultured in 100 ml liquid nutrient medium (LNM) 

containing 2 g/l KH2PO4, 2g/l (NH4)2SO4, 0.125 g/l MgSO4.7H2O, 0.5 g/l NaCl, 0.002 g/l 

FeSO4.7H2O, 0.1 g/l yeast extract and filtered sterile 1% methanol (v/v) in a 250 ml Erlenmeyer 

flask, and the media was adjusted to pH 5.5. After incubation under the shaking conditions of 150 

rpm at 30C for 60 h, the culture was centrifuged at 10,000 g at 4C for 15 min. In order to  increase 

the IAA concentration, the supernatant was then evaporated at 40C, 50 rpm, 7.2 kPa until reaching 

a half scale of the starting volume in a rotary evaporator ( Rotavapor® R-205, Büchi Labortechnik 

AG) and filtered in order to preserve sterility through a filter paper (0.45 µm). The supernatant was 

stored at 4C prior to use. The bacterial IAA concentration in the supernatant of M. radiotolerans 

Ed5-9 (MIAA) was quantified by colorimetric method [20]. A mixture containing 1 ml of the 

supernatant and 2 ml of Salkowski's reagent was incubated in the dark at ambient temperature for 

30 min before its absorbance at 530 nm was measured. The calculated concentration of each sample 

was achieved from a standard plot of synthetic IAA (Sigma) concentrations ranging from 0.0-30.0 

mg/l.  

 

2.2 Preparation of fermentation broth of the isolate Streptomyces TM32 
 

Streptomyces TM32 was cultured on Hickey-Tresner (HT) agar [21] at 30°C for 7 days. Its colonies 

on HT agar were then cut with cork-borers of 0.8 cm diameter, and 5 pieces of its active growth agar 

were inoculated in 200 ml of International Streptomyces Project 2 (ISP2) medium [21]. The culture 

was incubated at ambient temperature (~25°C) with shaking reciprocally at 120 rpm for 7 days and 

was later centrifuged at 10,000 g at 4C for 15 min. Streptomyces TM32 supernatant was sterilized 

by autoclaving and kept at 4°C prior to study and was used at the ED50 volume of 2.60 ml/l against 

fungus, Rigidoporus sp., discovered by Nakaew et al. [13] to prevent fungal disease infection on the 

cutting stem. The actinobacterial IAA concentration was also estimated as described before. 

 

2.3 Evaluation of growth promoting activity in plant cuttings 
 

2.3.1 Preparation of plant cuttings 

 

As the production of uniform, vigorous and adequate stem tip cutting stages for rooting were 

required for testing experiments, a clean culture was prepared by tissue culture technique. Field 

grown plants of Gymnema inodorum cultivar code 4 collected from the Agricultural Technology 

Research Institute, Rajamangala University of Technology Lanna (RMUTL), Thailand, were used 

as a source of the explants. The shoot tip explants were first soaked in a solution of 15% Clorox for 
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10 min and washed three times with sterile distilled water for 5 min. They were then incubated in 

the modified semi-solid Murashige and Skoog (MS) medium [22] containing 6-benzyl amino purine 

(BAP) 4 mg/l. The cultures were kept under a light intensity of 42 mol/m2/s at 25±2C with a 16-h-

light photoperiod and 8-h-dark period for 4 weeks in order to induce plant regeneration. After proper 

initiation, they were cut and placed onto the new MS media containing BAP 2 mg/l and naphthalene 

acetic acid (NAA) 0.5 mg/l and used later as the clean culture for the stem tip cutting trials after 

growing for 4 weeks. 

 

2.3.2 Preparation of alginate rooting medium 

 

Sodium alginate (Sigma) gel (3%) fortified with various concentrations of bacterial fermentation 

broth or synthetic IAA according to experimental treatment design (Table 1) was prepared in sterile 

distilled water and was then gently added, drop by drop, through a sterile cut tip syringe into 100 

mM CaCl2 solution to make a bead of about 1 cm in size. The resulting alginate beads were allowed 

to stand for 12 h for hardening and were then autoclaved and kept in the dark at room temperature 

(25±2 ºC). 

 

Table 1. Treatment design for G. inodorum cutting trials 

Treatment Streptomyces TM32 

fermentation broth* 

(ml/l) 

MIAA 

 (mg/l) 

Synthetic IAA 

(mg/l) 

T1 2.60 0.25 - 

T2 2.60 0.50 - 

T3 2.60 1.00 - 

T4 2.60 2.00 - 

T5 2.60 - 0.50 

T6 - 0.50 - 

T7 2.60 - - 

T8 - - 0.50 

T9 - - - 

T10 (without      

alginate bead) 

- - - 

*The volume of ED50 against Rigidoporus sp. discovered by Nakaew et al. [13], which contained 

0.01 mg/l of IAA. 

 

2.3.3 Experimental trials 

 

A stem tip cutting (2 cm in length) of the G. inodorum clean culture was stabbed and placed into the 

alginate at a depth of about 3-5 mm, and the bead was then planted in a small pot (3.5 cm in diameter 

and 5 cm. in height) containing moist sterile peat moss.  Fifteen replicates per treatment with one 

stem tip cutting per pot as described in Table 1 were performed. All treatments were left in a dish 

that was filled with the water under the light intensity of 42 mol/m2/s for photosynthetic active 

radiation at 25±2C with a 16-h-light photoperiod and 8-h-dark period for 4 weeks. Survival rates, 

stem tip height, leaf numbers and alginate bead morphology were observed and recorded weekly. 

The four-week-old harvestable fresh plants were measured for the leaf greenness values (SPAD 

unit) by a chlorophyll meter (Minolta SPAD -502, Japan). 

 

 



Current Applied Science and Technology Vol. 20 No. 3 (September-December 2020) 

347 

 

2.4 Statistical analyses 
 

Randomized Complete Block Design (RCBD) was applied for the experimental design. Mean values 

and the standard error of mean were calculated. Results of the measurements were subjected to 

analysis of variance (ANOVA) and significance at the p value < 0.05 was tested by Fisher's Least 

Significant Difference (LSD) by using a Minitab version 17 program. 

 

 

3. Results and Discussion 
 

After 4 weeks of cultivation, most treatments of plant cuttings with alginate beads gave a higher 

survival percentage than those treated without beads (T10), except for the T7, which contained only 

the Streptomyces TM32 fermentation broth.  The T1, T2 and T4 presented the highest percentages 

of 90.48% as shown in Figure 1. However, all treatments including T1 to T4 treatments, which 

contained the fermentation broth of both bacteria, with the exception of T7 were not significantly 

different from T10. 

 

 
 

Figure 1. Effect of different concentrations of fermentation broth of M. radiotolerans Ed5-9 

(MIAA) on survival rate of G. inodorum. Means followed by the same letter on the bar chart are 

not significantly different at p <0.05, n = 15, based on Fisher's Least Significant (LSD). 
 

The highest rooting (50.00±22.40%), number of roots per plant and root length were 

obtained from the T1 test (Table 2). Although the plant cuttings tested in the T2, T7, T8 and T9  

survived, no obvious roots had formed. There were only very small knobs appearing at the end of 

stems (Figure 2). However, cuttings still have both water and carbon stored, which are available for 

their growth. This detached part of the plant remains physiologically active, allowing mitotic activity 

and new rooting. Generally, rooting occurs within 3 to 4 weeks, but some plants take longer. The 

cuttings that were encouraged to form new roots may have done so due to IAA in the alginate beads; 
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they then grew by absorbing the minerals and nutrients contained in fermentation broth within 

alginate medium. Although the tested T1 showed the highest number of leaves per plant, the result 

was not significantly different from T2, T3, T4, T7, T8, and T10 (Table 2).  On the other hand, the 

height of stem tip of T1was shorter (2.88±0.28 cm) after planting for 4 weeks (Table 3). The T4 and 

T5 gave the stem tip heights of 3.15±0.16 and 3.16±0.10 cm, respectively, which were higher than 

other treatments, however, there was no significant difference in stem tip height among the 

treatments. The alginate bead treatments that contained both bacterial fermentation broths (T1-T4) 

might have provided minerals and nutrients for the cuttings via their new roots, resulting in better 

growth of the cuttings than the growth of those treated without bacterial fermentation broth (T10). 

In line with this observation, the better growth of tested treatments with alginate bead (T1-T4) also 

showed higher chlorophyll content than the tested treatment without alginate bead of the T10 (Figure 

3) and especially T2 and T4 were significantly different from T8 and T10. The alginate beads  

gradually degraded over the 4 weeks (Figure 4), and the cutting plants continued to grow in the peat 

moss. There was also no fungal contamination in the treatments.  

 

 

Table 2. Effect of different concentrations of fermentation broth of M. radiotolerans Ed5-9 (MIAA) 

on rooting percentage, number of roots, root length and number of leaves of G. inodorum cuttings 

(Mean±SE ; n = 15) 

nr  = no obvious root 

ns = not significantly different between treatments. Means followed by the same letter are not 

significantly different at p <0.05, based on Fisher's Least Significant (LSD). 

 

Treatment Rooting (%) No. of root per 

plant 

Root length 

(cm) 

No. of leaves 

per plant 

T1 50.00±22.40ns 2.67±1.20ns 1.47±0.73ns 5.17±0.54a 

T2 nr nr Nr 3.83±0.65ab 

T3 16.70±16.70ns 1.00±0.00ns 0.41±0.00ns 4.25±1.31ab 

T4 33.30±21.10ns 2.50±1.50ns 0.55±0.38ns 3.50±0.5ab 

T5 16.70±16.70ns 1.00±0.00ns 0.24±0.00ns 3.00±0.52b 

T6 16.70±16.70ns 2.00±0.00ns 0.34±0.00ns 2.67±0.67b 

T7 nr nr nr 3.33±0.33ab 

T8 nr nr nr 3.25±1.11ab 

T9 nr nr nr 2.67±0.67b 

T10 16.70±16.70ns 2.00±0.00ns 2.23±0.00ns 4.25±1.03ab 
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Figure 2. Morphology of G. inodorum cuttings after growing in different treatments for 4 weeks 

 

Table 3. Stem tip height of G. inodorum cuttings measured at weekly intervals after planting in 

various treatments (Mean±SE ; n=15) 

Treatments Stem tip height (cm)  

1st weeks 2nd weeks 3rd weeks 4th weeks 

T1 2.74±0.20 2.76±0.21 2.82±0.28 2.88±0.28 
T2 2.64±0.27 2.64±0.27 2.64±0.27 2.64±0.27 
T3 2.46±0.19 2.46±0.19 2.46±0.19 2.48±0.16 
T4 3.06±0.12 3.06±0.12 3.10±0.12 3.15±0.16 
T5 3.04±0.08 3.04±0.08 3.04±0.08 3.16±0.09 
T6 3.00±0.07 3.00±0.07 3.00±0.07 3.02±0.08 
T7 2.82±0.16 2.82±0.16 2.82±0.16 2.82±0.16 
T8 2.48±0.16 2.48±0.16 2.48±0.16 2.48±0.16 
T9 2.62±0.22 2.62±0.22 2.62±0.22 2.62±0.22 

T10 2.78±0.10 2.80±0.11 2.82±0.12 2.86±0.16 

There is no significantly difference between treatments at p <0.05 
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Figure 3. Leaf chlorophyll content of G. inodorum stem tip cuttings after planting 

at various treatments for 4 weeks 

 

 
 

Figure 4. Weekly observation of alginate beads 

 

Nowadays, alginate is known to be linear copolymers containing blocks of (1,4)-linked 

β-D-mannuronate (M) and α-L-guluronate (G) residues. The G-blocks of alginate are believed to 

participate in intermolecular cross-linking with divalent cations such as Ca2+, used in this study to 

form hydrogels [23, 24]. Therefore, the rate of IAA hormone and other useful substance release  

from the fermentation broth gel depends on the physical properties and the stability of the gel.  

The proper percentage of alginate in hydrogel affects the diffusion of water and nutrient 

from alginate bead to plant. Better diffusion in the gel medium and availability of water result in the 

better growth and plant survival. It has been suggested that gel bead obtained by using 3% of alginate 
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developed in 100 mM CaCl2 solution was able to improve in vitro growth of pomegranate (Punica 

granatum L. )  nodal segments [25] and Cucumis sativus L.  shoot tips [26]. Since Thimann and 

Koepfli [27] found that synthetic preparations of IAA had root-forming properties, they also 

demonstrated that it could be used in stimulating root formation on cuttings. The influence of IAA 

on rooting had been reported by Shibaoka [28], who showed that an increased number of roots in 

cuttings of adzuki bean [Vigna angularis (Willd.) Ohwi & H. Ohashi var. angularis (syn. Azukia 

angularis (Willd.) Ohwi) seedlings was obtained when IAA at a high concentration was applied 

during the first 24 h. However, in this research, the lowest concentration of the natural IAA from M. 

radiotolerans ED5-9 (0.25 mg/l), in cooperation with the fermentation broth from Streptomyces 

TM32 (2.60 ml/l) (T1), was able to enhance rooting percentage better than other treatments. The M. 

radiotolerans ED5-9 used in this study has also been reported to produce cytokinins in an amount 

of 0.54 μg/ml of culture media after incubation for 5 days [29]. Application of alginate beads for the 

encapsulation of Mentha arvensis nodal segments gave the highest rate of shoot formation (80%) 

when observed in MS medium containing 2.0 mg/l cytokinins (BAP) and 0.2 mg/l auxin (NAA) 

[30]. The result showed that the percentage of rooting was reduced when the concentration of MIAA 

was increased in medium in which the high concentrations of IAA might cause osmotic stress [31]. 

Moreover, the tested Streptomyces TM32 could also produce an IAA concentration of 4.26 mg/l in 

culture media after incubation for 7 days. The existing growth of root meristem and shoot tip of 

plants can be stimulated at a low concentration of auxin (0.0001-0.01 mg/l), and auxin 

concentrations higher than 0.01 mg/l are often inhibitory due to an increase in production of ethylene 

[32]. The effectiveness of this application in promoting rooting on the stem cuttings may also depend 

on adequate absorption by plant tissue and depth of treatment where the absorption of supplement 

substance solution can run down the epidermis and be absorbed through the cut part [33]. 

Furthermore, this experiment was designed for different concentrations of microbial fermentation 

study as a means to create a variation of chemical substances attained in the culture medium. The 

growth of cuttings in this study could be thus affected by nutrient constitution of culture medium. 

Most of the results related with alginate bead treatments in this preliminary experiment that were 

not significantly different from the treatment without alginate bead may have been due to all the 

factors described above. Therefore, further study of the optimum size of alginate bead and some 

conditions needs to be done. 

 

 

4. Conclusions 
 

A blended fermentation broth of M. radiotolerans Ed5-9 (MIAA) 0.25 mg/l with the fermentation 

broth of Streptomyces TM32 2.60 ml/l could be used to promote rooting and growth of the G. 

inodorum cuttings. Since the aim of this research was to grow G. inodorum cuttings in alginate 

blended with bacterial fermentation broth containing phytohormones such as IAA, antibiotics and 

some nutrients in order to promote rooting medium and then let them continue growing in peat moss 

in order to insure root compatibility from the beginning, it can be concluded that promising results 

were obtained when compared with the non-alginate and synthetic IAA treatments. Thus, the 

utilization of bacterial fermentation broth with gelling biocompatibility technique can improve 

organic cutting propagations that are susceptible to fungal pathogens and are vulnerable to 

dehydration. 
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Abstract 
 

Respiratory infections are among important infections in human. The causative agents are diverse 

group of bacteria, virus, fungi and parasites. This research focuses on the detection of microbial 

contaminants and respiratory pathogens in indoor air of university environment by application of a 

molecular method. Seven pathogens including Streptococcus pneumoniae, Streptococcus 

pyogenes, Staphylococcus aureus, Haemophilus influenzae, Klebsiella pneumoniae, Pseudomonas 

aeruginosa and Legionella pneumophila were screened. Twenty-eight air samples were analyzed 

by conventional culture method and the multiplex polymerase chain reaction (mPCR) that detected 

those seven pathogens simultaneously within three reactions. The conventional culture method 

showed the average total count of large lecture rooms at 3.4 CFU plate-1 h-1, small lecture rooms at 

5.2 CFU plate-1 h-1, meeting rooms at 4.3 CFU plate-1 h-1, office rooms at 3.0 CFU plate-1 h-1, 
canteen rooms at 31.5 CFU plate-1 h-1 and service vans at 5.5 CFU plate-1 h-1. Contaminants 

comprised Gram-positive bacteria, Gram-negative bacteria and molds. The genus compositions 
were Staphylococcus spp. (62.50%), Micrococcus spp. and Kytococcus spp. (58.33%), Bacillus 

spp. (41.64%), Moraxella spp. (29.17%), Corynebacterium spp. (25.00%) and Pseudomonas spp. 

(20.83%). MultiplexPCR was able to detect Staphylococcus aureus and Streptococcus pyogenes at 

16.67% and 4.17% of air samples, respectively, whereas conventional method did not. These two 

bacteria are important pathogens of human and are common cause of wide range of infections. The 

results suggested that mPCR was a useful supplement to the conventional method to monitor 

indoor air microbiological quality and should be introduced in guidelines of indoor air quality 

monitoring. 
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1. Introduction 
 

Respiratory infections are among most important infections of the world population. Large 

budgets have been spent by many countries to deal with these diseases. However, they tend to be 

more severe and widely spread, hence efficient and urgent controls are needed. Starting from 

understanding the sources and important factors concerning human respiratory infections is agreed 

to be a reasonable approach [1, 2].There are large variety of respiratory infectious diseases which 

may be acute or chronic, and examples include influenza, pneumonia, tuberculosis, bronchitis, and 

the common cold. The causative agents can be bacteria, virus and fungi with a big diverse group 

and pathogenicity level. These microbes can be transmitted by aerosols from infected human oral 

and respiratory fluid, causing widely spread of diseases [3-5]. Exposure to contaminated air is a 

kind of threat for human health because even generally nonpathogenic microbes can cause 

infection in hosts that are compromised. The reservoirs of pathogens, such as the antibiotic-

resistant Staphylococcus aureus, are known to be not limited only to hospitals, but are also found 

in the indoor environments of normal residential buildings [6, 7]. Understanding of aerosols and 

particles in the indoor environment tends to be closely concerned with infection control of 

respiratory diseases [2, 3]. Interestingly, it has been expressed that characterization of airborne 

bacteria is important for understanding disease transmission from person to person.There were 

also reports that some bacteria isolated from indoor air can be tracked back to human origin [8, 9]. 

Human occupants are one of the most important factors concerning respiratory infection 

from indoor air. The efficient prevention and control of the diseases to provide safety to people 

who spend most of the time indoors should start from learning about the aerosols and materials 

from human occupants that may disperse in environmental areas. However, the microbial contents 

in indoor environment of most universities have not been investigated and the essential 

information for good management is still needed. The conventional method to determine the 

microbial content is culture and identification which is the gold standard method. However, some 

fastidious organisms may not be detected when they are present at low amount. Molecular 

techniques such as Polymerase chain reaction (PCR) have been accepted to be very helpful for 

microbial detection in various samples according to their sensitivity, specificity and rapidity [10-

13].  

The multiplex polymerase chain reaction (mPCR) is a type of PCR technique that has 

become widespread and very popular for amplification of more than one target sequence in a 

reaction mixture using multiple primer pairs. This technique is time saving since many species of 

microorganisms can be detected at the same time [14-16]. Therefore, in this study we aimed to 

investigate indoor air of a university for the concentration and diversity of microbial contaminants 

including the seven important pathogens by using culture technique in combination with mPCR. 

The results show the concentration and composition of microbes including some pathogenic 

species that may exist. This will be a very useful information for universities to prevent and 

control the respiratory infections for their students. 

 

 

2. Materials and Methods  
 

2.1 Sampling environment  
 

Total of twenty eight air samples were collected from six groups of locations in a university 

including large lecture rooms, small lecture rooms, meeting rooms, office rooms, canteen rooms 

and service vans. 
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2.2 Cultivation method  
 

Indoor air samples were collected by using settle plate method with the 1/1/1 (1 h, 1 m from the 

floor, at least 1 m away from walls) schedule [17]. Various culture media in a 10 cm diameter 

Petri-dish were used according to the investigated microbes, including Plate count agar (PCA), 

Blood agar (BA), Sabouraud dextrose agar (SDA), Potato dextrose agar (PDA), Chocolate agar for 

Haemophilus influenzae and Legionella BCYE agar for Legionella pneumophila. Plate count agar 

and Blood agar were incubated at 37oC, Sabouraud dextrose agar and Potato dextrose agar were 

incubated at 25oC, Chocolate agar were incubated at 37oC in candle jar and Legionella BCYE agar 

were incubated at 37oC. All plates were incubated for 24-48 h followed by colony examination 

and identification by conventional method [18]. Levels of contamination were recorded as colony 

forming unit per plate per hour (CFU plate-1 h-1). 

 

2.3 Molecular method 
 

Samples for DNA detection of contaminants were collected by using impactor sampler, Reuter 

Centrifugal Air Sampler, loading with a 9 cm filter, according to the instruction.The samples were 

prepared for DNA extraction by cutting each filter into small pieces and suspended in 5 ml buffer 

peptone water (pH 7.2, 1 l comprising 10 g of peptone, 5 g of sodium chloride, 3.5 g of disodium 

phosphate and 1.5 g of potassium dihydrogen phosphate). After vortexing for 2 min followed by 

centrifugation at 12,000 rpm for 5 min, the supernatant was collected for DNA extraction steps. 

Bacterial DNA from the collected supernatant was extracted using InstaGeneTMMatrix according 

to the manufacturer’s instruction and the clear supernatant was collected and stored at -20oC for 

using as DNA sample in further steps. 

  PCR detection of bacterial contaminants in all samples was performed by using primers 

specific for each of seven important bacterial species including Streptococcus pneumoniae (Ply F, 

Ply R), Streptococcus pyogenes (LytA F, LytA R), Staphylococcus aureus (sa442 F, sa442 R), 

Haemophilus influenzae (Hae F, Hae R), Klebsiella pneumoniae (Pf, Pr2), Pseudomonas 

aeruginosa (PA1, PA2) and Legionella pneumophila (Mip F, Mip R), as shown in Table 1. 

 

Table 1. PCR primers, target genes and product sizes from DNA amplification of studied pathogens 

Bacterial Species 

 

Target genes Primers Primer sequences Product 

(bp)/Ref 

Haemophilus influenzae 

 

16S rDNA Hae F 

HaeR 

ttg aca tcc taa gaa gag ctc 

tct cct ttg agt tcc cga ccg 

167/ [19] 

Streptococus pneumoniae 

 

ply Ply F 

Ply R 

gaa ttc cct gtc ttt tca aag tc 

att tct gta aca gct acc aac ga 

348/ [20] 

Klebsiella pneumoniae 

 

16s-23s ITS Pf 

Pr2 

att tga aga ggt tgc aaa cga t 

ccg aag atg ttt cac ttc tga tt 

260/ [21] 

Pseudomonas aeruginosa 

 

Antigen H 

16s-23s ITS 

PA1 

PA2 

tcc aaa caa tcg tcg aaa gc 

ccg aaa att cgc gct tga ac 

181/ [22] 

Streptococcus pyogenes 

 

lytA LytA F 

LytA R 

gag aga cta acg cat gtt agt a 

tag tta ccg tca ctt ggt gg 

317/ [19] 

Staphyococcus aureus sa442 sa442 F 

sa442 R 

tcg gta cac gat att ctt cac 

act ctc gta tga cca gct tc 

179/ [20] 

Legionella pneumophila 

 

mip Mip F 

Mip R 

acc gaa cag caa atg aaa ga 

aac gcc tgg ctt gtt ttt gt 

144/ [19] 

 
  The PCR reaction mixture of 50 µl contained 1XPCR buffer, 2.5 mM of MgCl2,1 µM of 

each primer, 250 µM of dNTPs, 1.25 U Taq DNA polymerase and 100 ng of DNA template.Two 
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amplification profiles of multiplex reactions were used.The first profile for primers Hae F/Hae R, 

LytA F/LytA R, sa442 F/sa442 R and Mip F/Mip R began with initial denaturation at 95oC for 30s 

followed by 40 cycles of denaturation at 94oC for 15s, annealing at 50oC for 30s and extension at 

75oC for 30s and then final extension at 72oC for 10 min. Another profile for the other set of 

primers including Ply F/Ply R, Pf/Pr2, PA1/PA2 was initial denatured at 94oC for 10 min followed 

by 35 cycles of denaturation at 94oC for 30s, annealing at 57oC for 20s and extension at 72oC for 

20s before final extension at 72oC for 10 min. The PCR products were examined by agarose gel 

electrophoresis and ethidium bromide staining. 

 

 

3. Results and Discussion 
 

3.1 Microbial diversity and density 
 

From twenty eight air samples of six groups of sampling locations, all were positive for microbial 

contamination at different levels. The investigation was performed both for total microbial 

contamination and for seven specified pathogens. Evaluation of total contamination by using 

conventional culture method showed the average total count on blood agar of large lecture rooms 

at 3.4 CFU plate-1 h-1, small lecture rooms at 5.2 CFU plate-1 h-1, meeting rooms at 4.3 CFU plate-1 

h-1, office rooms at 3.0 CFU plate-1 h-1, canteen rooms at 31.5 CFU plate-1 h-1 and service vans at 

5.5 CFU plate-1 h-1. The comparison of total aerobic microbial count of those six location groups 

was shown in Figure 1 and the level of microbiological air quality according to the Standard Index 

of Microbial Air Contamination (IMA) classes was shown in Table 2. Figure 1 showed the 

variation of total aerobic microbial count both among location groups and within the same group. 

The results showed that canteen areas were more contaminated than others, this may depend on 

many factors such as the number of occupants, their activities, physical factors, sources of 

contaminants and cleaning practice. It was also found that more contamination was observed in 

more crowded locations of canteens. So this will be useful data for further improvements. 

Characterization of microbes demonstrated both Gram-positive and Gram-negative bacteria 

including some molds. In total of twenty eight samples sites the rates of finding of bacterial genera 

frequently isolated were Staphylococcus spp. (62.50%), Micrococcus spp. and Kytococcus spp. 

(58.33%), Bacillus spp. (41.64%), Moraxella spp. (29.17%), Corynebacterium spp. (25.00%) and 

Pseudomonas spp. (20.83%). Figure 2 showed the prevalence rate of each bacterial group in all air 

samples. These bacteria are generally found in human body and environment. Two of the most 

prevalent bacteria were Staphylococcus spp. and Bacillus spp. This corresponded to the fact that 

Staphylococcus spp. naturally lives on skin and surfaces of human and animals whereas Bacillus 

spp. is commonly found in environment such as in air, soil and water and can also be found in 

human and animals.Thus, it corresponds to the mention that general human activities and shedding 

of skin can be very large sources of bioaerosols, airborne particles and microbes [2, 9, 23-27]. 

Investigation of microbiological contamination of indoor air will reflect the quality of indoor air 

upon utilization by occupants. 
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Figure 1.  Total aerobic microbial load of indoor air samples from different location groups: Large 

lecture rooms (LR), Small lecture rooms (SR), Meeting rooms (MR), Office rooms (OR), Canteen 

rooms (CR) and Service vans (SV). S1-S6 represent contamination level of sampling location 1, 

sampling location 2, sampling location 3, sampling location 4, sampling location 5, and sampling 

location 6 within the group 

 

 

 

 
 

Figure 2.  Prevalence rate of aerobic bacterial species in twenty eight air samples of six different 

sampling locations 
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Table 2. Microbiological air quality of the six sampling locations according to the Standard Index 

of Microbial Air Contamination (IMA) classes [17] 

Sampling locations 

 

Microbial count 

(CFU/dm2/h) 

Air quality level 

(IMA classes) 

Large lecture rooms 5.86 Very good (0-9 CFU/dm2/h) 

Small lecture rooms 8.96 Very good (0-9 CFU/dm2/h) 

Meeting rooms 7.33 Very good (0-9 CFU/dm2/h) 

Office rooms 5.17 Very good (0-9 CFU/dm2/h) 

Canteen rooms 54.31 Fair (10-84 CFU/dm2/h) 

Service vans 9.48 Good (10-39 CFU/dm2/h) 

 

3.2 Detection of specific pathogens by multiplex polymerase chain reaction 
 

Multiplex polymerase chain reaction (mPCR), which is a molecular method, was used to  

supplement the conventional methods used to evaluate indoor air microbiological quality. As 

shown in Table 1, seven primers pairs were used to detect seven important pathogens in three PCR 

reactions with proper optimization for good product at expected length. 

  Figure 3 showed the electrophoresis result of PCR amplification after proper optimization 

of DNA from Haemophilus influenzae using Hae F/Hae R primers (Panel A), Streptococcus 

pneumoniae, Klebsiella pneumoniae and Pseudomonas aeruginosa using Ply F/Ply R, Pf/Pr2 and 

PA1/PA2 primers as multiplex PCR (Panel B) and Streptococcus pyogenes, Staphylococcus 

aureus and Legionella pneumophila using LytA F/LytA R, sa442 F/sa442 R and Mip F/Mip R as 

multiplex PCR (Panel C). The length of amplified products specific to each organism was 

indicated in the illustrations. 

  By using the mPCR method, Staphylococcus aureus and Streptococcus pyogenes were 

detected at 16.67% and 4.17% respectively, of total air samples. The locations of these positive 

samples were in one small lecture room, one meeting room, two office rooms and one canteen 

room whereas the conventional method did not detect these pathogens in the same air samples. 

This corresponded to the fact that the culture method which is known as gold standard method for 

microbial detection still has some limitations, for example in case of fastidious organisms, viable 

but nonculturable state and non viable state of microorganisms [28]. Staphylococcus aureus and S. 

pyogenes were not observed in the culture process so they were not included in the rate of 

detection using culture method. This suggested that mPCR could be a helpful tool for detection 

and monitoring of contaminants since the present of DNA will reflect the presence of that microbe 

in the area investigated. 

  Staphylococcus spp. was also reported to be commonly isolated from the air in residential 

and commercial building [29-33]. It was mentioned that characterization of airborne bacteria can 

be helpful to determine the source of contaminants and to understand the transmission of microbes 

from person to person [32-35]. This makes the determination of indoor air contaminants be very 

important for contamination control. 
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Figure 3.  Optimization of mPCR for detection of seven bacterial pathogens as shown by 2% 

agarose gel electrophoresis of amplification products. (A) Haemophilus influenzae, Hae F/Hae R 

primers, (B) Streptococcus pneumoniae, Klebsiella pneumoniae and Pseudomonas aeruginosa,  

Ply F/Ply R, Pf/Pr2 and PA1/PA2 primers, (C) Streptococcus pyogenes, Staphylococcus aureus 

and  Legionella pneumophila, LytA F/LytA R, sa442 F/sa442 R and Mip F/Mip R primers. M: 

Molecular size marker, lane 1 in each panel was from PCR amplification 

 

 

4. Conclusions 
 

The results demonstrated that despite the conventional culture method for determination of 

microbial contaminations of indoor air, the using of mPCR method can provide early detection of 

some important pathogens and will lead to early actions to prevent occupants from infections. The 

mPCR technique was a useful supplement to conventional methods to determine indoor air 

microbiological quality and should be introduced to indoor air quality monitoring. 
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Abstract 
 

Alcohol dehydrogenase is an enzyme that is involved in various roles in plant such as plant 

development, growth and plant responses to abiotic and biotic stresses. A recombinant alcohol 

dehydrogenase 1 (Adh1) cDNA (r-msAdh1) from Metroxylon sagu has been previously isolated, and it 

contained 20 nucleotides derived from Elaeis guineensis at the 5’-end and had a molecular weight of 

1.14 kb. The objective of this study is to determine the function of r-msAdh1 via analyses in 

prokaryotic and eukaryotic hosts. For expression in prokaryotic system, pET-41a(+) with a 8x His tag 

at the C terminal was used for r-msAdh1 protein purification, and expression was achieved using IPTG 

for 4-6 h in Escherichia coli strain BL21 (DE3) incubated at low temperature. The induced BL21 strain 

produced a small amount of soluble r-msAdh1 protein while a large amount was present as insoluble 

aggregates. Subsequently, the r-msAdh1 cDNA was transformed into tomato seeds (Solanum 

lycopersicum cv. MT1) via Agrobacterium-mediated in planta transformation. The integration of r-

msAdh1 cDNA and the selectable marker were detected in transformed seedlings, T0, using polymerase 

chain reaction technique. The transformation efficiency was determined to be 33% for r-msAdh1 cDNA 

and 46% for the selectable marker. For stability analysis of the transgene, eleven T1 generation 

randomly selected seedlings from the transgenic T0 were analyzed for the presence of the cDNA, and 

all seedlings were found to contain the full length of r-msAdh1 cDNA. However, out of the eleven T1 

transgenic lines produced, only four seedlings were used for expression analysis using the reverse 

transcriptase PCR (RT-PCR). Two transgenic lines, T19 and T111, were determined to contain r-

msAdh1 cDNA and this was verified by nucleotide sequencing. Although only a small number of T1 

transgenic seedlings was obtained, this study shows that tomato seeds could be used as a target tissue 

for Agrobacterium-mediated in planta transformation primarily because the protocol is easy, rapid and 

cheaper compared to tissue culture-based methods. 
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1. Introduction 
 

Alcohol dehydrogenase (ADH) is an enzyme that is actively expressed when plants are exposed to 

environmental stresses, e.g., anoxic or hypoxic conditions, osmotic stress, wound, dehydration and 

low-oxygen stress in water-logged roots [1- 4]. Apart from this, ADH is also involved in all stages 

of plant growth [5].  To better understand the role of ADH, expression studies have been 

conducted to produce soluble, bioactive ADH in various expression hosts [6-10]. While 

heterologous expression has been reported in many microorganisms, most of the research work 

has utilized the E. coli system because of the ease of genetic manipulation, and because of the 

availability of optimized expression vectors and host strains for the expression of eukaryotic 

proteins [11-13]. However, high levels of protein expression in E. coli often cause incorrect 

protein folding due to the bacteria’s inability to carry out post-translational modifications, which 

results in aggregation of insoluble inclusion bodies (IBs) [14, 15]. For that reason, some E. coli 

strains, such as Rosetta (DE3), Rosetta-gami 2 (DE3) and E. coli strain BL21 (DE3), have been 

designed to enhance the expression of eukaryotic protein, and importantly these strains have been 

shown to successfully express soluble eukaryotic ADH [8-11]. To overcome the insolubility of 

proteins, induction at low temperature has been shown to alleviate the problem [9-10]. It works 

because the hydrophobic interactions that causes IBs to form are temperature dependent [16].  

The expression in the eukaryotic host system provides several advantages such as easy 

genetic manipulation, high expression level, glycosylation ability and other eukaryotic post-

translational modifications [17] compared to prokaryotic systems. Tomato (Solanum lycopersicum 

cv. MT1) is a member of Solanaceace family and abundant in genetic and genomic resources 

compared to other cultivated species [18]. It has also been used for development of new tools and 

plant models for genetic and genomic analyses [19]. Tomatoes have been used to study various 

aspects including herbicide tolerance [20], disease and insect resistance [21, 22], improvement in 

fruit quality [23], control in fruit ripening [24], improving yield [25], production of foreign protein 

[26] and food security [27]. Meanwhile, the in planta Agrobacterium-mediated transformation of 

tomato has been used to target various tissue sources such as mature and immature fruits [28, 29], 

shoot apical meristems [30], floral buds [28, 31] and flowers [28, 29]. However, the study of in 

planta transformation using tomato seeds has not been reported. 

The activity of ADH enzyme in sago palm tissues has been previously identified with the 

highest expression detected in young leaves [1]. A full length r-msAdh1 cDNA (MN196247) has 

also been isolated using the rapid amplification cDNA ends (RACE) technique [32]. Here, we 

report on the expression analysis of r-msAdh1 cDNA in bacteria and the transformation into 

tomato plants via in planta Agrobacterium-mediated transformation of tomato seeds. The r-

msAdh1 cDNA was firstly cloned into a bacterial expression vector, pET-41a(+), fused to a 

histidine tag and was expressed in E. coli BL21 (DE3). The r-msAdh1 cDNA was then cloned into 

a binary vector, pGSA1131, and transformed into tomato seeds. 

 

 

2. Materials and Methods 
 

2.1 Cloning of recombinant Adh1 (r-msAdh1) cDNA into pET41a(+) and expression 

in E. coli strain BL21 (DE3) 
 

2.1.1 Directional cloning of r-msAdh1 cDNA into pET-41a(+) 

 

The open reading frame of r-msAdh1 was obtained through PCR by using the following primers: 

5’NdeI_adaptor (5’-GGAATTCCATATGGCAAGCACTGTTGG-3’) and 3_r-msAdh1_XhoI (5’-
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GCTAACTCGAGACCATCCATGTGAATGATGCAC-3’). A 1X PCR mixture was prepared to 

include 2.5 µl 10x High Fidelity buffer with 15 mM MgCl2, 2.5 µl dNTP (2.5 mM), 0.5 µl high 

fidelity DNA polymerase enzyme (0.625 U/µl) (Thermo Fisher Scientific, USA), 1 µl forward 

primer (10 µM), 1 µl reverse primer (10 µM), 17 µl nuclease-free water and 0.5 µl template (10 

pmol). The template used in the PCR was pET-41a(+) that contained r-msAdh1 cDNA with seven 

stop codons before the His-tag sequence.  The PCR was conducted according to the program that 

includes hotstart at 94°C for 3 min; 35 cycles of 94°C for 30 s, 62°C for 1 min, 72°C for 2 min and 

a final extension of 72°C for 10 min. The amplified r-msAdh1 fragment and pET-41a(+) 

(Novagen, USA) were then subjected to double restriction enzyme digests of NdeI and XhoI 

(Thermo Fisher Scientific, USA). The restricted r-msAdh1 and pET-41a(+) fragments were then 

ligated using T4 Ligase (Thermo Fisher Scientific, USA) to produce the construct pET-41a(+)/r-

msAdh1, and transformed into E. coli strain XL-1 Blue via heat shock method. Positive colonies 

were screened on the Luria agar (LA) supplemented with 100 µg/ml kanamycin. The XL-1 blue 

culture harboring the recombinant plasmid was extracted and the nucleotide sequence was verified 

via sequencing (Apical Scientific, Malaysia) and restriction enzyme analysis. 

 

2.1.2 Induction and expression of pET-41a(+)/r-msAdh1 in BL21 (DE3) 

 

For expression in E. coli, the pET-41a(+)/r-msAdh1 was transformed into BL21 (DE3) competent 

cells via heat shocked method. A single colony of BL21 (DE3) harboring pET-41a(+)/r-msAdh1 

was selected and used to inoculate 6 ml Luria broth (LB) supplemented with 100 µg/ml 

kanamycin. The culture was grown to OD600 of 0.6-1.0 at 37°C and kept at 4°C for overnight. Two 

milliliters of the overnight culture was pipetted out and centrifuged for 30 s at 3500 rpm. The 

supernatant was discarded and pellet was re-suspended with 1 ml fresh LB media. The suspension 

was added with 49 ml LB media supplemented with 100 µg/ml kanamycin and transferred into 

250 ml Erlenmeyer flask. The culture was brought to OD600 of 0.5-0.6 at 37°C. Once the culture 

reached the desired OD, 1.5 ml culture was aliquoted to serve as non-induced control. Ten 

milliliters of the culture was then pipetted into flasks; A, B, C and D, and induced with IPTG with 

a final concentration of 0.4 mM. Flasks A and B were incubated for 4 h (T4) and 6 h (T6) 

respectively, at 15°C. Meanwhile, flasks C and D were incubated for 4 h (T4) and 6 h (T6) 

respectively, at 27°C. At the end of incubation, OD600 of all cultures was measured. Next, 1.5 ml 

of each culture was aliquoted and centrifuged at 13,200 rpm for 4 min. The pellet was stored at  

-20°C until use. The procedure for bacterial expression was carried out as recommended by the 

QIAexpressionist™ Kit (Qiagen, Germany) with minor modifications.  

 

2.1.3 Determination of protein solubility, purification under native condition and enzymatic 

assay of ADH 

 

To determine the solubility of r-msAdh1 protein, the cell pellet was lysed using NP10 lysis buffer 

(50 mM NaH2PO4, 300 mM NaCl and 10 mM imidazole). The volume of lysis buffer used was in 

accordance with cell culture density (OD600 = 0.1, 12.5 µl of NP10 lysis buffer, OD600 = 0.6, 75 µl 

of NP10 lysis), and the total protein concentration was standardized. The crude lysate was 

centrifuged, soluble and insoluble fractions were analyzed on 12% SDS polyacrylamide gel 

electrophoresis (PAGE) (Bio-Rad, USA). Meanwhile, for protein purification, 20 ml culture of 

BL21 (DE3) with r-msAdh1 expression was used. The purification was done by using Ni-NTA 

Spin Kit (Qiagen, Germany). The result was analyzed on 12% SDS-PAGE. The catalyzing activity 

of r-msAdh1 was analyzed spectrophotometrically at OD340 [33]. The increase in absorbance was 

recorded at every one min for the first 15 min as NAD+ was reduced to NADH. The reaction 

buffer consisted of 1 ml Tris-HCl 100 mM pH 8.3, 80 µl ethanol and 2 mM NAD+ and incubated 

at 25°C. The reaction was initiated by adding 20 µl of r-msAdh1 lysate [33].  
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2.2 Cloning of r-msAdh1 cDNA into pGSA1131 and in planta Agrobacterium 

transformation of tomato seeds 
 

2.2.1 Directional cloning of r-msAdh1 cDNA into pGSA1131 

 

The open reading frame of r-msAdh1 cDNA was obtained through PCR amplification by using the 

following primers: 5_NcoI_msAdh1 (5’-GGAATTCCATGGCAAGCAGTGTTGGTCAA-3’) and 

3_BamHI_msAdh1 (5’-ACCAAGGATCCTTAGTGGTGGTGGTG-3’). A 1X PCR mixture was 

prepared to include 2.5 µl 10x High Fidelity buffer with 15 mM MgCl2, 2.5 µl dNTP (2.5 mM), 1 

µl high fidelity DNA Polymerase enzyme (0.625 U/µl) (Thermo Fisher Scientific, USA), 1 µl 

forward primer (10 µM), 1 µl reversed primer (10 µM), 0.5 µl template (pET-41a(+)_r-msAdh1) 

(10 pmol) and 16 µl nuclease-free water. The PCR was conducted according to the program that 

includes hotstart at 94°C for 3 min; 35 cycles of 94°C for 30 s, 64°C for 1 min, 72°C for 1 min and 

30 s and 1 cycle of 72°C for 10 min. The amplified r-msAdh1 fragment and pGSA1131 were then 

subjected to double restriction enzyme digests of BamHI and NcoI (Thermo Fisher Scientific, 

USA). The restricted pGSA1131 fragment (approximately 9 kb) was recovered from the agarose 

gel using Gel DNA Extraction Kit (Vivantis, Malaysia) and subsequently ligated with r-msAdh1 

using T4 DNA Ligase (Thermo Fisher Scientific, USA). The ligated mixture was then transformed 

into E. coli strain XL1 Blue via heat shock method. Putative transformants were selected on the 

Luria agar (LA) supplemented with 30 µg/ml chloramphenicol. Clones harbouring pGSA1131/r-

msAdh1 were isolated and analyzed via nucleotides sequencing (Apical Scientific, Malaysia) and 

restriction enzyme digestion analysis.  

 

2.2.2 Preparation of A. tumefaciens culture, infiltration and post-infiltration broth 

 

Agrobacterium tumefaciens strain LBA4404 was kindly provided by Evra Raunie Ibrahim from 

Craun Research Sdn. Bhd. (Malaysia). The transformation of pGSA1131/r-msAdh1 into A. 

tumefaciens using Bio-Rad Gene Pulser Xcell Electroporation Systems (Bio-Rad, USA) was 

according to method described by manufacturer. Positive colony obtained from electroporation 

was cultured in LB for 2 days. Six hundred microliters was then added into a 30 ml fresh LB 

supplemented with 100 µg/ml rifampicin and 30 µg/ml chloramphenicol. The culture was brought 

to OD600 of 0.5-0.6 and centrifuged at 3500 rpm for 5 min. The cell pellet was then re-suspended 

in an infiltration media (0.5X MS; 3% sucrose; 0.5 g/l MES). Prior to co-cultivation with tomato 

seeds, the infiltration media was added with Silwet L-77 (0.003%, PhytoTechnology Laboratories, 

USA) and 200 µM acetosyringone (PhytoTechnology Laboratories, USA). 

 The tomato (Solanum lycopersicum) cultivar MT1 was purchased from Malaysia 

Research Institute, MARDI (Malaysia). Fifty seeds were incubated in sterilized distilled water for 

overnight at 4°C. The following day, the seeds were sonicated for 10 min prior to addition of the 

infiltration media containing Silwet L-77 and acetosyringone. The seed co-cultivation was agitated 

for 3 h at 180 rpm. After 3 h, the infiltration media was removed and the seeds were rinsed with 

distilled water several times. The seeds were then treated with 500 μg/ml carbenicillin for an hour 

to remove any remaining A. tumefaciens. The seeds were sown on soil and germinated after 3-5 

days.  

 

2.2.3 Analysis of r-msAdh1 integration in T0 and T1 generations using PCR 

 

To analyze the r-msAdh1 integration in T0 and T1 generations, young leaf of putative transgenic 

seedlings of approximately 0.5 cm2 was used for genomic DNA extraction. The leaves were 

surface-sterilized for 2 min in 75% ethanol and 10% Clorox® bleach, and then followed by three 
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washes using sterilized distilled water. Genomic DNA was extracted using GF-1 Plant DNA 

Extraction Kit (Vivantis, Malaysia) according to instructions provided by manufacturer. The 

quantity and purity of the extracted genomic DNA (gDNA) was measured using Ultrospec 1100 

Pro UV/Vis Spectrometer (Amersham Pharmacia Biotech, USA). The integration of r-msAdh1 in 

putative transformed T0 seedlings (1-15), and transgenic T1 seedlings (1-11), were screened by 

PCR using r-msAdh1 specific primers: 5_Comseq_Adh (5’-ATGGCAAGCAGTGTTGGTCAAGTGATC-

3’) and 3_Comseq_Adh (5’- ACCATCCATGTGAATGATGCACCTAAGGC-3’). A 1X PCR mixture 

was prepared to include 7.5 µl of 2X Green GoTaq master mix (Promega, USA), 1 µl forward 

primer (10 µM), 1 µl reverse primer (10 µM), 1 µl genomic DNA (0.5 µg/µl) and 4.5 µl nuclease-

free water. The PCR was conducted according to the program that includes hotstart at 94°C for 3 

min; 35 cycles of 94°C for 30 s, 57°C for 45 s, 72°C for 1 min and 30 s and 1 cycle of 72°C for 10 

min. 

 

2.2.4 Analysis of bar gene integration in T0 generation using PCR 

 

The integration of bar gene in putative transformed seedlings (T0 generation) was analyzed using 

gradient PCR at annealing temperature ranging from 55°C-68°C. The bar gene specific primers 

were used, namely the Bar3_F (5’-ATGAGCCCAGAACGACGCC-3’) and Bar3_R (5’-

ATCTCGGTGACGGGCAGG-3’). The composition of 1X PCR mixture to detect the presence of 

bar gene was 2.5 µl 10x High Fidelity buffer with 15mM MgCl2,  2.5 µl dNTP (2.5 mM), 1 µl high 

fidelity DNA Polymerase enzyme (0.625 U/µl) (Thermo Fisher Scientific, USA), 1 µl forward 

primer (10 µM), 1 µl reverse primer (10 µM), 1 µl genomic DNA (0.5 µg/µl), and 16 µl nuclease 

free water. The PCR was conducted according to the program that includes hotstart at 94°C for 3 

min; 35 cycles of 94°C for 30 s, 55-68°C for 45 s, 72°C for 30 s and 1 cycle of 72°C for 10 min. 

 

2.2.5 Analysis of r-msAdh1 expression by using reverse-transcription PCR 

 

To analyze r-msAdh1 expression in tomato putative transformants, only T02 and T18, T19, T111 

lines survived and used in subsequent analysis. Transformed seedling at the 4-5 leaves stage was 

used for analysis. Young leaf with size approximately of 1cm2 was surfaced sterilized and ground 

to a fine powder with liquid nitrogen in a pre-cooled mortar. Total RNA extraction was performed 

using Total RNA Mini Kit Plant (Geneaid, Taiwan) according to instructions provided by 

manufacturer and treated with DNAse1 (Promega, USA) via standard protocol. The quantity and 

purity of the total RNA obtained was measured using Ultrospec 1100 Pro UV/Vis Spectrometer 

(Amersham Pharmacia Biotech, USA). Meanwhile, total RNA integrity was accessed on 1.5% of 

agarose gel. First strand cDNA synthesis of r-msAdh1 was carried using RevertAid First 

Strand cDNA Synthesis Kit (Thermo Fisher Scientific, USA) according to manufacturer 

recommendation. Three primers were used for the first strand DNA synthesis: 

3_Comseq_Adh (5’-ACCATCCATGTGAATGATGCACCTAAGGC-3’), 3_BamHI_msAdh1 

(5’-ACCAAGGATCCTTAGTGGTGGTGGTG-3’) and 5_msAdh1_R (5’-AACACAGCCAAC 

ATGGACAA-3’) (Figure 1). The presence of r-msAdh1 expression was determined by RT-PCR 

using combination of r-msAdh1 cDNA specific forward and reverse primers: 5_Comseq_Adh (5’-

ATGGCAAGCAGTGTTGGTCAAGTGATC-3’) and 5’_msAdh1_R (5’-AACACAGCCAAC 

ATGGACAA-3’). The reaction mixture for amplification includes 12.5 µl 2X Dream-Taq Green 

PCR Master Mix (Promega, USA), 1 µl forward primer (10 µM), 1 µl reverse primer (10 µM), 2 

µl cDNA, 9.5 µl nuclease-free water. The PCR was conducted according to the program that 

includes hotstart at 94°C for 3 min; 35 cycles of 94°C for 30 s, 55°C for 30 s, 72°C for 45 s and 1 

cycle of 72°C for 5 min. 
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Figure 1. The orientation and position of primers used for first strand cDNA synthesis reaction 

 

 

3. Results and Discussion 
 

3.1 Determination of protein solubility, purification under native condition and 

enzymatic assay of ADH 
 

The use of primers combination; 3’XhoI_r-msAdh1 and 5’NdeI_adaptor in PCR to amplify r-

msAdh1 cDNA resulted in amplification of approximately 1.1 kb fragment (Figure 2). Sequence 

analysis showed that r-msAdh1 cDNA has been successfully cloned into pET-41a(+) with length 

of 1.14 kb corresponding to 380 amino acids with C-terminal His-tag fusion.  Meanwhile Figure 3 

is a PAGE analysis that shows presence of small amount of soluble r-msAdh1 (Lane 2-5, 

42.55kD) and a large amount of r-msAdh1 expressed as insoluble fraction (Lanes 6-9, 42.55 kD). 

The intensity of the bands increased after induction temperature was increased to 27°C for a 

period of 6 h. Over-expression of heterologous protein causes in vivo equilibrium to favor the 

formation of inclusion bodies (IBs) rather than solubilized protein due to the translation rate 

exceeding the rate of protein folding [34, 35]. The formation of IBs is hard to predict even with in 

silico analysis of amino acid sequence [36] because they are complex and the aggregates are only 

formed within similar type of protein or highly similar protein [35, 15]. Analysis using the 

software GenScript Rare Codon Analysis (https://www.genscript.com/tools/rare-codon-analysis) 

showed that r-msAdh1 cDNA has codon adaptation index (CAI) of 0.62 which is below the ideal 

value (0.8-1.0) to obtain good expression. The strain BL21 (DE3) used in this study was not 

designed to enhance the expression of eukaryotic gene that has rarely used codons in E. coli. In 

contrast, a large amount of soluble tag protein (GST, 8xHis and S-tag; nucleotides: 1095-150) 

with molecular weight of 33.71 kD was expressed as seen in Lanes 10-13.  

  

 

 

 

https://www.genscript.com/tools/rare-codon-analysis


Current Applied Science and Technology Vol. 20 No. 3 (September - December 2020) 

369 

 

 
 

Figure 2. Gel electrophoresis of PCR product visualized on 1% agarose gel stained with EtBr.   

The PCR product is the full length of r-msAdh1 cDNA fragment that amplified using the 

5’NdeI_adaptor and 3’XhoI_r-msAdh1 primers combination. M: GeneRuler™ 1 kb DNA      

Ladder (Thermo Fisher Scientific, USA), 1 and 2: PCR products, 3: Negative control              

(PCR without template)  
 

 

Figure 3. Crude protein analyzed on 12% SDS-PAGE stained with Coomassie Brilliant Blue       

1: Soluble fraction of non-induced culture of BL21 (DE3) with r-msAdh1 expression (0 h). 2-5: 

Soluble fraction of BL21 (DE3) with r-msAdh1 expression at 15°C and 27°C for 4 h and 6 h, 

respectively. 6-9:  Insoluble fraction of BL21 (DE3) with r-msAdh1 expression at 15°C and 27°C 

for 4 h and 6 h, respectively. 10-13: Soluble fraction from crude lysate of BL21 (DE3) with  

pET-41a(+) expression (control). M: EZ Run pre-stained Rec protein ladder. White arrows show 

the expected soluble r-msAdh1 protein bands and black arrows show the expected insoluble  

r-msAdh1 protein bands 
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Purification of r-msAdh1 protein was successful, however several non-target protein was 

also co-eluted (Figure 4). The formation of disulphide bond between cellular host protein and 

protein in interest could lead to contamination during purification [37]. Formation of inclusion 

bodies and/or targeted protein tertiary structure, would also block the efficacy of polyhistidine 

affinity tag [37]. ADH enzyme breaks down ethanol to form acetaldehyde in the presence of 

NAD+ as co-enzyme. The catalytic activity of r-msAdh1 can be monitored by the increase of 

absorbance reading. This is because reduced NAD+ (NADH) exhibits strong UV absorption at 340 

nm while the NAD+ has almost no absorption at this wavelength. Figure 5 shows catalytic activity 

of ADH enzyme was detected not only in the soluble fraction of BL21 (DE3) with expressed  

r-msAdh1 but also in the control. This is expected because endogenous ADH is known to be 

present in BL21 (DE3) [38]. Nevertheless, Independent t-test showed a p-value of 0.003 < 0.05 

indicating a significant difference between the catalytic activity of ADH enzyme present in soluble 

fraction of BL21 (DE3) with expressed r-msAdh1 and control BL21 (DE3) containing only pET-

41a(+).  

 

 
 

Figure 4. Crude lysate of BL21 (DE3) and Ni-NTA purified r-msAdh1 analyzed on 12% SDS-

PAGE stained with Coomassie Brilliant Blue. 1:  Soluble fraction of non-induced culture of BL21 

(DE3) with r-msAdh1 expression (0 h). 2-5: Soluble fraction of BL21 (DE3) with r-msAdh1 

expression at 15°C and 27°C for 4 h and 6 h, respectively. 6: Purification of r-msAdh1 protein 

using 50 mM NaH2PO4, 300 mM NaCl and 500 mM imidazole as elution buffer. M: EZ Run pre-

stained Rec protein ladder. Expected r-msAdh1 bands are shown by black arrows. 

 

 
 

Figure 5. Catalytic activity of ADH enzyme. Absorbance at OD340 versus time (min) obtained 

from (A) soluble fraction of BL21 (DE3) transformed with pET-41a(+) (control) and, (B) soluble 

fraction of BL21 (DE3) with expressed r-msAdh1. Graph plotted with standard deviation (SD) 

error bar and each point represents the average of triplicate. 
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3.2 Analysis of r-msAdh1 and bar integration in tomato T0 and T1 generations 
 

The use of primers combination; 5_NcoI_msAdh1 and 3_BamHI_msAdh1 in PCR to amplify  

r-msAdh1 cDNA resulted in amplification of 1.14 kb fragment on 1% agarose gel electrophoresis 

(Figure 6). For tomato transformation, the r-msAdh1 cDNA was cloned after the CaMV35S 

promoter of the binary vector, pGSA1131. This was confirmed via restriction enzyme analysis and 

nucleotide sequencing. After seed transformation, a total of 50 seeds germinated but only fifteen 

putative seedlings (T0) survived and were used to determine r-msAdh1 integration. Two negative 

controls were used in PCR; genomic DNA extracted from wild type tomato and PCR mix without 

any template, meanwhile a pGSA1131_r-msAdh1 recombinant plasmid was used as positive 

control. PCR analysis and sequencing of the PCR fragments of the T0 seedlings DNA showed five 

putative transformed plant lines (T01, T02, T04, T012, T013) contained the r-msAdh1 cDNA  

(Figure 7). Analysis of T1 generation obtained from T02, T012 and T013 showed that T11- T111, 

also contained r-msAdh1 (Figure 8). However, r-msAdh1 in T14 and T111 were only detected at 

annealing temperatures of 60.1°C, 61.1°C and 61.7°C (Figure 9) and using RT-PCR (Figure 12), 

respectively.  

There was no amplification of bar gene detected from all tested plants when dimethyl 

sulfoxide (DMSO) or bovine serum albumin (BSA) was added in PCR reaction. This is possibly 

due to the high GC content (68%) and the presence of continuous block of GC nucleotides [39] 

that interferes the annealing of primer to the DNA template [40]. The amplification of bar gene 

was only obtained in gradient PCR by using high fidelity DNA Polymerase enzyme (Thermo 

Fisher Scientific, USA) at annealing temperatures of 62.4°C, 64.0°C and 65.6°C (Figure 10). 

Higher annealing is necessary for primer with high GC content [41]. Out of fifteen plants tested, 

seven putative transformed plant lines: T01, T03, T04, T05, T09, T012 and T013 were positive for 

bar gene (Figure 11); thus resulting in higher transformation efficiency (46.7%) compared to r-

msAdh1 (33.33%). Perhaps, the bar gene is smaller and easier to incorporate into plant genome 

[42]. Besides, from the result obtained, it showed that both of r-msAdh1 and bar gene did not 

always co-integrate in transformed plants. The result was in line with other study that found that 

the copy number of bar and gus genes on the same T-DNA was different in individual 

transformants [43] which could be due to rearrangements or truncated T-DNA [44] caused by 

induction of CaMV35S promoter [45]. The selection of transgenic plant with glufosinate could not 

be performed as most of transformed plants showed fatality when they reached stage of 4-6 leaves 

that could be due to overexpression of r-msAdh1 or excessive cutting during sampling for DNA 

and RNA extraction. 

 
 

Figure 6. Gel electrophoresis of r-msAdh1 amplification visualized on 1% of agarose gel stained 

with EtBr. The used of 5’NcoI_msAdh1 and 3_BamHI_msAdh1 primers in PCR produced           

r-msAdh1 band with expected size of 1.14 kb. M: GeneRuler™ 1 kb DNA Ladder (Thermo Fisher 

Scientific, USA), 2: Negative control, 1, 3 and 4: PCR product 
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Figures 7. Diagnostic analysis of T0 generation of tomato seedlings. Gel electrophoresis of PCR 

product visualized on 1% agarose gel stained with EtBr to detect r-msAdh1 cDNA in the putative 

transformed seedling, T0. The PCR product is the full length of r-msAdh1 cDNA fragment 

amplified using 5_Comseq_Adh and 3_Comseq_Adh primers combination. M: GeneRuler™ 1 kb 

DNA Ladder (Thermo Fisher Scientific, USA), –ve: Negative control (PCR without DNA 

template), +ve: Positive control, T01- T015: Putative transformed seedling 1-15,                         

WT: Wild type control 
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Figure 8. Diagnostic analysis of T1 generation of tomato seedlings. Gel electrophoresis of PCR 

product visualized on 1% agarose gel stained with EtBr to detect r-msAdh1 in T1 generation from 

T012 (a), T013 (b) and T02 (c).  The PCR product is the full length of r-msAdh1 cDNA fragment 

amplified using 5_Comseq_Adh and 3_Comseq_Adh primers combination. M: GeneRuler™ 1 kb 

DNA Ladder (Thermo Fisher Scientific, USA), –ve: Negative control, +ve: Positive control,  

T11-T110: T1 generation 1-10, WT: Wild type control 

 

 

 
Figure 9. Diagnostic analysis of T1 generation of tomato seedling. Gel electrophoresis of gradient 

PCR products on 1% agarose gel stained with EtBr to detect r-msAdh1 in T14 generation from 

T013. The PCR product is the full length of r-msAdh1 cDNA fragment amplified using 

5_Comseq_Adh and 3_Comseq_Adh primers combination. M: GeneRuler™ 1 kb DNA Ladder 

(Thermo Fisher Scientific, USA), –ve: Negative control, +ve: Positive control. 52.0°C-62.0°C: 

Annealing temperatures 
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Figure 10. Gel electrophoresis of gradient PCR products for bar gene on 1.5% agarose gel stained 

with EtBr. Genomic DNA extracted from putative transformed seedling; T01 was used as a 

template in gradient PCR. M: GeneRuler™ 1 kb DNA Ladder (Thermo Fisher Scientific, USA), 

 –ve: Negative control (PCR without DNA template), +ve: Positive control. 55.0°C-68.0°C: 

Annealing temperatures 

 

 
 

Figures 11. Gel electrophoresis of bar gene PCR products from T0 analyzed on 1.5% agarose gel 

stained with EtBr. The PCR product is the full length bar gene fragment amplified using Bar3_F 

and Bar3_R primers. M: GeneRuler™ 1 kb DNA Ladder (Thermo Fisher Scientific, USA),  

–ve: Negative control (PCR without DNA template), +ve: Positive control (PCR using 

pGSA1131/r-msAdh1 plasmid as a template), T01- T015: Putative transformed seedling, 1-15.  

WT: Wild type (control).  

 
Transformation efficiency using A. tumefaciens differs and is determined by the 

Agrobacterium strains, binary vectors, target tissues used and plant species. Previous works in in 

planta transformation such as in using the technique of in vitro tomato fruit injection method, 

reported transformation efficiency of between 17-68% for tomato infiltrated with A. tumefaciens 

strain EHA105 harboring the plasmid pROKII carrying Apetala 1 (Ap1) and 21% for pROKII 

carrying LEAFY (LFY) gene [28, 46]. Meanwhile, tomato infiltrated with A. tumefaciens strain 

LBA4404 plasmid harboring plasmid pPM7 with HAL1 and NPTII genes achieved transformation 

rate of between 34-42% [29]. All of these experiments used ripened tomato as a target tissue at 

48 h incubation after infiltration. On the use of ripen and immature fruits as target tissues using the 
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in vivo fruit injection method, varying transformation efficiencies were also reported between 35-

42% for ripened tomato and 2-5% for immature/green tomato [28]. On the other hand, the floral-

dip method targets the ovules, where unopened flowers are introduced to Agrobacterium before 

pollination and subsequently left to develop into flower [28, 39]. Using the floral-dip method, 

transformation efficiency in range of 12-23% was obtained [28]. This work reports the first in 

planta transformation using tomato seeds as a target tissue and producing a transformation 

efficiency of between 33.3-46.7%. 

 

3.3 Molecular analysis of r-msAdh1 expression in transformed seedlings 
 

Most of transformed seedling showed fatality when they reached the stage with 4-6 leaves. 

Therefore, total RNA was extracted only from four available positive lines; T18, T19, T110 and 

T111. RNA purity of between 1.8-2.0 indicates good RNA quality for T19 and T111 samples. A 

lower purity was obtained for samples T18 and T110 indicating RNA contamination with protein 

or phenol. The RT-PCR using r-msAdh1 specific primers; 5_Comseq_Adh1 and 5_msAdh1_R and 

subsequent agarose gel electrophoresis produced the expected 500 bp fragment (Figure 11), 

indicating the presence of r-msAdh1 transcript in both of the transgenic progeny seedlings of T19 

and T111. However, no amplification was detected from samples T18 and T110, which may be due 

to the poor RNA quality (data not shown). However, the RT-PCR obtained only when the  

r-msAdh1 specific internal specific primer, 5_msAdh1_R, was used to generate the first cDNA 

strand. This could be because the first cDNA strand was truncated when using the 

3_Comseq_Adh1 or 3_BamH1_msAdh1 as primers (Figure 10) due to the presence of mRNA 

secondary structures that affects the activity of reverse transcriptase enzyme [47]. 

 

 
 

Figure 12. Gel electrophoresis of RT-PCR product visualized on 1.5% agarose gel stained with 

EtBr to analyze the expression of r-msAdh1 cDNA in transformed seedlings. Lanes 1 and 2 shows 

a 500 bp size fragments representing the r-msAdh1 cDNA amplified using 3_comseq_Adh and 

5_msAdh1_R primers. M: GeneRuler™ 1 kb DNA Ladder (Thermo Fisher Scientific, USA), –ve: 

Negative control (PCR without DNA template), +ve: Positive control, 1: T19, 2: T111  
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4. Conclusions 
 

The r-msAdh1 cDNA in BL21 (DE3) was highly expressed in E. coli system. However, most of 

the protein formed as insoluble inclusion bodies, even when low temperatures (15°C and 27°C) 

and low concentration of IPTG were used. We have also demonstrated a successful transformation 

method by using Agrobacterium-mediated in planta seed transformation protocol for the transfer 

of msAdh1 cDNA into the tomato genome. This method is an alternative for functional analysis of 

r-msAdh1 protein as the transformation is easy, rapid and economical, with transformation 

efficiency of between 33.3-46% within two weeks. This simple and easy to perform method can 

provide a platform for the further characterization of not only r-msAdh1 but also other eukaryotic 

genes in plant systems. 
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Abstract 
 

Marine macroalgae (seaweeds) are the potential renewable energy and promising resources of many 

biologically active compounds. The potential sources of commercial and therapeutic impact of 

seaweeds are still unaware. In this study, we aim to identify and evaluate the biological activity of 

Caulerpa racemosa (Forssk.) J. Agardh and Padina boergesenii Allender & Kraft. The seaweed 

samples were shade dried and ground. The coarse powdered material was subjected to Soxhlet 

apparatus and successively extracted with methanol. The phyto-constituents of the seaweeds were 

analyzed by standard methods and GC-MS. The GC-MS results of C. racemosa (Forssk.) J. Agardh 

and P. boergesenii Allender & Kraft revealed the presence of hexadecenoic acid, butanoic acid, 

arachidonic acid, octadecadienoic acid, cis-vaccenic acid, phytol and eicosatetraenoic acid. The 

seaweed extracts were subjected to antimicrobial assay by agar-well diffusion. Padina boergesenii 

Allender & Kraft showed the highest inhibition zones (23.6 ± 0.3mm and 22.7 ± 0.5mm) against 

Gram-positive bacteria Pseudomonas aeruginosa and Staphylococcus aureus, respectively. 

Caulerpa racemosa (Forssk.) J. Agardh showed the highest inhibition zone (22.0 ± 0.8) against 

Gram-positive bacteria Staphylococcus aureus. Extracts of both seaweeds, C. racemosa (Forssk.) J. 

Agardh and P. boergesenii Allender & Kraft, contain potential bioactive compounds with high 

antibacterial activity and could be deployed in the pharmaceutical applications. 
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1. Introduction 

 

Macroalgae are a group of autotrophic, holophytic and complex communites that live in the marine 

environment. Seaweeds are primitive and they are non-blooming plants, lack a true root, stem-leaves 

and jacket layer around reproductive structures. Moreover, seaweeds grow extensively in shallow 

marine water and estuaries and they are usually attached to the bottom or other solid structures by a  

holdfast, merely used for the attachment of thallus on the substratum and not for the absorption of 

nutrition [1]. Seaweeds or marine macroalgae are the potential renewable resources in a marine 

environment.  

A total of ten thousand five hundred seaweed species are reported worldwide and 865 

species of the seaweeds are found in India. Seaweeds are important for the coastal ecosystems as 

ocean producers.  Seaweed cultivation is the third-largest source of aquaculture production 

worldwide. It has a portion of human foods exceeding a hundred years [1]. The worldwide seaweed 

production contributes approximately 20% of total global marine aquaculture production [2]. 

Seaweed farming signifies an essential component of aquaculture production and accounts for 27.3 

million tons in 2014 [3].  

Similar to terrestrial plants, macroalgae also synthesise their food by photosynthesis, in the 

presence of sunlight and seawater. Seaweeds are established in the coastline area, and live between 

high tide and low tide areas. They contain different types of pigments. Chlorophyta-green algae 

contains chlorophyll pigment, Phaeophyta-brown algae contains fucoxanthin, and Rhodophyta-red 

algae contains phycoerythrin and phycocyanin. 

Seaweeds are excellent nutritional sources and contain various trace minerals, 

carbohydrates, vitamins, proteins and other bioactive compound [3]. They yield wide ranges of 

valuable natural metabolites that can be used in the arenas of the pharmaceuticals and food 

industries. Various bioactive compounds such as linoleic acid, stearic acid, oleic acid, fucoxanthin, 

fucophlorethol, loliolide and deschloroelatol have various biological activities [4]. Seaweeds are a 

rich source of numerous biologically active compounds and those compounds have been possibly 

exploited as active elements for humans and animal health uses. Although drastic labors have been 

made to isolate new-fangled compounds with important therapeutic activities, very few such 

compounds with high potential have been accessed. The bioactive compounds that have been most 

extensively researched include sulfated polysaccharides laminarin, fucoidan, β-glucans and 

phlorotannins, which have the ability to inhibit bacterial growth and also possess antioxidant 

properties [5].   

The enormous importance is given to macroalgae due to their broad-spectrum of biological 

activity [5]. The bioactive compounds have been isolated from macroalgae include sulfated 

polysaccharides, peptides, sterols, brominates, aromatics, nitrogen-heterocyclic, nitro sulfuric 

heterocyclic, dibutanoids and proteins [6]. The polymeric carbohydrates are the most important 

constituents of marine macroalgae. They shows anticoagulant, antitumor and other activities [7]. 

When compared to telluric plants, macroalgae have innumerable inorganic and carbon-based 

constituents that have the advantage of the possible use in human food and pharmaceutical industries 

[8].  

The study of the antimicrobial composites from seaweeds is vital as there is increasing 

demand for therapeutic drugs used for the treatment of pathogenic infection [9]. Recently, seaweeds 

show stimulatory effects on a wide range of pathogens and this characteristic feature of seaweeds 

has attracted many researchers to focus on the use of seaweed as an immunostimulant in health 

improvement and disease prevention in animals, thereby reducing the use of antibiotics and 

chemotherapeutics. Using these immunostimulants particularly for boosting the immune systems is 

effective against several opportunistic and secondary pathogens [10]. Immunostimulants can be 

introduced via the feed and the water. Water-soluble acidic polysaccharides taken from Ulva rigida 
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showed an immune stimulatory response in murine [10], whereas some seaweeds showed immune-

suppressive effect [11]. Lipopolysaccharide extracted from seaweeds enhanced the proliferation of 

hemocytes in Penaeus monodon [10]. 

Extracts of seaweeds help to manage various of diseases in aquatic farm animals. Extracts 

obtained from the green alga fed to shrimp showed resistance to diseases [12]. Research work on 

the evaluation of the immunostimulant potential of seaweeds that inhabit the world’s oceans and in 

particular those that live along the Indian coast have not been copious. In recent times, several works 

have revealed that numerous herbal products having immune-stimulant activities are recommended 

as herbal biomedicines that can be used in aquaculture as they are easily available, eco-friendly, 

cost-effective and can also be used in pharmaceutical industries because they can act against a wide 

range of pathogens [13]. Seaweeds are also used in the various fields of science, such as 

pharmaceuticals, medicine, tissue culturing, human genetics, microbiology and molecular biology. 

Although seaweeds are potential sources of compounds for many commercial and therapeutic 

sectors, the immense impacts of seaweeds are still unaware. Very little reseach has been carried out 

on the seaweeds C. racemosa and P. boergesenii from the region of Gulf of Mannar, Rameswaram, 

India. Therefore, the present study was carried out to assess the phytocompounds, biological activity 

and antibacterial activity of selected seaweeds. 

 

 

2. Materials and Methods 
 

2.1 Collection of seaweed sample 
 

The well-grown species of brown and green algae are collected from the coastal area along the 

Mandapam, Rameshwaram (079° 20`E Long: 09° 25`N Lat) regions, the south-east coast of India 

during June 2018. After collecting, seaweed was thoroughly washed and cleaned with seawater 

followed by freshwater and distilled water to remove all epiphytes, sand and calcareous particles 

including other adhering detritus materials. After that, the seaweed was spread on blotting paper to 

remove excess water. 

 

2.2 Identification of the seaweed species 
 

The collected seaweed was authentically identified and certificated by the Botanical Survey of India, 

Southern Regional Center, Coimbatore. Identification was carried out based on morpho-anatomical 

features. 

 

2.3 Preparation of seaweed extract by Soxhlet apparatus  
 

The fresh materials were shade dried conditions and exposed to pulverization to get a coarse powder. 

The coarse powdered materials were subjected to Soxhlet extraction and successively extracted with 

methanol (14 g of algal powder per 250 ml of methanol) for 8 h. These extracts were collected and 

concentrated in a rotary evaporator (250-280 rpm, pressure 350 mmHg and 70 ̊C) and the extracts 

were stored (-20 C̊) in the refrigerator in airtight containers for further use. 

 

2.4 Qualitative phytochemical analysis 
 

The phytochemical screening test was performed as described below by using standard methods [2, 

14, 15]. 
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2.4.1 Test of alkaloids by Wagner’s test  

 

Five ml of extract are added to 2ml of Wagner’s mixture. The formation of magenta-brown 

precipitate indicates the occurrence of alkaloids. 

 

2.4.2 Test for flavonoids by Shinoda test  

 

A few drops of concentrated HCl are added to 1ml extract followed by addition of 0.5g of 

magnesium. A pink colouration points out the presence of flavonoids. 

 

2.4.3 Test for saponins by Foam test  

 

One ml of extract is shaken vigorously with 20 ml of distilled water for 10-15 min. The formation 

of a foam layer indicates the presence of saponins. 

 

2.4.4 Test for phenolic compounds and tannins  

 

One ml of extract is mixed with 2 ml of 5% ferric chloride. The genesis of dark blue or greenish-

black colouration points out the occurrence of tannins or phenolic compounds. 

 

2.4.5 Test for glycosides by Keller - Killiani test 

 

An extract (0.5 ml) is added with 2 ml of glacial acetic acid, a few drops of 5% ferric chloride and 

1ml of concentrated sulfuric acid. The appearance of a brown ring at the interface shows the 

presence of glycosides. 

 

2.4.6 Identification of terpenoids by Salkoski test 

 

One ml of the extract is mixed with 2 ml of chloroform along with concentrated sufuric acid. A 

reddish-brown colouration indicates the presence of terpenoids. 

 

2.4.7 Test for phlobatannins  

 

One ml of extract is mixed with dilute HCl. The formation of a red precipitate indicates the presence 

of phlobatannins. 

 

2.4.8 Test for protein and free amino acid by Ninhydrin test 

 

For the identification of protein and amino acid, 2 ml of the extract is treated with 1ml of ninhydrin 

solution and kept in a hot water bath. The appearance of a purple colour indicates the presence of 

proteins and amino acid. 

 

2.4.9 Test for carbohydrate by Molisch’s test 

 

Two ml of the extract is mixed with 1 ml of Molisch’s reagent with a few drops of concentrated 

sulfuric acid along the sides of a test tube. A purple or reddish colour indicates the presence of 

carbohydrates. 
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2.5 Gas chromatography-mass spectroscopy analysis 
 

Samples of the brown and green algae were extracted and the extracted fraction was subjected to 

GC-MS analysis. The phytoconstituents of the seaweed sample were analyzed using a Perkin Elmer 

Clarus Series Gas Chromatographic System with a capillary column. Identification of products was 

made by comparison of retention time and fragmentation patterns with known reference complexes 

as well as with mass spectra in the library search results kept in the software (TurboMass ver 5.4.2) 

of the GC-MS. The samples were analyzed under the following conditions: Elite-5MS (5% phenyl, 

95% dimethylpolysiloxane) fused in a capillary column (30 in length x 250 µm in diameter x 30 µm 

in thickness of film).  The spectroscopic detector for GC-MS involved an electron ionization system 

in 70 eV with helium as carrier gas flow at 1ml/min and the temperature programmed at 70oC and 

6oC to 150 oC for 2 min, 6oC to 290oC for 5 min. The split ratio was 10:1, the injection sample 

volume was 1 l.  The injection and detector temperature were 250oC. Mass spectra were recorded 

and the range was m/z 40-500 amu. The GC-MS results were compared with the standard 

compounds library. 

 

2.6 Collection of bacterial strains 
 

The bacterial strains such as Pseudomonas aeruginosa, Staphylococcus aureus, Staphylococcus 

saprophyticus, Streptococcus mutans, Bacillus subtilis, Streptococcus pyogenes, Bacillus cereus, 

Staphylococcus epidermidis, Streptococcus pneumoniae, Enterococcus faecalis, Escherichia coli, 

and Klebsiella pneumoniae were obtained from PSG Institute of Medical Sciences and Research, 

Coimbatore, Tamil Nadu. The pathogens were maintained on agar slants at 4oC. 

 

2.7 Antibacterial assays by well diffusion method 
 

Antibacterial assays were performed using the agar well diffusion method. Muller Hinton agar (pH 

7.4) was prepared and sterilized for 15 min. The sterilized medium was poured into sterile Petri 

dishes and the collected bacterial pathogens were swabbed on the plates. Different concentrations 

(2.0 to 50 mg/ml) of the algal extract was loaded into the wells (8 mm diameter). Distilled water was 

used as a negative control [16]. The bacterial plates were then incubated at 37oC for 24 h and the 

antibacterial activity was determined by measuring inhibition zone in mm [17-19]. 

 

 

3. Results and Discussion 
 

3.1 Seaweed identification 
 

The collected seaweed samples were identified as green algae:  Caulerpa racemosa (Forssk. )  J. 

Agardh ( Figure 1a)  and brown algae:  Padina boergesenii Allender & Kraft (Figure1b). 

Identification was based on the morphological and anatomical characteritics of the seaweeds. 
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                               (a) Caulerpa racemosa                   (b) Padina boergesenii 

 

Figure 2 . Green and brown algae 

 

3.2 Qualitative phytochemical analysis 

 

Secondary metabolites are characterized by a broad spectrum of biological activities. In this study, 

we observed positive results for flavonoids, saponins, a phenolic compound, terpenoids, 

phlobatannins and amino acids (Table 1). The identified compounds had cytostatic, antiviral, 

anthelmintic, antifungal and antibacterial properties [20]. 

 

Table 1. Qualitative phytochemical analysis, inference of primary phyto-compound found in C. 

racemosa and P. boergesenii. 

 

Phytochemical 

Inference 

C. racemosa P. boergesenii 

Alkaloids - - 

Flavonoids + + 

Saponins + + 

Phenolic compound and tannins + + 

Glycosides - - 

Terpenoids - + 

Phlobatannins + - 

Amino acid and protein + + 

Carbohydrate + - 

(+) presence of the compound, (–) absence of the compound 

 

3.3 Gas chromatography-mass spectroscopy analysis 

 

The extracted seaweed (C. racemosa and P. boergesenii) samples were analyzed with GC-MS to 

detect phyto-components, various fatty acids and other compounds. GC-MS technique provides the 

identification and quantification of chemical compounds based on their characteristic fragmentation 

patterns at specific retention times. The results of GC-MS analysis revealed that a wide range of 

compounds was identified and these are listed on Table 2 (C. racemosa) and Table 3 (P. 

boergesenii). Tables 2 and 3 show the variety of compounds found and also shows their molecular 

weight and biological activity. 
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Table 2. The GC-MS analysis of C. racemosa, biological activity, molecular formula and molecular 

weights 

Retention 

time 

(min)  

Peak 

area 

(%) 

Compound Molecula

r weight 

Molecular 

formula 

Biological activity 

9.766 44.798 Chloroxyletol 156.609 C8 H9C10 Anti-bacterial [21] 

17.349 0.476 6-Hydroxy-4, 4,7a-

trimethyl-5, 6, 7,7a-

tetrahydro-1-

benzofuran-2(4H)-one 

196.242 C17H32O2 Antipyretic [22, 23] 

20.600 2.097 Hexadecanoic acid, 

methyl ester 

270.457 C17H32O2 Anti- fungal and 

antibacterial [24] 

21.256 8.634 n-Hexadecanoic acid 256.430 C17H34O2 Antioxidant [24, 25] 

21.811 0.887 Palmitic anhydride 494.845 C17H24O5 Anticancer [24] 

 22.091  0.308 Rhodovibrin 584.914 C4H7ClO2 Anticancer [15] 

24.027 1.580 Phytol 296.539 C20H32O2 Anticancer and Anti-

inflammatory [26-28]  

24.397 1.826 9,12-Octadecadienoic 

acid (Z, Z) 

 

280.445 C19H34O2 Antimicrobial, 

Anticancer, 

Hepatoprotective, 

Anti-arthritic, anti-

asthma and diuretic 

[29] 

24.522 6.069 Oleic acid 282.470 C19H36O2 Antitoxidant [30] 

25.342 0.363 Strychane, 1-acetyl- 

20α-hydroxy-16-

methylene 

338.443 C20H40O Not reported 

27.373 0.607 Methyclothiazide 360.224 C17H32O Not reported 

27.428 0.493 Glycidyl palmitate 312.494 C18H34O2 Not reported 

29.754 0.410 2-cis,cis-9,12-

Octadecadienyloxy 

ethanol 

310.514 C20H34O2 Not reported 

29.844 1.083 Glycidyl oleate 338.532 C19H36O3 Not reported 

30.084 0.753 1H-Indene, 1-

hexadecyl-2,3-dihydro 

342.601 C28H38O10 Not reported 

30.304 0.802 Glycerol 1-palmitate 330.509 C39H78O3 Anticancer [31] 

30.373 0.467 1H-cyclopropal 534.600 C21H38O3 Not reported 

30.579 0.563 Diisooctyl phthalate 390.564 C25H42 Not reported 

32.745 0.399 17-Octadecynoic acid, 

TMS derivative 

 

352.626 C27H56O4Si2 antioxidant, 

hepatoprotective, 

antihistaminic, 

hypocholesterolemic 

and anti-eczematic 

activities [32] 

_______________________________________________________________________________ 
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Table 2. (cont.) 

_______________________________________________________________________________ 

32.747 0.398 Linoleic acid ethyl 

ester 

308.498 C26H50 Hypocholesterolemic, 

Nematicide, 

Antiarthritic, 

Hepatoprotective 

Anti-androgenic, 

Hypocholesterolemic, 

5-Alpha 

reductaseinhibitor, 

Antihistaminic, 

Anticoronary, 

Insectifuge, Anti-

eczemic and Anti-

acne [19, 22, 33, 34] 

32.835 0.623 Glucobrassicin 448.461 C16H20N2O9S2 Antioxidant and 

antimicrobial [17] 

33.295 0.410 Oleic acid, eicosyl 

ester 

563.008 C8 H9C10 Antiinflammatory, 

Cancer preventive, 

Hypocholesterolemic 

and Anemia gentic 

Insectifuge [35] 

33.380 0.496 5(α)Pregane- 

3α,20αdiol 

489.600 C17H32O2 Antioxidant and 

antimicrobial [36] 

 

Table 3. GC-MS analysis of P. boergesenii, biological activity and molecular weight and formula  

Retention Time 

(min)  

Peak 

area (%) 
Name of the 

compound 

Molecular 

Weight 

Molecular 

formula 

Biological 

activity 

9.731 10.07 Chloroxyletol 156.609 C8 H9C10 Anti-bacterial 

[21] 

20.330 0.35 9-Hexadecenoic 

acid, methyl ester 

(Z) 

268.434 C17H32O2 Not reported 

20.570 3.878 Hexadecanoic 

acid, methyl ester 

270.457 C17H32O2 Anti- fungal 

and 

antibacterial 

[24] 

21.111 10.617 n-Hexadecanoic 

acid 

256.430 C17H34O2 Antioxidant 

[24] 

21.776 0.370 Pyrano [4,3-b] 

benzopyran-1,9- 

dione, 5a-

methoxy-9a-

methyl-3 

-(1-propenyl) 

perhydro 

308.374 C17H24O5 Antitoxidant 

[24] 

 

21.921 0.362 Butanoic acid, 4-

chloro 

 

122.548 C4H7ClO2 Not reported 
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Table 3. (cont.) 

_______________________________________________________________________________ 

 

22.651 0.592 Arachidonic acid 304.474 C20H32O2 Antimicrobial 

activity [24] 

23.722 1.416 11,14-

Octadecadienoic 

acid, methyl ester 

294.479 C19H34O2 Anticancer 

[24] 

23.862 3.204 9-Octadecenoic 

acid (Z)-, methyl 

ester 

296.500 C19H36O2 Anticancer and 

antimicrobial 
[1, 37] 

24.017 0.905 Phytol 296.539 C20H40O Anticancer, 

anti-

inflammatory, 

antimicrobial, 

antispasmodic 

activity and 

vitamins E, K1 

[26, 27] 

24.177 1.128 13-Heptadecyn-1-

ol 

252.442 C17H32O Not reported 

25.507 12.631 cis-Vaccenic acid 282.468 C18H34O2 Anticancer 

[38] 

26.678 0.596 5,8,11,14 -

Eicosatetraenoic 

acid, methyl 

ester, (all-Z) 

318.493 C21H34O2 Not reported 

27.408 3.511 Glycidyl 

palmitate, 

312.494 C19H36O3 Not reported 

28.864 0.369 1H-Cyclopropa 

[3,4] benz [1,2-e] 

azulene-

4a,5,7b,9,9a 

(1aH) 

534.600 C28H38O10 Not reported 

28.969 0.448 Stearic acid, 3-

(octadecyloxy) 

propyl 

595.050 C39H78O3 Antifungal 

[39] 

29.819 2.799 Glycidyl oleate 338.532 C21H38O3 Not reported 

30.069 1.506 (1S)-1-

Hexadecyl-2,3-

dihydro-1H-

indene 

342.601 C25H42 Not reported 

32.720 0.992 2-Oleoylglycerol, 

2TMS derivative 

500.902 C27H56O4Si2 Not reported 

33.265 0.596 Cyclohexane, 1,1- 

dodecylidenebis 

[4-methyl] 

362.686 C26H50 Not reported 

33.340 0.867 Glucobrassicin 448.461 C16H20N2O9S2 Not reported 

_______________________________________________________________________________ 
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3.4 Antibacterial assays by agar-well diffusion method 
 

The antibacterial activity of seaweed extracts is presented in Table 4. It was found that the C. 

racemosa extract showed the highest inhibition zone (22.0 ± 0.8mm) against Gram-positive 

bacterium S. aureus whereas P. boergesenii showed the highest inhibition zone (23.6 ± 0.3mm) 

against the Gram-positive bacterium Ps. aeruginosa. Both P. boergesenii and C. racemosa showed 

the highest antibacterial activity at 50 mg/ml concentration. 

 
Table 4. Antibacterial activity of seaweed extracts at 50 mg/ml concentration 

  

  

Bacterial strain 
Zone of inhibition (mm) 

C. racemosa P. boergesenii 

Ps. aeruginosa 21.0 ± 0.2 23.6 ± 0.3 

S. aureus 22.0 ± 0.8 22.7 ± 0.5 

S. saprophyticus 19.8 ± 0.3 21.8 ± 0.5 

S. epidermidis 10.5 ± 0.4 13.5 ± 0.8 

E. faecalis No activity 10.1 ± 0.1 

E. coli 20.9 ± 0.2 22.2 ± 0.1 

B. cereus 12.6 ± 0.1 15.4 ± 0.2 

B. subtilis 17.5 ± 0.3 19.7 ± 0.2 

S. mutans 17.8 ± 0.9 20.3 ± 0.3 

S. pyogenes 14.2 ± 0.5 16.9 ± 0.9 

S. pneumoniae No activity 11.2 ± 0.9 

K. pneumoniae 12.2 ± 0.7 18.2 ± 0.3 

 

3.5 General discussion 
 

In this study, the antibacterial activity of the two macro-algae and their bioactive abilities were 

assessed. Previous researchers reported that macroalgae are a tremendous source of compounds such 

as polysaccharides, tannins, flavonoids, phenolic acids, bromophenols, carotenoids and these 

compounds were responsible for different biological activities [35, 40-42]. In this study the 

antibacterial activity of extracts of P. boergesenii and C. racemosa were evaluated. From the results, 

a higher antibacterial activity was obtained in brown algae P. boergesenii compared to green algae 

C. racemosa. Both algae have previously reported higher activity against Pseudomonas aeruginosa 

and Staphylococcus aureus pathogens [33, 43]. 
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The outcome of the present study is that preeminent antibacterial activity was exhibited in 

C. racemosa and P. boergesenii extracts. Methanol has high antibacterial activity when compared 

to other organic solvents [20, 44]. Methanolic extracts of macroalgae contains phenolics, alkaloids 

and amino acids, which may account for the antibacterial activity [43, 45].  

Previous reports showed that seaweeds contain momentous amounts of proteins, vitamins, 

minerals and trace elements. Macroalgae contains phenolic complexes and polysaccharides, which 

have various biological activities [16]. In the present study, a total of twenty-three chemical 

constituents from green seaweed and twenty-one chemical constituents from brown seaweed were 

extracted and identified in methanolic extracts extracts of C. racemosa and P. boergesnii and 

included were flavonoids, saponins, phenolic compounds, tannins, amino acids and proteins. While 

C. racemosa showed postive result for phlobatannins and carbohydrates, P. boergesnii showed 

postive result for terpenoids. Both seaweeds showed negative results for glycosides and alkaloids. 

 

 

4. Conclusions 

 

Collectively, the present data offers great insight and it is the first report of the biological activity 

of C. racemosa and P. Boergesenii. Various fatty acids and bioactive compounds present in C. 

racemosa and P. boergesenii (Hexadecenoic acid, Hexadecanoic, Butanoic acid, Arachidonic, 

Octadecadienoic, cis-Vaccenic, Octadecenoic, Phytol and Eicosatetraenoic acid) exhibited effective 

inhibition against a wide range of pathogens. The research clearly shows that C. racemosa and P. 

boergesenii are rich potential sources of many bioactive compounds. From the results, we suggest 

that C. racemosa and P. boergesenii could be very beneficial to pharmaceutical and therapeutics 

applications in future. 
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Abstract 

 

This work reports on the development of a simple, green and inexpensive analytical method 

utilizing a microwell plate for ammonia determination by combining pervaporation with a paper-

based colorimetric sensor. The method is based on the conversion of ammonium ions to ammonia 

gas by alkalinization of water samples using powdered calcium hydroxide. The generated 

ammonia gas diffuses freely across the headspace to a paper-based sensor impregnated with 

natural anthocyanins extracted from red cabbage using deionized water as a non-toxic solvent. The 

reaction causes the paper sensor to change color from pink to blue, and the sensor is then scanned 

on a flatbed scanner to quantify ammonia by correlation to the reflectance of the blue spot on the 

paper sensor. Under the optimal conditions, a working range of 1.0-25.0 mg N l-1 was obtained. 

The limit of detection and the limit of quantification were found to be 0.29 and 0.98 mg N l-1, 

respectively. The method was successfully applied for determining total ammonia in water 

samples with recoveries in the range of 89.6-110.5%. No significant difference was observed 

between this method and the phenate spectrophotometric standard method. 

 

Keywords: ammonia, calcium hydroxide powder, red cabbage anthocyanins, paper-based 

colorimetric sensor 
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1. Introduction 
 

Ammonia is normally used in fertilizer and animal feedstock production. In agricultural areas, 

ammonia from fertilizer and animal farming runoff frequently drains into water supplies [1, 2]. 

The total ammonia nitrogen (TAN) in the form of NH3 and NH4
+ is normally analyzed and the 

results can indicate the water quality [3]. TAN values ranging from 0.53 to 22.8 mg l-1 are reported 

to be initially toxic to freshwater organisms [4, 5].    
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Various newly developed methods for the analysis of ammonia, such as a method that 

involves a fluorescence and colorimetric ammonia sensor based on a metal-organic gel [6], a 

nondispersive atomic fluorescence spectrometry method based on gas-phase light scattering [7] 

and a colorimetric detection using smartphones based on localized surface plasmon resonance of 

silver nanoparticles [8] have been reported, while standard methods for determination of ammonia 

in waters including titration, ammonia-selective electrode method, spectrophotometry, and flow 

injection analysis [9] are still being utilized. These spectrophotometry and flow injection analysis 

(FIA) methods are based on the Berthelot-phenate reaction, which relies on the formation of 

indophenol blue dye in an alkaline solution from the selective chemical reaction between ammonia 

and Berthelot’s reagents (phenol, hypochlorite, and sodium nitroprusside). The toxic phenol and 

unstable hypochlorite reagents have been replaced by salicylate and dichloroisocyanurate in the 

modified Berthelot reaction [10]. Moreover, 1-naphthol has been reported to have been used 

instead of both phenol and nitroprusside in spectrophotometric FIA [11]. Alternatively, a 

sequential injection gas diffusion system [12] and a paper-based platform with gas diffusion [13] 

have been reported for the determination of ammonia in waters using membrane separation of 

ammonia gas generated from the reaction before its detection using acid-base indicators. The 

disadvantages of these methods with a gas diffusion system were the wetting, clogging, and 

leakage of the membrane. Various paper-based visual color change gas sensors for ammonia 

detection [14-17] have also been developed.  Consequently, a membraneless gas-separation [18, 

19] and a micro-distillation microfluidic paper-based analytical device [4] were developed for 

ammonia monitoring in waters. These methods use a pervaporation technique where the ammonia 

gas is converted from ammonium ions, diffused through a headspace, and reacted with an acid-

base indicator to overcome clogging problems of the membrane. Because the detection zone does 

not contact directly with the sample surface, a membrane does not need to be used. Colorimetric 

assay employing a well microplate with gas pervaporation and diffusion for determination of 

ammonia in swine farming wastewater by using natural indicator immobilized on paper sensors 

[20] has been investigated. This method allows microliter-scale solution handling and offers 

environmentally friendly chemical analysis in which anthocyanins extracted from butterfly pea 

flower are applied as a natural indicator. Recently, an increased number of studies concerned with 

the creation of pH indicators based on anthocyanins [21-23] have appeared in the literature. Fruits 

and vegetables with purple colors, such as red cabbage, are found to contain phenolic compounds 

called anthocyanins. Anthocyanins have increasingly attracted the attention of researchers because 

they are natural, water-soluble, and non-toxic pigments, and because they respond to a wide range 

of pH [24]. 

In this work, a simple headspace colorimetric assay based on ammonia gas pervaporation 

in a microwell plate was investigated. Anthocyanins extracted from red cabbage were applied as a 

natural indicator immobilized on a paper sensor, and calcium hydroxide was used in the original 

form of powder solid. Ammonium ions present in the water sample were converted to ammonia 

gas by reaction with calcium hydroxide in the hole of the microwell plate. Ammonia gas then 

diffused freely through the headspace and reached to react with the anthocyanins-coated paper 

covering on the reaction hole, resulting in pink-to-blue color change. A flatbed scanner was used 

to capture the color images of the tested paper. 
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2. Materials and Methods 

 

2.1 Chemicals and reagents 
 

All chemicals were of analytical grade and all solutions were prepared in deionized water (> 18.2 

M cm, Millipore Milli-Q). Ammonium chloride and sodium hydroxide were purchased from 

Loba Chemie (India). Calcium oxide and calcium hydroxide were obtained from Carlo Erba 

(Canada). Red cabbage was purchased from a local supermarket (Tops, Central Rama II, Bangkok, 

Thailand).  

A stock solution of ammonia (1000 mg N l-1) was prepared from ammonium chloride, 

and working standard solutions in the range of 1-100 mg N l-1 were then prepared daily by 

stepwise dilution from the stock solution.  

An anthocyanins solution (1:1, w:v) as an acid-base indicator was prepared by adding 

100 g of chopped red cabbage into 100 ml of deionized water and heated for 30 min, and then the 

solution was filtered through a filter paper (Whatman No.1).  

 

2.2 Apparatus 
 

Whatman grade 42 filter paper with a diameter of 125 mm was obtained from GE Healthcare UK 

limited (UK). A 96-microwell plate (Flat bottom shape, Nunc, Denmark) was used throughout the 

experiments. A CanoScan LiDE210 flatbed scanner (Canon, Thailand) was used for scanning the 

images of the detection zone on the tested paper.  

 

2.3 Preparation of anthocyanins impregnated paper 
 

A filter paper (Whatman No.42) was cut into 1010 mm small pieces and immersed in 10 ml of 

anthocyanins solution (1:1, w:v) contained in a petri dish for 10 min. Then the impregnated paper 

was taken out from the solution and dried at room temperature. The prepared paper was later used 

for the headspace colorimetric detection. 

 

2.4 Analytical procedure 
 

2.4.1 Reaction with sodium hydroxide 

 

For the first procedure, sodium hydroxide was tested as a reagent in solution. A syringe was used 

to inject 0.10 ml of 2 M sodium hydroxide solution into the reaction hole of a 96-microwell plate 

and into the same reaction hole, 0.10 ml of ammonium chloride standard solution (50 mg N l-1) 

was introduced by another syringe. The reaction hole was then immediately covered with a piece 

of anthocyanins impregnated paper that had just been dipped in deionized water. After 20 min, the 

test paper was scanned on a flatbed scanner (CanoScan LiPE210, Canon), and then an image of 

the detection zone on the paper was acquired. Image analysis was performed as described in 

section 2.5. The effect of sodium hydroxide concentration was examined by use of its solutions in 

the range of 2-10 M. 

 For the second procedure, sodium hydroxide was tested as a reagent that was coated on 

paper. The paper coated with sodium hydroxide was prepared as follows. A piece of filter paper 

(Whatman No.42) was cut into 0.50.5 cm pieces, soaked in a petri dish containing 10 ml of 

sodium hydroxide (8 M) for 10 min, and then dried at 80oC in an oven for 3 h. A piece of this 

prepared sodium hydroxide coated paper was placed into the reaction hole of a 96-microwell plate 
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and 0.10 ml of ammonium chloride standard solution (50 mg N l-1) was next introduced by a 

syringe. This reaction hole was immediately covered with a piece of anthocyanins impregnated 

paper that had just been dipped in deionized water. After 20 min, the test paper was scanned and 

an image of the detection zone was acquired by the flatbed scanner. Image analysis was performed 

as described in section 2.5.  

    

2.4.2 Reaction with calcium oxide 

 

Each portion of calcium oxide (examined in the range of 0.0150-0.0250 g) was weighed and put 

into the hole of 96-microwell plate. The prepared paper which was impregnated with anthocyanins 

was dipped in deionized water. Afterwards, a syringe was used to introduce a volume of 

ammonium chloride standard solution (examined in the range of 0.10-0.20 ml) into the reaction 

hole and this hole was immediately covered with a moistened prepared paper that was exposed to 

the sample headspace. After a period of reaction time (examined in a range of 15-25 min), the test 

paper was scanned on the flatbed scanner and an image of the detection zone was achieved. Image 

analysis was performed as described in section 2.5.  
 

2.4.3 Reaction with calcium hydroxide 

 

The procedure followed was very similar to that described in section 2.4.2, except for the fact that 

calcium hydroxide was examined instead of calcium oxide.  
 

2.4.4 Calibration curve 

 

Each portion of approximately 20 mg of calcium hydroxide was scooped with a small-sized 

spatula and put into a hole of a 96-microwell plate. Two empty holes were left in-between each 

added portion, as shown in Figure 1A. The prepared paper that was coated with anthocyanins was 

moistened with a drop (50 l) of deionized water. Afterwards, a syringe was used to introduce 

0.10 ml of a standard or sample solution into each reaction hole and the hole was immediately 

covered with the moistened prepared paper that was exposed to the sample headspace. After 20 

min of the reaction, the test paper was scanned on the flatbed scanner and an image of the 

detection zone on the paper was captured. The color images of the detection zone were analyzed 

as explained in section 2.5.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic illustration of the experimental setup (A), and  

color images of test paper (B) 
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2.5 Image analysis 
 

Image analysis was performed using ImageJ software (National Institute of Health, USA). The 

average color intensity was determined within a circular shape (w = 50, h = 50). Red color 

intensity was chosen as it offered the greatest sensitivity. The intensity values obtained were 

transformed to pseudo reflectance values: Reflectance = -log (I/I0), where I refers to the red 

intensity of the standard or sample, and I0 refers to the red intensity of the blank (deionized water) 

[25].  

 

 

3. Results and Discussion 

 

In this experiment, the reaction involves the generation of ammonia gas by alkalinization of the 

sample solution. The generated ammonia diffuses into the headspace to react with anthocyanins on 

the prepared paper sensor covering the top of the reaction hole. The natural dye anthocyanins from 

red cabbage were extracted into deionized water, which is non-toxic to the environment and thus 

considered a green solvent. The major structures of anthocyanins in red cabbage are based on a 

core structure of cyanidin-3-O-diglucoside-5-O-glycoside [24]. Red cabbage’s anthocyanins in 

solution change from red to blue when brought into contact with ammonia gas. The 96-microwell 

plate was selected as a tool for this application as it is a very simple apparatus normally found in 

the laboratory and because ammonia gas generation and pervaporation could possibly be 

controlled within the reaction hole, which has the small volume of 0.36 ml. 

 

3.1 Reaction with sodium hydroxide 
 

First, a sodium hydroxide solution was selected to be used as a reagent for alkalinizing the sample 

solutions. The effect of sodium hydroxide concentration was examined in the range of 2-10 M. 

The procedure was as follows. A portion of 0.10 ml of sodium hydroxide solution was injected 

into a reaction hole, followed by the addition of 0.10 ml of ammonium chloride standard solution 

(50 mg N l-1). A piece of the prepared paper impregnated with anthocyanins was then immediately 

placed over the reaction hole. It can be observed from Figure 2A that higher concentrations of 

sodium hydroxide provided higher reflectance values. To provide more convenience, the system 

was modified by using a filter paper coated with sodium hydroxide instead of using sodium 

hydroxide solution. The paper coated with sodium hydroxide was prepared by soaking a small 

piece of filter paper (0.5 cm x 0.5 cm) in sodium hydroxide solution (8 M) for 10 min and then 

drying at 80oC in an oven for 3 h. As can be seen in Figure 2B, a higher reflectance value was 

obtained when sodium hydroxide was coated on the filter paper. This may be a result of increased 

surface area for the reaction. However, the prepared paper coated with sodium hydroxide seemed 

to absorb more moisture when contacting the air. This may be a disadvantage in actual use.      
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Figure 2. Optimization of reaction with sodium hydroxide: The effect of sodium hydroxide 

concentration (A), and a comparison of the effect of sodium hydroxide used in solution and 

coated on paper (B) 

 

3.2 Reaction with calcium oxide 
 

To solve the problem of too much moisture absorbed on the sodium hydroxide coated paper, 

sodium hydroxide was replaced with calcium oxide in its powdered form, that is without coating it 

on the filter paper. The experiment was then carried out with the same steps as described above, 

except for the fact that powdered calcium oxide was used instead of the prepared paper coated 

with sodium hydroxide. The effect of calcium oxide content, ammonium chloride solution volume, 

and reaction time were investigated to reach the maximum sensitivity.  

Calcium oxide amount was optimized in the range of 0.0150-0.0250 g. From Figure 3A, 

it can be seen that the signal increased with increasing calcium oxide amount up to 0.0200 g and 

then slightly decreased at higher calcium oxide amount. When calcium oxide amounts were 

applied at 0.0150 g and 0.0200 g, the added ammonium chloride solution was able to contact all 

the powdered calcium oxide and make a thorough reaction. Excessive use of calcium oxide 

(0.0250 g) caused a thick layer of solid powder to form at the bottom of the reaction hole, and the 

added ammonium chloride solution was evidently able to contact and react with calcium oxide on 

the surface of the solid layer. This contact surface was less than that which was available when 

calcium oxide was applied at 0.0150 g and 0.0200 g, and thus less ammonia gas was generated. 

Based on the obtained data, a calcium oxide content of 0.0200 g was selected for further 

experiments. 
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Figure 3. Optimization of reaction with calcium oxide: The effect of calcium oxide amount (A), 

ammonium chloride solution volume (B), and reaction time (C) 

 

To study the effect of ammonium chloride solution volume on method sensitivity, 

ammonium chloride standard solution with the volume of 0.10 or 0.20 ml was injected via a 

syringe into the reaction hole where calcium oxide was initially placed. As can be seen in Figure 

3B, the reflectance values were similar when the volume of ammonium chloride solution was 

either 0.10 or 0.20 ml. When ammonium chloride solution volume was applied at 0.20 ml, the 

initial volume introduced into the reaction hole was able to mix thoroughly with the presence of 

calcium oxide, but   the volume that was introduced later in the addition caused such a high level 

of the solution in the reaction hole that some of ammonium chloride at the top could hardly react 

with calcium oxide. Therefore, some of ammonium chloride was not converted to ammonia gas. 

Moreover, ammonia gas is highly soluble in water, and this means that the loss of ammonia gas 

depends on the solution volume. Consequently, an ammonium chloride solution volume of 0.10 ml 

was selected for further experiments to save the solution and reduce the generated waste.  

 The effect of reaction time was studied from 15 to 25 min. The initial reaction time was 

recorded when the moistened anthocyanins coated paper was placed on top of the reaction hole. 

From Figure 3C, the signal increased with increasing reaction time from 15 min to 20 min and 

then tended to slightly decrease when the reaction time was 25 min. As a result, 20 min was 

selected as the optimum reaction time for color development. The decrease in the signal values at 

longer times was possibly due to the drying up of the anthocyanins coated paper.  
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 The comparison of using sodium hydroxide and calcium oxide as a reagent is shown in 

Figure 4. The sensitivity was maximum when calcium oxide was used in the form of a powder, 

while sodium hydroxide that was used as a solution or coated on the filter paper resulted in less 

sensitivity. For sodium hydroxide used as a solution, the higher concentration caused the higher 

density. Because of the large difference of density between sodium hydroxide solution and 

ammonium chloride solution, the injected ammonium chloride solution hardly mixed with the 

dense under-layer of sodium hydroxide solution and subsequently less ammonia gas was 

generated. Moreover, when sodium hydroxide coated onto filter paper was used, the sensitivity 

slightly improved. The disadvantage of using this feature was that sodium hydroxide readily 

absorbs water. In a later experiment, sodium hydroxide was replaced by calcium oxide in powder 

form, and better sensitivity was obtained. Even though calcium oxide was less soluble than sodium 

hydroxide, for the reaction with ammonium chloride solution in this experiment, the use of a little 

amount of powder calcium oxide resulted in more thorough mixing than did the use of a high-

density solution of sodium hydroxide.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The signal comparison of using sodium hydroxide and calcium oxide as a reagent 

 

3.3 Reaction with calcium hydroxide 
 

Although the use of powdered calcium oxide can help the experiment to proceed more easily, 

calcium oxide is relatively expensive, so replacing it with calcium hydroxide, which is cheaper, 

seems to be a good choice. The same procedure as used for the reaction with calcium oxide was 

conducted except for the point that calcium oxide was replaced by powdered calcium hydroxide. 

To reach the maximum sensitivity, the influence of calcium hydroxide content, ammonium 

chloride solution volume, reaction time, and anthocyanins concentration was studied. In all 

experiments with calcium hydroxide, a portion of 0.10 ml of ammonium chloride standard 

solution, either at the concentration level of 10 or 25 mg N l-1 was used. 

The effect of the reagent amount was studied by varying the amount of powdered calcium 

hydroxide from 0.0150 to 0.0250 g. As can be seen in Figure 5A, the maximum response was 

obtained when the amount of calcium hydroxide was 0.0200 g. A higher amount of calcium 

hydroxide (0.0250 g) gave a solid layer at the bottom of the reaction hole, which limited the 

surface area available to come into contact with ammonium chloride solution, and therefore the 

production of ammonia gas decreased. For this reason, powdered calcium hydroxide at the amount 
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of 0.0200 g was selected for further experiments. The ammonium chloride solution volume was 

investigated by applying various amounts of ammonium chloride standard solution. From Figure 

5B, the signal increased with decreasing ammonium chloride solution volume from 0.14 ml to 

0.10 ml. Increasing the volume of ammonium chloride solution gave a higher solution level in the 

reaction hole, making it difficult for the solution injected later to react with calcium oxide. Also, 

the generated ammonia gas dissolved more into the solution with higher volume. Consequently, an 

ammonium chloride solution volume of 0.10 ml was selected as the optimum volume. The effect 

of reaction time was also studied from 15 to 25 min. Considering the data in Figure 5C, 20 min 

was the optimal reaction time for the test paper to reach the maximum color intensity, and a paler 

color intensity was observed after longer reaction time because of excessive drying up of the test 

paper. As a result, 20 min was selected as the optimum reaction time. These three parameters, 

calcium hydroxide amount, solution volume, and reaction time, provided the same trends as in the 

reaction with calcium oxide. 

 

 
 

 
 

Figure 5. Optimization of reaction with calcium hydroxide: The effect of calcium hydroxide 

amount (A), ammonium chloride solution volume (B), reaction time (C), and anthocyanins  

amount (D) 

 

 To study the effect of anthocyanin amount on method sensitivity, prepared paper 

impregnated with anthocyanins that had been extracted from red cabbage in the w:v ratio of 1:1 

and 1:2 was examined. As shown in Figure 5D, a higher signal was obtained when anthocyanins 

extracted with a ratio of 1:1 (w:v) was applied to the paper. Anthocyanins are water-soluble 

pigments; however, increased deionized water at 1:2 (w:v) makes the extract too dilute. Therefore, 

extracted anthocyanins in deionized water at the ratio of 1:1 (w/v) were selected for further 

experiments.   
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Various conditions of use of the prepared paper impregnated with anthocyanins for the 

detection process were examined to reach the maximum sensitivity. These conditions included (1) 

immediate use of the paper after soaking in extracted anthocyanins for 10 min, (2) use after drying 

the anthocyanins coated paper overnight, (3) use after dropping deionized water [(a) 10 l and (b) 

50 l] on the dried anthocyanins coated paper, and (4) use after soaking the dried anthocyanins 

coated paper in deionized water before placing on top of the reaction hole. According to the results 

shown in Figure 6, the use of dried anthocyanins coated paper with a drop of deionized water (50 

l) resulted in the best sensitivity. When condition (1) and condition (2) were compared, the 

decrease in the reflectance values was probably due to the drying up of the anthocyanins coated 

paper. When the prepared paper that had been dried overnight was used, the lowest sensitivity was 

detected. To improve the sensitivity, deionized water was added on the dried paper before it was 

placed on the reaction hole. Reflectance values increased when the volume of deionized water was 

increased from 10 to 50 l. Even though a higher volume of deionized water (50 l) would seem 

to make more dilution, it appears that at this optimized reaction time (20 min), the test paper with 

a lower volume of deionized water (10 l) dried more quickly and thus produced a paler color. 

Immersing the dried anthocyanins coated paper in deionized water caused dissolution of the 

anthocyanins from the coated paper, so the reflectance value decreased due to the dilution effect. 

As a result, the dried anthocyanins coated paper with a drop of deionized water (50 l) was 

selected as the optimum condition of use.       

  

Figure 6. A comparison of signal strength resulting from various conditions of use of prepared 

paper impregnated with anthocyanins 

 

3.4 Method validation and analytical performance 
 

A validation of the method involving the reaction with calcium hydroxide was conducted, and its 

analytical characteristics such as the linear range, the limit of detection (LOD), the limit of 

quantification (LOQ), precision, and recovery were observed when the optimum conditions were 

applied. The method linearity was explored using various concentrations of ammonium chloride 

standard solutions. The developed method showed a linear dynamic range of 1.0-25.0 mg N l-1 by 

a calibration curve’s equation y = 0.0082x - 0.0086 with the determination coefficients (R2) of 

0.9999 as shown in Figure 7. The LOD and the LOQ of this proposed method defined as 3(SD)blank 

and 10(SD)blank divided by the slope of the linear equation were 0.29 and 0.98 mg N l-1, 
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respectively. This sensitivity of detection may be enhanced if the anthocyanins impregnated paper 

is fabricated by use of a hydrophobic barrier to match the diameter of well and then a controllable 

color change area established for higher color intensity. The precision of the method was 

measured by performing replicate experiments (n = 11) of the standard solution at a concentration 

of 10 mg N l-1 and the result was reported by a relative standard deviation of 4.2%. The effect of 

inter bathes of extracted anthocyanins was also examined by constructing inter-calibration curves 

and analysis of ammonium chloride standard solution (10 mg N l-1) and the results were presented 

in Table 1. The precision of the standard solution analysis was reported with %RSD in the range 

of 5.8-8.0. As extracted anthocyanins from red cabbage may vary from batch to batch, the 

construction of the calibration curve and analysis of samples should be performed using 

anthocyanins impregnated paper prepared from the same batch of red cabbage.    

 

 
 

Figure 7. Calibration curve of ammonium chloride (1.0-25.0 mg N l-1) 

 

Table 1. The effect of inter bathes of extracted anthocyanins 

No. Calibration curve R2 Measured amounta (mg N l-1) 

�̅�𝒃 ± 𝑺𝑫 %RSD 

1 y = 0.0076x-0.0013 0.9997 10.1+0.7 7.4 

2 y = 0.0083x-0.0067 0.9997 10.2+0.8 8.0 

3 y = 0.0079x+0.0019 0.9984 10.0+0.6 5.9 

4 y = 0.0086x-0.0049 0.9938 10.1+0.6 5.8 
aStandard solution (10 mg N l-1) 
bn = 3 

 

 The proposed method was applied to determine ammonia in three water samples 

collected weekly from five sources: agricultural-supplied lagoons A and B (Bang Khun Thian, 

Bangkok), a canal (Prawet Burirom canal, Ladkrabang, Bangkok), and ponds A and B (Pratep 

Building Complex, King Mongkut’s Institute of Technology Ladkrabang (KMITL), Bangkok). 

Recoveries were carried out to examine the matrix effect on the analysis of ammonia by the 

developed method. As reported in Table 2, satisfactory recoveries were found in the range of 89.6-

110.5% with good RSDs between 1.7% and 9.8%. As the color change developed on anthocyanins 

coated paper that covered over the reaction hole and the gas species could only diffuse through 

headspace and reach the detection paper, possible interferences caused by non-volatile matrices in 
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the sample were also eliminated. According to prior studies, the only interfering compound is 

methylamine [26]. Its interference is negligible because it is usually present at g l-1 levels in 

surface waters [13, 27]. 

  

Table 2. Determination of ammonia in water samples 

Water samples Measured amount  

(mg N l-1) 

Added amount 

(mg N l-1) 

Spiking 

recovery (%) 

RSDa (%) 

Developed 

method 

Standard 

method 

Agricultural supplied 

lagoon A (Week 1) 

4.53+0.16 3.75+0.21 5.00 105.4 1.7 

10.0 89.8 8.1 

Agricultural supplied 

lagoon A (Week 2) 

4.64+0.36 5.23+0.13 1.00 92.9 7.6 

10.0 89.6 5.0 

Agricultural supplied 

lagoon B (Week 1) 

1.73+0.15 1.10+0.04 1.00 91.8 7.4 

10.0 91.4 3.5 

Agricultural supplied 

lagoon B (Week 2) 

2.32+0.08 2.40+0.11 1.00 99.2 8.0 

5.00 96.6 7.7 

Canal (Week 1) 8.42+0.34 8.85+0.18 5.00 92.9 2.4 

10.0 98.1 6.9 

Canal (Week 2) 8.63+0.28 9.43+0.24 5.00 92.9 5.5 

10.0 91.2 4.3 

Canal (Week 3) 4.68+0.50 6.39+0.27 5.00 106.7 9.2 

10.0 95.2 4.1 

Pond A (Week 1) NDb ND 5.00 110.5 6.5 

10.0 107.0 6.5 

Pond A (Week 2) ND ND 5.00 93.3 7.7 

10.0 92.4 2.3 

Pond B (Week 1) ND ND 1.00 98.9 9.8 

10.0 103.2 5.1 
aRelative standard deviation (n = 3) 
bNot detected 

 

The accuracy of the developed method was further examined using the standard method 

(4500- NH3 F. Phenate Method) for ammonia determination in water [9]. This standard method is 

based on the spectrophotometric measurement of the blue compound indophenol, which is formed 

by the reaction of ammonia, hypochlorite, and phenol and is catalyzed by sodium nitroprusside. 

The water samples were filtered before the analysis by the spectrophotometric standard method, 

whereas the original unfiltered samples were analyzed by the developed method. A paired t-test 

was applied to statistically compare the results obtained by the two methods. The calculated t-

value was 0.97, while the critical t-value was 2.45 (at p = 0.05 for a two-tailed test). No significant 

difference was observed between the two methods. 

 

 

4. Conclusions 

 

A headspace colorimetric method based on the combination of pervaporation and paper-based 

sensor was designed to monitor total ammonia in water samples. The most suitable condition 

selected was reaction with calcium hydroxide. Ammonia gas was generated when 0.10 ml of 

standard solution or water sample was placed to react with 0.0200 g of calcium hydroxide powder 
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in the reaction hole of 96-microwell plate that was immediately covered with a moistened 

anthocyanins impregnated paper for the reaction time of 20 min. A flatbed scanner was used to 

scan the test paper for color images of the detection zone and ImageJ was applied to evaluate the 

color intensity. The proposed method was simple and cost-effective because no complicated and 

expensive apparatus was used. Besides, the method used calcium hydroxide in a powder form, 

which was more stable than the solution form. Using the powder form also saved analysis time as 

the solution preparation process was not necessary. Moreover, red cabbage is a source of natural 

anthocyanins that can be extracted into deionized water. Water is inexpensive and the most 

environmentally friendly solvent that can be used for separation processes. This simple and green 

method with adequate analytical performance can be successfully applied in the analysis of total 

ammonia in water samples. 
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Abstract 
 

Thalassemias are considered as a group of inherited disturbances or blood disorders characterized 

by the formation of abnormal hemoglobin. β-thalassemia is the most familiar type of thalassemia 

worldwide and in Egypt. β -thalassemia is classified into three types; minor, intermediate and major. 

Thalassemia minor resembles anemia with mild iron-deficiency, whilst Thalassemia major is the 

most severe; patients with the major form need regular blood transfusion stay alive. Patients with 

the intermediate form show mild to moderate anemia and do not need regular blood transfusion 

therapy. Therefore, it was thought to be of value to compare the three types on the bases of various 

biochemical parameters and dielectric properties of blood in the frequency range up to 5 MHz. Sixty 

children with β-thalassemia were involved in the research. They were divided into three equal 

groups, according to their thalassemia type, in addition to the same group of control. All children 

were subjected to thorough clinical examination, and the following blood analyses were performed: 

hemoglobin electrophoresis, complete blood picture “CBC”, serum ferritin and creatinine, several 

vital enzymes, total/direct bilirubin, albumin, and other dielectric parameters. Significant 

differences were found between thalassemia blood and the control, especially in the case of 

thalassemia major blood. Dielectric relaxations were also detected in thalassemia blood, indicating 

possible changes in the RBC membranes of thalassemia blood due to possible variations of the 

surface charges on the RBC membranes and the reduction of glycophorin sialic acid content. 

Therefore, the present work reveals significant variations between the biochemical and dielectric 

properties of the three types of thalassemia blood and control blood, and these differences may be 

of value in the treatment of thalassemia in children.   
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1. Introduction 
 

According to Rund and Rachmilewitz [1], thalassemias are a group of inherited disturbances or 

blood disorders characterized by the formation of abnormal hemoglobin. Disorders of globin 

constraints (α) or (β) lead to rupture and erythrocyte damage [2]. Deficiency or reduced synthesis in 

α-globin constraints gives rise to α-thalassemia. β-thalassemia is the most familiar type of 

thalassemia. It is characterized by decreased synthesis and production of normal adult hemoglobin 

(HbA), the prevailing type of hemoglobin found in the blood from shortly after birth until death. β-

thalassemia is the most common type with 3.5 to ≥ 9% and a gene frequency of 0.03% [3]. The 

annual total occurrence of symptoms of thalassemia is 1:100 individual population and 1:10,000 

individual population in the European countries [4]. In the worldwide population, about 5% has a 

globin alternative, with only about 1.7% having the α- or β-thalassemia signs, whereas about 4.4 of 

every ten thousand of live children are affected. Previous research indicates that in Egypt, it was 

estimated that 1,000:1.5 million live babies born per year would catch thalassemia disease. 

Galanello and Origa [3] suggested the following classifications of β-thalassemia: thalassemia minor, 

thalassemia intermedia, and thalassemia major. A thalassemia minor individual is said to be 

heterozygous because they have as only one of the β-thalassemia gene copies, with one normal gene 

of the β-chain. Thalassemia minor resembles anemia with mild iron-deficiency, so people who fall 

into this category do not need treatment. A patient with thalassemia major, on the other hand, is said 

to be homozygous for β-thalassemia as they have two genes for β-thalassemia and no normal β-

chain gene. Accordingly, the individual with thalassemia major is an ill person. A new-born baby 

with this major type appears completely normal because their hemoglobin at birth is fetal 

hemoglobin (HbF) that contains two α-chains, similar to HbA, and two γ-chains unlike HbA. Within 

the first month following birth, anemia however becomes fatal. The baby becomes unable to grow 

healthily because normal hemoglobin gets replaced by defective hemoglobin and hemolytic anemia 

results. It is because of this condition that primary thalassemia patients need regular blood 

transfusions to stay alive and maintain a quality of life. Thalassemia intermedia, on the other hand, 

shows mild to moderate anemia without the need for regular blood transfusion therapy [4-6]. To 

bear in mind the items described above will be of value when comparing the biophysical and  

biochemical parameters and oxidative stress that may be present in some children suffering from 

the three types of β-thalassemia. Moreover it will be useful when studying the dielectric 

characteristics of the blood of children in each category as compared to those characteristics of the 

blood of the children who are controls. 

 

 

2. Materials and Methods 

 

2.1 The grouping of children with β-thalassemia 
 

Sixty children with β-thalassemia were involved in the study. They were divided into three equal 

groups; the first group had thalassemia minor, the second group had thalassemia intermedia, and the 

third group had thalassemia major, in addition to the same group of control. All participants were 

of the same socio-economic standard. They lived in similar living conditions and had similar dietary 

habits. All children were first subjected to a thorough clinical examination. Venous blood samples 

(5 ml) were collected from each subject’s antecubital vein under aseptic conditions into two different 

tubes; a) an EDTA containing tube for dielectric measurement and CBC (automated measurement), 

and b) an empty tube that was immediately centrifuged at 5000 rpm to obtain serum. The serum of 

each sample was then frozen at -80°C until further analysis. Blood samples were also obtained from 

healthy volunteers who served as controls and the control subjects’ blood was treated identically. 
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The blood from each subject was taken by qualified people who performed the following analyses: 

Haemoglobin Electrophoresis using full automated capillary electrophoresis [7], complete blood 

picture “CBC” [8], serum ferritin [9], serum creatinine [10], alanine aminotransferase, aspartate 

aminotransferase, alkaline phosphatase [11], Glutathione-S-Transferase (GST) [12], Total 

Antioxidant Capacity (TAC) [13], Catalase Assay (CAT) [14], Superoxide Dismutase (SOD), 

Glutathione Reductase (GR) [15], Glutathione peroxidase (GPx), Gamma-Glutamyl transferase 

(GGT) [12], Lipid Peroxide (Malondialdehyde; MDA) [16], total/direct bilirubin, and serum 

albumin [10]. Furthermore, the degree of oxidative stress was assessed by determining total 

antioxidant activity (Biodiagnostic, Egypt). The principle of this method depends on the reaction of 

antioxidants in the sample with a defined amount of exogenously provided H2O2. The antioxidants 

in the serum blood sample eliminate a certain amount of the added hydrogen peroxide. The residual 

H2O2 is determined calorimetrically by an enzymatic reaction involving the conversion of the 

exogenously added 3,5, dichloro-2-hydroxyl benzenesulphonate to a pink-colored product. The 

absorbance of each sample was read at 505 nm against a blank in which the serum blood sample 

was replaced with distilled water. In each sample, the total antioxidant concentration was calculated 

according to the following equation:  
 

 Total antioxidant concentration (mM/l) = (Abs of blank-Abs of sample) x 3.33 (1) 

 

The level of malondialdehyde (MDA) as a measure of lipid peroxidation was also determined by a 

ready-for-use colorimetric kit (Biodiagnostic, Egypt). 

 

2.2 Dielectric relaxation measurements for the blood 
 

A home-made electric cell takes the shape of a parallel-plate capacitor made of silver containing the 

sample material (plate distance 1 cm and plate area 0.0001 m2). The electrodes were connected to 

an LCR meter (Model Hioki, 3532-50 LCR HiTESTER),which measures the capacitance and 

resistance with accuracy ± 0.05%, over a frequency range from 42Hz-5MHz. 

Capacitance C, and conductance G, were used to calculate the relative permittivity, real (ε') 

and imaginary (ε'') and real conductivity (σ') of RBCs, using the following equations [17]. 
 

 C = ε'ε0A/d (2) 

                G = σ A/d (3) 
 

Where, C (Farad) and R (Ohm), are the capacitance and resistance of the capacitor between the two 

measuring electrodes, A (m2) is the surface area of the electrode, d (m) -the separation distance 

between the two electrodes, ε'-the relative permittivity (Farad/meter), ε0-the permittivity of vacuum 

(8.85x10-12 F/m), and σ is the electrical conductivity (Siemens/m).The imaginary parts of complex 

permittivity ε" and conductivity σ" were calculated according to the relation [18, 19]. 
 

 ε" = (σ-σL)/2πfε0 (4) 
 

Where σL is the low-frequency limiting conductivity taken at 42 Hz, and εh is the high frequency 

limiting permittivity taken at 5 MHz. 

 

2.3 Statistical analysis 
 

All values are presented as the mean ± standard deviation (±SD) and were analyzed by the Statistical 

Package for Social Science (SPSS) version 17. A paired t-test was used to compare two mean 

parameter values for the same element and the level of significance was set at a P-value of 0.05 or 

less. All individuals were subjected to full clinical examination and did not show clinical symptoms 
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or signs of any other problems except thalassemia. The study protocol was revised and ethically 

approved by the Zagazig University Hospital, Zagazig University, Egypt. 

 

 

3. Results and Discussion 
 

3.1 Variation of hemoglobin (Hb), red blood cells (RBCs) and white blood cells (WBCs) 

 
The results of this study revealed that with respect to the types of hemoglobin that existed in the 

blood of the control group and thalassemia groups, it is clear that fetal hemoglobin was absent in 

both the control group and the thalassemia minor group, and was significantly higher in both the 

thalassemia intermedia and thalassemia major groups. Both Hemoglobin (Hb) and Hemoglobin A 

(HbA) decreased from the thalassemia minor to thalassemia major groups, while HbA2 increased 

significantly from T-Minor to TM. All the hemoglobin variations are illustrated in Table 1. 

 

Table 1. Variation of the different hemoglobin in thalassemia groups and control 

Type of 

Hb 

Statistic 
Groups: n = 20 

Control T-Minor TI TM 

Hb F % 

 

Range 00 0.2-1.7 7.9-40 46-95 

Mean±SD 00±00 1.08±0.57* 23.78±9.98* 66.51±15.89* 

Hb A % Range 97.6-99.1 92.9-97.3 55-89 0-50 

Mean±SD 98.4±0.47 95.17±1.88* 72.99±10.13* 28.77±15.65* 

Hb A2 % Range 0.9-2.4 2.5-6.4 1-7.8 2.1-16 

Mean±SD 1.6±0.47 3.84±1.44* 3.23±1.70* 5.25±3.20* 

Hb% 

 

Range 11.4-14.3 8-11.9 2.7-9.5 3.5-9 

Mean±SD 12.3±0.93 9.95±1.30* 7.18±1.90* 7.46±1.55* 

* Significance at the level (P ˂ 0.05) 

 

Fetal hemoglobin, or Hb F, is usually absent in the blood, but it appeared in the blood of 

thalassemia patients in an increasing order from T-Minor to T-M, with minimum concentration in 

T-Minor. Hb F is the major oxygen transport protein in the newborn child and it has a much greater 

exceptional ability to bind oxygen than adult does hemoglobin. Therefore,  the higher concentrations 

of it in T-I and T-M blood types are able to compensate for the cessation of hemoglobin in these 

patients. Adult hemoglobin or HbA, is the most common form of hemoglobin and comprises about 

97% of adult hemoglobin. It exists in erythrocytes to transfer oxygen from the lungs to tissues. In 

the present data, this hemoglobin was found at 98.4% in the control ‘normal’ blood and declined 

gradually from the T-Minor to the T-M bloods. This indicates the need for these patients to have 

blood transfusion. Hemoglobin A2 is different from other forms of hemoglobins in that it is 

composed of two α-chains and two δ-chains, and may comprise 1-3% of adult hemoglobin. The 

average level found in this work for the normal control blood was 1.6%. Elevated concentrations in 

thalassemia patients are a useful marker of the occurrence of thalassemia, as indicated by Ou et al. 

[20]. Normal hemoglobin, Hb, as analyzed in this work declined across the groups, reaching its 

lowest level in the T-M group. This indicates the presence of anemia and the need for these patients 

to have blood transfusion. It must be mentioned that there are several types of anemia produced by 

different abnormalities in hemoglobin. An example is microcytic hypochromic anemia, which is a 

standard abnormal hematological parameter in clinical practice and is usually caused by a deficiency 

in iron and thalassemia traits. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ou%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=21403433
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RBCs were not radically changed the in the T-Minor group blood. However, a significant 

decrease in RBCs occurred in both the TI and TM type bloods when compared to the controls,  and 

this was also seen in the TM type in comparison to the TI blood type. HCT% was observed to be 

decreased significantly with respect to the control group moving from the T-Minor towards the TM 

group, with the largest reduction occurring in the TM group whereas MCV was observed to be 

decreased significantly in TI with respect to the control group. With respect to MCH, it had 

decreased significantly in the T-Minor group compared to the control but then started to increase in 

the TI and TM groups, approaching the control level in both cases. The values of MCHC did not 

change significantly, fluctuating around the control value. On the other hand, the platelets, WBCs 

and monocytes observed in the T-Minor group had decreased significantly when compared to the 

controls. Furthermore, significant increases were seen in both the TI and TM groups, results which 

may be attributable to blood transfusions. The granulocytes and lymphocytes fluctuated around the 

control value, with non-significant changes. The results of  RBCs, WBCs counts and indices 

variations are illustrated in Table 2. 

 

Table 2. Variation of RBCs indices in thalassemia groups and control 

Element 

type 

Statistic 
Groups: n = 20 

Control T-Minor TI TM 

RBCs 

(x 106) 

Range 3.05-5.31 3.6-6.11 1-4.29 1.43-4.22 

Mean±SD 4.69±0.62 4.91±0.84 2.96±0.90* 3.04±0.68* 

HCT% Range 32.2-38.6 23-33.1 7-26.9 9.8-27.7 

Mean±SD 34.37±2.15 28.51±3.41* 19.84±5.67* 19.76±4.37* 

MCV  

( fl ) 

Range 61.3-73.6 57.9-77.3 52.9-72.3 67.6-72.7 

Mean±SD 65.96±5.51 67.61±6.06 59.58±8.14* 70.20±1.78 

MCH 

( Pg ) 

Range 23.8-26.9 17.7-26.3 18.7-28.5 18.6-30 

Mean±SD 25.09±1.05 20.85±3.41* 24.68±3.13 24.78±3.09 

MCHC 

( g/dl ) 

Range 34.1-36.7 33.5-37.2 32.2-41.8 33.8-44.1 

Mean±SD 35.79±1.15 34.88±1.29 36.42±2.53 37.54±3.01 

Plts 

( x 103 ) 

Range 238-387 141-312 100-1096 44.5-1118 

Mean±SD 278.9±44.56 245.9±54.31* 479.0±29.57* 433.32±26.75* 

WBCs 

( x 103 ) 

Range 4.2-15 5.3-11 3.9-68.3 3.3-88.2 

Mean±SD 8.61±3.73 7.52±1.69* 24.23±3.08* 29.81±9.83* 

Lymphocyte Range 22-63.1 36.1-50.2 33.6-77.6 34.7-79 

Mean±SD 46.84±12.22 41.59±4.42 50.66±16.52 55.79±15.78 

Monocyte Range 1.9-5.6 1.8-2.7 4-7.7 3.9-13.2 

Mean±SD 3.32±1.19 2.3±0.30* 5.73±1.30* 6.64±2.70* 

Granulo- 

cytes 

Range 34.4-76.1 47.7-61.9 14.8-69.1 3.7-13.2 

Mean±SD 49.84±13.19 56.11±4.35 43.57±17.33 37.56±17.04 

* Significance at the level (P ˂ 0.05) 

 

The RBCs counts (TI and TM) and MCV (TI) in thalassemia patients were decreased 

significantly which affected the hematocrit value. Moreover, the mean corpuscular hemoglobin level 

was reduced due to the decrease in Hb concentration, but the mean corpuscular hemoglobin 

concentration of TM increased. The results of low levels of hemoglobin, HCT, and the change in 
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hematological parameters are related to the type of thalassemia. The present results are in good 

agreement with those reported by Mankad et al. [21]. According to this report, the clue for 

thalassemia is the low mean corpuscular volume (MCV) at < 78 fl or the low mean corpuscular 

hemoglobin (MCH) at <27 pg, which are seen in our results. Platelets show increased levels in T-I 

and T-M. This increase in platelets can respond to an abnormality on the vessel wall rather than to 

hemorrhage, resulting in inappropriate platelet adhesion, and the formation of a clot within an intact 

vessel that may result in arterial obstruction.  

For white blood cell counts and differentiation, the increase in WBCs, lymphocytes and 

monocytes that is accompanied by a reduction in granulocytes is all an indication of internal 

inflammation, which is produced from anemia and seen in thalassemia patients. However, Mankad 

et al. [21] attributed the increase in WBCs to the probability of the existence of a large number of 

immature (nucleated) red blood cells, which the cell counter may mistakenly identify as white blood 

cells. 

 

3.2 Liver enzymes 
 

ALT did not change with respect to the control level except in the case of TM. However, there was 

a significant difference between T-Minor and TM only. AST increased significantly in the cases of 

TI and TM, with no variation in T-Minor. Furthermore, there was a significant difference between 

T-Minor and both TI and TM, with no difference between TI and TM. Albumin did not show any 

change in concentration in any of the thalassemia groups with respect to the control level. Bilirubin 

Total increased significantly in the cases of T-Minor and TM, with no variation in TI. There was 

also a significant difference between T-Minor and TM, with no difference between TI and TM. 

Bilirubin Direct increased significantly in all thalassemia groups except in the T-Minor group and 

between each two groups, i.e. between T-Minor and TM, and between TI and TM. Ferritin 

concentration increased significantly in all thalassemia groups with respect to the control and 

between each two groups, i.e. between T-Minor and both TI and TM, and between TI and TM. The 

concentrations in TI and TM were very high, with the concentration in TM the highest. Variations 

of the afore-said parameters in thalassemia blood and the control groups are illustrated in Table 3. 

 

Table 3. Variation of liver and kidney metabolites in thalassemia groups and control 

Parameter Groups: n = 20 

Control T-Minor TI TM 

Creatinine (mg/dL) 0.74 ± 0.07 0.78 ± 0.10 0.79 ±0.19 0.79 ± 0.19 

GGT(U/L) 7.42 ±1.64 7.48 ±1.71 10.90±2.22 10.90± 2.22 

ALP(U/L) 269.40±63.76 299.80±29.51 302.00±26.05 302.00±26.05 

ALT(U/L) 21.4±6.72 17.81±5.47 60.52±99.33* 60.52±99.33* 

AST(U/L) 24.6±5.48 21.57±5.37 60.06±57.23* 60.06±57.23* 

Albumin(mg/dl) 4.24±0.25 4.23±0.31 4.02±0.56 4.02±0.56 

BilirubinTotal(mg/dl) 0.54±0.06 0.78±0.11* 1.60±0.73 1.60±0.73 

* Significance at the level (P ˂ 0.05) 

 

Both ALT and AST levels in the thalassemia TI and TM groups increased significantly, 

with respect to the control level, which indicates that an insult occurred in the liver as judged by the 

increase of bilirubin T and bilirubin D. These biochemical parameters increase as a result of blocking 

of the hepatic ducts, which causes leakage into the bloodstream, and which occurs mainly in TI and 

TM.   

Ferritin is a universal protein that stores iron and releases it in a controlled manner. In 

human beings, ferritin acts as a buffer against iron deficiency and iron overload [22]. In the present 

https://en.wikipedia.org/wiki/Iron_deficiency
https://en.wikipedia.org/wiki/Iron_overload
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work, ferritin is lowered in the blood of T-Minor patients, indicating the presence of anemia. 

However, ferritin is raised highly in the blood of TI and TM patients, a condition which affects the 

heart and causes spleen enlargement. So, ferritin must be removed by using deferoxamine, as 

reported by Brittenham et al. [23]. Of course, the elevated levels of ferritin are due mainly to 

repeated blood transfusions, on which TI and TM patients are dependent. In some cases, patients 

may be subjected to splenectomy to reduce the frequency of blood transfusion. 

 

3.3 Oxidative stress markers 
 

Super-Oxide Dismutase (SOD) activity decreased significantly in all thalassemia groups with 

respect to the control and between each two groups, i.e. between T-Minor and both TI and TM but 

not between TI and TM. Catalase assay decreased significantly in all thalassemia groups with 

respect to the control and between each two groups, i.e. between T-Minor and both TI and TM, and 

between TI and TM. Glutathione Peroxidase (GPx) decreased significantly in all thalassemia groups 

with respect to the control and between each two groups, i.e. between T-Minor and both TI and TM, 

and between TI and TM. Glutathione S-transferase (GST) decreased significantly in all thalassemia 

groups with respect to the control and between each two groups, i.e. between T-Minor and both TI 

and TM, and between TI and TM. Total antioxidant capacity (TAC) decreased significantly in all 

thalassemia groups with respect to the control and between each two groups, i.e. between T-Minor 

and both TI and TM, and between TI and TM. Oxidative stress markers are illustrated in Table 4. 

 

Table 4. Variation of the oxidative stress markers in thalassemia groups and control 

Element 

type 

Statistic 
Groups: n = 20 

Control T-Minor TI TM 

SOD (U/ml) Range 98.12-161.16 75.47-118.75 48.32-92.96 36.17-86.83 

Mean±SD 129.64±18.27 97.11±18.21* 70.64±17.88* 61.5±16.52* 

CAT (U/l) Range 38.43-81.07 38.85-61.13 17.88-42.88 15.4-24.28 

Mean±SD 59.75±11.53 49.99±9.63* 30.38±10.42* 19.84±3.03* 

GPx (U/l) Range 12.12-21.22 12.44-14.72 9.06-11.66 4.56-8.05 

Mean±SD 16.67±2.91 13.54±1.27* 10.36±0.93* 6.35±1.42* 

GRm (mol/l) Range 11.67-19.25 11.02-13.89 8.18-11.19 4.66-8.26 

Mean±SD 15.46±2.39 12.33±1.29* 9.58±1.31* 6.46±1.61* 

GST (U/l) Range 20.88-28.46 16.01-23.09 11.15-20.17 6.49-13.09 

Mean±SD 24.67±2.71 19.55±2.64* 9.58±15.66* 9.69±2.62* 

TAC (mM/l) Range 2.4-.51 1.75-.85 1.34-1.45 0.73-.87 

Mean±SD 2.45±0.05 1.77±0.07* 1.39±0.03* 0.82±0.04* 

MDA 

(mmol/ml) 

Range 7.29-12.99 10.32-13.69 12.87-15.85 16.85-20.25 

Mean±SD 10.09±2.09 12.42±1.49* 14.33±1.33* 18.55±1.25* 

* Significance at the level (P ˂ 0.05) 

 

Disturbance of the balance between oxidants and reductants in the body leads to what is 

known as oxidative stress. This condition arises due to the production of peroxides and free radicals 

and leads to cellular injuries. Oxidative stress occurs due to increased levels of lipid peroxidation 

and free-radical formation. Oxidative stress occurs in β-thalassemia patients, who are regularly 

supplied with blood transfusions, as described by Pavlova et al. [24] and Ghone et al. [25]. In this 
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work, ferritin increased significantly in both TI and TM, indicating that the children in these two 

categories were subjected to iron overload, which in turn made the erythrocytes of these patients 

vulnerable to peroxidative injury, as reported by Naithanj et al. [26]. 

In a typical normal environment, each cell in the body is subjected to invasion by 100 

billion superoxide radicals per day [27]. This account is clear evidence of the size of the risk posed  

by ROS and the effectiveness of the defense of the biological system toward their damaging effects. 

The defense of the biological antioxidant system is able to reduce the regular flux state of free 

radicals, either by blocking their production or by correcting their levels with primary antioxidants, 

e.g., superoxide dismutase (SOD) and glutathione peroxidase (GPx), which hinder the flow of new 

unbound root types (ROS) either by modifying present unbound roots by dismutation or by blocking 

the production of unbound roots from other molecules. In the present work, both (SOD) and (GPx) 

activities decreased significantly in the TI and TM groups. Moreover, secondary antioxidants, e.g., 

glutathione (GSH) and bilirubin, work by trapping radicals. GSH, similarly, decreased in the TI and 

TM groups, indicating either a decrease of the oxidants, or a decrease of the gene responsible for 

the synthesis of the enzyme protein itself, which is the case in the present work with the TI and TM 

children’s groups.  

 

3.4 Dielectric relaxation 
 

3.4.1 Gross conductivity (σ) 
 

The conductivity of the RBCs increases with increasing frequency and the higher level in the control 

subjects. The result is shown in Figure 1. 

 

 
Figure 1. Variation of the conductivity levels in thalassemia and control blood 

(1: control, 2:  T-Minor, 3: TI and  4TM) 

 

3.4.2 Relative permittivity (ἑ) 

 

The relative permittivity decreases with increasing frequency. The variation of this dielectric 

parameter reveals that there is a dielectric dispersion occurring at different critical frequencies for 

each group, as illustrated in Figure 2. The decrease in the relative permittivity at the dispersion point 

decreases in the order: control ˃T-Minor ˃ TI ˃ TM. 
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Figure 2. Variation of the relative permittivity (dielectric constant) of the blood groups 

with frequency 

 

For the impedance Z, the blood impedance decreased with increasing frequency with the 

minimum level in the case of control blood with a higher value in the case of TM.This variation 

goes in the reverse direction of the conductivity variation with frequency. 

The dielectric strength (Δἑ = ἑ - ἑ∞, the relaxation time, τ = 2πƒc, where ƒc is the frequency 

at the midpoint of dispersion, and the conductivity,σ, at 5 MHz) was calculated and represented in 

Table 5. The dielectric properties that were used in the comparison between the blood of control 

children and the blood of the thalassemia patients were numerous. They were namely; the relative 

permittivity (ἑ), gross conductivity (σ), the dielectric strength (Δἑ), the ac conductivity (σAC ) and 

the relaxation time. Each of these parameters reflects specific differences between the control blood 

and the thalassemia blood. Importantly, the dielectric properties of the blood are related mainly to 

the RBCs, which constitute the major component of the blood. Consequently, significant changes 

in the dielectric properties of the blood are related to the density of the negative charges on RBC 

membranes. In the present work, increasing frequency was inversely proportional to the relative 

permittivity of the control and thalassemia blood with gradually reduced levels of (ἑ) from 

thalassemia minor to thalassemia intermedia and finally to thalassemia major. At the same time, 

dispersion occurred at different frequencies, as previously described in Table 4. Moreover, the gross 

conductivity of the control blood was higher than that of the thalassemia blood, and it decreased in 

the order; σ (control) ˃ σ(T-Minor) ˃σ (T-intermedia) ˃σ (T-major), as described in Figure 1. In 

addition, the blood impedance (z) was lower in the control blood, and increased in an inverse order, 

i.e. Z (control) ˂ Z (T-Minor) ˂ Z (T-intermedia) ˂Z (T-major), a result which coincides with the 

variation in conductivity reported by Haemmerich et al. [28]. In our opinion, these variations may 

be mainly due to the reduction of the sialic acid content on the RBCs. According to Eylar et al. [29] 

and Kahane et al. [30], the sialic acid content of glycophorins on thalassemic RBC membranes is 

about 25% lower than the sialic acid content of glycophorins  on healthy RBC membranes. This 

result means that the carboxyl group, related to sialic acid, is also reduced, resulting in lower 

conductivity and higher impedance in thalassemia blood. Similarly, there are significant differences 

between the other dielectric parameters, i.e. the dielectric strength and relaxation time, which are 

mainly related to the polarization induced in the blood membrane, which differs significantly in the 

control and thalassemia blood, as described by Desouky et al. [31]. 

 

0

1000

2000

3000

4000

5000

0 20 40 60 80 100 120

Frequency, Hz

Dielectric Constant vs 

Frequency 

ἑ



 
Current Applied Science and Technology Vol. 20 No. 3 (September-December 2020) 

 

417 

 

Table 5. The dielectric strength, the relaxation time, and the conductivity at 5 MHz 

Measure Control T-Minor T-Intermediate T-Major 

Δἑ 3146.7 2127.2 1633.4 1424.2 

τ (S) 7 x 10-7 7.51x10-7 5x10-8 5.25x10-8 

σ(S/m) 0.811 0.742 0.752 0.739 

 

 

4. Conclusions 
 

The research produced a wide range of data and gave rise to the following conclusions; 1) Most of 

the measured parameters revealed significant differences between the control blood and the three 

types of β-thalassemia blood and between each type of thalassemia blood; 2) Patients of thalassemia 

suffer oxidative stress that strongly affects their activity and quality of life; 3) The β-thalassemia 

major type shows the maximum differences because patients of this category need regular blood 

transfusions that slightly improve their quality of life, but increase the toxicity of excess ferritin. 

Thus, patients within this category needs regular injections of Desferal, which is considered the best 

agent for the removal of overloaded iron; and 4) Analysis of various dielectric parameters reveal 

decreased RBC conductivity and related parameters,  effects that are mainly due to deformations in 

RBC membranes due to decreased content of sialic acid in the glycophorins of thalassemic RBC 

membranes.   
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Abstract 
 

Hypersensitivity allergies are mostly caused by house dust mite (HDM), Dermatophagoides 

pteronyssinus (Trouessart). Common control methods for HDM include disposal of bedding sets 

and fabrics, vacuuming, washing, using plant extracts and applying chemicals. Hence, the 

application of ozone is a new alternative way to control HDM. The objectives of this experiment 

were to determine the efficacy of ozone as an HDM killer and to evaluate the allergic levels that 

remained after the application of ozone. The fumigation method was performed in a laboratory using 

ozone at the concentrations of 20, 30, 40 and 50 mg l-1 in glass chambers (1 m3) at 1, 2 and 3 h 

fumigation intervals. The mortality percentages of HDM were observed at 24 h after the treatment. 

The allergic levels appearing in supernatants were analyzed by an enzyme-linked immunosorbent 

assay (ELISA) method. Ozone fumigations of 30 mg l-1 concentration for 3 h completely killed 

HDM. In addition, ozone fumigations of ≥ 40 mg l-1 for 3 h reduced the amount of allergen by 

>50%, which was a significantly higher reduction than seen at 20-30 mg l-1 (35.8-45.8%). The study 

suggests the ozone fumigation at 30 mg l-1 concentration treated for at least 3 h, 40 mg l-1 for 2 h, or 

50 mg l-1 for 1 h could be used as a new alternative method to control HDM. 

 

Keywords: Acari, Pyroglyphidae, Dermatophagoides pteronyssinis, ELISA, fumigation, allergies, 

ozone, Der p1 
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1. Introduction 
 

House dust mites (HDM) are classified as members of Arachnida and are related to ticks. They are 

small in size and typically of 0.2-0.3 mm in length. HDM have translucent bodies under the 

microscope. The principal HDM species such as Dermatophagoides pteronyssinus (Trouessart), 

Dermatophagoides farina (Hughes), Euroglyphus maynei (Cooreman) belong to the family 

Pyroglyphidae, whereas Blomia tropicalis (Bronswijk) belongs to Glycyphagidae. The pyroglyphid 

species are at the top in terms of global frequency and abundance [1, 2]. Remarkably, they are the 

most common allergy-causing mites found in houses worldwide [3]. Insung et al. [4] investigated 
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the species diversity of HDM in central Thailand and the most abundant species found was  

D. pteronyssinus (69.94%). The incidence of atopic diseases has shown to be increasing all over the 

world. Allergic rhinitis affects about 10-25% of the population and up to 40% of children, and its 

incidence is increasing worldwide [5, 6]. In Thailand, the incidence of asthma and allergic rhinitis 

was 51.4% [7]. The most common sensitizing allergens are HDM. Dermatophagoides pteronyssinus 

and D. farinae were major HDM species that were found to be associated with respiratory allergic 

diseases [7]. In general, sensitization due to house dust mite allergens (HDMAs) appeared in 65 to 

130 million people around the world, which is about 50% of the total number of asthmatic patients 

globally [8]. Recent reports suggested that HDMAs commonly caused allergic diseases found in 

humans, dogs and cats [9]. Trakultivakorn and Nuglor [10] revealed that D. pteronyssinus was one 

of the major sources of allergy and Der p1 and Der p2 were important mite allergens found in 

Chiang Mai, Thailand. 

With the elimination of HDM, the source of HDMAs affecting allergic patients should be 

reduced. There are many methods of killing HDM; chemical methods such as application of 

acaricides and physical measures such as heating, freezing and washing of bedding and fabric. 

However, in the case of the application of acaricides onto carpets, mattresses or furniture, users can 

come into direct contact with the chemical acaricides. Thus, the use of acaricides is not 

recommended for controlling HMD. Theoretically, freezing and heating methods should be 

effective, but no report has demonstrated benefits from such interventions. HDMAs are also 

effectively removed by washing of bedding and clothing. By this method, mites are killed by 

drowning [11]. Vinyl fabric is an option for preventing allergic patients coming into contact with 

HDM. However, further investigation on the efficacy of various kinds and qualities of vinyl fabrics 

and patient satisfaction with vinyl fabric bed encasing has been recommended [12]. Another 

alternative method used to control HDM effectively is the application of cloves and cinnamon-based 

essential oil formulas [13, 14]. Moreover, essential oils from cloves and cinnamon were also 

extremely effective in reducing HDMAs levels [15-17]. However, there are still some limitations 

on the use of essential oils. One negative is that some users are not satisfied with the smell of 

essential oils. Thus, the study of a new appropriate method to control HDM is required in order to 

address the problems in current methods mentioned above. 
 Molecules of ozone (O3) are very unstable and can convert into O2 rapidly by releasing a 

single oxygen atom that is extremely reactive [18]. This single oxygen atom displays its reactivity 

when it comes into contact with the cell membranes of bacteria, viruses and fungal or mycotoxin 

contaminants. It attacks cellular components and disturbs normal cellular activity [18, 19]. When 

this free oxygen derived from ozone contacts a volatile organic compound, it can  remove the odor 

of the compound [19]. It can destroy cell membranes or protoplasm, disrupting the cellular 

reactivation of bacteria, coliforms, viruses and protozoa [20]. Ozone application at low 

concentrations can effectively reduce microbial populations [21]. To eliminate odors, tastes and 

color occurring in food or water, ozone treatments are commonly used [22]. Furthermore, a high 

concentration of ozone for fumigation is a qualified method to control various stored product insects, 

such as Sitophilus spp., Rhyzopertha dominica, Plodia interpunctella, Galleria mellonella and 

Tribolium confusum [19, 23-26]. Therefore, there is a possibility to use ozone to eliminate HDM 

where the actual area affected requires the use of a fumigation method. In addition, it is also 

worthwhile to assess its effectiveness in reducing HDMAs. Thus, the objectives of this research 

were to determine the fumigant toxicity of ozone to house dust mites (Dermatophagoides 

pteronyssinus) and to evaluate its effectiveness in reducing house dust mite allergen (Der p1 

allergen). 
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2. Materials and Methods 
 

2.1 Mite stock culture 
 

Dermatophagoides pteronyssinus was maintained in mite bottles that were modified from 50 ml cell 

culture flasks and covered with filter paper. The mite bottles were kept in a mite chamber made from 

an acrylic sheet (size 30×30×50 cm). Saturated KCl was used to control humidity inside the 

chamber. The mites were fed on a culture medium with the composition modified from Insung and 

Boczek [27], i.e. a mixture of rat food, wheat germ and yeast with the ratio of 4:4:1 (by weight).  

The HDM stock culture was kept at 25±1oC and 86±1% relative humidity in the laboratory of the 

Department of Plant Production Technology, Faculty of Agricultural Technology, King Mongkut’s 

Institute of Technology Ladkrabang (KMITL), Thailand.  
 

2.2 Toxicity of ozone fumigation against HDM 
 

Ten adult HDM were introduced into acrylic mite cages adapted from Insung and Boczek [27]. Filter 

paper was used to close the base holes and glass covers were fixed at the top with wax. All mite 

cages were placed into a 1 m3 fumigant glass chamber adapted from Pumnuan et al. [28]. Ozone 

was produced by an ozone generator provided by P.S.C. Trading and Development Co., Ltd., 

Thailand. The fumigation bioassay was performed by ozone release into the chamber, with the 

different concentrations of 0 (no ozone), 20, 30, 40 and 50 mg l-1. The fumigation periods were 1, 2 

and 3 h, and mortalities of HDM were observed at 24 h thereafter. The death of the mites was 

confirmed by observing non-movement of their legs when probed with a small hairbrush. The actual 

death rates were calculated according to Abbot’s formula [29]. The completely randomized design 

(CRD) was applied with five replicates. The percentage of mortality was recorded for each time 

interval. Lethal concentration (LC50 and LC90) and lethal time (LT50 and LT90) were determined by 

the probit method. The analysis of variance (ANOVA) and Duncan’s multiple range tests (DMRT) 

were performed for data analysis. 

 

2.3 Reduction effect to HDMAs 

 
House dust was collected from 20 mattresses that had been used for more than 10 years from 

different households in Bangkok, Thailand. Afterwards, the house dust was sifted through a fine 

filtered cloth to sort out the coarse dust. One-gram portions of the house dust were put into petri 

dishes (10 cm diameter) without a lid. The petri dishes with the house dust material were placed in 

the 1 m3 fumigant glass chamber and fumigated with ozone at various concentrations and exposure 

times following the same method that was used in the fumigation toxicity test against HDM. Then, 

0.1 g of material from each treatment was put in a microtube together with 2 ml of phosphate-

buffered saline (pH 7) mixed with Tween-20, and the microtubes were placed in a rotator at 4oC. 

After 24 h, the contents of the microtubes were homogenized at 2,500 rpm for 15 min. Finally, 1 ml 

of the supernatant from each tube was removed and kept at 4oC for further enzyme-linked 

immunosorbent assay (ELISA). The preparation of house dust material for ELISA test was adapted 

from Insung et al. [15]. 

 

2.4 Enzyme-linked immunosorbent assay of the Der p1 allergen 
 

An enzyme-linked immunosorbent assay (ELISA) was undertaken using the method described by 

Insung et al. [15]. The amount of Der p1 in the supernatant was measured by an ELISA method 

using mouse monoclonal antibodies (Indoor Biotechnologies). Three replicates were performed for 
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each experiment compared with the control group (untreated house dust + spent mite medium). The 

percentage reductions in the amount of HDMAs were statistically analyzed by applying analysis of 

variance (ANOVA) and Duncan’s multiple range tests (DMRT). The reduction in the amount of 

Der p1 was calculated by the following formula:  

 

Reduction rate (%) =
(Amount of allergen in control – Amount of allergen in treatment dish)x100%

Amount of allergen in control 
 

 

 

3. Results and Discussions 
 

The application of ozone as a fumigant to control HDM in the laboratory at various concentrations 

and exposure times showed that 3 h fumigation of ozone at ≥ 30 mg l-1 completely killed HDM, 

which was a result of significant difference to 3 h fumigation of ozone at 20 mg l-1 , which only 

reduced HDM by 90.2%.  Ozone at 40 mg l-1 for 2 h killed HDM by 92.7%, a result which was 

significantly  higher than that for ozone at 30 mg l-1 application (68.4%). In addition, the fumigation 

with 50 mg l-1 for 1 h was significantly more effective at killing HDM (81.1%) than was fumigation 

at 20-40 mg l-1. The appropriate concentration and time of ozone fumigation was 40 mg l-1 and 2 h. 

The LT50 and LT90 values of ozone fumigation against HDM at 30 mg l-1 were 1.30 and 2.35 h, 

respectively, and 0.99 and 1.67 h, respectively, for 40 mg l-1 (Table 1). The result also suggested  

that ozone fumigation at 20 mg l-1 concentration for 3 h was the most effective condition for killing 

HDM with more than 90% killed, while 1 and 2 h fumigation times presented LC50 at 29.98 and 

22.96 mg l-1, respectively,  and presented LC90 at 55.28 and 38.27 mg l-1, respectively. The acaricidal 

test revealed that ozone fumigation with high concentrations at different periods resulted in a probit 

regression coefficient (slope) of toxicity regression equation which was higher than that for ozone 

fumigation at lower concentrations. The concentrations of 40, 30 and 20 mg l-1 produced slopes of 

regression equations with values of 1.788, 1.226 and 0.916, respectively. The slight increment of 

fumigation time in high ozone concentration resulted in higher HDM mortality rates compared with 

lower ozone concentration. Likewise, when a longer time of ozone fumigation was used at different 

concentrations, there was a higher slope of regression equation than for shorter ozone fumigation 

time. The slopes of regression equations observed were 0.084 and 0.051 at ozone fumigation times 

at 2 and 1 h, respectively. The result emphasized that a slight increment of ozone concentration used 

at long fumigation time resulting in higher HDM mortality rate compared with lower ozone 

fumigation time.          

The house dust mite allergen (HDMA), in terms of Der p1 allergen, was analyzed by the  

ELISA method. Ozone fumigation at 40 and 50 mg l-1 concentration for 3 h reduced the amount of 

HDMA by 55.4 and 60.3%, results which were not significantly different from each other, but 

significantly higher than the reduction seen for 20-30 mg l-1 (35.8-45.8%). However, ozone 

application at ≥30 mg l-1 with exposure time henceforth 2 h and at 50 mg l-1 with exposure time 

henceforth 1 h resulted in reduction of HDMA by >40%. In contrast, the concentration of ozone at 

20 mg l-1 with exposure times for 1-3 h reduced the HDMA by only 25.5-35.8%. It was noteworthy 

that the concentrations of ozone fumigation at 40 and 50 mg l-1 resulted in reduction rates of HDMA 

that were not significantly different, and this was also seen for 30 and 40 mg l-1 for 2-3 h fumigation 

times. All concentrations of ozone fumigation (20-50 mg l-1) for the 2 h fumigation time showed 

reduction rates of HDMA in the range 34.6-49.2%, with no significant differences among them 

(Table 2). This study suggests the ozone fumigation at 30 mg l-1 concentration treated for at least 3 

h or 40 mg l-1 for 2 h or 50 mg l-1 for 1 h could be used as a new alternative method to control HDM. 

Those conditions were extremely effective in killing HDM at more than the 80% level, without  
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significant differences between them and would also reduce the amount of HDMA by >45% 

effectively. 

 

Table 1. Fumigation toxicities of ozone against house dust mite (Dermatophagoides pteronyssinus) 

(Trouessart) at various concentrations and exposure times 

  

Concentration of 

ozone (mg l-1) 

Mortality percentages (means ± S.D.)1/ 

Regression 

equation 

LT50 

(h) 

LT90 

(h) 

Chi-

square 
Fumigation times 

1 h 2 h 3 h 

0 (control) 0.00Ea 0.00Da 0.00Ca - - - - 

20 43.7±3.7Db 49.4±14.1Cb 90.2±6.5Ba Y=-1.544+0.916x 1.69 3.09 27.99 

30 53.0±6.6Cb 68.4±15.8Bb 100.0±0.0Aa Y=-1.594+1.226x 1.30 2.35 30.15 

40 65.4±6.0Bc 92.7±4.3Ab 100.0±0.0Aa Y=-1.707+1.788x 0.99 1.67 16.51 

50 81.1±6.1Ab 97.8±1.8Aa 100.0±0.0Aa - - - - 

Regression 

equation 
Y= -1.518+0.051x Y= -1.922+0.084x - - - - - 

LC50 (mg l-1) 29.98 22.96 - - - - - 

LC90 (mg l-1) 55.28 38.27 - - - - - 

Chi-square 16.874 7.96 - - - - - 

1/ Means in column with the same time followed by the same capital letter and means in row followed 

by the same common letter are not significantly different at the 5% level as determined by DMRT (P 

< 0.05).  

 

Table 2. Percentage reduction of house dust mite (Dermatophagoides pteronyssinus) (Trouessart) 

allergen (Der p1) after ozone fumigation at various concentrations and exposure times  

 

Concentration of ozone  

(mg l-1) 

Reduction rate (%) (means ± S.D.)1/ 

Fumigation times 

1 h 2 h 3 h 

0 (control) 0.00±14.2Ca 0.00±14.2Ba 0.00±14.2Da 

20 25.5±3.7Ba 34.6±7.8Aa 35.8±3.2Ca 

30 30.0±6.3Bb 40.7±3.3Aa 45.8±3.6BCa 

40 39.7±6.3Aba 45.5±3.1Aa 55.4±4.1ABa 

50 45.6±1.0Ac 49.2±1.9Ab 60.3±0.2Aa 

1/ Means in column with the same time followed by the same capital letters and means in row followed 

by the same common letter are not significantly different at the 5% level as determined by DMRT (P 

< 0.05).  

 

Ozone fumigation is a new alternative method for elimination of HDM in households or in 

accommodation. This study indicates that ozone at 40 mg l-1 concentration with 3 h fumigation time 

could be used to completely control HDM and reduce the amount of HDMA by >50%. This 

concentration of ozone could also successfully reduce microbial populations. There are many 

previous reports regarding the efficacy of ozone against many organisms. One finding was that 10 

ppm of ozone could remove up to 99% of bacteria and viruses in 10 min. The action of ozone on  

viruses, even at lower ozone concentrations, compared well to its activity against bacteria at higher 

concentrations. This is due to the fact that the bacterial wall is more complex than the viral envelope. 

It was demonstrated that ozone can kill fungi that initiate many human diseases by its oxidizing 

action, which results in an irreversible cellular effect [20]. Microbial contamination in fresh dates 
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was able to be completely controlled by ozone application at 5 ppm for at least 1 h [21].  Ozone at 

<30 ppm concentration was effective in eliminating aflatoxin in contaminated maize feed [19]. 

Application of 5 ppm ozone showed morphological and mycotoxin inhibition effects on cultures of 

Aspergillus flavus and Fusarium moniliforme [30]. Many studies of the control of insect pests in 

stored products by the use of ozone have been published. Hansen et al. [25] reported that ozone 

fumigation at 135 ppm for 8 days completely killed the young stages of Sitophilus spp. and 

Rhyzopertha dominica, while fumigation at 35 ppm for 6 days was a highly effective way to control 

the adult stages of the insects. The study of Keivanloo et al. [26] indicated that the concentrations 

and exposure times of ozone resulted in different mortality rates of each insect stage. The larval 

stages were often very much more susceptible than other stages. For example, 5 ppm ozone applied 

to 12-day-old Plodia interpunctella larvae for 2 h produced a 58% mortality rate, and longer 

exposure times caused higher mortality. However, both egg and pupal stages were more resistant. 

Continuous ozone treatment at concentration of 13.9 ppm for 2 h was able to kill completely almost 

all developmental stages of Ephestia kuehniella and Tribolium confusum [23]. High concentrations 

of ozone were used to control adult bed bugs with short periods of ozone exposure. When 1800 ppm 

ozone were applied to bed bugs for 150 min, or 80 ppm applied for 48 h, 100% bed bug mortality 

resulted [31]. The use of ozone to kill HDM may then also have the further effect of  controlling 

microbial populations, insect pests and other disturbing organisms. 

Another good result of the use of ozone for controlling HDM is its direct effect in reducing 

house dust mite allergen. This study showed that 40 mg l-1 ozone fumigation for 3 h completely 

killed HDM and reduced the amount of HDMA by >50%. Since the allergen is classified as a 

protein, the characterization of allergens based on a proteomic approach has been introduced [32]. 

This ability  of ozone to reduce the amount of HDMA mentioned above is not surprising in view of 

Cataldo’s work, which shows that ozone causes denaturation of proteins [33]. Besides, the report of 

Sahab et al. [34] indicated that application of 40 ppm ozone for 10 min induced the degradation of 

aflatoxin by 94%. It also resulted in a reduction in fat and protein content that reached 10.56 and 

4.58%, respectively. It is important to note that when ozone fumigation is to take place in the field, 

care must be taken to avoid its leakage, which could poison organisms outside the desired area. 

However, in general, ozone decomposes expeditiously. Recommendations for research further to 

this work could include the study of the insecticidal properties of ozone against other insects, 

especially insect pests of medical importance such as bed bugs, mosquitoes and cockroaches. The 

research suggest that ozone fumigation applied at appropriate concentrations could control a number 

of disturbing organisms effectively. 

 

 

4. Conclusions 
 

The application of ozone fumigation is a new alternative way for controlling house dust mite. In this 

experiment, the efficacy of ozone fumigation against HDM and its influence on the reduction of 

allergen levels were determined. The results indicated that ozone fumigation at concentrations of  ≥ 

30 mg l-1 for 3 h completely killed HDM. In addition, the conditions of 50 mg l-1 of ozone fumigation 

for 1 h, 40 mg l-1 for 2 h and 30 mg l-1 for 3 h reduced the HDM level by more than 80% and reduced 

the amount of allergen by more than 45%. This study suggests that ozone fumigation at 30, 40 and 

50 mg l-1 for at least 3, 2 and 1 h, respectively, could be used as a new alternative methods to control 

HDM. 
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Abstract 

 

Commercial field corn hybrids are often used for germplasm or for extracting new inbred lines in 

hybrid breeding programs. However, the commercial single-cross hybrids should be identified 

before using their genetic materials to increase the effectiveness of new inbred lines and their 

hybrids. The objective of this study was to evaluate the genetic diversity of commercial single-cross 

hybrids as verified by Simple Sequence Repeat (SSR) markers and to assess their inbreeding 

depression using Troyer’s genetic diversity. Fifteen commercial field corn single-cross hybrids were 

selected from private seed companies and public sector agencies and evaluated for genetic diversity 

using 40 SSR markers. There was a high correlation between Jaccard’s index and simple matching 

index. The UPGMA dendrogram clustered the hybrids into 8 clusters, which showed hybrids within 

each of four clusters coming from the same genetic sources, except for a group of CP201 and NS3 

hybrids that came from different sources. Besides, Troyer’s genetic diversity was applied to analyze 

the genetic diversity of six single-cross hybrids selected from the previous results. The SSR markers 

and the Troyer’s genetic diversity application gave the same direction of corn genetic diversity with 

a moderate correlation (r=0.66, P<0.01). Troyer’s genetic diversity ranged from 0.47 to 0.91, with 

an average of 0.72. The commercial field corn single-cross hybrids used in Thailand are still quite 

diverse, especially those from different seed companies. Therefore, breeders have a good chance to 

extract inbreeding lines from the commercial single-cross hybrids, and to make a new hybrid with 

high yield after the grouping of single-cross hybrids through the use of SSR markers or Troyer’s 

genetic diversity. 
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1. Introduction 

 

Corn has been an important economic crop for the feed mill business in Thailand, and Thailand was 

ranked the 20th largest maize producer in the world [1]. Germplasm is an essential key factor in plant 

breeding programs for yield improvement and the development of new hybrid varieties. For field 

corn, commercial single-cross hybrids are often used as the source of germplasm from which to 

extract new inbred lines in hybrid breeding programs in Thailand. For example, Ki21 (Pacific 9-S8-

45), Ki22 ({Pacific 11 × Suwan 1(S)C6}-S8-30), and Ki48 (Pioneer 3013-S8-57-2) were extracted  

from single-cross hybrids from private companies [2]. On the other hand, sources of germplasm 

from public sector agencies, such as the National Corn and Sorghum Research Center, Kasetsart 

University (Ki48 and Ki60) [2] and the Nakorn Sawan Field Crops Research Center, Department of 

Agriculture (Takfa1 and Takfa3) [3],  were successfully used to develop inbred lines that were sold 

to private seed companies. From 1980 to 2004, in the USA, new corn inbred lines were extracted 

from different types of crosses including two-parental lines (77%), BC1 (9%), BC2 (2%), three-

parental lines (5%), four or more parental lines (2%), synthetic (1%), synthetic × inbred (2%), and 

commercial hybrid (3%) [4]. Heterotic patterns, or groups of heterosis, play an essential role in the 

selection of germplasm sources for the development of new sources of inbred lines. Therefore, 

methods to identify and group germplasm are of importance in breeding programs. Molecular 

genetic markers are potent tools to separate and assign single-cross hybrids or inbred lines into 

heterotic patterns [5, 6].  SSR markers offer more cost-effectiveness over other marker types, as 

well as reliability for the grouping of corn inbred lines [7-9]. Also, in conventional breeding, the 

grain yield of hybrids, which are a function of inbreeding depression [expressed as Troyer’s genetic 

distance (TGD)], can be used to determine heterotic groups [10, 11]. Various publications have 

studied the relationship between molecular marker-based genetic distance (MGD) and hybrid grain 

yield in tropical and temperate corn cultivars, resulting in different levels of correlation [5, 7, 12]. 

The objective of this study was to evaluate the genetic diversity of commercial single-cross hybrids 

as verified by SSR markers and to assess their inbreeding depression expressed as Troyer’s genetic 

distance (TGD) for further improvement of corn germplasm. 

 

 

2. Materials and Methods 

 

2.1 Plant materials 
 

Fifteen commercial field corn single-cross hybrids were selected from private seed companies and 

public sector agencies in Thailand (Table 1). SSR markers were used to analyze the genetic distance 

between these 15 varieties directly. 
 

Table 1. Description of fifteen commercial field corn single-cross hybrids from 5 private seed 

companies and 2 public sector agencies in Thailand 

Private seed companies and public sectors Varieties 

1. Charoen Pokphand Produce Co., Ltd. CP201, CP888 

2. Monsanto (Thailand) Co., Ltd. DK9901 

3. Nakorn Sawan Field Crop Research Center NS31/ 

4. Syngenta Co., Ltd. NK6248, NK7328, NK6253 

5. Pacific Seeds (Thai), Ltd. PAC339, PAC559, PAC777 

6. Pioneer Hi-Bred Thailand Co., Ltd. PIO4311, PIO4546, PIO4181 

7. National Corn and Sorghum Research Center KSX54022/, KSX56033/ 

1/ Takfa × Takfa 3, 2/ Ki 48 × Ki 60, and 3/ Kei1303 × Ki60 
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Besides, six single-cross hybrids were selected from the previous analysis to study genetic diversity, 

as described by Troyer genetic diversity (TGD) [10], comprising PAC777, PAC559, PIO4546, 

PIO4181, NK6248, and NK7328. These six varieties came from the same and different clusters, as 

shown in Figure 1. PIO4546 and PIO4181 were in cluster 3, while PAC777 and PAC559 were in 

cluster 5. On the other hand, NK6248 and NK7328 were in clusters 6 and 4, respectively. These 

varieties were used in Griffing’s method IV resulting in fifteen double-cross hybrids and were self-

pollinated to obtain six S1 lines. 

 

2.2 Field experiments 
 

Field trials were conducted in the dry season of 2016 with three locations at Sukhothai, Saraburi, 

and Phitsanulok provinces and in the rainy season of 2016 with three locations at Saraburi, 

Phetchabun, and Phitsanulok provinces. Randomized complete block design (RCBD) with two 

replications was applied in each location. Each plot consisted of four-rows, 5-meters long, with 

spacing of 0.75 × 0.25 m2, and with 21 plants per row. Before sowing, approximately 312.5 kg/ha 

of basal fertilizer 27-12-6 was applied, and approximately 312.5 kg/ha fertilizer 46-0-0 was applied 

one month after planting. Herbicide was used according to local practices. 

 

2.3 DNA extraction and genotyping with SSR markers 
 

The leaves of ten-day-old F1 plants were collected for DNA extraction as described by Sinkangam 

et al. [13]. Two SSR primers, umc1225 (5.08) and bnlg238 (6.00), were used to screen the purity of 

the sample, which confirmed the purity of DNA, after which it was bulked for the next process. 

Then, 40 SSR primers were applied to screen the DNA samples that passed the purity test. They 

were then scored 0 or 1 representing absence or presence of a DNA band, respectively. The SSRs 

were listed in Table 2. Primer sequences used were sourced from MaizeGDB (www.maizegdb.org; 

verified 15 September 2019). 

 

2.4 Data analyses 
 

2.4.1 Jaccard’s index genetic distance and Cluster dendrogram 

 

The Jaccard’s index was calculated based on this formula; dij = 1-[a/(a+b+c)], where d is the distance 

between i and j, a attributes both i and j, b attributes only i, and c attributes only j [14]. Moreover, 

the simple matching’s index genetic distance was calculated based on this formula; dij = 1-

[(a+b)/(a+b+c)] [15]. The unweighted pair group method with arithmetic mean (UPGMA) 

dendrogram of Jaccard’s index was obtained from a cluster analysis of fifteen commercial single-

cross hybrids using R statistics [16]. For field experiments, average grain yields were measured at 

15% moisture content. 

 

2.4.2 Inbreeding depression 

 

The inbreeding depression was analyzed using Troyer’s genetic diversity (TGD) as described by 

Troyer et al. [10]. Six single-cross hybrids were selected to study by this method according to the 

formula; TGD = 1- [(H-C)/ (H-S)], where H is the average yield of the two hybrids, C is the double-

cross hybrids, and S is the average yield of the two self-hybrids. 

 

 

 

http://www.maizegdb.org/
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2.4.3 Correlation between Jaccard’s index and Troyer’s genetic diversity 

 

The Pearson correlation (r) was analyzed between two indices of genetic distances: Jaccard’s and 

Troyer’s. 

 

 

3. Results and Discussion 
 

3.1 SSR primers 
 

3.1.1 Polymorphic information content (PIC) 

 

Forty SSRs were used to analyze 15 single-cross hybrids spanning over ten chromosomes. The 

number of alleles per SSR locus ranged from 2 to 11, with an average of 5.5 (Table 2). The 

polymorphic information content (PIC) was significantly different (P<0.05), ranging from 0.33 to 

0.88. The average PIC was about 0.67, which was more significant than the value reported by Senior 

et al. [17] with an average of 0.59, indicating greater diversity of corn varieties in Thailand. 

 

Table 2. Numbers of alleles, repeat type and polymorphic information content (PIC) values of 40 

SSR loci in 15 single-cross hybrids 

Number SSR locus Bin location no.a No. of alleles Repeat typea PIC value 

1 bnlg1014 1.01 7  AG(14) 0.80 

2 umc2232 1.05 2  (CAC)4 0.47 

3 bnlg1025 1.07 7  AG(23) 0.78 

4 umc1118 1.11 3  (GAGCA)4 0.51 

5 bnlg1327 2.02 6 (GA)6 0.75 

6 umc2247 2.04 5 CT(25) 0.59 

7 bnlg1138 2.06 7 AG(14) 0.81 

8 bnlg1940 2.08 11 AG(18) 0.88 

9 umc1970 3.01 6 - 0.71 

10 umc1501 3.05 4 (AAG)5 0.67 

11 bnlg197 3.06 10 - 0.87 

12 umc2152 3.09 3  (TG)8 0.51 

13 umc2278 4.01 6 (TCTC)4 0.73 

14 umc1652 4.04 4 (CCG)5 0.68 

15 umc1940 4.09 3  - 0.35 

16 bnlg1890 4.11 11 AG(26) 0.86 

17 bnlg1879 5.03 8 AG(14) 0.82 

18 umc2296 5.03 3  (AGT)4 0.60 

19 umc1221 5.04 9 (CT)7 0.88 

20 umc1225 5.08 6 (AG)6 0.74 
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Table 2. (cont.) 

 

21 bnlg238 6.00 7  - 0.84 

22 umc1979 6.04 4  - 0.66 

23 umc1352a 6.05 2  (GCC)6 0.44 

24 umc1490 6.07 2 (AC)6 0.49 

25 umc1426 7.00 3 (AGAGG)4 0.33 

26 umc1393 7.02 5  (GTC)4 0.68 

27 umc1710 7.04 5 (CTG)5 0.73 

28 umc2333 7.05 5 (CCGT)4 0.65 

29 umc1735 8.03 8 (AG)40 0.85 

30 umc1807 8.03 2 (AGC)5 0.49 

31 bnlg666 8.05 9 - 0.80 

32 umc1005 8.08 6  (GT)15 0.77 

33 bnlg2122 9.01 8 AG(17) 0.74 

34 umc1170 9.02 5  (TC)12 0.71 

35 umc2338 9.05 2 (GCC)4 0.44 

36 umc2346 9.06 4  (TA)7 0.61 

37 umc1380 10.00 4 (CTG)5 0.59 

38 umc2180 10.03 4 (GGCC)4 0.50 

39 bnlg1028 10.06 3 AG(12) 0.62 

40 bnlg1450 10.07 10 AG(34) 0.86 

Total   219   

Mean   5.50  0.67 

a Loci and repeat class were referred from MaizeGDB 

 

3.1.2 Indices genetic distances and cluster analysis 

 

Genetic distances based upon variation in SSR profiles between 15 single-cross hybrids were shown 

according to Jaccard’s index and the simple matching index (Table 3). Jaccard’s index genetic 

distance ranged from 0.18 to 0.80, with an average of 0.62. On the other hand, the simple matching 

index genetic distance ranged between 0.06-0.39 with an average of 0.28. However, these indices 

had a high correlation (r =0.98, P<0.01). Simple matching and Jaccard’s indices are rather simplistic 

and similar in their calculation and have similar metric properties [18]. Nevertheless, the numerator 

of these indices is different (a vs. a+d) such that the behavior of this similarity index may be data 

specific [19]. Using SSR-based data to obtain Jaccard’s index, the UPGMA dendrogram showed 

that the fifteen single-cross hybrids could be classified into groups of hybrids on the index of 0.5, 

separating into eight clusters (Figure 1); CP201 and NS3 in cluster 1, KSX5603 and KSX5402 in 

cluster 2, PIO4181, PIO4546 and PIO4311 in cluster 3, NK7328 and NK6253 in cluster 4, PAC559, 

PAC777 and PAC339 in cluster 5, and NK6248, DK9901 and CP888 in clusters 6, 7 and 8, 

respectively. Four clusters consisted of hybrids coming from the same genetic sources, including  



 

 

    

 

Table 3. Pairwise genetic distance values of 15 single-cross hybrids; Jaccard’s index (below diagonal) and simple matching’s index (above 

diagonal) 

 

 

Hybrids 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1. NK6248 - 0.28 0.26 0.31 0.29 0.32 0.3 0.28 0.28 0.27 0.28 0.28 0.27 0.3 0.28 

2. NK7328 0.63 - 0.28 0.29 0.25 0.21 0.27 0.26 0.26 0.28 0.26 0.2 0.28 0.22 0.27 

3. PAC777 0.59 0.61 - 0.21 0.29 0.34 0.27 0.25 0.33 0.33 0.18 0.24 0.32 0.28 0.36 

4. PAC559 0.68 0.66 0.51 - 0.29 0.36 0.35 0.27 0.27 0.28 0.19 0.26 0.31 0.31 0.39 

5. PIO4546 0.65 0.59 0.63 0.66 - 0.15 0.29 0.21 0.32 0.30 0.29 0.22 0.06 0.23 0.22 

6. PIO4181 0.69 0.53 0.70 0.76 0.40 - 0.33 0.25 0.35 0.34 0.29 0.23 0.16 0.27 0.25 

7. CP201 0.65 0.60 0.59 0.72 0.63 0.69 - 0.21 0.26 0.31 0.34 0.27 0.29 0.32 0.28 

8. NS3 0.64 0.60 0.57 0.62 0.53 0.60 0.50 - 0.26 0.27 0.29 0.23 0.22 0.25 0.27 

9. DK9901 0.63 0.61 0.69 0.62 0.69 0.75 0.58 0.60 - 0.23 0.29 0.29 0.33 0.33 0.32 

10. CP888 0.60 0.63 0.69 0.63 0.67 0.72 0.66 0.61 0.55 - 0.31 0.32 0.31 0.31 0.33 

11. PAC339 0.63 0.59 0.45 0.48 0.65 0.66 0.70 0.66 0.65 0.67 - 0.27 0.32 0.33 0.36 

12. NK6253 0.63 0.49 0.56 0.61 0.53 0.57 0.60 0.57 0.66 0.68 0.61 - 0.23 0.28 0.28 

13. PIO4311 0.62 0.63 0.67 0.68 0.18 0.43 0.64 0.53 0.71 0.67 0.68 0.56 - 0.26 0.23 

14. KSX5603 0.67 0.54 0.62 0.68 0.56 0.62 0.67 0.59 0.71 0.67 0.70 0.63 0.60 - 0.16 

15. KSX5402 0.65 0.63 0.74 0.80 0.55 0.61 0.63 0.64 0.71 0.72 0.76 0.65 0.56 0.43 - 
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Figure 1.  UPGMA dendrogram of 15 single-cross hybrids based on differences in 40 SSR loci 

of Jaccard’s index classified a group of hybrids on the index at 0.5 into eight clusters 

 

hybrids from the National Corn and Sorghum Research Center in cluster 2, Pioneer Hi-Bred in 

cluster 3, Syngenta in cluster 4, and Pacific Seeds in cluster 5. There was only the group of CP201 

and NS3 in cluster 1 that came from different sources, while the remaining three groups of one 

hybrid each came from each company. These results indicated that hybrids from the same companies 

or public sector agencies were in the same cluster for at least 4 out of 5 clusters, showing relatedness 

of the parental lines of hybrids used by each company and public sector agency. For example, 

hybrids from the public sector, referred to as KSX5603 and KSX5402, used one common parent 

known as Ki 60 [2]. And Jaccard’s index was about 0.43. The highest correlation of genetic distance 

was between PIO4546 and PIO4311, with an index value of about 0.18, and these hybrids came 

from the same company. On the other hand, hybrids from different companies were more diverse 

than those from the same sources, except for CP201 and NS3 in cluster 1. These were more closely 

related because one parental line of both NS3 (Takfa 3) and CP201 was extracted from the same 

genetic source, Cargill 5124001 variety (personal communication), indicating the relatedness of 

these hybrids. Results showed the effectiveness of SSR primers to identify the diversity or 

relatedness of corn germplasm in Thailand. Based on cluster analysis, six single cross hybrids were 

selected to study the genetic diversity (GD) as described by Troyer et al. [10] including NK6248 

(cluster 6), PAC559 and PAC777 (cluster 5), NK7328 (cluster 4) and PIO4546 and PIO4181 (cluster 

3). Also, the UPGMA dendrogram from the simple matching index of genetic distance was identical 

to the dendrogram from Jaccard’s index of genetic distance, except for the fact that the value of the 

index differed. 

 

3.2 Troyer genetic diversity (TGD) 

 

The grain yield of single-cross hybrids (F1) ranged from 10.26 to 11.67 t/ha and gave an average 

yield of 11.04 t/ha. At the same time, the grain yield of their selfing (S1) ranged from 6.48 to 8.36 

t/ha and had an average yield of 7.26 t/ha (Table 4).  The average grain yield of selfing lines was 

less than their hybrids by about 34%, indicating inbreeding effect. 

Fifteen double-cross hybrids derived from a diallel cross of 6 single-cross hybrids gave 

grain yields ranging from 8.69 to 10.46 t/ha with an average of 9.54 t/ha (Table 5). The crosses of 
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PIO4546 × PAC559 and PIO4181 × PAC559 showed the same highest yield of 10.46 t/ha, while 

the cross of PAC559 × NK7328 gave the lowest yield of 8.69 t/ha. 

 

Table 4. Grain yield (t/ha) of six single-cross hybrids and their selfing (S1) across 6 environments 

 NK6248 NK7328 PAC777 PAC559 PIO4546 PIO4181 Mean 

Selfing (S1) 7.04 6.48 7.22 6.73 8.36 7.73 7.26 

Single-cross 

hybrids (F1) 
11.12 10.79 11.09 11.33 11.67 10.26 11.04 

 

Table 5. The average grain yield (t/ha) of the double-cross hybrids (C) across 6 environments 

Hybrids NK6248 NK7328 PAC777 PAC559 PIO4546 PIO4181 

NK6248 -      
NK7328 9.16 -     
PAC777 9.87 9.08 -    
PAC559 9.36 8.69 9.04 -   
PIO4546 9.66 9.41 9.89 10.46 -  
PIO4181 10.18 9.10 10.05 10.46 9.41 - 

Mean      9.54 

 

To analyze the genetic diversity (GD) as described by Troyer et al. [10], the average grain 

yield of selfing (S1) and single-cross hybrids (F1) from Table 4 were taken to measure the average 

performance of the two hybrids (H), and the two self-hybrids as shown in Table 6.  

 

Table 6. The average grain yield performance (t/ha) of the two hybrids (H) (below diagonal), and 

the two self-hybrids (S) (above diagonal) across 6 environments 

Hybrids NK6248 NK7328 PAC777 PAC559 PIO4546 PIO4181 Mean1/ 

NK6248 - 6.76 7.13 6.89 7.70 7.38 7.17 

NK7328 10.96 - 6.85 6.60 7.42 7.10 6.95 

PAC777 11.10 10.94 - 6.98 7.79 7.47 7.24 

PAC559 11.22 11.06 11.21 - 7.54 7.23 7.05 

PIO4546 11.39 11.23 11.38 11.50 - 8.04 7.70 

PIO4181 10.69 10.53 10.68 10.79 10.97 - 7.44 

Mean2/ 11.07 10.94 11.06 11.16 11.29 10.73 - 

1/ self-hybrids, and 2/ hybrids 

 

Troyer genetic diversity (TGD) for each pair of single-cross hybrids was presented in Table 

7. The TGD ranged from 0.47 to 0.91 and had an average of 0.72. The TGD of hybrids from the 

same company ranged from 0.47 to 0.57, including NK6248 and NK7328 (TGD=0.57), PAC559 

and PAC777 (TGD= 0.49), and PIO4546 and PIO4181 (TGD=0.47). The results indicated that for 

each pair of hybrids, both hybrids had one common parent, and the other two inbred lines were 

genetically unrelated [10]. On the other hand, the TGD of hybrids from different companies ranged 

from 0.47-0.91, indicating that some of the hybrids from various sources were derived from very 

diverse parents, e.g., PIO4181 × PAC777 (TGD=0.80), NK 6248 × PIO4181 (TGD=0.85), and 

PIO4181 × PAC559 (TGD=0.91). Theoretically, TGD = 0.75 means that both hybrids have two 

genetically unrelated parents, and the other two inbred lines are 50% related. Two unrelated hybrids 

derived from 4 genetically distinct inbred lines have TGD equal to 1 [10]. The TGD of some hybrids 

from different sources exhibited as hybrids from the same company, e.g., NK6248 × PAC559 
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(TGD=0.57), NK6248 × PIO4546 (TGD=0.53), NK7328 × PAC777 (TGD=0.55), NK7328 × 

PAC559 (TGD=0.52), NK7328 × PIO4181 (TGD=0.58), and PIO4546 × PAC777 (TGD=0.58), but 

the relatedness was not of a high degree. This result may be different from Jompuk et al. [11], 

indicating that some pairs of hybrids from various sources showed a relatively high degree of 

relatedness of parents (TGD=0.37). However, genetic distance indices have a value ranging from 0-

1, which depends upon the percentage of relatedness of the four parents involved in both hybrids, 

which is a function of inbreeding depression.  Furthermore, heterosis is a cumulative effect of 

dominant genes and the absence of epistasis [10, 11]. 

 

Table 7. Troyer’s genetic diversity (TGD) of 6 commercial single-cross hybrids in Thailand 

Hybrids NK6248 NK7328 PAC777 PAC559 PIO4546 PIO4181 

NK6248 -      

NK7328 0.57 -     

PAC777 0.69 0.55 -    

PAC559 0.57 0.47 0.49 -   

PIO4546 0.53 0.52 0.58 0.74 -  

PIO4181 0.85 0.58 0.80 0.91 0.47 - 

Mean 0.64 0.54 0.62 0.64 0.57 0.72 

 

3.3 Correlation between Jaccard’s index and Troyer’s genetic diversity (TGD) 
 

The correlation coefficients between SSR analysis-based Jaccard’s index and grain yield-based 

Troyer’s genetic diversity among six single-cross hybrids were significant across six locations 

(r=0.66, P<0.01). This result indicated that both Jaccard’s index and Troyer’s genetic diversity were 

directionally identical as indications of corn diversity in Thailand. The yield heterosis and DNA-

marker based differences had a positive correlation, which agreed with the results of previous studies 

using tropical corn [20, 21] and temperate corn [5, 22]. Therefore, both SSR-based analysis and 

Troyer’s genetic diversity of grain yield can be used to separate the heterotic groups of single-cross 

hybrids before using them as germplasm sources, offering breeders the choice of either molecular 

markers or conventional breeding methods, depending on their facilities. Most of the inbred lines 

derived from well-adapted germplasm, either from a narrow genetic base synthetic variety or from 

well-adapted single crosses which in turn ended up with similar hybrids in the market [23]. So, 

separating heterotic groups of germplasm sources by the methods in this study will help breeders 

avoid using too narrow a genetic base in their breeding programs. 

 

 

4. Conclusions 
 

SSR markers and Troyer’s genetic diversity (TGD) indicated the same direction of genetic diversity 

in commercial field corn hybrids in Thailand. There was a moderate correlation between molecular 

markers and inbreeding depression, as verified by Troyer’s genetic diversity. TGD ranged from 0.47 

to 0.91, with an average of 0.72. The UPGMA dendrogram clustered the hybrids into 8 clusters, 

which showed hybrids within each of four clusters coming from the same genetic sources, except 

for a group of CP201 and NS3, which came from different sources. The commercial field corn 

hybrids sold in Thailand are still more diverse, especially those from different companies. Therefore, 

corn breeders have a good chance to extract inbreeding lines from the commercial single-cross 

hybrids available on the market, and to make a new single-cross hybrid with high yield, after the 

grouping of single-cross hybrids by SSR markers or by Troyer’s genetic diversity method. 
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Abstract 
 

Instant noodles are one of the staple foods that are popular all around the world. Recently, 

global demand for noodles has been increasing gradually. This study aims to determine certain 

safety parameters for spices and liquid seasoning oils that are used in instant noodles available 

in Egyptian hypermarkets. A total of 90 packets were purchased including four of the main 

available brands of instant noodles. These samples were categorized as follows: Brand I 

produced in 7 flavors, Brand II produced in 3 flavors, Brand III produced in 3 flavors and 

Brand IV produced in 2 flavors. All purchased samples had nearly the same expiry date. The 

following parameters were measured: aflatoxin content (B1, B2, G1 and G2), heavy metals 

(Cd, Pb, Hg, As) and oxidation potential. Spices in all brands were free from mercury except 

for the seafood and shrimp flavors, which had Hg contents of 0.02 and 0.32 ppm, respectively. 

Cadmium contents of 0.42 and 0.36 ppm were found in shrimp flavor in brands IV and II, 

respectively, which were higher than the Egyptian standards (0.2 µg/g). Processed tomato 

flavor had the highest contamination of AFB1 (5.1 ppb). Brand IV Creamy Shrimp flavor and 

Brand I Special chicken flavor had the highest iodine values of 2.86  ± 0.04 and 1.45 ± 0.02, 

respectively. Thus consumption of instant noodles is still a risky choice because some flavors 

contain aflatoxins and heavy metals exceeding the Egyptian standard limits. In addition, 

extensive studies on experimental animals are needed to evaluate the safety of noodles and 

health hazards from the consumption of spices and liquid seasonings. 

 

Key words: Aflatoxins, heavy metals, noodles, rancidity parameters, safety  
DOI 10.14456/cast.2020.29 

 

 

1. Introduction 
 

Noodles are widely consumed throughout the world and their global consumption is second 

only to bread; it is a fast growing sector of the pasta industry. This is because instant noodles 

are convenient, easy to cook, low cost and have relatively long shelf-lives [1]. The cooking 

time of noodles is very much lower than that for other types of food products, and fast life 

styles in the dynamic societies of today have led to the use of this product as an ideal option 

for people’s  crucial time management process [2]. During the twentieth century, the 

consumption of instant noodles grew steadily, and it is still growing. Based on data from the 

World Instant Noodles Association in 2016, over the span of the five years from 2011-2015, 
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people around the world consumed 507.570 million servings of instant noodles or 101.514 

million servings per year. According to the global demand for instant noodles estimated by 

World Instant Noodles Association (WINA) in year 2017, Egypt consumption of instant 

noodles was found to be 150 million servings in year 2012, 170 million servings in 2013, 190 

million servings in 2014, 200 million servings in 2015, and 210 million servings in 2016 [3]. 

Continuous consumption of these noodles may lead to heavy metal toxicity, which 

can result in impaired neuronal and renal functions such as liver cirrhosis, tubular nephritis 

dysfunction and reduction in neuropsychological function [4]. Although some of the heavy 

metals are within the permissible limits, instant noodles consumption could still be unsafe 

because of the cumulative potential of these contaminants. Moreover, consumers of some 

brands may be predisposed to carcinogenesis due to the high polycyclic aromatic 

hydrocarbons (PAH) content in those brands [5]. This study was conducted to determine the 

chemical composition of instant noodles available in Egyptian hyper markets. Included in the 

study are analysis of the aflatoxin content of instant noodles' spices and the heavy metals 

content of spices and liquid seasoning, and measurement of the oxidation potential of liquid 

seasoning materials. 

 

 

2. Materials and Methods 
 

2.1 Data collection methods and tools 

 

A pilot study was done over the period of June-July 2017 to screen for the brand availability   

in the main hypermarkets in Alexandria Governorate, Egypt . The survey clarified the presence 

of 4 different brands of instant noodles available in markets including local and international 

brands. There were four different brands of instant noodles available, namely Brand I, Brand 

II, Brand III and Brand IV, and each brand had various flavors on sale. Six packets of each 

flavor from each brand were purchased from the main hypermarkets in Alexandria; and two 

packets of each flavor from each of the following branches; Carrefour hypermarket in 

Muharum Beek, Metero Hypermarket in Smouha and Fathallah hypermarket in Elmontazah. 

These branches were considered to be the main distributors to small markets. The collected 6 

packets of the same flavor from same brand were homogenized and mixed well in a blender to 

obtain random and representative samples. The packets contained either spices or seasoning 

oil or both according to the manufacturing company. All the purchased samples had nearly the 

same expiry date. A total of 90 packets were purchased from the four main available brands of 

instant noodles. These samples were categorized as follows: Brand 1 (produced in 7 flavors), 

Brand 2 (produced in 3 flavors), Brand 3 (produced in 3 flavors) and Brand 4 (produced in 2 

flavors). 

 

2.2 Quantification of aflatoxins (B1, B2, G1 and G2)  
 

The determination of the aflatoxins levels in spices packets and dried vegetables packets 

present in certain flavors was done using HPLC technique [6-8]. The HPLC conditions 

(Thermo-scientific Ultimate 3000) [8, 9] were as follows: 

Mobile phase: Water 54, Methanol 29, Acetonitrile 17  

Mobile phase flow: 0.5 ml/m 

Column: C18100Rp-18.25 cm 

Fluorescence detector: Emissions 460, Excitation 360 

 

2.3 Estimation of heavy metal content 
 

The heavy metals in liquid seasoning, spices and dried vegetables present in some flavors 

were identified using inductively coupled plasma mass spectrometry (ICP-MS). ICP-MS 

measurements were performed using a VG Plasma Qua Ex-Cell (Thermo, Courtaboeuf, 
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France). The sample solutions were pumped by a peristaltic pump from tubes arranged on a 

CETAC, Varian 720-ES Inductively Coupled Plasma [10]. ICP-MS operating conditions were 

as follows: 

           Perkin Elmer Elan DRC II: Spray chamber Cyclonic Nebulizer, Meinhard RF power 

(W) 1100, Ar nebulizer gas flow (L min1) 0.6-0.9 (optimized daily),  

          Measures: Scan mode Peak hopping, Resolution (amu) 0.7, Replicate time (s) 1, Dwell 

time (s) 50 Sweeps/reading 20, Integration time (ms) 1000 and Replicates. 

 

2.4 Sample preparation 
 

Noodles were ground using a grinder. One hundred mg of each sample was treated with 10 ml 

of HNO3 (65%), and heated up to 130oC till dryness. After cooling, 5 ml of H2O2 (40%) was 

added to the sample and then it was heated at 130oC till dryness. After cooling, the sample 

was then diluted with 20 ml distilled water [11-14] and filtered twice through Whatman filter 

paper grade II into a glass bottle [15].  

Five ml of each sample of seasoning liquid oil was added to 5 ml of HNO3 in a flask, 

which was then placed on hot plate at 100°C until almost complete volume reduction took 

place (almost to dryness). The sample was then cooled and 5 ml of HCL was added. It was 

then heated at 100°C till dryness. Each sample was cooled and diluted with distilled water (20 

ml) and filtered twice through Whatman filter paper grade II into a glass bottle [15]. 

 

2.5 Rancidity parameters 
 

Purchased packets of oil were taken from the samples to check rancidity which was expressed 

as the  acid value and the iodine value [16-18].  

Calculation for acid value: 

Acid value (mg KOH/g) =     titration (ml)  5.61  

                                            weight of sample used (g) 

Calculation for Iodine value:  

Iodine value                     =      (b-a) x 1.269 

                                            weight of sample (g) 

Where a= titration of sample (ml) and b= titration reading of blank (ml). 

 

 

3. Results and Discussion 
 

There is not much recent information available on safety of instant noodles sold in Egyptian 

markets. Analysis of heavy metal content in spices (Table 1) showed there was an elevated Cd 

concentration in Brand I with shrimp flavor (0.36µg/g), which is higher than the Egyptian 

Standard (ES) 7136/2010 for Cd, which is 0.2 µg/g [19]. Abou-Arab and Abou Donia [20] 

studied the contamination of Egyptian spices and medicinal plants with heavy metals, and 

found that the maximum level of Cd was 2.44 µg/g, which is in contrast to the results of the 

present study. In addition, Krejpcio et al. [21] found an elevated content of Cd in basil (0.47 

mg/kg) and savory (0.40 mg/kg). However, Sharma et al. [22] revealed that the concentration 

of cadmium (Cd) in spices ranged from 0.194-3.17 ppm, which was higher than the maximum 

level in this study, and may have been due to the use of different types of spices; spices that 

may have come from different agro-ecological regions and which may have been stored 

differently. 

Sattar et al. [23] found that mixed spices generally exhibited high values for trace 

metals, especially cadmium (0.65-1.34 µg/g), values which were higher than the maximum 

concentration found in the present study (Table 1). However, the highest content of trace 

metals found in the present study was for lead at 0.42 ppm, in Brand (IV) with shrimp flavor, 

which was higher than Egyptian Standard (ES) 7136/2010 (0.3 ppm). According to the Codex



 

 

 

  

Table 1. Heavy metals content (µg/g, ppm) in spices present in different studied brands of instant noodles 

 

Spices Unit N Cd 
(ES) No 

7136/2010 
Pb 

(ES) No 

7136/2010 
Hg 

EC) No 

1881/2006 
As 

(ES) No 

7136/2010 
Brand I  

µg/g 

 

6 

        

Chicken flavor 0.12 ± 0.02  0.19 ± 0.03  0.0 ± 0.0  0.02 ± 0.02  

Paprika flavor 0.23 ± 0.03  0.13 ± 0.02  0.0 ± 0.0  0.01 ± 0.01  

Chicken curry flavor 0.14 ± 0.04  0.09 ± 0.01  0.0 ± 0.0 

Not mentioned 

in 

(ES) No 

7136/2010 

0.01 ± 0.01 

Not mentioned 

in (ES) No 

7136/2010 

Special chicken flavor 0.12 ± 0.02  0.14 ± 0.01  0.0 ± 0.0 0.02 ± 0.02 

Shrimp flavor 0.36* ± 0.02 0.20 0.26 ± 0.01  0.05 ± 0.01 0.03 ± 0.02 

Beef flavor 0.24* ± 0.03  0.18 ± 0.01 0.30 0.0 ± 0.0 0.02 ± 0.02 

Vegetable flavor 0.11 ± 0.02  0.14 ± 0.04  0.0 ± 0.0 0.09 ± 0.02 

Super me vegetable flavor 0.16 ± 0.02  0.11 ± 0.04  0.0 ± 0.0 0.0 ± 0.0 

Brand II        
Not mentioned 

in 

(EC) No 1881/2 

 

Not mentioned 

in (ES) No 

7136/2010 

Tomato flavor 

6 

0.18 ± 0.04  0.24 ± 0.03 0.30 0.0 ± 0.0 0.0 ± 0.0 

Processed tomato flavor 0.17 ± 0.01  0.14 ± 0.03  0.0 ± 0.0 0.0 ± 0.0 

Cheese flavor 0.14 ± 0.03 0.20 0.10 ± 0.03  0.0 ± 0.0 0.01 ± 0.01 

Paprika flavor 0.15 ± 0.02  0.09 ± 0.01  0.0 ± 0.0  0.0 ± 0.0 

Brand III  

6 

     
Not mentioned 

in 

(ES) No 

7136/2010 

 

Not mentioned 

in (ES) No 

7136/2010 

Beef flavor 0.12 ± 0.02  0.14 ± 0.04  0.0 ± 0.0 0.0 ± 0.0 

Paprika flavor 0.11 ± 0.02 0.20 0.18 ± 0.04 0.30 0.0 ± 0.0 0.0 ± 0.0 

Chicken flavor 0.13 ± 0.02  0.08 ± 0.03  0.0 ± 0.0 0.0 ± 0.0 

Vegetable flavor 0.19 ± 0.04  0.14 ± 0.03  0.0 ± 0.0 0.0 ± 0.0 

Brand IV          Not mentioned in 

(ES) No 

7136/2010 

Sea food flavor 
6  

0.33* ± 0.03 0.20 0.21 ± 0.04 0.30 0.02 ± 0.02 0.50 0.04 ± 0.03 

Shrimp flavor 0.31* ± 0.02  0.42* ± 0.04  0.02 ± 0.02  0.05 ± 0.04 

Detection Limit: 0.01µg/g 

Accuracy: 98.6% 

Precision: 0.97.2% 

Bias: -0.04 µg/g 
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standard 193-1995 toxicological guidance values, it was previously established that 

provisional tolerable weekly intake (PTWI) of 25 μg/kg.bw was associated with a decrease of 

at least 3 intelligence quotient (IQ) points in children and an increase in systolic blood 

pressure of approximately 3 mm Hg in adults [24].   

Sattar et al. [23] also found that mixed spices generally exhibited high values for 

trace metals, especially lead (6.6-9.2 µg/g), which is in contrast to the results of the present 

study. Sharma et al. [22] stated that lead was 1.52-2.92 ppm, which is very much higher than 

the result of the present study. Krejpcio et al. [21] found elevated amounts of lead in 

cinnamon (6.24 mg/kg), basil (2.25 mg/kg) and savory (1.29 mg/kg). Abou-Arab and Abou 

Donia  [20] stated that the maximum level of lead in Egyptian spices and medicinal plants  in 

studied samples was 14.4 µg/g,  which is much higher than results of the present study. All tested 

brands were free from mercury (Hg,) except for Brand I with shrimp flavor (0.05 ppm) and Brand 

(IV) with seafood and shrimp, which showed a content of 0.02 ppm,  which might have been due 

to the presence of traces of powdered fish in the spices. Interestingly, the concentration of Hg is not 

mentioned in Egyptian Standards (ES) 7136/2010. Sharma et al. [22] revealed that mercury (Hg) 

concentration ranged from 0.1-0.3 ppm, which is more than double the results of this study. On the 

other hand, Nkansah and Amoako [25] examined the concentrations of Hg in fifteen spices 

available at local markets in the Kumasi Metropolis and stated that the maximum level for Hg was 

0.025 mg/kg, which is nearly the same as the results of the present study. 

Arsenic (As) was found at high level in Brand I with vegetable flavor (0.09 ppm), 

which may be attributed to the presence in the spices of traces of dried vegetables that had 

been irrigated with contaminated water and industrial wastes. Meanwhile, arsenic is 

mentioned in Egyptian Standards (ES) 7136/2010 [19]. According to Codex standard 193-

1995 and toxicological guidance values, the intake of arsenic should not exceed 3.0 μg/kg 

bw/day (2-7 μg/kg bw/day based on the range of estimated total dietary exposure) [24]. 

Soliman [26] stated that the concentration of arsenic in spices and herbs available in 

the Egyptian market ranged from 0.02 (in paprika) to 0.11mg/kg in cloves, results which are 

similar to the results of this study. Research in Mumbai revealed that the concentration of 

arsenic (As) in fennel seed samples was 0.92 ppm [22], which was much higher than we 

found. Spices in Brand (I) had the highest content of Cd in shrimp flavor and Asenic in the 

vegetable flavor, while Brand (IV) had the highest content of Hg in shrimp flavor. The latter 

may be attributable to the shrimp having been raised in sea water or irrigation water that had 

been contaminated by heavy metals from sewage or industrial wastes. 

The comparison of heavy metals content in liquid seasonings (oil) present in some of 

the brands of instant noodles (Table 2) revealed that Brand (IV) had the highest content of Cd 

(0.29 ppm) in the shrimp flavor variant, followed by seafood flavor (0.27ppm). However, Cd 

is not mentioned in Egyptian Standards (ES) 7136/2010. Cadmium is known to be toxic if its 

level exceeds the Codex toxicological guidance values, and the Cd provisional tolerable 

monthly intake (PTMI) is 25 µg/kg bw. The presence of metals in vegetable oils is either due 

to plant metabolism or contamination during the agronomic techniques of production and 

collection of seeds during oil extraction and treatment processes. It may also be due to 

materials used for packaging and storage [27]. 

The presence of metals in oil can facilitate oxidative degradation of the oil and 

decrease shelf life. It may also have adverse effects on the flavor, color and odor [28]. 

The concentrations of heavy metals in oil-producing plants depend on many factors, such as 

plant species, soil types, anthropogenic pressure, fertilization and hydrological conditions 

(irrigation) [29]. Szyczewski et al. [30] concluded that concentration of Cd in different types 

of oils ranges from 0.03-0.65 ppm, numbers which are in line with the present results (Table 

2). Mohammed et al. [31] found concentrations of heavy metals in sesame oil (0.11 mg/kg) 

that were in line with our results. Karthik and Vijayarekha [32] found the level of mercury in 

sunflower oil ranged from 71.44-87.94 ppm, which is contrary to the results of the present 

study that indicates low Hg contamination. Differences could be due to different types of 

spices being added to liquid seasoning oil. Aflatoxin B1 is responsible for both toxicity and 

carcinogenicity. It was classified as a group I carcinogen by the International Agency for



 

 

 

 

 

 

Table 2. Heavy metals content (µg/g, ppm) in liquid seasoning oils present in different studied brands of instant noodles  

Oil unit N Cd 
(ES) No 

7136/2010 
Pb 

(ES) No 

7136/2010 
Hg 

(ES) No 

7136/2010 
As 

(ES) No 

7136/2010 

Brand I 

µg/g 

 

3 

 

   

0.10 

 
Not mentioned in 

(ES) No 

7136/2010 

  

Chicken curry 0.13±0.01 

Not mentioned 

in 

(ES) No 

7136/2010 

0.12*±0.02 ND 0.06±0.01 Not 

mentioned in 

(ES) No 

7136/2010 

0.1 mg/kg 

according to 

Codex 

Special chicken 0.14±0.02 0.08±0.01 ND 0.02±0.01 

Vegetable 0.12±0.03 0.21*±0.04 ND 0.01±0.01 

Brand IV      

Sea food 0.27±0.02 0.28*±0.03 0.03±0.01 0.50 0.04±0.02 

Shrimp 0.29±0.02 0.24*±0.01 0.32±0.03  0.03±0.02 

ND: Not detected 

Detection Limit: 0.01µ/g  

Accuracy: 98.6% 

Precision: 0.97.2%  

Bias: -0.04 µ/g 
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Research on Cancer (IARC). The disease caused by the consumption of aflatoxins is known as 

aflatoxicosis, and it can lead to cancer, immune suppression and other slow pathological 

conditions. Acute aflatoxicosis leads to death. The liver is the main target organ [33]. 

The comparison of the aflatoxin B1 content of spices and paprika in different brands 

of instant noodles (Tables 3) revealed that processed tomato flavor in Brand (II) had the 

highest content of AFB1 (5.1 µg/kg), and was followed by Brand (I) vegetable flavor (4.6 

µg/kg). This may be attributable to the high level of moisture in tomato and vegetables flavors 

during production of spices, which enhances the growth of fungus producing aflatoxins [19]. 

The level of AFB1 in paprika in Brand I was high (0.6 µg/kg), but less than the Egyptian 

Standard (ES) 7136/2010 (5 µg/kg), and thus it lies within the safe limit. 

In Algeria, Azzoune et al. [34] reported that 23 of 36 samples of spices contained 

AFB1 ranging from 0.2 to 26.50 μg/kg, while Sugita-Konishi et al. [35] found that only one 

sample of 6 red pepper samples was contaminated with aflatoxins, but it was at the level of 

16.7 μg/kg, which was very much higher than our results.  Martins et al. [36] studied twelve 

different pre-packaged spices marketed in Portugal and found 43% of the samples including 

paprika and chili powder were contaminated with aflatoxin B1 in the ranges of 1-18.2 μg/kg 

and 1.9-2.5μg/kg, respectively, which is in line with the results of the present study . 

El-Kady et al. [37] studied a total of 120 different samples of 24 kinds of spices and 

reported the presence of AFB1 (8± 35 mg/kg). Another study by Selim et al. [38] found the 

prevalence of AFB1 in 10 samples of Egyptian spices was 40%, with a mean value of 25 

mg/kg, which was very much higher than results of this study. This may have been due to El-

Kady et al. [37] studying different types of spices to those analyzed in the present research, 

and /or due to differences in the storage conditions [39]. 

The highest aflatoxins content reported in this work was in Brand (II) processed 

tomato flavor (10.74 µg /kg) (Table 4). A UK study found that nine samples from eighteen 

different spices were contaminated with total aflatoxins above the recommended level for 

aflatoxins in the UK (10 µg/ kg), and the highest level was 48 µg /kg in chili powder, which 

was much higher than results of the present study [40]. Contamination of spices starts mainly 

in the field due to the humidity and high temperature in which plants are grown, and it can 

continue during handling and processing because of drying on bare ground. Contamination 

can be prevented by growing and harvesting spices according to good agricultural practices in 

areas free from harmful chemicals. Appropriate quality control measures in accordance with 

the principals of good handling practice, good manufacturing practice, hazard analysis and 

critical control points should be implemented at all stages after harvesting.  

Aflatoxin B1 in dried vegetables in Brand IV seafood flavor, which was the only 

brand containing dried vegetables, was 0.17 µg /kg (Table 5). A study on aflatoxins in dried 

vegetables in Benin, Mali and Togo showed dried vegetables were contaminated with fungi, which 

led to mycotoxin development and the presence of aflatoxin B1 and aflatoxin B2 in dried okra to 

the extent of 5.4 µg /kg and 0.6 µg/kg, respectively. Total aflatoxins content was 6 µg /kg in okra 

and 3.2 µg /kg in hot chili [41], which is in line with results for chili powder in the present study. 

The assessment of aflatoxins in dried vegetables from selected markets in Kaduna Metropolis 

revealed that the highest aflatoxin content was in dried baobab at 31.6μg/kg, while 27.00 μg/kg 

were found in dried okra and 26.40 μg/kg in red chili pepper. Tomatoes had the lowest aflatoxin 

content (6.50 μg /kg) [42]. The results were much higher than our results. This could be due to 

different items to ours being analyzed.  

High iodine values indicate high degrees of unsaturation and high susceptibility to 

rancidity. Brand IV shrimp flavor had the highest iodine value (2.86 µg/g), while Brand I 

vegetable flavor (0.96 µg/g) contained the least unsaturation and susceptibility to rancidity 

(lipid oxidation) (Table 6) and thus offered a longer shelf life. High unsaturated fats under 

conditions of high temperature and humidity are liable to bacterial attack. The bacteria can 

secret lipase enzymes which break double bonds giving free fatty acids responsible for off 

flavor, bad taste and rancidity [43]. The comparison of acid values for liquid seasoning 

present in different studied brands of instant noodles clarified that Brand I vegetable flavor 

had the highest acid value (5.8 mg/g) (Table 7), indicating a high degree of rancidity with 
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liberation of free fatty acid. The lowest amount was found in Brand IV shrimp flavor (1.96 

mg/g). However, there is not enough information about rancidity parameters in liquid 

seasoning oils in noodles from previous studies.  
 

 

 

Table 3. Aflatoxin B1 content (µg/kg) in spices and paprika in different brands of instant 

noodles  

Spices 
Aflatoxin B1  

(µg/kg) 

(ES) No 7136/2010 

(µg/Kg) 

Brand I (Indomie)  

5 

Chicken flavor 0.9 

Paprika 0.6 

Chicken curry flavor 0.15 

Special chicken flavor 0.11 

Shrimp flavor 0.18 

Beef flavor 0.12 

Vegetable flavor 3.4 

Super me vegetable flavor 4.6 

Brand II (El Maleka)  

Tomato flavor 2.8 

Processed tomato flavor 5.1* 

Cheese flavor 3.2 

Paprika flavor 0.19 

Brand III (Kelloges)  

Beef flavor 0.6 

Paprika 0.15 

Chicken flavor 0.18 

Vegetable flavor 2.2 

Brand IV (FF)  

seafood flavor 0.14 

Creamy shrimp flavor 0.17 

Detection Limit: 0.5µg/kg 

Accuracy: 99.1% 

Precision: 0.98.4% 

Bias: -0.2 µg/kg 
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Table 4. Aflatoxins content (µg/kg) in spices and paprika of different brands of instant 

noodles  

Spices 

Aflatoxins (µg/kg) 

AFB1 AFB2 AFG1 AFG2 
AFB1+ AFB2+ 

AFG1+ AFG2 

(ES) No 

7136/2010 

Brand I (Indomie)      

10 

Chicken flavor 0.9 0.5 0.42 0.38 2.2 

Paprika 0.6 0.33 0.5 0.28 1.71 

Chicken curry flavor 0.15 0.16 0.12 0.19 0.62 

Special chicken flavor 0.11 0.18 0.23 0.13 0.65 

Shrimp flavor 0.18 0.7 0.5 0.28 1.66 

Beef flavor 0.12 0.09 0.17 0.15 0.53 

Vegetable flavor 3.4 1.6 1.1 0.7 6.8 

Super me vegetable 

flavor 
4.6 0.15 0.7 0.41 5.86 

Brand II (El Maleka)      

Tomato flavor 2.8 1.7 0.15 0.19 4.84 

Processed tomato 

flavor 
5.1 4.1 1.4 0.14 10.74* 

Cheese flavor 3.2 1.2 1.8 0.14 6.34 

Paprika flavor 0.19 0.15 0.11 0.24 0.69 

Brand III (Kelloges)      

Beef flavor 0.6 0.21 0.5 0.34 1.65 

Paprika 0.15 0.33 0.24 0.19 0.91 

Chicken flavor 0.18 0.11 0.19 0.28 0.76 

Vegetable flavor 2.2 0.8 0.12 0.6 3.72 

Brand IV (FF)      

seafood flavor 0.14 0.19 0.28 0.36 0.97 

Creamy shrimp flavor 0.17 0.22 0.18 0.19 0.76 

Detection Limit: 0.5µg/kg 

Accuracy: 99.1% 

Precision: 0.98.4% 

Bias: -0.2 µg/kg  

 

 

Table 5. Aflatoxins content (µg/kg) in dried vegetables  

dried 

vegetables 

Results (µg/kg) 

AFB1 AFB2 AFG1 AFG2 
AFB1+ AFB2+ AFG1+ 

AFG2 

(ES) No 

7136/2010 

Brand IV (FF) 

Seafood flavor 
0.17 0.25 0.16 0.17 0.75 4 

Detection Limit: 0.5µg/kg 

Accuracy: 99.1%  

Precision: 0.98.4% 

Bias: -0.2 µg/kg 
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Table 6. Iodine values for liquid seasoning present in different studied brands of instant noodles  
 

Palm oil Iodine (µg/g) 
Codex Standard 210-1999 for 

palm oil 

Brand IV, Creamy shrimp flavor 2.86 ± 0.04 

50-55 g/100 g = 0.5-0.55 g/g 
Brand I, Chicken curry flavor 1.13 ± 0.03 

Brand I, Special chicken flavor 1.45 ± 0.02 

Brand I, Vegetable flavor 0.96 ± 0.03 

 

Table 7. Acid values (mg/g) for liquid seasoning present in different studied brands of instant 

noodles  
 

Palm oil Acid value(mg/g) 
Codex Standard 210-1999 for 

palm oil 

Brand IV, Creamy Shrimp flavor 1.96 ± 0.02 

10 mg KOH/g 
Brand I, Chicken curry flavor 3.8 ± 0.02 

Brand I, Special chicken flavor 4.6 ± 0.03 

Brand I, Vegetable flavor 5.8 ± 0.03 

 

 

4. Conclusions 
 

The seafood flavor and shrimp flavor of Brands I and IV were the most contaminated flavors 

with respect to heavy metals. Cadmium (Cd) and lead (Pb) contents of Brand IV exceeded the 

Egyptian standards (ES No. 71361/2010). Brands I and IV were the only brands that included 

liquid seasoning oil in various flavors. Brand IV had the highest contamination of Cd, Pb, and 

Hg in its two flavors, while the highest As contamination was found in the chicken curry 

flavor of Brand I. There was no available data in (ES) No 7136/2010 about heavy metals in 

liquid oil seasoning except for Pb, which had the limit of 0.10 ppm. In any case, the studied 

samples fell above this limit, except for Brand I with special chicken flavor. Brand II, with 

processed tomato flavor, had the highest contamination of aflatoxins, a level which was higher 

than (ES) No 7136/2010. Other brands were below that limit. Brand I with special chicken 

flavor had the lowest aflatoxin contamination, and can thus be considered as the safest brand 

for aflatoxin contamination. Brand IV shrimp flavor had the highest iodine value, while the 

least value for it was found in Brand I vegetable flavor, which was below the limit stated by 

the Codex (0.5-0.55 g/g). Brand I vegetable flavor had the highest acid value of 5.8 ± 

0.03mg/g, while Brand IV shrimp flavor had the lowest acid value. Brand IV had a high 

iodine value and low acid value, which suggested no rancidity and no lipid peroxidation when 

compared to Brand I, with low iodine value and high acid value, suggesting it would be more 

susceptible to rancidity and lipid peroxidation. The consumption of instant noodles is still a 

risky choice because some flavors contain aflatoxins and heavy metals at levels exceeding the 

Egyptian standard limits. In addition, the risk of lipid oxidation for liquid seasoning oils is 

evident. Extensive studies on experimental animals are recommended to evaluate noodle 

safety and health hazards associated with consumption of spices and liquid seasoning oils. 
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Abstract 

 
Rice and maize are two staple crops that play a critical role in food security in the southwest of 

China. They are sensitive to extreme climate events such as drought and flood. Therefore, the 

assessment of the future production of these crops in an era of climate change is essential. 

However, current assessment tools are time consuming and require extensive input datasets and 

expert knowledge. This study is an attempt to provide an alternative tool for prefecture level users 

using an aggregate Z-index which uses precipitation as an input. A machine learning algorithm 

(Random Forest) was introduced to build and train the model. Finally, future precipitation 

projected from Global Climate Models (GCMs) was used as an input to assess the future rice and 

maize yield variations. This tool outperformed other conventional statistical tools and was 

especially suitable for assessing extreme cases. Crop yields are significantly affected by drought in 

the study area. Z-indexes derived from three GCMs on decadal time scales were used for assessing 

future yield variations. Under the lower emission Representative Concentration Pathway (RCP) 

4.5, average maize yields and rice yields are likely to be reduced by -0.58% and -1.49%, 

respectively, over the next three decades in Mianyang prefecture compared to the baseline period. 

Similarly, under the higher emission (RCP) 8.5, maize yields and rice yields may decrease by 

-0.75% and -1.30%, respectively. This assessment tool can be applied in other locations, providing 

that datasets are available to meet the user’s needs. 
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1. Introduction 
 

Rice and maize are the dominant crops in Sichuan province, accounting for about 90% of the total 

cereal grain output and about 83% of the food crop sown in the area in 2017 [1]. Rice is fully 

irrigated, while maize is mostly rainfed in this area. Rice is the staple food for human consumption 

and maize is the major animal feedstuff. Thus, the production of rice and maize is critical for food 

security and the national self-sufficiency policy [2-4]. However, rice and maize production is 

sensitive to extreme climate events. For example, the big droughts in 1994 and 2006 severely 

damaged crop production [5, 6]. 

Extreme climate events are projected to be more frequent and intensive in the future due 

to climate change [7]. Although extreme climate events are defined by different criteria and 

thresholds, abnormal temperature and extreme precipitation are the main extreme climate events 

and are widely studied [8, 9]. In the southwest part of China, droughts and floods, which are 

related to extreme precipitation, are key extreme climate events [10, 11]. Extreme climate events 

inevitably affect an ecosystem’s quality and productivity. Chen et al. [12] found that extreme 

climate events have decreased Gross Primary Productivity by 2.8% annually in China over the 

past three decades. They also highlighted that Gross Primary Productivity is more sensitive to 

drought than to other factors. Moreover, that extreme climate events directly damage crop yields 

has been reported by many researchers using different methods such as crop models and 

econometrics [13-17]. Drought, heat and heavy rain are the three main extreme events that affect 

crop production [18]. 

The effects of extreme climate events on agricultural systems are expected to increase in 

the future [19]. Therefore, anticipating and assessing the influence of extreme climate events on 

crop yield is important for better decision making. When studying the effects of future extreme 

climate events on crop yield, two crop model families, namely DSSAT (Decision Support System 

for Agrotechnology Transfer) and APSIM (Agricultural Production Systems Simulator) are widely 

used for simulating crop yield and other variables. However, these crop models do not fully 

capture the impact of extreme events [18]. Moreover, the use of crop models often requires expert 

knowledge and an extensive number of input datasets, which are lacking at the prefecture level 

[20]. The aim of this study is to provide a reliable alternative assessment tool that captures the 

impact of key extreme climate events (extreme precipitation) on rice and maize production. 

Consequently, the decision makers at prefecture level can apply the tool to gain better 

understanding of the relationships between crop production and extreme precipitation and adjust 

their policies accordingly. 

 

 

2. Materials and Methods 
 

2.1 Study areas 
 

Mianyang, Dazhou and Leshan prefecture-level cities in Sichuan province, China (Figure 1) were 

chosen to be the study areas as they are typical crop production areas distributed in the eastern 

Sichuan province (the western Sichuan province is one part of the Tibet Plateau and has a different 

agricultural system). Mianyang was chosen to be the main study area, while Dazhou and Leshan 

were used to validate the assessment method. The climate zone of the study areas was warm 

temperate, winter dry and hot summer. Historic annual precipitation for Mianyang, Dazhou and 

Leshan are 546-1237 mm, 874-1693 mm, 769-1720 mm, respectively [1]. The main crops in the 

study areas are rice, maize and wheat. 
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Figure 1. Location of the study areas (red polygon) in Sichuan province. The background map     

is the drought map in 2006 summer based on Z-index [23], the darker and the higher number        

is the drier zone 

 

2.2 Defining extreme precipitation by the aggregate Z-index 
 

This study focused on precipitation-related extreme events because the frequency of temperature-

related extreme events such as maximum temperatures showed little change in the study area, and 

the intensity of heat waves was even decreasing. On the other hand, precipitation-related events 

such as droughts were increasing in terms of frequency [21, 22]. The Palmer Z-index is a method 

to calculate short-term drought, and it was applied in Sichuan province, China [23]. Assuming 

monthly precipitation follows a generalized gamma distribution, it can be transformed to normal 

distributions [23]. The transformation process is as follows: 
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6
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(

𝐶𝑠

2
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Where 𝑍𝑖 is the index value, 𝐶𝑠 is a coefficient, 𝜑𝑖 is the normalized precipitation variable,  𝑋 is 

the monthly precipitation amount, 𝑛 is the number of total samples, and �̅� and 𝜎 are the mean and 

standard deviation of 𝑋 respectively. 

After calculating the Z-index, the extreme events can be classified into seven categories 

by distribution quantiles. These seven categories are ‘Extreme dry’, ‘Severe dry’, ‘Moderate dry’, 

‘Normal’, ‘Moderate wet’, ‘Severe wet’ and ‘Extreme wet’. Table 1 lists the details of all the 

seven categories. 
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Table 1. The categories of extreme events based on monthly precipitation and its Z-index values 

Category Value Range Quantile 

Extreme dry Z<-1.65 less than 5% 

Severe dry -1.65<Z<-1.04 5%--15% 

Moderate dry -1.04<Z<-0.52 15%--30 

Normal -0.52<Z<0.52 30---70% 

Moderate wet 0.52<Z<1.04 70%--85% 

Severe wet 1.04<Z<1.65 85%--95% 

Extreme wet Z>1.65 greater than 95% 

 

Using precipitation data, we first calculated the monthly Z-index during the crop growing 

period, which is from April to August in the region. Next, except for the Z-index values which fell 

into the normal category, all remaining negative Z-index values were aggregated into a drought 

class, and all remaining positive Z-index values into a flood class. For example, the Z-index values 

for April to August 1987 were 0.36, -1.02, 1.9, 0.66, -0.09, so the aggregated wet value which 

denoted flood was 1.9 + 0.66 = 2.56. We did not add 0.36 into the aggregate wet value as it fell 

into the Normal category. Likewise, the aggregate dry value was -1.02, as -0.09 was in the Normal 

class. 

 

2.3 Historic and future precipitation data 
 

Historic daily precipitation data for the three study areas from the years 1985 to 2017 were 

obtained and cross-checked from the China Academic of Agricultural Engineering’s greenhouse 

data program (http://data.sheshiyuanyi.com/WeatherData/), Statistical Bureau of Sichuan 

(http://tjj.sc. gov.cn/tjcbw/tjnj) and the Statistical Bureau of Mianyang (http://tjj.my.gov.cn/myoldfiles/mytjnj/ 

index.html). Daily precipitation data was accumulated into monthly precipitation to calculate the Z-

index, then monthly Z-indices were aggregated to the yearly dataset to match the crop yield 

dataset. A total of 180,675 historic daily precipitation records were collected in the three study 

areas. 

Output from three Global Climate Models (GCMs), the BCC_CSM1_1_M, the 

CESM1_CAM5, and the IPSL_CM5A_MR models, were bias-corrected [24] to provide projected 

future precipitation for Mianyang prefecture for the period 2020 to 2050. The data simulated by 

these models were based on the Coupled Model Inter-comparison Project phase five (CMIP5), and 

two future scenarios were considered: RCP 4.5 and RCP 8.5. The simulated precipitation from 

these three GCMs were used to calculate the future Z-index separately. We defined the future 

periods into three decades, namely the 2020s (2020-2029), 2030s (2030-2039), and 2040s (2040-

2050) to compare and check if the simulated precipitation and corresponding Z-index were 

consistent. All the bias-corrected daily precipitation data were obtained from the research program on 

Climate Change, Agriculture and Food Security (http://www.ccafs-climate.org/data_bias_correction/) 

and accumulated into monthly precipitation data to calculate the Z-index. Then, the monthly Z-

indices were aggregated to a yearly dataset for predicting crop yield. In total, 407,340 daily 

precipitation records from three GCMs were collected, and it should be noted that the data from 

September to the following March were not used. 

 

 

 

 

 

http://tjj.sc/
http://tjj.my.gov.cn/myoldfiles/
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2.4 Predicting crop yield by Random Forest 
 

Machine learning algorithms such as Artificial Neural Network (ANN), Support Vector Machine 

(SVM) and Random Forest (RF) have been introduced for predicting crop yield in recent years. 

Choosing the right algorithm depends on the data and research objective. ANN and SVM require a 

stationary dataset, carefully scaled input data, and a large training dataset [25, 26]. However, crop 

yield data are typically nonstationary time-series data, so the use of ANN requires data 

transformation. Moreover, it has been reported in the literature that RF outperformed simple ANN, 

SVM, Generalized Additive Models, and K-Nearest Neighbors in the predictions that involve 

extreme events [13, 27]. Since the extreme cases are the focus of this study, and requirements are 

that the model should be simple and easy to use, and that the data size is not large, the Random 

Forest was chosen as the main machine learning algorithm. To evaluate the Random Forest 

prediction, this study also applied Multiple Linear Regression (MLR) and SVM as the benchmark. 

Random Forest is one of the fundamental Machine Learning algorithms. It was invented 

by Breiman [28], and it is an effective statistical tool for prediction. The algorithm derives from a 

decision-making tree that works by asking a sequence of queries about the available data until it 

arrives at a decision. Random Forest decision trees randomly sample training data to build each 

tree and randomly set features when splitting nodes. Random Forest can be used for both 

classification and regression. There are many open-source packages that provide the Random 

Forest algorithm in different programing languages. Here, we used the Python programing 

language version 3.7 and the Random Forest regression algorithm available in the scikit-learn 

package [29]. The maximum depth parameter (max_depth) was set to 10 to avoid over-fitting, and 

all the other parameters were set at their default values initially. For example, the number of trees 

in the forest (n_estimators) was ‘10’ and the minimum number of samples required to be at a leaf 

node (min_samples_leaf) was ‘1’. These parameters were then adjusted during the training process 

to find the best performance. Feature Importance is a built-in function that is used for measuring 

the relative importance among the input features in Random Forest. Its value for a specific feature 

ranges from zero to one (the higher the value, the more important the feature is), while the sum of 

all values is one. The value is calculated by the number of samples that reached a node divided by 

the total number of samples. Detailed calculations can be found in Ronaghan [30] and Louppe 

[31]. 

Similarly, SVM regression was performed using the scikit-learn package with all the 

parameters initially set at their default values (kernel=’rbf’, C=1, epsilon=0.1 and so on). They 

were then tuned to find the best performance.  

Aggregate Z-index values (both drought and flood classes) and time were used as the 

input features (independent variables), whereas crop yields of each year were used as the output 

feature (dependent variable). Time (years) was chosen to be an input variable because temporal 

yield increased due to technology and management improvement [32]. Alternatively, accumulated 

precipitation in the crop growing season and time were also used as input features to check if 

using the Z-index was better than using precipitation in crop yield prediction. Historic data in 

Mianyang prefecture was firstly used to train and generate the model. In order to validate the 

model, the dataset was divided into two parts randomly: one for training, the other one for testing. 

Empirically, the training was set to 70-80% of the total dataset. If the percentage is too high, the 

model can be overloaded, and thus lack prediction capability. On the other hand, if the percentage 

is too low, the low number of samples cannot generate a good model. Considering our dataset, we 

tried the proportions of 70%, 75% and 80%, and they all generated similar results. Therefore, 75% 

of data was used for training. Indeed, this ratio was the default value of the split function in scikit-

learn. To make the result reproduceable and accountable for the extreme dry/wet years in the 

training part, we set the split random state to eight. This study used R2 and Root Mean Square 
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Error (RMSE) as the model’s performance criteria during the comparison between observed data 

and model predictions. After the model was generated and tested in Mianyang, we applied this 

method (Z-index plus Random Forest) to another two areas (Dazhou and Leshan) to check if this 

method was applicable in other places.  

Finally, the future aggregate Z-index values of Mianyang that were derived from bias-

corrected GCMs were used to predict the future yields in Mianyang prefecture. We used the 

average yields from 2011 to 2017 (2010s) as the baseline to analyze the yield variations of future 

periods, namely, the 2020s, 2030s and 2040s. 

 

2.5 Crop yield data 
 

Rice and maize are two economic and staple crops in the main growing season in the study areas. 

Each year, crop production data as well as the harvest area at prefecture level were obtained, and 

then crop yields were calculated. Thirty-three years (from 1985 to 2017) of rice and maize yields 

for Mianyang were obtained from the Statistical Bureau of Mianyang (http://tjj.my.gov.cn/ 

myoldfiles/mytjnj/index.html), and 19 years (from 1999 to 2017) of rice yields for Dazhou and 

Leshan were obtained from the Statistical Bureau of Sichuan (http://tjj.sc.gov.cn/tjcbw/tjnj). For 

the few years of missing data for Dazhou and Leshan prefectures, provincial yield data were used 

to estimate prefectural-level yield, assuming that prefectural-level yield would increase/decrease 

by the same proportion as the provincial yield in that year. For example, the rice yield of Dazhou 

in 2004 was missing. However, the yield of previous year was 7.77 (ton/ha) and the provincial 

yield had decreased 0.3% in 2004. Therefore, the estimate for the rice yield of Dazhou in 2004 

was 7.77 × (1-0.3%) = 7.75. In total, there are 104 crop yield records in the three study areas, of 

which 66 records are in Mianyang (rice 33, maize 33), 19 records are in Dazhou (only rice), and 

19 records are in Leshan (only rice). 

 

 

3. Results and Discussion 
 

3.1 Historic crop yield, precipitation, and Z-index in Mianyang 
 

Both rice and maize yields generally increased over the past three decades. However, yields were 

very low in years 1994, 2001 and 2006, mainly due to the extreme dry events. Interestingly, maize 

yield was low in 1986, while rice yield was not affected. Figure 2A shows the yield changes of 

both rice and maize from 1985 to 2017 with the aggregate Z-index values. Every significant drop 

in yield occurred when there was a large negative aggregate Z-index [6]. 

Over the past three decades, the average precipitation was 592 ± 161 mm during the rice 

and maize growing seasons. Typically, April and May have the lowest precipitation and July and 

August have the highest precipitation. The historic monthly precipitation in Mianyang prefecture 

(Figure 2B) roughly showed that extreme dry years happened in 1994, 2000, and 2015, while 

extreme wet years happened in 1988, 1998, and 2017. The Aggregate Z-index values gave more 

accurate assessment of the extreme dry/wet events as they were designed and accounted for the 

abnormal precipitation. For example, the years 2006, 1994 and 2001 were the top three extreme 

dry years, whereas the years 1998, 2004 and 1990 were the three wettest years (Figure 2A). 
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Figure 2. Historic rice and maize yields (A, left axis) and aggregate Z-index values (A, right axis) 

in Mianyang prefecture. The negative aggregate Z-index values represent dry events while the 

positive aggregate Z-index values denote wet events. B is the historic monthly precipitation from 

1985 to 2017, Apr=April, May=May, Jun=June, Jul=July, Aug=August. 

 

3.2 Performance of the models for predicting crop yield 
 

Using the dataset in Mianyang prefecture, the various models used were trained and tested. The 

best parameters for the RF regression model were the default values, while the RF regression 

models were sensitive to the number of trees (n_estimators). For the SVM model, the kernel 

function parameter (kernel) was tuned to ‘linear’, the regularization parameter (C) was tuned to 

0.9, and the error penalty parameter (epsilon) was adjusted to 0.47, with all the other parameters 

kept at the default values.  
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The performance of all the models is reported in Table 2. The RF+Z-index outperformed 

other methods, as it had the highest R2 and the smallest RMSE for both the rice dataset and the 

maize dataset. The SVM models were not very different from the MLR models. Moreover, using 

the Z-index as input was better than using accumulated precipitation as input in the prediction. For 

example, the RMSE of RF+Z-index for predicting maize yield was 0.33, while the RMSE of 

RF+Precipitation for prediction maize yield was 0.39. RF models could capture the extreme dry 

years such as 1994 and 2001, which made it a favorable method to predict extreme yield variations 

(Figure 3).  

 

Table 2. Performance of models, when comparing predicted crop yields to observed crop yields in 

Mianyang. RF represents Random Forest regression, MLR represents Multiple Linear Regression, 

and SVM stands for Support Vector Machine regression. RMSE means Root Mean Square Error 

Method Maize Rice 

R2 RMSE 

(ton/ha) 

R2 RMSE 

(ton/ha) 

      RF+Z-index  0.83 0.33 0.79 0.27 
      MLR+Z-index  0.66 0.47 0.33 0.49 

      SVM+ Z-index  0.67 0.47 0.36 0.48 

      RF+ Precipitation 0.77 0.39 0.67 0.34 

      MLR+ Precipitation 0.56 0.54 0.27 0.51 

      SVM+ Precipitation 0.48 0.59 0.22 0.53 

 

 
 

Figure 3. Predicted maize yield (A) and rice yield (B) in Mianyang by different methods. RF 

represents Random Forest regression, MLR represents Multiple Linear Regression, SVM 

represents Support Vector Machine regression. ‘+Zindex’ means using Z-index as input, 

‘+Precipitation’ means using accumulated precipitation as input 
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In terms of relative feature importance for RF+Z-index models, drought could explain 

38% of the maize yield change, while flood could only explain 3% of the maize yield change. 

Similarly, drought could explain 57% of the rice yield change while flood could only explain 6% 

of the rice yield change. 

Since the RF+Z-index had been proven to be a favorable extreme precipitation 

assessment tool in Mianyang, the rice dataset in Leshan and Dazhou prefectures were used to 

check if the RF+Z-index was applicable in other places. After training the model, the parameter 

number of trees (n_estimators) was tuned to 100, and all the other parameters were kept at their 

default values. Figure 4 shows the predicted rice yield and the model’s performance. In both 

places, RF+Z-index had the ability to predict rice yield with high R2 and small RMSE values. 

 

 
 

Figure 4. Application of Random Forest plus Z-index for predicting rice yield in Leshan (A) and 

Dazhou (B). RF represents Random Forest regression. RMSE means Root Mean Square Error. 

 

3.3 Future precipitation and Z-index in Mianyang 
 

Over the next three decades, the annual mean precipitation simulated by the three GCMs under 

RCP 4.5 tended to decline slightly, while the simulated annual mean precipitation under RCP 8.5 

deceased significantly, compared to the 2010s baseline (Figure 5). From Figure 6, the precipitation 

simulated by three GCMs on decadal time scales were consistent, as they had similar changes in 

means. In addition, the variation among these simulations became even smaller after the 

precipitation data were transformed to Z-index.  

However, there were some differences among the three GCM simulations. In terms of 

precipitation, under RCP 4.5, the IPSL_CM5_MR model simulated the highest annual mean 
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precipitation as well as the highest variation of precipitation throughout the 2020s-2040s. On the 

other hand, CESM1_CAM5 simulated the median annual mean precipitation and the smallest 

variation of precipitation throughout the 2020s-2040s. Under RCP 8.5, small precipitation 

variations were seen in 2020s for all three GCMs. However, larger precipitation variations were 

seen in the 2030s, and 2040s. The Z-index under RCP 4.5, CESM1_CAM5 had the smallest 

negative aggregate Z-index spread in the 2040s, while IPSL_CM5_MR had the highest negative 

aggregate Z-index spread in the 2040s. Under RCP 8.5, the values of the Z-indexes were similar 

among the three GCMs over the next three decades, however, BCC_CSM1_1_M had the smallest 

negative aggregate Z-index spread compared to the other two GCMs in the 2020s. 

 

 
 

Figure 5. Precipitation in the growing season of rice and maize in Mianyang prefecture.               

A is the future annual mean precipitation simulated by three Global Climate Models from 2020 to 

2050 under RCP4.5, while B is under RCP8.5. ‘bcc’ means data simulated by BCC_CSM1_1_M, 

likewise, ‘cesm’ = CESM1_CAM5, ‘ipsl’ = IPSL_CM5A_MR. ‘hist’ means data obtained       

from history. 
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Figure 6. Consistency of future precipitation and Z-index derived from Global Climate Models in 

Mianyang prefecture. ‘bcc’ means data simulated by Global Climate Model BCC_CSM1_1_M. 

Likewise, ‘cesm’ = CESM1_CAM5, ‘ipsl’ = IPSL_CM5A_MR. Negative Z-index values 

represent dry events, while positive Z-index values represent wet events. ‘bcc_d’ means dry events 

based on BCC_CSM1_1_M, and ‘bcc_w’ means wet events based on BCC_CSM1_1_M. So 

‘cesm_d’, ‘cesm_w’, ‘ipsl_d’, and ‘ipsl_w’ have similar meanings. 
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3.4 Future crop yield variations in Mianyang under climate scenarios 
 

Predicted future crop yields were compared to the base line (2010s). Generally, future crop yields 

were likely to decline throughout the 2020s-2040s under both the RCP 4.5 and RCP 8.5 climate 

scenarios, with rice yield reductions larger than maize yield reductions (Figure 7). Under RCP 4.5, 

the average maize yields tended to decline by -0.27%, -0.65%, and -0.82% in the 2020s, 2030s, 

and 2040s, respectively. A similar pattern was seen in rice yield reduction, with average rice yields 

decreasing by -0.93%, -1.59%, and -1.94% in the 2020s, 2030s, and 2040s, respectively. An 

abnormal case was noted in the 2040s, with maize and rice yields slightly increased based on 

CESM1_CAM5. Under RCP 8.5, the average maize yields were likely to decrease by -0.69%, 

-0.64%, and -0.91% in the 2020s, 2030s, and 2040s, respectively, while the average rice yields 

would drop by -0.95%, -1.23%, and -1.72% in the 2020s, 2030s, and 2040s, respectively. Again, 

one special case was recorded in the 2020s, when rice yield increased by a small proportion using 

the simulation data from BCC_CSM1_1_M. 

 

 
 

Figure 7. Future rice and maize yield variations compared to the base line period (2011-2017) 

under climate scenarios RCP4.5 and RCP8.5 in Mianyang prefecture. ‘bcc’ means yield variations 

using the precipitation data that simulated by Global Climate Model (GCM) BCC_CSM1_1_M as 

input. Similarly, ‘cesm’ = CESM1_CAM5, ‘ipsl’ =IPSL_CM5A_MR, and ‘avg’ means the 

average of yield variations based on those three GCMs. 

 



Current Applied Science and Technology Vol. 20 No. 3 (September-December 2020) 

465 

 

3.5 Results interpretation 
 

By coupling the aggregate Z-index and RF regression, a new and reliable assessment tool was 

created for studying and assessing the impacts of extreme precipitation events on rice and maize 

yields at the local administrative organization level. RF regression does not need careful 

normalization of input variables or extensive parameter tuning, which makes it easy for other non-

professionals to use. Another advantage of RF regression is that variable collinearity does not 

affect its ability [32]. Moreover, this assessment tool does not require the conduction of long-term 

experiments, thus making it more efficient to use. This method can be applied to other crops and 

other locations if training data is provided.  

In this study, RF regression outperformed MLR and SVM regression. This was consistent 

with the studies by Jeong et al. [32] and Feng et al. [33]. The main reason is that RF is a decision 

tree-based algorithm. Therefore, it has the ability not only to capture non-linear relationships but 

also to capture extreme cases. For example, 1994 was an extreme dry year and the RF model was 

able to simulate the extreme small yield value. Other methods may not have simulated this 

situation. SVM regression and MLR had similar results in this study because the input variables 

had some linear relationship with the output variables, and therefore, the kernel parameter was 

tuned as ‘linear’ in the SVM model to transform the input data, making it similar to MLR. Using 

the aggregated Z-index as input to train models was better than using the accumulated 

precipitation because the Z-index could account for both drought and flood, while accumulated 

precipitation might have ignored some events due to an uneven precipitation distribution. For 

example, 2001 is a normal year for accumulated precipitation (Figure 2B), but the aggregated Z-

index (Figure 2A) portrays it as a dry year, with corresponding to significantly reduced crop yield.  

The Z-index was able to be accurately used to capture the extreme dry and wet events 

during the historic period, which is consistent with a previous study [23]. The RF+Z-index model 

indicates that drought affects the crop yield significantly in Mianyang. This is because water is 

essential in the photosynthesis process, turgidity, solvent nutrients, medium bio-chemical process, 

and other crop growing processes, so insufficient water may affect these processes and eventually 

affect crop yield [34]. Time also contributes to the crop yield variation through technology change 

and management improvements [32, 35]. Flood may affect the respiration of the crop and harm the 

crop roots, leading to yield loss. However, flood in Mianyang only contributes a small proportion 

of crop-yield variation. This study implies that drought is more critical for rice yield variation than 

for maize yield variation. This is mainly due to maize being classified as a C4 crop, which means 

it is more resilient to drought than rice, which is classified as a C3 crop [36]. Indeed, predicted 

future yield variations under climate scenarios revealed that maize yield reduction was smaller 

than rice yield reduction in Mianyang prefecture.  

The three GCMs were used to simulate the future precipitation, and the mean change in 

precipitation predicted was consistent on decadal time scales, especially when the precipitation 

was transformed to a Z-index. The average future crop yields were decreasing over the next three 

decades compared to the baseline period. Similar decreasing patterns were reported in the study of 

Xu et al. [16] in Sichuan province using crop models, although their results showed larger 

reductions. This indicates that our assessment tool can be used as an alternative for local policy 

makers and other researchers. The abnormal yield increases in the 2040s based on CESM1_CAM5 

under RCP 4.5 were due to an annual average aggregate negative Z-index value of -1.12, which 

was smaller than the other two GCMs’ results and suggests that droughts were not that strong. The 

predicted rice yield increased, while maize yield decreased in the 2020s based on 

BCC_CSM1_1_M under RCP 8.5, possibly due to the different patterns between historic rice 

yield and historic maize yield in the training datasets. 
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3.6 Limitations and future research 
 

Using the Z-index and time as input, RF regression assessed the yield variation impacted by 

extreme dry and wet conditions. However, the predicted future yield might not be accurate, as it is 

beyond the training data’s boundary. If we want to improve yield prediction, an improved 

Machine Learning method (for example, combined RF and Linear models) and more relevant 

input variables are needed. These variables could be technical variables such as research 

investment and innovations, natural variables such as land quality, and social variables such as 

social learning platform, labor education and policy intervention at the local level. Moreover, since 

the Z-index assumes that the precipitation follows a statistical distribution, if the precipitation 

samples are too small it may not satisfy this assumption and lead to a biased result. Therefore, 

other users should use the Z-index for future projections with caution. This study had 33 years of 

precipitation records for all three study areas; however, the longer the record, the more robust the 

result [37]. 

In addition, future studies should focus more on specific local variables, and those 

variables should be modified appropriately (as was done in this study when we used the aggregate 

Z-index rather than raw precipitation data), and then be inputted into the Machine Learning 

models. Our future yield variation prediction was heavily based on the GCMs, although we had 

used three GCMs from different countries and institutions to capture plausible errors and analyzed 

their consistency. There could be some modifications that might improve our predictions, since 

projection of future precipitation is so complex, and the confidence of precipitation estimation is 

smaller than for other climate variables such as temperature [38]. Future research at the local level 

needs national and international cooperation and research collaboration in the areas of climate 

change, agriculture, food security, sustainable livelihood, and ecosystem improvement. The 

establishment of well-organized research infrastructures and a collaboration network to implement 

these tools needs both private and public support in China and at the global level. 

 

 

4. Conclusions 
 

The aggregate Z-index accurately captured extreme dry and wet events. The Random Forest 

regression model was determined to be a good method to assess the impact of extreme events on 

crop yield. This assessment approach was applicable in different places and showed how crop 

yield was affected by drought and flood and varied over plant variety, time, and place. The Z-

indices derived from three GCMs provided consistent results for predicting future yield variations. 

In Mianyang prefecture, under climate scenario RCP 4.5, maize yields were likely to decrease by 

-0.27 to -0.82% and rice yields by -0.93 to -1.94%, compared to the baseline period, over the next 

three decades. Similarly, under RCP 8.5, maize yields and rice yields could decrease by -0.64 to 

-0.91% and -0.95 to -1.72% respectively compared to the baseline period, over the next three 

decades. Both the Z-index and Random Forest model were simple and practical to use for decision 

makers and practitioners at the prefecture level to gain understanding of the relationships between 

crop production and extreme events, and to facilitate policy adjustment for local adaptation. 
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Abstract 
 

An efficient micropropagation protocol for Koelreuteria bipinnata, an ornamental tree, from mature 

and juvenile phase tissues was described. Nodal explants from one-year-old branches of a field-grown 

mature tree (mature phase) and from in vitro growing seedlings (juvenile phase) were used. The nodal 

explants from mature explants cultured on Murashig and Skoog (MS) medium supplemented with or 

without growth regulators did not show any axillary shoot development. However, 6-

benzylaminopurine (BAP) at 1.5 mg/l induced axillary shoots from all juvenile explants (100%). It 

also produced the highest number of shoots (2.5 shoots per explant), the highest rooting percentage 

(100%), the maximum number of roots (2.80 roots/shoot) and the longest roots (5.87 cm) when it was 

added as a supplement to the half-strength MS medium culture that included 15 g/l sucrose. Plantlets 

were successfully acclimatized and transferred to the field with 60% survival rate. 

 

Keywords: BAP, Chinese flame tree, Juvenile nodal explants, mature nodal explants, sucrose, 

woody plants 
DOI 10.14456/cast.2020.31 
 

 

1. Introduction 
 

Koelreuteria is a genus of small to medium-sized ornamental trees, indigenous to East Asia. The 

members of the genus Koelreuteria have been widely cultivated as ornamental trees because of 

their large showy inflorescences of yellow flowers [1]. Koelreuteria bipinnata (Figure 1), also 

known as the Chinese flame tree, the Bougainvillea golden rain tree, and the Chinese golden rain 

tree, belongs to the family Sapindaceae [2]. It is often used as a tree along streets and highways, 

and in parking lots. It is grown to provide shade in gardens and is a fine display tree. The trees 

bloom in summer from July to August, and in some regions in Europe, they flower in September. 

The flowers are small with four yellow petals which have a touch of red color at the base. The 

flowers can yield a yellow dye. The three-sided seed pods of K. bipinnata look like red Chinese 

paper lanterns that hang all over the tree in the late autumn forming a spectacular picture. So, the 

trees are commonly used as a focal point in landscape design in regions where they flourish [3].  

 

 

 

 

*Corresponding author: Tel.: 020882412559 

                                       E-mail: azza7799@yahoo.com 



 
Current Applied Science and Technology Vol. 20 No. 3 (September-December 2020) 

 

 

471 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Koelreuteria bipinnata tree growing in the nursery of ornamental plants, Faculty of 

Agriculture, Assiut University, Assiut, Egypt 

 

 

The conventional propagation method for the golden rain tree (Koelreuteria spp.) is 

usually via seeds. However, seeds germination is slow because seeds have physical dormancy [4, 

5]. Seeds can germinate best if the seed coats are scarified for about one hour in sulfuric acid, 

followed by stratification for about 3 months at 2 to 4°C, which overcomes embryo dormancy [6]. 

For K. bipinnata, the seed germination percentage was 55% (unpublished data). Moreover, no 

reports on using other methods for propagation of K. bipinnata could be found and it seems that 

the tree cannot be propagated by conventional vegetative propagation methods such as making 

stem cuttings. These problems could possibly be overcome by the application of plant tissue 

culture techniques such as micropropagation, and thus a protocol for in the vitro propagation of 

these ornamental trees should be established. However, most of the previous investigations of 

woody plants utilized seeds and juvenile tissues were more responsive to in vitro manipulations 

than tissues from mature plants [7, 8]. Moreover, the degree of maturity affects the efficiency and 

production of a forest tree species.  

There is scarce information available in the literature about the use of tissue culture 

technique for Koelreuteria bipinnata [9]. Thus, the aim of the study was to establish a simple 

procedure for in vitro propagation of K. bipinnata tree from juvenile and mature explants. 

Dry fruits and seeds of K. bipinnata 
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2. Materials and Methods  
 

2.1 Explant collection, disinfection and culture establishment 
 

Seeds and mature nodal explants of Koelreuteria bipinnata were obtained from an approximately 

20 year-old tree growing in the nursery of ornamental plants, Faculty of Agriculture, Assiut 

University, Egypt. The healthy seeds were thoroughly cleaned in running tap water for 30 min and 

disinfected by submerging them in 70% (v/v) ethanol for 3 min. Then, the seeds were rinsed three 

times using sterile distilled water and cultured in 250 ml jars containing 30 ml of Murashig and 

Skoog (MS) medium [10] supplemented with 3% (w/v) sucrose, 0.75% (w/v) agar and without 

growth regulators for seed germination. The pH of the medium was adjusted to 5.8 prior to 

autoclaving at 121ºC and 1.5 kg/cm2 for 30 min. The cultures of all experiments were incubated at 

25 ±2°C under 16 h light from cool white fluorescent tubes. 

After 5 weeks of seed germination, nodal explants were excised from in vitro grown 

seedlings (juvenile explants)  and used for further experiments. Mature nodal explants were taken 

from one-year-old branches collected from the same tree grown in the nursery. The branches were 

cleaned under running tap water for 15 min, cut into pieces with 1-2 nodes, and the surfaces were 

disinfected for 20 min in 30 % (v/v) commercial bleach (~5% sodium hypochlorite). 

Finally, in a laminar air flow hood, the nodes were rinsed three times using sterile 

distilled water and 1.5-2 cm nodal explants were cultured in jars (250 ml) that contained 30 ml of 

plant growth regulators (PGRs)-free basal MS medium which had been supplemented with 3% 

(w/v) sucrose and 0.75% (w/v) agar. The pH of the medium was adjusted to 5.8 prior to 

autoclaving at 121º C and 1.5 kg/cm2 for 30 min. The cultures of all experiments were incubated at 

25 ±2°C under 16 h light from cool white fluorescent tubes. 

 

2.2 Effect of 6-benzylaminopurine (BAP) concentration on shoot multiplication 
 

For the juvenile phase, nodal segments (~1cm containing 2 nodes) were taken from in vitro-

growing seedlings. For the mature phase, nodal segments (~1.5-2 cm with 1-2 nodes) were excised 

from recent branches of the tree and the following experiment was conducted to study the effect of 

BAP on both types of explants. 
 Mature and juvenile explants were cultured in 250 ml baby food jars containing 30 ml MS 

basal salt medium. The medium was supplemented with 6-benzylaminopurine (BAP) at 0, 0.5, 1, 

1.5 and 2 mg/l. A completely randomized design (CRD) with three replicates was used. The data 

were analyzed according to the multiobservation approach where each treatment per replicate 

contained five jars.  The following data were recorded after 3 weeks culturing on media:  

percentage of axillary shoots induction (%), average number of shoots per explant, average length 

of shoots (cm), and number of leaves/shoot 

 

2.3 Effect of sucrose concentration on root formation 
 

Proliferated axillary shoots were excised and transferred to half-strength MS medium without 

PGRs to allow rooting, and the following experiment was conducted to study the effect of sucrose 

on root formation.   

  Uniform individual shoots (each ~3-4 cm long) derived from the multiplication stage 

were transferred to PGRs-free half-strength MS medium supplemented with four concentrations of 

sucrose (15, 20, 25 and 30 g/l). 
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  A completely randomized design (CRD) was used with three replicates and each 

treatment per replicate contained five jars. Data were recorded after two weeks for rooting 

percentage (%), number of roots per explant, and root length (cm). 

 

2.4 Acclimatization stage 
 

After four weeks, the rooted plantlets (~3- 4 cm) were gently removed from the medium, and the 

roots were rinsed using tap water to remove the excess medium. Finally, the plantlets were 

transplanted into small plastic pots (10-cm dia.) that contained a 1:1 mixture of peat moss and 

perlite. Data on the survival rate was calculated after four weeks. 

 

2.5 Statistical analysis 
 

The data from all experiments were subjected to analysis of variance (ANOVA) and mean 

comparison was performed using the least significant difference (LSD) method with a significant 

level of 5%, which was adapted from Gomez and Gomez [11]. 

 

 

3. Results and Discussion 
 

3.1 Establishment stage (initiation stage) 
 

All the nodal explants (1.5 -2 cm) taken from the mature phase did not respond and turned brown 

when cultured on PGRs-free MS medium. Under in vitro conditions, the explant proliferation 

depends on the specific balance of PGR's, auxins and cytokinins [12]. However, the establishment 

of explants for micropropagation of woody plants and the induction of adventitious shoots and 

roots is greatly influenced by the maturation status of the tissue used for the primary explant [8]. 

Young plant material from mature woody plants can be obtained in two ways, the first being the 

use of new growth parts of the mature plants, and the second way being the renovation of the 

mature parts of the woody plants themselves. In this work, seeds of K. bipinnata that were 

cultured on plant growth regulators (PGRs)-free MS basal medium germinated after four weeks of 

culture. The nodal explants, which were approximately 1 cm in length, had two nodes, and which 

had been taken from the in vitro growing seedlings (juvenile phase), were used for the 

multiplication stage. 

 

3.2. Axillary shoots multiplications 
 

3.2.1 Effect of BAP on mature nodal segments 

 

All nodal explants (1.5-2 cm) taken from the mature phase did not respond and turned brown 

when cultured on MS medium supplemented with different concentrations of BAP (0, 0.5, 1.0, 

1.5, and 2 mg/l). Browning is a common and often severe problem in plant tissue culture that is 

caused by the accumulation and oxidation of phenolic compounds and is frequently observed in 

tissue cultures of woody plants [13-15]. This may be due to high oxidative stress during culture 

and strong wound reactions accompanied by increase in phenolic compounds [16]. 

Most of the studies carried out on woody plants have utilized seeds and juvenile tissues 

that were more responsive to in vitro manipulations than tissues from mature plants [6, 7, 14, 15]. 

It is well known that 6-benzylaminopurine (BAP) and/or kinetin (6-furfurylaminopurine, Kin) are 

often used as cytokinins [17-19] in plant tissue culture proliferation. However, they both have a 
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limited success in woody plant regeneration [20]. Many reports stated that Thidiazuron (TDZ) 

induces regeneration via axillary shoot proliferation, adventitious shoot organogenesis, and 

somatic embryogenesis in many woody plant species [21-25]. 

 

3.2.2 Effect of BAP on juvenile nodal segments 

 

The data presented in Table 1 and Figure 2 (E) showed that increasing BAP concentration up to 

1.5 mg/l increased all the measurement parameters of nodal explants taken from the germinated 

seedlings (juvenile explant). Nodal explants significantly responded to all concentrations of BAP 

in comparison to the control treatment (BAP-free medium). Nodal segments gave the highest 

shoot number (2.5 shoots /explant), shoot length (4 cm) and leaves number (5 leaves/shoot) when 

cultured on MS medium supplemented with 1.5 mg/l BAP. The promoting effect of BAP on shoot 

proliferation of Koelreuteria spp and other members of family Sapindaceae was reported by 

several investigators [8, 9, 25, 26]. Groach et al. [26] reported that using BAP at 1.5 mg/l in the 

multiplication stage of Koelreuteria elegans gave the highest shoot regeneration (70%) and the 

highest number of shoots (4.35 shoots) from calli explants. 

 

Table 1.  Effect of different concentrations of BAP on axillary shoots induction from nodal 

explants (juvenile phase) of Koelreuteria bipinnata. 

Treatment 

 
Measurements 

BAP 

mg/l 

Axillary shoots 

induction (%)* 

No. of axillary 

shoots/ explant 

Shoot 

length 

(cm) 

Leaves 

number/ 

shoot 

0.0 50.00 1.00 2.10 2.00 

0.5 90.00  1.25 2.30 2.23 

1.0 90.00 2.00 2.70 3.33 

1.5 100.00 2.50 4.00 5.00 

2.0 70.00 1.90 3.80 3.68 

LSD at 5%* 11.50 0.11 0.62 0.74 

*Means were compared using Least Significant Difference (LSD) test at 5% level of probability 

 

3.3 In vitro rooting 
 

In the present study, shoots were easily rooted (100%) after two weeks when cultured on half-

strength MS medium supplemented with sucrose at either 15 or 20 g/l (Table 2). A similar result 

was found by Yang et al. [27], who reported that the greatest number of roots (3.8 roots per 

explant) was formed when shoot tips of the Melaleuca tree were cultured on MS medium 

supplemented with 20 g /l sucrose. As shown in Table 2, using 15 and 20 g sucrose/l gave the 

highest root number (2.80 and 1.90 roots /explant) and root length (5.87 and 5.30 cm) respectively. 

Increasing sucrose concentration up to 30g/l significantly decreased rooting percentage,  

root number/shoot and root length. The results also demonstrated that the addition of auxins is  
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Figure 2. Micropropagation of Koelreuteria bipinnata from in vitro germinated seeds (juvenile 

phase). (A) aseptically cultured seeds on PGRs-free MS medium; (B and C) germinated seeds 

after 4 weeks; (D) cultured nodal explants on PGRs-free MS medium for axillary shoot 

induction; (E) shoot multiplication on MS medium with 1.5 mg/l BAP after 3 weeks; (F) Rooting 

of isolated single shoot on 1/2 MS medium with 15 g sucrose/l after 2 weeks; (G) Acclimatized 

plantlets transferred to plastic pots with peat moss and perlite (1:1) after 4 weeks 
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unnecessary. Similar results were reported by Tawfik [28] on Melaleuca where the explants  

formed roots in auxin-free medium. Also, Tawfik et al. [29] reported that the best interaction 

effect on rooting percentage (61.00%), highest number of roots/shoot (5.12) and root length (3.33 

cm) were observed when the shoots of Rosa spp cv Eiffel Tower were cultured on hormone-free 

MS medium and pH level was adjusted to 5.5. 

 

Table 2. Effect of different concentrations of sucrose on rooting percentage, root number and root 

length of Koelreuteria bipinnata 

 

Sucrose 

g/l 

Measurements 

Rooting %* Roots number/ shoot Root Length (cm) 

15 100.00 2.80 5.87 

20 100.00 1.90 5.30 

25 90.00 1.00 4.83 

30 90.00 1.00 4.35 

LSD at 5%* 9.41 0.27 0.68 

*Means were compared using Least Significant Difference (LSD) test at 5% level of probability 

 

3.4 Acclimatization stage 
 

Acclimatization of plantlets is a vital step in the micropropagation of any plant species. It 

involves the transfer of plantlets from tissue culture  containers to ex vitro conditions. In the 

present study, a plantlet of K. bipinnata is shown in Figure 2 (G). Acclimatized plantlets were 

transferred to plastic pots with peat moss and perlite (1:1) after four weeks. Plantlets were 

successfully acclimatized and transferred to the field with 60% survival rate. 

 

 

4. Conclusions 
 

Nodal segments of Koelreuteria bipinnata from in vitro growing seedlings (juvenile phase) were 

used for mass production of good-looking trees. The best medium for axillary shoot 

multiplication was MS supplemented with BAP at 1.5 mg/l. The highest rooting percentage 

(100%) was obtained on half MS medium supplemented with 15 g/l sucrose. Plantlets were 

successfully acclimatized on peat moss and perlite (1:1) with a survival rate of 60%. 
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Abstract 
 

Phosphate solubilization, zinc solubilization, nitrogen fixation and indole-3-acetic acid (IAA) 
production are plant growth-promoting activities that occur in certain kinds of bacteria. In particular, 

the rod-shaped proteobacteria isolated from root nodules and rhizospheric soil are considered to be 

plant growth-promoting. This study aimed to screen and identify plant growth-producing bacteria 

and included a study of the IAA optimization of the selected isolates. A total of twelve Gram-

negative, rod-shaped bacteria were isolated from Leguminosae root nodules and Leguminosae 

rhizospheric soils. The samples were collected in Udon Thani, Nong Bua Lumphu and Nakhon 

Phanom provinces, Thailand. Based on the phenotypic characteristics and 16S rRNA gene sequence 

similarities (99.2-100% similarity), the isolates were characterized as relatives of Rhizobium 

pusense (2 isolates), Ochrobactrum oryzae (1 isolate), Pseudomonas aeruginosa (1 isolate), 

Acinetobacter pittii (1 isolate), Klebsiella pneumoniae subsp. rhinoscleromatis (1 isolate), and 

Pseudomonas  geniculata (6 isolates). The isolates were screened for their plant-growth-promoting 

activities. The results revealed that 8 isolates exhibited phosphate solubilization (10.9 ± 0.00 to 17.0 

± 1.40 Solubilization Index, SI), zinc solubilization (21.5 ± 0.70 to 33.0 ± 1.40 SI) and indole-3-

acetic acid production (1.0 ± 0.2 to 113.4±3.5 µg/ml), and 2 isolates showed their nitrogen-fixing 

activities. The isolates SN1, SN3-3, SN5, PN1-1 and LS1 were selected and optimized for IAA 

production.  
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DOI 10.14456/cast.2020.32 
 

 

 

 

 

 

 

 
*Corresponding author: Tel.: Tel +66-2-218-8376.  Fax +66-2-254-5195 

                                       E-mail: Somboon.T@chula.ac.th 



Current Applied Science and Technology Vol. 20 No. 3 (September-December 2020) 

480 
 

1. Introduction 
 

Proteobacteria including Gram-negative, rod-shaped bacteria in  genera Acinetobacter, 

Achromobacter, Aerobacter, Agrobacterium, Azospirillum, Burkholderia, Chryseomonas, 

Curtobacterium, Enterobacter, Erwinia, Flavimonas, Ralstonia, Pseudomonas, Enterobacter. 

Ralstonia, Rhizobium, Pantoea, and Sphingomonas strains were found in soils, soybean cultivars, 

legume tissues and root nodules [1, 2]. They are plant growth promoters and can be used in place of 

chemicals in agriculture, horticulture, silviculture, and environmental clean-up [3]. Solubilized 

phosphate and zinc sulfate, which can be supplied via fertilization, are essential nutrients for plant 

growth [4, 5]. Indole-3-acetic acid (IAA) is one of the most physiologically active auxins produced 

by plant growth-promoting rhizobacteria [6]. Rhizobium strains that present within the root nodules 

are involved in fixing atmospheric nitrogen for the host plant [3]. This research deals with the 

identification, screening and optimization of plant growth-promoting activities of bacteria from root 

nodules and rhizospheric soils. 

 

 

2. Material and Methods 
 

2.1 Sample collection and isolation of isolates 
 

Eight plant root nodules and 2 rhizospheric soils were randomly collected from Udon Thani, Nong 

Bua Lamphu and Nakhon Phanom provinces in Thailand (Table 1). All samples were separately 

kept in sterile plastic bags and then preserved at 4°C. The plant root samples were pretreated as 

described by Riker and Riker [7]. Each rod nodule was squeezed and streaked on yeast extract-

mannitol-congo red (YMC) agar plates and incubated at 30°C for 3-5 days. Then, a 10-fold (10-3 

and 10-4) dilution of each soil sample was prepared, and 0.1 ml of each dilution was spread onto 

YMC agar plates. After incubation, the colonies were selected and purified on nutrient agar (NA, 

Difco) plates. The selected isolates were preserved in 20% (v/v) glycerol at -20°C and in 10% (w/v) 

skim milk as lyophilized ampoules. 

 

2.2 Identification methods 
 

2.2.1 Phenotypic characterization 

 

Cell morphology, colony appearance,  oxidase, catalase, hydrolysis of aesculin, arginine, gelatin, 

casein, starch and Tween 80; indole, Methyl Red-Voges-Proskauer (MR-VP), nitrate reduction, 

citrate utilization, and acid production, and growth in NaCl (3%, 5%, w/v) at pH (pH 5 and 9) and 

temperature at 30, 37, 40 and 48oC, of the isolates were determined as reported by Barrow and 

Feltham [8] and Tanasupawat et al. [9]. 

 

2.2.2 Genotypic characterization 

 

The 16S rRNA gene sequences were amplified using primers 27F (5’-AGAGTTTGATCMTGGC 

TCAG-3’)  and 1492R (5’-TACGGYTACCTTGTTACGACTT-3’) [10], and their PCR products 

were analyzed by Macrogen, Korea. The EzBiocloud server [11] was used for the analysis of 

sequence similarity among the closest strains. 

The sequences of isolates were aligned with selected type strain sequences obtained from 

GenBank. Multiple alignments of the sequences determined were performed using CLUSTAL_X 

version 1.81. Gaps and ambiguous bases were eliminated prior to construction of a phylogenetic 
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tree. A phylogenetic tree was reconstructed by the neighbor joining method [12] with the program 

MEGA 6 [13], and the confidence values of individual branches were also determined using  

bootstrap analyses based on 1000 replications as described by Felsenstein [14].  

 

2.3 Screening of plant promoting activities 
 

The culture, cultivated in nutrient broth (NB) and incubated at 30oC for 24 h, was used as an 

inoculum in this study. 

 

2.3.1 Phosphate solubilizing activity on Pikovskaya’s (PVK) agar 

 

The suspension of cultures in NB was swabbed on nitrogen free (NF) agar plates [15] and incubated 

at 30oC for 2 days. The culture on the NF agar plates was prepared as inoculum using a cork-borer 

technique and then inoculated on PVK agar plates [16] and incubated at 30oC for 3-5 days.  

Phosphate solubilization ability was observed by the formation of a transparent halo around the 

colonies on the PVK agar plates supplemented with tricalcium phosphate [Ca3(PO4)2]. After 

incubation, a clear halo formed, and the colony diameter and clear zone were measured.  The 

solubilization index was calculated per the following equation [17]: 

 

Solubilization index (SI) =  Colony diameter + clear zone diameter (mm) 

                                                                Colony diameter (mm) 

 

2.3.2 Zinc solubilizing activity on Mineral salt agar (MSA) 

 

The suspensions of cultures were swabbed on NF agar plates [15] and incubated at 30°C for 2 days.  

The culture on NF agar was prepared as the inoculum using a cork-borer technique as mentioned 

above. Then it was inoculated on MSA as described by Saravanan et al. [5] and incubated at 30oC 

for 3-5 days. The isolates produced transparent halos around the colonies indicating positive zinc 

solubilization ability. The clear zones formed by the isolates were determined as described by 

Saravanan et al. [5] using the equation mentioned above. 

 

2.3.3 Nitrogen fixing characterization 
 

The nitrogen fixing activity was determined using Nessler’s reagent assay [18]. The isolates were 

cultivated in NF broth and incubated on a shaker (180 rpm) at 30oC for 48 h. The broth was 

centrifuged at 3000 rpm for 10 min and the supernatant was tested with Nessler’s reagent under dark 

conditions. It was then subject to colorimetric analysis by microplate reader (CLARIOstar Plus, 

BMG Labtech) at 560 nm after 20 min incubation. 

 

2.3.4 Indole-3-acetic acid (IAA) production 

 

The isolates were cultivated in NF broth with 1% tryptophan on a shaker (180 rpm) at 30oC for 48 

h. IAA production was evaluated by the Salkowski’s method [19] with Salkowski’s reagent. The 

broth was centrifuged at 4000 rpm for 10 min and the supernatant was estimated using colorimetric 

technique, in the dark. The optical density (OD) of samples was measured at 530 nm after 120 s by 

microplate reader [20]. The production of the isolate was determined and expressed as µg/ml based 

on a standard curve of IAA [21]. 
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2.4 Optimization of IAA production  
 

The carbon sources (glucose, mannitol, sucrose, glucose with mannitol and glucose with sucrose), 

nitrogen sources (NaNO3, KNO3, peptone, NaNO3 with peptone or KNO3 with peptone), and 

tryptophan concentration (0.1%, 0.5%. 1% and 1.5%) were optimized.  Effects of pH (5-9) and 

temperature (30-37oC) on IAA production were also tested. Phosphate buffer was used to maintain 

the pH value of the medium. Yeast extract-Malt Extract-Dextrose (YMD) broth supplemented with 

tryptophan was used as basal medium for optimization of IAA production [22]. 

 

2.5 Statistical analysis 
 

The data were statistically analyzed by Statistical Package for the Social Sciences (SPSS, Statistics 

version 24.0.0.0) using one-way analysis of variance (ANOVA) and the grouping was obtained by 

Duncan’s multiple range tests at p-value 0.05 [23]. The data were expressed as mean values of 

triplicates ± standard deviation. 

 

 

3. Results and Discussion 
 

3.1 Identification of isolates 
  

Twelve Gram-negative, rod-shaped bacteria were isolated from the root nodules of 8 selected plant 

species and 2 rhizospheric soil samples (Table 1). They were divided into 6 groups based on their 

phenotypic characteristics (Figure 1).  All the isolates grew at pH 5 and 9. They were positive for 

catalase, nitrate reduction and arginine hydrolysis but were negative for MR-VP. They produced 

acids from glucose, mannitol and sucrose but did not produce acids from lactose and xylose. The 

various characteristics are presented in Table 2. The isolates that belonged to genera Rhizobium 

[24], Ochrobactrum [25], Pseudomonas [26, 27], Acinetobacter [28] and Klebsiella [29] were 

designated as Group I to VI (Table 1).  

Group I consisted of 2 isolates, LN4-2 and LS1. Colonies were creamy-white, irregular, 

smooth, flat and opaque on NA agar. All isolates grew in 3% NaCl and at 37oC. They were positive 

for oxidase, starch, indole, nitrate, and Simmons citrate utilization (Table 2). Based on 16S rRNA 

gene sequence similarity (100%) and phylogenetic tree analysis (Figure 2), isolate LN4-2 (1299 bp) 

was identified as Rhizobium pusense, while isolate LS1 (1340 bp) was most closely related to 

Rhizobium pusense LMG 25623T with 99.5% sequence similarity. 

Group II consisted of one isolate, which was SN1. The colonies were white, irregular, 

smooth, flat and opaque on NA agar. The isolate was positive for oxidase. It did not grow in 3 or 

5% NaCl and at 40°C. Based on 16S rRNA gene sequence and phylogenetic tree analysis (Figure 

2), isolate SN1 (1278 bp) was most closely related to Ochrobactrum oryzae MTCC 4195T with 

99.5% sequence similarity.  

Group III consisted of one isolate, SN2. The colonies were white, irregular, smooth, flat 

and opaque on NA agar. All isolates grew in 3 or 5% NaCl and at 40oC. The isolate was positive for 

oxidase, indole, nitrate reduction, hydrolysis of casein and gelatin, and Simmons citrate utilization. 

Based on 16S rRNA gene sequence and phylogenetic tree analysis (Figure 2), isolate SN2 (1310 

bp) was closely related to Pseudomonas aeruginosa JCM 5962T with 100% sequence similarity. 

Therefore, it was identified as Pseudomonas aeruginosa [26]. 
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Table 1. Samples, location, isolate number, 16S rRNA gene similarity (%) and nearest relatives 
 

Plant/ Soil Province Isolate 

no. 

Group Similarity 

(%) 

Nearest relatives 

Indigofera tinctoria Nong Bua 

Lamphu 

LN4-2 I 100 Rhizobium pusense 

Macroptilium 

lathyroides (L.) Urb. 

Soil 

Nong Bua 

Lamphu 

LS1 I 99.5 Rhizobium pusense 

Sesbania javanica Udon Thani SN1 II 99.5 Ochrobactrum oryzae 

Samanea saman Udon Thani SN2 III 100 Pseudomonas aeruginosa 

Vigna unguiculata 

sesquipedalis (L.) 

Verdc 

Udon Thani SN6-2 IV 100 Acinetobacter pittii 

Tamarindus indica Udon Thani SN3-3 VA 99.2 Pseudomonas 

geniculata 

Arachis hypogaea Udon Thani SN5 VA 100 Pseudomonas 

geniculata 

Mimosa pudica Nong Bua 

Lamphu 

LN1-4 VA 99.9 Pseudomonas 

geniculata 

Mimosa pudica Nong Bua 

Lamphu 

LN1-2 VA 99.4 Pseudomonas 

geniculata 

Mimosa pudica Nong Bua 

Lamphu 

LN1-8 VB 100 Pseudomonas 

geniculata 

Mimosa pudica Soil Nakhon 

Phanom 

PS1-5 VB 99.8 Pseudomonas 

geniculata 

Pueraria 

phaseoloides (Roxb.) 

Benth 

Nakhon 

Phanom 

PN1-1 VI 99.9 Klebsiella pneumoniae 

subsp. rhinoscleromatis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

Figure 1. Dendrogram analyzed by SPSS version 24.0.0.0 showing the hierarchical cluster of 

isolates based on their phenotypic characteristics 
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Table 2. Phenotypic characteristics of the isolates 

+ positive reaction, - negative reaction 

 

Group IV consisted of one isolate, SN6-2. Its colonies were white, irregular, smooth, flat 

and opaque on NA agar. It grew in 3 or 5% (w/v) NaCl and at 40oC. It was positive for indole, nitrate 

reduction, aesculin hydrolysis and Simmons citrate utilization. Based on 16S rRNA gene sequence 

and phylogenetic tree analysis (Figure 2), isolate SN6-2 (1383 bp) was closely related to 

Acinetobacter pittii CIP 70.29T with 100% sequence similarity. Therefore, it was identified as A. 

pittii [28].  

Group V consisted of 6 isolates (VA for SN3-3, SN5, LN1-4 and LN1-2; VB for LN1-8 

and PS1-5). Colonies were creamy-white, irregular, smooth, flat and opaque on NA agar. All isolates 

grew in 3 or 5% NaCl and at 40oC. They were positive for aesculin, casein and gelatin hydrolysis, 

indole, nitrate reduction and Simmons citrate utilization.  Oxidase, starch, and Tween hydrolysis 

were variable. Four isolates in Groups VA and VB showed differences for oxidase activity, 

hydrolysis of Tween 80 and acid production from trehalose. On the basis of their 16S rRNA gene 

sequence and phylogenetic tree analysis (Figure 2), isolates SN3-3 (1207 bp), SN5 (1297 bp), LN1-

4 (1249 bp), LN1-2 (1237 bp),  LN1-8 (1170 bp) and PS1-5 (1403 bp) were most closely related to 

Pseudomonas geniculata ATCC 19374T with 99.2, 100, 99.4,  99.3, 100 and 99.8% sequence 

similarity, respectively [27]. Isolates SN3-3, LN1-2 and LN1-4 exhibited low sequence similarity 

(99.2%, 99.3% and 99.4%); however, their taxonomic positions were in the same cluster. Further 

genomic sequence analysis is required for identification.  

 

Characteristic I 

2 

II 

1 

III 

1 

IV 

1 

VA 

4 

VB 

2 

VI 

1 

Colony color         

Growth in NaCl 3% + - + +  + + + 

                 NaCl 5% - - + +  + + + 

Growth at 40°C - - + +  + + + 

             at 48°C - - - - - - + 

Oxidase + + + - - + - 

Indole + - + + + + + 

Tween 80 - - - - - + - 

Citrate utilization + - + + + + + 

Hydrolysis of:        

  Aesculin  - - - + + + + 

  Casein - - + - + + + 

  Gelatin  - - + - + + - 

  Starch + - - - -(+2) +(-1) + 

Acid production from:        

  Arabinose - - - - + +(-1) + 

  Cellobiose - - - - + + + 

  Fructose - - - - +  + + 

  Galactose - - - - +  + + 

  Maltose - - - - +  + + 

  Raffinose - - - - -  - + 

  Ribose - - - - + - + 

  Sorbitol - - - - + +(-1) + 

  Trehalose - - - -       + - + 
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Figure 2. Neighbor-joining tree based on the 16S rRNA gene sequences showing relationships of 

the isolates. The numbers on the branches indicate the percentage bootstrap values of 1,000 

replicates; only values higher than 50% are indicated. Bar, 0.02 substitutions per nucleotide 

position 

 

 

 

 

 PN1-1 (LC485218) Group VI 

 Klebsiella pneumoniae subsp. rhinoscleromatis ATCC13884T (Y17657) 
 Klebsiella quasipneumoniae subsp. quasipneumoniae SB11T (HG933296) 
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 SN6-2 (LC485224) Group IV 
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Group VI consisted of one isolate, PN1-1. Its colonies were white, irregular, smooth, flat, 

and opaque on NA agar. The isolate was able to grow in 3 or 5% NaCl and at 40 or 48oC. It was 

positive for catalase, indole, nitrate reduction, Simmons citrate utilization, aesculin, casein and 

starch hydrolysis. On the basis of 16S rRNA gene sequence and phylogenetic tree analysis (Figure 

2), isolate PN1-1 (1383 bps) was most closely related to Klebsiella pneumoniae subsp. 

rhinoscleromatis 01A030T with 99.9% sequence similarity.  

 

3.2 Screening of plant-growth-promoting activities 
 

The phosphate solubilizing ability in Pikovskaya medium varied from 12.8 ± 7.00 to 17.0 ± 1.40 

(Table 3). Isolate LN1-8 exhibited the highest level of solubilized phosphorus (17.0 ± 1.40 mm). 

Zinc solubilizing ability varied from 21.5 ± 0.70 to 33.0 ± 1.40 mm using ZnO3+ as a source of 

insoluble Zn.  Isolate PS1-5 exhibited the highest solubilized zinc (33.0 ± 1.40) (Table 2). The 

isolates produced IAA (1.0 ± 0.2 to 113.4±3.5 µg/ml) in NF medium with 1% L-tryptophan.  Isolates 

PN1-1 and SN3-3 produced the highest levels of IAA, 113.4±3.5 and 110.8±17.1µg/ml, respectively 

(Table 2).  Among the 12 isolates, only LN1-4 and LN1-8 were able to fix nitrogen (Table 3).  

 

Table 3. Phosphate solubilizing, zinc solubilizing, indole-3-acetic acid (IAA) production and 

nitrogen fixing activities of the isolates 
 

Isolate no. 

 

 Phosphate 

solubilizing 

Zinc 

solubilizing 

 IAA  

(µg/ml) 

N2 fixing 

(NH4
+) 

Group SI* SI* 

LN4-2     I - - 27.3±2.3b,c - 

LS1     I - - 33.7±8.8c - 

SN1     II 12.8±7.00 - 56.8±2.4d - 

SN2     III 10.9±0.00 21.5±0.70 1.8±0.2a - 

SN6-2     IV - 21.5±0.70 2.9±0.8a - 

SN3-3 VA 14.6±0.70 29.5±0.70 110.8±17.1e - 

SN5 VA - 30.5±0.70 12.6±7.6a,b - 

LN1-2 VA 13.4±6.40 21.5±2.10 8.1±0.3a - 

LN1-4 VA 14.6±1.40 - 8.1±0.3a + 

LN1-8 VB 17.0±1.40 - -a + 

PS1-5 VB 14.9±0.00 33.0±1.40 1.0±0.2a - 

PN1-1    VI 13.0±1.40 30.0±0.00 113.4±3.5e - 
 

SI*, solubilization index. +, positive reaction; -, negative reaction or no activity. 

The clustering result of IAA (µg/ml) from each isolate was a group of a, b, c, d and e, respectively, 

and was separated by multiple comparisons with the statistical program by Duncan’s method at p-

value 0.05. 

 

3.3 Optimization of IAA production 
 

3.3.1 Effect of different carbon and nitrogen sources on IAA production 

 

The significant differences of IAA production from various carbon sources of each isolate revealed 

that isolate SN1 produced the maximum IAA (11.8±0.6 µg/ml) when glucose was used, but a low 

yield of IAA was obtained when sucrose was used (Figure 3). Based on the statistical analysis, 

glucose was a suitable carbon source for IAA production. However, the amount of IAA produced 

was not significant when glucose coupled with mannose, and glucose coupled with sucrose were  
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Figure 3. Effect of various carbon sources on IAA production by the selected isolates. The 

vertical bars represent the standard deviation with triplicates experiment. The clustering result of 

carbon sources on IAA production defined groups a, b, c, d, e, f, g, h, i, j, k, and l. The values 

marked by the same letter are not significantly different (p-value more than 0.05) 

 

used as carbon sources. In addition, among 5 sources of nitrogen, peptone was clearly the best 

nitrogen source for IAA production for all isolates. The maximum IAA (13.7±1.6 µg/ml) was 

obtained from isolate SN5, followed in decreasing order of IAA production by LS1, SN1, SN3-3, 

and PN1-1 (11.4±0.3, 10.9±0.1, 10.6±0.2, and 10.5±0.1 µg/ml, respectively) (Figure 4). The results 

from multiple comparisons of different nitrogen sources were divided into 3 groups, and it was 

confirmed that peptone was the best nitrogen source. The degree of IAA production depending on 

the isolates, the carbon sources (glucose, mannitol, and sucrose) and the nitrogen sources (peptone, 

NaNO3 and KN O3) was also reported by Mohite [22]. 

 

3.3.2 Effect of L-tryptophan concentration on IAA production 

 

L-Tryptophan concentrations, 0.1% to 1.5%, affected the production of IAA (Figure 5).  Tryptophan 

was an important variable factor for promoting IAA production of proteobacteria. This result was 

supported by the research of Costacurta and Vanderleyden [30], who noted that tryptophan was 

generally considered as an IAA precursor used by bacterial cultures to enhance IAA biosynthesis. 

However, when the concentration of tryptophan was maintained at 1.0%, isolate PN1-1 was able to 

produce sufficient IAA with the maximum of 56.7±1.0 µg/ml (Figure 5). 
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Figure 4. Effect of various nitrogen sources on IAA production by the selected isolates. The 

vertical bars represent the standard deviation with triplicates experiment. The clustering result of 

carbon sources on IAA production defined groups a, b, c, d, e, f, and g. The values marked by the 

same letter are not significantly different (p-value more than 0.05). 

 

 
 

Figure 5. Effect of various tryptophan concentrations on IAA production by the selected isolates. 

The vertical bars represent the standard deviation with triplicates experiment. The clustering result 

of carbon sources on IAA production defined groups a, b, c, d, e, f, g, h, i, j, k, l, m, and n. The 

values marked by the same letter are not significantly different (p-value more than 0.05). 
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3.3.3 Effect of pH and temperature on IAA production 

 

The maximum amount of IAA (70.1±2.2 µg/ml) was produced by isolate SN5 at pH 9. Similarly, 

IAA was also produced at high concentration at pH 9 by isolates PN1-1, SN1, SN3-3, and LS1 

(66.5±2.3, 65.0 ±1.3, 64.6±0.2, and 64.6±0.4 µg/ml, respectively). IAA production was reduced 

when the pH value was reduced to 8, and further suppressed when the pH value decreased to 5-7. 

(Figure 6). Therefore, the result was elucidated that pH value is a significant factor for IAA 

production. The weak alkaline (pH value of 8-9) supported the production of IAA of selected 

isolates. The result from statistical analysis confirmed that a low concentration IAA was produced 

at pH value in the range 5-7 and was not significantly different within the group (p-value 0.052).  

In the comparison of the IAA production at 30 and 37 °C, the results showed that IAA 

production was favored at 37 °C compared to 30 °C. The isolate SN5 produced the maximum IAA 

concentration of 8.6±0.9 µg/ml, and it was followed in decreasing order by isolates PN1-1, SN3-3, 

LS1, and, SN1, which produced 8.4±0.9, 7.1±1.0, 6.5±0.9, and 6.3±1.3 µg/ml of IAA, respectively 

at 37°C (Figure 7). 

According to Sudha et al. [31] and Mandal et al. [32], Rhizobium strain VMA 301  

produced high concentrations of  IAA in a medium at pH 7.2, while Khamna et al. [33] reported 

that the conditions most suitable for maximum IAA production by Streptomyces sp. were at 30°C 

and pH 7.0. Low pH limits plant growth because the concentrations of metals (Al3+ and Mn2+) in 

the soil solution can reach toxic levels. In addition, Bacillus strains produced the maximum amount 

of IAA when the pH of the medium was at 7, 8 and 9 [22, 34].  
 

 
 

Figure 6. Effect of various pH on IAA production by the selected isolates. The vertical bars 

represent the standard deviation with triplicates experiment. The clustering result of carbon 

sources on IAA production defined groups a, b, c, d, e, f, g, h, i, j, k, and l. The values marked by 

the same letter are not significantly different (p-value more than 0.05). 
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Figure 7. Effect of various temperatures on IAA production by the selected isolates. The vertical 

bars represent the standard deviation with triplicates experiment. The clustering result of carbon 

sources on IAA production defined groups a, b, and c. The values marked by the same letter are 

not significantly different (p-value more than 0.05). 

 

Gram-negative bacteria, Pantoea, Pseudomonas, Rahnella and Rhizobium strains, were 

reported to produce IAA [35, 36], and they were isolated from rhizospheric soil [22].  Our strains 

produced different amounts of IAA that was influenced by culture conditions and substrates as 

reported in Streptomyces strains by Matsukawa et al. [37]. Moreover, the isolates from the 

rhizospheric soil were found to be more effective in auxin production, a result which was in 

agreement with the conclusions of Sarwar and Kremer. [38].  

In this study, SN1, SN3-3, SN5, PN1-1, and LS1 proved to be potential isolates for IAA 

production. The study of the effects of medium components (YMD) on IAA production by selected 

isolates using statistical analysis indicated that glucose and peptone were the most suitable sources 

of carbon and nitrogen, respectively. The optimum physical factors at pH 9 and 37oC were 

elucidated. In addition, IAA production was further optimized when the culture medium was 

supplemented with 1.0% L-tryptophan.  

 

 

4. Conclusions 
 

In this study, isolates  LN4-2 and LS1 in Group I, isolate SN1 in Group II,  isolate SN2 in Group 

III, isolate SN6-2 in Group IV, isolates SN3-3, SN5, LN1-4, LN1-2, LN1-8 and isolate PS1-5  in 

Group V, and isolate PN1-1 in Group VI, were  most closely related to Rhizobium pusense, 

Ochrobactrum oryzae, Pseudomonas aeruginosa, Pseudomonas geniculata, Acinetobacter pittii and 

Klebsiella pneumoniae subsp. rhinoscleromatis, respectively. They belong to the gamma 

proteobacteria group. The SN1, SN5 and SN3-3, PN1-1 and LS1 isolates were able to produce IAA 

effectively when optimized for media components, pH, and temperature. 
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Abstract 
 

Produced water is wastewater that is generated as a byproduct of the extraction of oil and natural gas 

from underground reservoirs. It contains emulsified oil, organic compounds, inorganic compounds, 

suspended solids, and dissolved solids. Untreated produced water can cause serious environmental 

problems. In this research, batch adsorption of produced water that came from the Iraqi Midland Oil 

Company using Imperata cylinderica as adsorbent was investigated. All the experiments were done 

with 100 ml of produced water in a 250 ml beaker. The factors investigated were pH of the solution (3, 
5, 7 and 9), temperature (20, 40, 50 and 60°C), adsorbent dosage (0.05, 0.1, 0.2 and 0.4 g), contact time 

(15, 30, 60 and 90 min), and the rotational speed of the mixer (150 rpm). The Taguchi method was used 

to determine the operating conditions. The experimental data were analyzed using statistical 

optimization and the aim was to develop a general model for determining the optimum conditions that  

would lead to 97% oil removal, which turned out to be at 30°C, pH 9, adsorbent dose of 0.1g, and 90 

min contact time. The Langmuir equation fitted the experimental data for the equilibrium isotherm of 

oil removal better than did other equations. A pseudo-first-order adsorption was predominant from the 

kinetics and thermodynamic studies. 

 

Keywords: batch adsorption, Imperata cylindrica, produced water 

DOI 10.14456/cast.2020.33 
 

 

1. Introduction 
 

A huge volume of produced water is generated by the Iraqi Midland Oil Company. The disposal of 

this water into the environment without treatment has the potential to cause serious environmental 

problems. The treatment process to be used in such a situation depends on nature and the quality of 

water needed [1]. The most often used methods for treatment of oily wastewater are skimming, 

gravity separation, neutralization, flotation [2], adsorption, membrane separation [3], coagulation 

and flocculation [4], electrochemical treatment [5], emulsion breaking [6], biochemical and 

biological treatment [7, 8], and activated sludge processing [9]. The low molar mass of organic 
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pollutants means they cannot be removed efficiently when using coagulation and flocculation 

processes [10]. Ion exchange processes are too slow kinetically [11]. Membrane technologies 

require too much power [3]. Most techniques that have been tried to date are not efficient at lower 

concentrations [12]. 

Adsorption stands out for being effective and efficient [13]. Adsorption remains the best 

candidate for this important task because of its simplicity, high efficiency, and easy recovery [12]. 

One of the keys to making biosorption a viable technology is to have a cost-effective biosorbent. By 

using renewable or waste raw materials, this technology has the potential to be more economically 

attractive than conventional technologies [13]. 

Developments in the field of low-cost adsorbents have led to interest in their use in water 

treatment processing [14]. Sorbents may be either natural, based on plants or minerals (cotton [15], 

turf [16], peat-moss [17], sawdust [18], wood shavings [19], wood flour [20], hemp [21], straw [22], 

clay [23]), or artificial or synthetic materials based on viscose, hydrated cellulose [24], synthetic 

fibers, thermoplastic materials, and polyurethane foam [25].  

Several researchers studied the removal of oil from oily water. Muhammad et al. [26] used 

eggshell to remove oil from oil-contaminated water. The removal rate was almost 100% at a 

concentration  of 1.8 g eggshell/l of produced water and oil concentration as high as 194 mg/l. Wang 

et al. [27] improved the efficiency of kapok fiber for oil absorbency. Kapok fiber was treated by 

NaClO2, HCl and NaOH. The effects of time and temperature on oil recovery were studied. The oil 

adsorption capacity of modified sugarcane bagasse in treating oil spills within the water was 

examined [28]. Oil was also removed from water using Auricularia polytricha as adsorbent [29]. 

Other researchers used eggshell as adsorbent and the process was able to remove 91.21% of the oil 

[30]. 

In this research, Imperata cylindrica, here considered as agricultural waste, was used.  

Imperata cylindrica has increasingly been recognized as one of the world's most problematic 

invasive plants [31]. Figure 1 shows the general distribution of Imperata cylindrica throughout the 

world. Its use has presented as worthy of study because biosorbants have come to be seen as a viable 

technology due to their low cost, renewability and availability [32]. 

The aims of this research is to study the removal of oil (by the use of harmful, invasive and 

natural growing plants as adsorbents) from produced water that results from the Iraqi Midland Oil 

Company, by optimizing the conditions of pH, contact time, adsorbent dose and temperature, and 

by finding a general equation that relates these conditions to give an optimum value for adsorption. 

Included are the study of the adsorption isotherms, kinetics and thermodynamics. 

 

 
 

Figure 1. The general distribution of Imperata cylindrica throughout the world, depicted by areas 

of white [26]. 
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2. Materials and Methods  
 

2.1 Imperata cylindrica 
 

Imperata cylindrica, as an agriculture waste, was collected from roadsides and abandoned farmland 

around Baghdad, Iraq. Its properties were determined by FTIR, SEM, and EDX tests, the results of 

which appear in Figures 2 to 4 in the next section. It was washed and milled into 150-210 µm mesh 

size to use in experiments. 

 

2.2 Experimental procedure 
 

A coagulation/flocculation process was conducted using 70 mg/l of KlarAid CDP 1326 and 2.5 mg/l 

of Zetag 8140 to treat produced water. The oil content was reduced to 54.6 mg/l as reported in 

previous work [33]. After that, 100 ml of the produced water was used as a sample to study the 

ability of Imperata cylinderica to adsorb oil. The parameters investigated were pH of the solution 

(3, 5, 7 and 9), temperature (30, 40, 50 and 60 °C), adsorbent dose (0.05, 0.1, 0.2 and 0.4 g) and 

contact time (15, 30, 60 and 90 min). The rotational speed of the mixer was 150 rpm. The oil 

concentration of the samples was analyzed by TD-500, as described in previous work [34].  

 

2.3 Instruments 
 

The equipment and instrumentation utilized to complete the experiments of this research included 

the following:  

 

(1) A sensitive balance with accuracy down to 0.00001g  

(2) Shaker with a perforated platform, Tablar 2000, Heidolph 

(3) Hot plate with a magnetic stirrer and controlling thermostat.  

(4) Water bath, model WNB, Memmert company.  

(5) UV-visible spectrophotometer, model GenesysTM 10, Thermo company   

(6) X-ray diffraction device (XRD-6000, Shimadzu, device for qualitative analysis and 

energy- dispersion X-ray spectroscopy (EDX-7000, Shimadzu, device for quantitative analysis).  

 

2.4 Adsorption isotherms models 
 

The distribution of the contaminant between the solid and liquid is the Adsorption isotherm [35, 36].  

 

2.4.1 The Langmuir model 

 

The Langmuir isotherm assumes monolayer adsorption. Equation 1 was used to describe this type 

of isotherm [37-39]: 

𝑞𝑒 =
𝐾𝑙 𝐶𝑒

1+𝑎𝑙𝐶𝑒
                 (1) 

 

where Kl (l/g ) and al (l/mg )  represent Langmuir constants. 

 

2.4.2 The Freundlich model 

 

In this type of isotherm, the adsorption sites are distributed exponentially [38], and the isotherm is 

represented by equation 2 [40, 41]: 
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qe   =   af Cebf             (2) 

 

where qe is the oil adsorbed (mg/g),  af (mg/g) is the capacity of multilayer adsorption, and bf an 

empirical number that indicates the intensity of adsorption. 

 

2.4.3 Temkin isotherm model 

 

This model was obtained with consideration of adsorption interaction and adsorption substances 

[42], and in this model the heat of adsorption decreases linearly with coverage. Equation 3 describes 

this relation:  

qe   =   
𝑅𝑇

𝑏
lnACe           (3) 

 

where ( 
𝑅𝑇

𝑏
)= B(j/mol), which is the Temkin constant, A (L/g ) is the equilibrium binding constant, 

R is the universal gas constant and T (oK) is absolute solution temperature. 

 

2.4.4 Harkins-Henderson model   

 

This model assumes a multilayer adsorption [43]. Equation 4 describes the Harkins-Henderson 

isotherm:  

qe  =    
KH−H

1 n⁄

ce
1 n⁄             (4) 

 

Here, n and K H-H  are isotherm constants. 

 

2.5 Adsorption kinetics 
 

The study of the adsorption kinetics shows the adsorbed rate of adsorbate on the adsorbent. It is 

therefore required for finding the best-operating conditions for the batch process [44]. There are 

many kinetic models that analyze adsorption kinetics data. 

 

2.5.1 Pseudo-first-order kinetic model  

 

This model was proposed by Lagergren [45]. The linearized form is shown in equation (5). 

 

Log(qe-qt)= logqe–k1t/2.303               (5) 

 

In this equation, qe (mg/g) and qt (mg/g) are the adsorption capacities at equilibrium and at time t, 

respectively, where k1 is the rate constant of pseudo-first-order adsorption (min-1) [46]. 

 

2.5.2 Pseudo-second-order kinetic model 

 

The pseudo-second-order kinetic model can be represented as follows [47]: 

 
𝑑𝑞𝑡

𝑑𝑡
= ks(qe-qt)2              (6) 

 

where ks is the rate constant of adsorption, g/(mg.min). 
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2.5.3 Intra particle diffusion study 

 

In the intraparticle diffusion model, adsorption occurs on the surface of the adsorbent initially, then 

the sorbate diffuses into the interior pores of the adsorbent. The following relationship describes this 

process:  

 

qt= kid t 1/2+ C            (7) 

 

where kid and C are the intra-particle diffusion rate constants.  

 

2.5.4 Elovich model 

 

Heterogeneous chemisorption is assumed in the Elovich model. It is widely used in liquid-solid 

adsorption [47]. Equation 8 describes this type: 

 

qt = 1/ β ln (α β) + 1/ β ln t            (8) 

 

where α is the initial bio-sorption rate (mg/g.min) and β is related to the extent of surface coverage 

and the activation energy for chemisorption (g/mg). 

 

2.6 Adsorption capacity 
 

Equation 9 was used to calculate the  adsorption capacity (q) [32]:  

 

Q   =   
𝑉(𝐶0−𝐶𝑒)

𝑀
           (9) 

 

where Q is the capacity of adsorption (mg/g), Co is the initial concentration (mg/l), Ce is the 

equilibrium concentration, M is the dosage of adsorbent (g), and V is the volume of solution (l).  

The percentage of the oil removal is calculated using equation 10: 
 

(%) Oil removal   =   
𝐶0−𝐶𝑒

𝐶0
× 100          (10) 

 

 

3. Results and Discussion 

 

3.1 Produced water 
 

The specification of the sample supplied by the Midland Oil Company was TDS= 157,790 mg/l and 

TSS = 21.6 mg/l. The other substances’ concentrations in produced water are shown in Table 1. 

 

3.2 Fourier transforms infrared spectroscopy (FT-IR) investigation 
 

The FT-IR spectra images of Imperata cylinderica were recorded and shown in Figure 2. The 

medium-length two peaks observed at 2,916 cm−1 and 2,849 cm−1 are attributed to the presence of 

C-H asymmetrical stretching and symmetrical stretching, respectively. The peak at 1,731.91 cm−1 

was assigned to C=O stretching of the carboxylate group, and the peak at 1,462 cm−1 is related to 

C=C stretching of the alkene group. Chowdhury et al. [41] indicated that the main functional groups 
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responsible for the adsorption process are the alkene, aldehyde, carboxylic acid, nitro compound, 

and phosphate groups [48]. 

 

Table 1. Analyses of produced water 

 

Compounds Concentration (mg/l) 

Calcium 7,840 

Magnesium 2,352 

Chloride 107,192 

Sulphate 3,763 

Bicarbonate 263.5 

Carbonate n.d. 

Oil and grease 550 

Iron <0.02 

Manganese 3 

Chrome <0.2 

Zinc 1.1 

Nickel <0.2 

 

 

 
 

Figure 2. Fourier transforms infrared spectroscopy of Imperata cylindrica 

 

3.3 Scanning Electron Microscopic (SEM) and Energy Disperse X-ray spectra 

(EDX) investigations 
 

The SEM images and EDX spectra of Imperata cylinderica surface are shown in Figures 3 and 4. It 

is clear from the images that the surface was irregular and rough, and had many creases. The white 

region in the SEM spectrum indicated the presence of large amounts of silica (Si) can possibly 

enhance the adsorption capacity of adsorbent. Furthermore, EDX is a very good tool for identifying 

elements on the adsorbent surface. The presence of C, O, and Si ions on Imperata cylinderica surface 

was confirmed by the peaks at 0.2, 0.5, and 1.7 keV, respectively. 
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Figure 3. Scanning Electron Microscopic (SEM) of Imperata cylinderica 

 

 

Figure 4. EDX spectra of Imperata cylinderica 

 

3.4 Modeling  

The main objective of this study was to find the optimal conditions for the adsorption process. The 

Taguchi method was used to determine the best operating conditions, as shown in Table 2. Statistical 

optimization was used to analyze experimental data and to develop the general model equation 11: 

y = (68.96738-(1.02744*x3) + (0.0136*x2*x3) + (1.34999*x3*x4)-(2.328*x2*x4))         (11) 

 

where: X2 = Temperature , X3 = Time , and X4 = adsorbent dose. 

 

3.4.1 Effects of variables 

 

The effects of different conditions on oil adsorption by Imperata cylinderica using the combined 

variables are shown in Table 2. Sixteen experiments were conducted using the Taguchi method to 

design the batch adsorption experiments, then various models were used to study the isotherm and 

the kinetics. 

The pH(X1) has no significant effect on the adsorption process due to previous treatment 

using coagulation and flocculation which neutralized the produced water. Figure 5 proves that the 

data was distributed close to linearly (R2 = 0.972), showing a good relationship between the 

observed and predicted oil concentrations. 
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Table 2. Experimental design for batch process 

No. pH Temperatue 

(°C) 

Time 

(min) 

Adsorbent 

dosage 

(g) 

Oil 

concentration 

(ppm) 

1 3 30 15 0.05 32.0 

2 3 40 30 0.10 13.4 

3 3 50 60 0.20 6.8 

4 3 60 90 0.40 8.3 

5 5 30 30 0.20 22.4 

6 5 40 15 0.40 15.8 

7 5 50 90 0.05 2.60 

8 5 60 60 0.10 5.80 

9 7 30 60 0.40 32.0 

10 7 40 90 0.20 12.0 

11 7 50 15 0.10 19.2 

12 7 60 30 0.05 14.3 

13 9 30 90 0.1 1.5 

14 9 40 60 0.05 9.9 

15 9 50 30 0.40 14.8 

16 9 60 15 0.20 8.2 

 

 

 

 

Figure 5. Observed and predicted oil concentration 

 

Table 3 shows that the F-value is 56.65872 and the probability value (p) is 0.00016, 

indicating the significance of the model. 
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Table 3. ANOVA test results 

P-value F-value Mean 

Squares 

DF Sum of 

Squares 

Effect 

Regression 4204.430      11.0000         382.2209 56.65872 0.00016 

     Residual 33.730   5.0000 6.7460   

     Total 4238.160      16.0000    

 

3.4.2 Effect of contact time on oil removal 

 

The relationship between contact time and oil removal by Imperata cylindrica was tested through 

batch experiments to achieve equilibrium as shown in Figure 6. Oil removal increased with contact 

time. The rapid adsorption in the first 5 to 30 min can be attributed to the high availability of vacant 

surface sites during the initial stages. After around 45 min, the adsorption rate started to decline as 

there were less available adsorption sites [49]. 

 

 

 

Figure 6. The effect of contact time on percent oil removal by Imperata cylinderica at T = 60oC, 

Adsorbent dose = 0.5 g/100 ml 

 

3.5 Finding the optimal conditions by Taguchi experimental design 
 

3.5.1  Effect of adsorbent dose on oil removal 

 

The effect of adsorbent dosage at specific conditions on the percentage removal of oil is shown in 

Figure 7. It can be seen that the removal of oil increased with increasing adsorbent dosage and 

attained a maximum value of 100% at an adsorbent dosage of 0.753 g/100 ml. The adsorption 

process increased with an increase in sorbent dosage due to the increase of unsaturated oil binding 

sites [26].    
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Figure 7. The effect of adsorbent dose on percent oil removal at T = 60oC and t = 45min 

 

3.5.2  Effect of temperature on oil removal 

 

The effect of temperature on oil removal is shown in Figure 8. It is known that oil is sticky and 

hydrophobic. Temperature affects the solubility of liquids. Increasing the temperature will increase 

the solubility, hence it improves the mass transfer processing, and the removal of oil should increase 

[50, 51]. 

 

 

 

Figure 8. The effect of temperature on percent oil removal at t = 45min and adsorbent dose = 

0.753 g/100ml 

 

3.6 Adsorption isotherm results 
 

The linearized forms of the Langmuir, Freundlich,Temkin and Harkins-Henderson isotherm models, 

as shown in equations (1), (2), (3) and (4), respectively, were analyzed using Microsoft Excel 

Software to find the isotherm constants. These constants are presented in Table 4, and it can be seen 

that the regression correlation coefficient (R2) of the Langmuir equation (R2 = 0.998) is more linear 

when compared with that of other equations, implying that the adsorption isotherm data are well 

fitted by the Langmuir isotherm. Figure 9 shows the experimental curve and isotherm model curves. 
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Table 4. The constants of isotherm models 

Isotherms Parameters Values 

Langmuir 

qL 

KL 

R2 

0.1404 

1.17 

0.998 

Freundlich 

bf 

aF 

R2 

0.77 

1.89 

0.966 

Temkin 

B 

A 

R2 

0.931 

34.47 

0.931 

Harkins-Henderson 

n 

KH-H 

R2 

1.2987 

2.29 

0.966 

   

 

 

 

Figure 9. Adsorption isotherm of oil content adsorbed onto Imperata cylinderica 

 

The experimental data fit the Langmuir isotherm very well, which means that the process 

is a single-layer one and the maximum adsorption of oil molecules is only on the surface of Imperata 

cylinderica [42]. The Langmuir isotherm assumes a finite number of active sites available over the 

surface of the adsorbent and there is no interaction among adsorbed molecules. The same finding 

was observed by Sarkheil et al. [28]. 

 

3.7 Adsorption kinetics results 
 

The instantaneous adsorption of the batch process was investigated using four different models. 

These kinetic models included the pseudo-first-order, pseudo-second-order, intra-particle diffusion, 

and Elovich models. The experimental results were employed to derive the kinetic parameters using 

these models. The contacts for these models were obtained using Microsoft Excel Software. Table 

5 shows the results of these analyses and Figures 10 to 13 represent the adsorption capacity with the 

fitted model. Figure 10 represents the relation of log (qe-qt) and time for a pseudo-first-order model. 

Figure 11 represents the relation of (time/qt) and time for a pseudo-second-order model, Figure 12 

0

1

2

3

4

5

6

7

8

9

0 10 20 30 40 50 60

q
e
)

m
g/

g)

Ce (ppm)

q experimental

q langmuir

q freundlich

q temkin

q Harkins

Linear (q Harkins)



Current Applied Science and Technology Vol. 20 No. 3 (September-December 2020) 

505 

 

represents the relation of qt and (time) 0.5 for an intra-particle diffusion model, and Figure 13 

represents the relation of qt and ln (time) for the Elovich model.  

 

Table 5. Kinetic models constants for the adsorption of oil onto Imperata cylinderica 

 

Model Parameters Values 

Pseudo-first order 

equation (5) 

qe 

K1 

R2 

142.2 

0.0207 

0.984 

Pseudo-second order 

equation (6) 

qe 

Ks 

R2 

0.543 

1.826 

0.938 

Intra-particle diffusion 

equation (7) 

Kid 

C 

R2 

0.967 

0.474 

0.979 

Elovich 

equation (8) 

α 

β 

R2 

2.895 

0.515 

0.912 

   

 

 

 

 

Figure 10. Pseudo-first-order adsorption kinetics of produced water onto Imperata cylinderica 
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Figure 11. Pseudo-second-order adsorption kinetics of produced water onto Imperata cylinderica 

 

 

 

 

Figure 12. Intra-particle adsorption kinetics of produced water onto Imperata cylinderica 

 

 

 

 

Figure 13. Elovich model for adsorption kinetics of produced water onto Imperata cylinderica 

 

 

y = 0.1076x + 1.8236

R² = 0.9382

0

1

2

3

4

5

6

7

0 10 20 30 40 50

t/
q

t

t (min)

y = 0.9674x + 0.4743

R² = 0.9798

y = 0.9674x + 0.4743

0

1

2

3

4

5

6

7

8

0 1 2 3 4 5 6 7 8

q
t(

m
g/

g)

t^0.5 (min)

y = 1.9428x - 0.776

R² = 0.9121

0

1

2

3

4

5

6

7

8

0 0.5 1 1.5 2 2.5 3 3.5 4

q
t(

m
g/

g)

lnt



Current Applied Science and Technology Vol. 20 No. 3 (September-December 2020) 

507 

 

By comparing the correlation coefficient (R2) values of each curve for all five models listed 

in Table 5, it seems that the kinetics of the oil content adsorption onto Imperata cylinderica was a 

better fit with a pseudo-first-order model than it was with other models. This indicates the 

applicability of the Lagergren kinetic model to describe the adsorption process of oil onto Imperata 

cylindrical. Moreover, this result is in agreement with Alam et al. [32]. 

 

3.8 Adsorption thermodynamic results  
 

The effect of temperature on oil adsorption was studied at temperatures ranging from 20 to 60°C. 

The Gibbs energy change (∆G°) indicates the degree of the spontaneity of an adsorption process, 

and a higher negative value reflects more energetically favorable adsorption [52, 53]. 

Thermodynamic parameters such as standard free energy change (∆G°), standard enthalpy change 

(∆H°) and standard entropy change (∆S°) were calculated using the following relations [24]: 

 

∆G°   =   -RTlinKc         (12) 

∆G°   =   ∆H°-T∆S°         (13) 

 

where R is the universal gas constant (8.314 J/mol. K), T is the temperature (°K) and Kc is the 

thermodynamic equilibrium constant without units. The enthalpy change (ΔH°) and entropy change 

(ΔS°) of adsorption are obtained from the following equation 

 

linKc   =   (∆S°)/R  -(∆H°)/RT          (14) 

 

According to Equation (9), (ΔH°) and (ΔS°) parameters can be calculated from the slope 

and intercept of a plot of linKc versus 1/T, respectively (Figure 14). 

 

 
 

Figure 14. Thermodynamic parameters for oil adsorption onto Imperata cylinderica 

 

These thermodynamic parameters can offer insight into the type and mechanism of an 

adsorption process. Values of free energy change ∆G° are negative confirming that oil adsorption is 

spontaneous and thermodynamically favorable since ∆G° became more negative (-0.27,-0.39 and-

0.63 KJ/mol) with an increase in temperature at 20, 30 and 60C, respectively, indicating a high 

driving force and hence resulting in higher adsorption capacity at higher temperatures. The positive 

value of ∆H° indicated the endothermic adsorption process (0.756 KJ/mol.). A small but positive 

value of ∆S° (0.0225 KJ/mol.K) in the temperature range 20-60°C suggested increased randomness 

at the solid-solution interface because some water molecules were dislodged during adsorption of 

oil [54, 55]. 
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4. Conclusions 
 

This study found that the Imperata cylinderica tested, which is one of the numerous kinds of 

agriculture waste, was very effective in removing oil from produced water through adsorption at 

low and high initial concentrations and at different temperatures. Imperata cylinderica was studied 

using X-ray diffraction and energy dispersion X-ray spectroscopy techniques, and by other 

techniques as well. The results showed that Imperata cylinderica is effective as an oil adsorbent 

from produced water due to the availability of effective functional groups, and the presence and 

nature of these groups was confirmed by FTIR. Very high oil removal efficiencies of the order of  

97% were reached at temperature 30°C, pH 9, adsorbent dose 0.1 g, and 90 min contact time. The 

main objective of this study was to find the optimal conditions for the adsorption of oil.The Taguchi 

method was used to determine the best operating conditions. The method was used to design the 

batch adsorption experiments, and then to study the isotherm, and the kinetics. Next, statistical 

optimization was used to analyze experimental data and develop the general model. The adsorption 

isotherm was studied, and the linearized forms of the Langmuir, Freundlich, Temkin, and Harkins-

Henderson isotherm models were analyzed using Microsoft Excel Software in order to find the 

relevant isotherm constants. The regression correlation coefficient (R2) of the Langmuir equation 

(R2 =0.998) was more linear when compared with that of other models, implying that the adsorption 

isotherm data fitted the Langmuir isotherm well. The instantaneous adsorption of the batch process 

was investigated using four different models: the pseudo-first-order, pseudo-second-order, intra-

particle diffusion, and Elovich models. The experimental results were employed to derive the kinetic 

parameters using these models, and the kinetics of oil adsorption onto Imperata cylinderica was 

found to be best fitted with a pseudo-first-order model. Thermodynamic parameters such as standard 

free energy change (∆G°), standard enthalpy change (∆H°) and standard entropy change (∆S°) were 

studied at a temperature ranging from 20 to 60 °C. Finally, we recommend that the oil adsorbed by 

Imperata cylindrica from the produced water should be burned in oil-fired power stations as a 

heating source. 
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Abstract 
 

In this study, new biopreparations based on Spodoptera litura nuclear polyhedrosis virus 

(SlituraNPV) and Bacillus thuringiensis subsp. mexicanensis (Btm) were evaluated against two 

important pests: cotton leaf worm, Spodoptera littoralis, and the root knot nematode, Meloidogyne 

incognita, in 2017 and 2018. The mortality of treated S. littoralis larvae occurred, with combination 

treatments of SlituraNPV and Btm at two concentrations (20 and 30%), without significant 

differences between the two tested concentrations (87.9 and 94.0, respectively). Deformities among 

pupae were the highest in Btm treatments, followed by SlituraNPV treatments, then the fewest 

deformed pupae were recorded in the combined treatment. Increases of the soybean mean seed 

weights were highly significant with combined treatment when compared to the controls, in both 

years, and the greatest expansion was seen with combination treatment. The treatment of M. 

incognita with Btm was highly effective for nematode J2-mortality. Furthermore, the mean numbers 

of all recorded parameters for tomato showed significant differences.  
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1. Introduction 
 

The Egyptian cotton leaf worm, Spodoptera littoralis (Boisd.) (Lepidoptera: Noctuidae) is certainly 

one of the most damaging agricultural lepidopteran pests within the subtropics and tropics [1]. It is 

a hugely polyphagous pest, which presents in almost the whole of Africa, as well as in parts of the 

Middle East and southern Europe [2, 3]. This insect uses at least 112 species, in 44 plant families, 

as host plants, for food or for oviposition. In Egypt, it can attack many economically important crops 

throughout the year, especially cotton and some vegetables [1, 3, 4]. The level of invasion may reach 

up to 119,048 egg-mass ha-1, inflicting a great harm to all parts of plants [5-9]. Despite the 

introduction of several management procedures, this pest is still inflicting significant damage. 

Meloidogyne incognita (Kofoid and White) (Nematoda; Meloidogynidae), which is  a plant 

parasitic nematode of the root knot nematode type,  is an important pathogen in many crops around 

the world, such as onion, soybean, rice, olive, cucumber, tomato and potato [10-13]. Yield losses of 

up to 50% may be incurred from intense infestations of the nematode [14].  

Although pesticides still play a crucial role in the control of plant pathogenic nematodes 

and insect pests such as root-knot nematodes and cotton leaf worm, the massive-scale application 

of such chemicals causes many environmental problems that cannot be ignored. Furthermore, many 

pests have developed resistance to the pesticides used, and an example of this is the case of S. 

Littoralis, which has developed resistance to many pesticides [15]. The use of pesticides poses acute 

and chronic hazards to human and non-target organisms. Such chemicals can pollute the 

environment, challenge wildlife populations, and cause serious public health and food safety 

problems [7, 16]. 

Biological control is a successful method that can be used to manage damage from many 

pests. In fact, biopesticides production and use is growing at an annual rate of 10-20%, a rate that 

shows it is outpacing the chemical pesticide products industry [17]. Several studies have revealed 

much about the insecticidal and nematicidal effects of Bacillus thuringiensis (Bt) against 

economically important insect pests and phytoparasitic nematodes. This bacterium represents an 

important and useful group for microbial control of lepidopteran pests including the Egyptian cotton 

leafworm S. littoralis (Boisd.), tobacco cutworm S. litura (F.), fall armyworm S. frugiperda Smith, 

beet armyworm  S. exigua (Hübner) [18], corn borers S. nonagrioides (Lef.) and Ostrinia nubilalis 

(Hübner), cotton bollworm  Helicoverpa armigera (Hübner), corn earworm Helicoverpa 

zea (Boddie) and soybean looper Chrysodeixis includens (Walker) [18-21]. The toxicity of Bt 

towards phytoparasitic nematodes such as potato cyst nematode (Globodera pallida) and root knot 

nematode (Meloidogyne incognita, M. javanica) [22-24], has also been demonstrated.  

Baculoviridae is a family of viruses with circular, covalently closed, double-stranded DNA 

genomes that range in extremely tiny size from 100 to 180 kbp. The virion (an infective baculovirus 

particle) is occluded into large proteinaceous capsules or occlusion bodies that are rod-shaped 

polyhedrons. Two genera have been recognized, Nucleopolyhedrovirus (NPV) and Granulovirus 

(GV), known as Alphabaculoviridae and Betabaculoviridae, respectively [25]. Baculoviruses show 

a scanty host limit, generally infecting only closely related species. These baculoviruses are 

potentially useful as biological control agents and have been used effectively to manage different 

insect pests [26, 27]. NPVs have an impact on a massive range of insect pests and can cause lethal 

epizootics in susceptible species. The bacterial biopreparations demand around 74% of the market 

whilst the viral ones around 5% [28]. This study aims to evaluate the biological aspects of new 

biopreparation upon field application, and to illustrate their impact on Egyptian cotton leafworm 

and root knot nematodes. 
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2. Materials and Methods  
 

2.1. Microbial agents 
 

In the present study, S. litura nuclear polyhedrosis virus (SlituraNPV) and B. thuringiensis subsp. 

mexicanensis (Btm) were used. The Btm was isolated in 2003 from the citrus mealybug, 

Planococcus citri (Risso) on a sour orange tree, at the courtyard of Faculty of Agriculture, El-

Shatby, Alexandria University, Alexandria, Egypt [29]. Serotyping of this local strain was kindly 

confirmed by Prof. Lecadet Marguerite, Pasteur Institute, Paris, France. The tested virus was 

originally isolated from moribund larvae of the cotton leafworm S. littoralis, collected in 2017, from 

fields of the Agricultural Research Station Farm, Nubaria, 47 km west of Alexandria City, Egypt. 

The NPV was propagated in S. littoralis larvae. NPV-murdered larvae were amalgamated in sterile 

water and then refined through four layers of cotton fabric [30] to obtain a suspension of 7.93×108 

polyhedra g-1 of the dry preparation. The virus particles were then partially purified and subjected 

to a molecular identification using specific primers [31]. The formulation was produced by adding 

the suspensions of Btm and virus to a suitable proprietary adjuvant (Patent no. 473/2014). The 

biopreparation of Btm was produced by adding the adjuvant into other ingredients after sterilizing. 

The initial Btm preparation contained 1.23×109 CFU g-1 of the dry preparation.  

 

2.2. Isolation and PCR amplification of the viral DNA 
 

The viral DNA was obtained from the infected S. littoralis using DNA virus isolation kit (Qiagene, 

USA) according to the manufacturer’s procedures. A 1 µl (100 ng) sample of the purified DNA was 

used for PCR amplification of the SlituraNPV-polyhedrin gene using specific primers. The PCR 

reaction mixture consisted of 1 µl DNA sample, 12.5 Master mix (Fermentas, USA), and 1 μl (20 

pmol) of each primers of the polyhedrin gene; forward: 5’ TA(CT) GTG TA(CT) GA(CT) AAC 

AA T 3’ and reverse: 5’ TTG TA(GA) AAG TT(CT) TCC CA(AG) AT 3’ in a final volume of 25 

μl. The cycling conditions for polymerase chain reaction were as follows: 1 cycle at 94°C for 5 min., 

followed by 35 cycles of; 94°C for 30 s; 49°C for 1 min and 72°C for 1 min, and an extension cycle 

at 72°C for 10 min. Amplification was accomplished using a DNA thermal cycler (Eppendorff, 

USA). The PCR amplified product was clarified by a PCR clean-up column kit (QIAGEN, 

Germany) and examined on agarose gel electrophoresis. After the sequencing process, the annotated 

nucleotide sequence was analyzed using NCBI-BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi), 

and compared with those of previously reported SlituraNPVs. The sequence was deposited in 

GenBank with the accession number MN649826 Spodoptera_LAST Spodopera.  

 

2.3. Semi-field application test against S. littoralis 
 

The experiment was carried out at Nubaria Agriculture Research Station, km. 47 Cairo-Alexandria 

road during 2017 and 2018. The experimental area was divided into plots of 3.5m x 3m (10.5 m2), 

each arranged in a randomized complete block design with three replicates for each treatment. The 

common soybean variety Giza 111 was planted in mid-May each year and normal agriculture 

practice was followed. Treatments consisted of (1) Btm alone, (2) SlituraNPV alone, (3) a 

combination of the two entomopathogens and (4) an untreated control. The microbial agents, alone 

and in combination, were prepared with each of two concentrations, 20% and 30% (W/V), for a total 

of 7 treatments. 

The preparations were sprayed at a rate of 494 l ha-1 using a manually pressurized 10 l 

backpack sprayer after observing the first egg mass in field, and after two weeks, untreated plants 

were sprayed by water only. Sprays were applied thoroughly to cover the plants. Some egg masses 



 
Current Applied Science and Technology Vol. 20 No. 3 (September-December 2020) 

515 

 

of S. littoralis were taken to the laboratory for hatching and rearing. Everyday, soybean leaves were 

collected at random from each plot for feeding larvae in the laboratory. Each container contained 

ten middle-sized leaves, and one egg mass was placed on sprayed leaves after counting the eggs in 

the mass. Percent mortality of larvae was determined after five days; adjusted mortality rate (P) was 

calculated based on the following formula [32]: 

where P = [P observed - P expected/control / (1- P expected/control] x 100. 

At harvest, the seed weights per plot were recorded as proper indicator of yield.   

 

2.4. Root-knot nematode preparation 
 

The root-knot nematode M. incognita used in this study was supplied by the Plant Pathology 

Department, Faculty of Agriculture, Alexandria University. The nematodes were propagated on 

tomato plants, Solanum lycopersicum cv. Alisa, cultivated in sandy clay soil. Inocula of M. incognita 

were prepared by extracting nematode eggs from nine-week-old nematode-infected tomato roots. 

Active juveniles (J2) of M. incognita were obtained by using Baermann plate technique [33, 34]. 

 

2.5. Nematicidal bioassay of Btm  
 

2.5.1. In vitro effect 

 

The microbial agent (Btm) was tested on second-stage juveniles (J2) of M. incognita under 

laboratory conditions. Two rates (20 and 30%, w/v) of each treatment as described earlier were 

prepared in distilled water. Five replicates of each rate were used with about 150 M. incognita 

juveniles. The assays were conducted in 6-well plastic ELISA plates, with the plates incubated in 

the lab at room temperature (27º+ 2ºC). The control treatment was distilled water. The mortality of 

J2s was determined after 24 h, 48 h and 72 h of exposure. 

 

2.5.2. In planta effect 

 

The nematicidal activity of Btm towards M. incognita was examined in planta, using tomato plants 

(S. lycopersicum cv. Alisa). The assay was performed in 15 plastic pots, 15 cm in diameter and 14 

cm in depth, filled with 1 kg of an autoclaved mixture of a sandy loam soil (1:1, sand: loam). Three 

weeks after sowing, each pot was thinned to one plant. The pots were then each inoculated with 

close to 3000 second-stage juveniles (J2) of M. incognita by running 10 ml of a nematode suspension 

into an aperture having a 3-5 cm depth around the plant stem. Each treatment consisted of 5 pots 

and an additional 5 pots were left to serve as controls. The pots were arranged in a completely 

randomized design, one plant per pot. Infested pots were kept on a bench in the greenhouse and 

maintained for two months at 25°C±5°C. After this incubation period, the root groups were 

harvested and assessed for galling (number of galls per root system), and egg masses per root using 

an aqueous solution of phloxine-B stain (0.15 g l-1 tap water) for 15-20 min, and then the roots were 

rinsed in tap water to remove residual stain [34]. The percent reduction was calculated using the 

Abbott correction [31]. 

 

2.6. Data analysis 
 

Data were analyzed using IBM SPSS software package version 20.0 (Armonk, NY: IBM Corp). The 

Kolmogorov-Smirnov test was used to verify the normality of distribution of variables. Comparisons 

of categorical variables between groups were assessed using Chi-square test (Fisher or Monte 

Carlo). Smirnov, Shapiro, and D’agstino tests were used to verify the normality of distribution of 
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variables, Student t-test was used to compare two groups for normally distributed quantitative 

variables, while ANOVA was used to compare more than two groups for normally distributed 

quantitative variables. This was followed by Post Hoc test (Tukey) for pairwise comparison. 

Spearman coefficient was used to correlate between quantitative variables. Significance of the 

obtained results was judged at the 5% level.    

 

 

3. Results and Discussion 
 

Viral identification involved the use of PCR with specific polyhedrin gene primers, and an amplicon 

with a molecular size of ~1200 bp was detected (Figure 1). After PCR product purification and 

sequencing, the DNA sequence was delivered to the GenBank database under the accession number 

of MN649826. NCBI-BLAST alignment and phylogenetic analysis (Figure 2) indicated that our 

virus isolate was closely linked to the two isolates (Spodoptera litura NPV) of Chinese and 

Australian origin (AF037262, AF068189), respectively, with a similarity of 86% to viral isolates of 

S. litura from 4 countries. An Indian isolate of SlNPV (Y10254) was considered an outlier for all 

the examined genes in the constructed tree. On the other hand, when the analysis performed, using 

the deduced amino acid sequences, it was observed that our isolate showed only 50% similarity with 

a French isolate of SlNPV (X99073).  

 
 

 

  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 1. PCR amplification of the polyhedrin gene from the DNA extracted from the cotton leaf 

worm S. littolaris infected with the SlituraNPVs 
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Figure 2. Phylogenetic tree of the isolated polyhedrin genes compared with the others published 

in the GenBank. The phylogenetic trees were constructed using the Mega 5 program using 

UPGMA type. A: phylogeny was constructed based on the nucleotide DNA sequence; while B: 

the phylogeny was constructed based on the deduced amino acid sequences 

 Data presented in Tables 1 and 2 illustrate the insect stage effect on responses of S. 

littoralis after foliar application by the treatments (Btm, SlituraNPV and both SlituraNPV and Btm) 

in 2017 and 2018. The percentage mortality of the treated S. littoralis larvae is presented in Table 

1. Our results reveal that the impact of the combined SlituraNPV and Btm at 20% and 30% gave the 

highest activity of 87.9% and 94.0%, respectively, without any significant differences between these 

two concentrations. Mortality of S. Littoralis larvae treated with SlituraNPV alone, at 20% and 30%, 

was 73.6% and 77.3%, respectively, which was higher than the corresponding mortality of larvae 

treated with Btm alone, which was 60.2% and 63.8%, respectively, in 2017.  In 2018, similar results 

were obtained (Table 2). 

 In both years, the results of all treatments showed a numerical but not statistically 

significant increase in the mortality percentage of S. littoralis larvae with highly significant 

differences between the type of treatments; but there were no significant differences between the 

concentrations of the same treatment used in 2017 and 2018 (Tables 1 and 2). According to the 

high percentage of mortality, the treatments of the combinations of Btm and SlituraNPV were highly 

effective. In 2017, after application of SlituraNPV or Btm (20 and 30%), the percentage of abnormal 

pupae of S. littoralis was 11.9 and 5.7%, respectively while it was 25.1% and 22.5% after the 

treatment with SlituraNPV (20 and 30%). However, the abnormal pupae percentage of the target 

insect, treated with Btm 20% was 37.1%, and with Btm 30% was 34.4% (Table 1). The pupal 

abnormality was the highest with Btm treatment, followed by SlituraNPV, and the lowest abnormal 



 

 

 

 

Table 1. Biological parameters of S. littoralis after field foliar application in 2017 

Biological 

parameters 

Btm SlituraNPV SlituraNPV and 

Btm 

Untreated 

(control) 

χ2 p 

20% 30% 20% 30% 20% 30% 0%   

Total number of 

eggs 

1820 1914 1911 1857 1853 1912 1862   

Number of dead 

larvae  

1095a 

(60.2%) 

1221a 

(63.8%) 

1406b 

(73.6%) 

1436b 

(77.3%) 

1629c 

(87.9%) 

1798d 

(94.0%) 

21e 

(1.1%) 

4714.052* ≤0.001* 

Number of 

abnormal pupae 

675a 

(37.1%) 

658a 

(34.4%) 

480b 

(25.1%) 

418b 

(22.5%) 

221c 

(11.9%) 

109d 

(5.7%) 

3e 

(0.2%) 

1419.329* ≤0.001* 

Number of 

abnormal adult 

moths 

41a 

(2.3%) 

27ab 

(1.4%) 

18bc 

(0.9%) 

3d 

(0.2%) 

3d 

(0.2%) 

5cd 

(0.3%) 

0d 

(0.0%) 

106.382* ≤0.001* 

Number of 

normal adult 

moths 

9a 

(0.5%) 

8ab 

(0.4%) 

7ab 

(0.4%) 

0b 

(0.0%) 

0b 

(0.0%) 

0b 

(0.0%) 

1838c 

(98.7%) 

12738.011* ≤0.001* 

Different superscripts are statistically significant at p<0.05 in the same row.  
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Table 2. Biological parameters of S. littoralis after field foliar application in 2018 

Biological parameters Btm SlituraNPV SlituraNPV and 

Btm 

Untreated 

(control) 

χ2 p 

20% 30% 20% 30% 20% 30% 0%   

Total number of eggs 1789 1852 1848 1798 1836 1817 1839   

Number of dead larvae  1228a 

(68.6%) 

1349a 

(72.8%) 

1431b 

(77.4%) 

1437b 

(79.9%) 

1695c 

(92.3%) 

1625c 

(89.4%) 

19d 

(1.0%) 

4944.390* ≤0.001* 

Number of abnormal 

pupae 

508a 

(28.4%) 

432b 

(23.3%) 

409b 

(22.1%) 

350b 

(19.5%) 

138c 

(7.5%) 

184c 

(10.1%) 

0d 

(0.0%) 

849.150* ≤0.001* 

Number of abnormal 

adult moths 

38a 

(2.1%) 

45a 

(2.4%) 

5b 

(0.3%) 

6b 

(0.3%) 

3b 

(0.2%) 

7b 

(0.4%) 

0b 

(0.0%) 

138.699* ≤0.001* 

Number of normal adult 

moths 

15ab 

(0.8%) 

26b 

(1.4%) 

3ac 

(0.2%) 

5ac 

(0.3%) 

0c 

(0.0%) 

1c 

(0.1%) 

1820d 

(99.0%) 

12232.302* ≤0.001* 

2: Chi square test  

Different superscripts are statistically significant at p<0.05 in the same row. 
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pupae were in the combination treatment. There were no significant differences between different 

concentrations in the same treatment; with the except of the combination treatment where the result 

recorded at a high concentration (30%) was less significant than a lower one (20%). On the other 

hand, there was the difference between the two concentrations of Btm treatment in 2018 (Table 2), 

hence it was 28.4 and 23.3%, respectively, for Btm (20%) and (30%). Other treatments in 2017 

revealed the same significance in pupa abnormality. There were significantly different percentages 

of abnormal moth after treatment, where the Btm (20 %) treatment gave the highest abnormal moth 

numbers, while the lowest was the combination (30 %) treatment. 

In the two years of this study, significant differences were found in the number of normal 

and abnormal moths of S. littoralis after foliar application with the current treatments. Furthermore, 

all treatments used showed a clear effect on numbers of dead larvae, abnormal pupae, abnormal 

moths and normal moths of the target insect S. littoralis compared with the untreated control (Tables 

1 and 2). 

Some of the obvious symptoms in infected larvae, in addition to deformed pupae, are 

illustrated in Figure 3. These are the results after exposure to both bacteria and virus. The symptoms 

of viremias differed from those killed by the Btm bacteria. Infection with the virus led to build-up 

of fluid in the body of the larva and rupture of the cuticle upon touching with a probe; at the 

beginning of the injury, the bodies had a rubbery consistency. However, the action of the bacteria 

lead to harder cadavers and dark body colors due to paralysis and cessation of nutrition, in addition 

to septicemia. 

 

 

 
 

Figure 3. Adverse effects of the tested biological control agents on S. littolaris-treated individuals 

 

All biological parameters in both seasons showed that the treatment was very effective in 

the case of larval mortality, while it has had a weak effect on abnormal pupae or moths and vice 

versa. In addition to the presence of different significance between two seasons, the percentage of 

larval mortality was higher in the second season than in the first one, as shown in Table 3. There 

was no correlation between the number of mortality larvae and the number of abnormal pupae in 

the two seasons, where the Spearman coefficient was -0.250.  
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Table 3. Biological parameters of S. littoralis after field foliar application in 2017 and 2018 seasons 

Biological parameters 2017 2018 χ2 p 

No. (%) No. (%) 

No. of dead larvae      

Btm at 20% 1095 (60.2%) 1228 (68.6%) 28.265* ≤0.001* 

Btm at 30% 1221 (63.8%) 1349 (72.8%) 35.548* ≤0.001* 

SlituraNPV at 20% 1406 (73.6%) 1431 (77.4%) 7.566* 0.006* 

SlituraNPV at 30% 1436 (77.3%) 1437 (79.9%) 3.652 0.056 

SlituraNPV and Btm at 

20% 

1629 (87.9%) 1695 (92.3%) 20.107* ≤0.001* 

SlituraNPV and Btm at 

30% 

1798 (94.0%) 1625 (89.4%) 26.223* ≤0.001* 

Untreated 21 (1.1%) 19 (1.0%) 0.078 0.781 

No. of abnormal pupae     

Btm at 20% 675 (37.1%) 508 (28.4%) 30.935* ≤0.001* 

Btm at 30% 658 (34.4%) 432 (23.3%) 55.904* ≤0.001* 

SlituraNPV at 20% 480 (25.1%) 409 (22.1%) 4.638* 0.031* 

SlituraNPV at 30% 418 (22.5%) 350 (19.5%) 5.098* 0.024* 

SlituraNPV and Btm at 

20% 

221 (11.9%) 138 (7.5%) 20.420* ≤0.001* 

SlituraNPV and Btm at 

30% 

109 (5.7%) 184 (10.1%) 25.205* ≤0.001* 

Untreated 3 (0.2%) 0 (0.0%) 2.965 0.250 

No. of abnormal moth     

Btm at 20% 41 (2.3%) 38 (2.1%) 0.070 0.792 

Btm at 30% 27 (1.4%) 45 (2.4%) 5.213* 0.022* 

SlituraNPV at 20% 18 (0.9%) 5 (0.3%) 6.963* 0.008* 

SlituraNPV at 30% 3 (0.2%) 6 (0.3%) 1.102 0.336 

SlituraNPV and Btm at 

20% 

3 (0.2%) 3 (0.2%) 0.000 1.000 

SlituraNPV and Btm at 

30% 

5 (0.3%) 7 (0.4%) 0.445 0.505 

Untreated 0 (0.0%) 0 (0.0%) – – 

No. of normal moth     

Btm at 20% 9(0.5%) 15 (0.8%) 1.616 0.204 

Btm at 30% 8(0.4%) 26 (1.4%) 10.226* 0.001* 

SlituraNPV at 20% 7(0.4%) 3 (0.2%) 1.473 0.344 

SlituraNPV at 30% 0(0.0%) 5 (0.3%) 5.171* 0.029* 

SlituraNPV and Btm at 

20% 

0(0.0%) 0 (0.0%) – – 

SlituraNPV and Btm at 

30% 

0(0.0%) 1 (0.1%) 1.053 0.487 

Untreated 1838(98.7%) 1820 (99.0%) 0.527 0.468 

2 = Chi square test  

* = Statistically significant at p ≤ 0.05 
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Table 4 shows a comparison between the different treatment groups based on seed weight. 

In 2017, the mean weight ranged from 803.3±12.6 g/plot when treated with Btm at 20% to 847.7±4.0 

g/plot when treated by the combination treatment at the 30% rate, compared with the untreated 

which was 545.7d±5.5 g/plot; and ranged from 807.0±4.4 g/plot when treated with Btm at 20% to 

842.3±2.5 g/plot when treated with SlituraNPV and Btm at 30%, compared to the untreated which 

was 560±2.0 g/plot in 2018. Statistically, according to ANOVA test significant differences were 

showed in both years. 

Treatments with Btm showed high efficacy against Juvenile (J2) M. incognita after 24, 48 

and 72 h of exposure in vivo, compared with the control (Table 5). This illustrated a highly 

significant difference in the percentage of mortality compared with the untreated control, which 

were the same for two concentrations (20 and 30%) after 24, 48 h at 87.5%, 90.6%, respectively and 

were 94%, 97% after 72 h for the two concentrations. 

 

Table 4. Comparisons between the different studied treatments according to seed weight 

Data with the same letter(s) in each column, are not significantly different  

 

Table 5. Evaluation of the nematicidal effects of Bacillus thuringiensis on mortality (M%) 

of juvenile (J2) Meloidogyne incognita for different exposure periods 

Treatments Juvenile (J2) mortality 

24 h 48 h 72 h 

L M % L M % L M % 

Control (distilled 

water) 

6.4 ±1.08a 0 6.4± 1.09a 0 6.4±1.57a 0 

Btm at 20% 0.8 ±0.24b 87.5 0.6±1.38 b 90.6 0.4±1.20b 94 

Btm at 30% 0.8± 0.44b 87.5 0.6±0.47 b 90.6 0.2 ±1.43b 97 

Data of means with the same letter(s) in each column, are not significantly different at P ≤0.05.  

M% (% Mortality) = [(Total number of J2 in control - No. of alive (L) J2 in treatment) ÷ No. of 

Total J2 in control] × 100 

 

In Table 6, there were significant differences in the mean number of the root fresh weight, 

number of galls/ roots, number of egg masses/ root and number of egg /egg masses between the two 

Btm concentrations and the untreated control and among each other, the treatment with Btm 30% 

Treatment Weight of seed by g/plot T p 

2017 2018 

Mean ± 

S.D. 

% 

Increasing 

Mean ± 

S.D. 

% 

Increasing 

Btm at 20% 803.3c±12.6 47.2 807.0d±4.4 44.1 0.477 0.658 

Btm at 30% 829.3b±1.5 52.0 820.0c±1.0 46.4 8.854* ≤0.001* 

SlituraNPV at 20% 822.7b±2.5 50.8 808.0d±7.5 44.3 3.192* 0.033* 

SlituraNPV at 30% 829.0b±3.6 51.9 827.3bc±1.5 47.7 0.737 0.502 

SlituraNPV and 

Btm at 20% 

846.0a±3.6 55.0 836.0ab±2.0 49.3 4.201* 0.014* 

SlituraNPV and 

Btm at 30% 

847.7a±4.0 55.3 842.3a±2.5 50.4 1.940 0.124 

Untreated (control) 545.7d±5.5  560.0e±2.0  4.237* 0.013* 

F 1029.080* 2262.120*   

P <0.001* <0.001*   
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showing the highest effectiveness in all parameters.  The percentage reduction due to Btm at 20% 

and Btm at 30% ranged from 77%, 83% for galls/root; 67%, 80% for egg masses/root and 39%, 

61% egg/egg masses.  

 

Table 6. The effect of Bacillus thuringiensis on root-knot nematode M. incognita in tomato plants  

Treatments Nematode parameters and percent reduction (R) 

Root 

fresh 

wt. (g) 

 

Galls 

per 

Root 

% 

Reduction 

 

Egg 

masses 

per 

root  

% 

Reduction 

Eggs 

per 

egg 

mass 

% 

Reduction 

Untreated 

(control) 

32.0c 129.7a 0 441.2a 0 510a 0 

Btm at 20% 57.0b 30b 77  145b 67  312b 39  

Btm at 30% 65.0a 21.5c 83  88c 80  200c 61  

Data are means of 10 replicates, means with the same letter(s) in each column are not significantly different 

 

The bacterium (Btm) and virus (SlituraNPV) gave the highest larval S. litoralis mortality 

when used in combination at 30%. The other treatments in order of decreasing efficacy were 

Btm/SlituraNPV combined at 20%, SlituraNPV alone at 30%, then 20%, and finally Btm alone at 

30 and 20%. Çakici  et al. [35] mentioned that B. thuringiensis subsp. kurstaki (MnD) and B. 

thuringiensis subsp. kurstaki (BnBt) were found to be the foremost successful  of the strains tested, 

causing 100% mortality within 10 days of treatment, whereas in this study Bacillus thuringiensis 

serovar mexicanensis (Btm) had a mean efficacy of 68.3% efficacy, in both seasons, only 5 d after 

treatment. The efficacy appears to be due to the formula, which provided more protection to spores 

and crystals under conditions of continuous sun exposure [27, 36].  

Nathan et al. [37] found that bacterial Cry toxin affected the lactate dehydrogenase (LHD) 

activity and this effect was more severe at low concentrations in Cnaphalocrocis medinalis (rice 

leaf folder). Similar results occurred in our study, hence the lower rate had better efficacy. 

Sarker and Mahbub [38] reported that several B. thuringiensis strains were very effective 

for suppressing many insect pests. In addition, Konecka et al. [39] obtained results that are consistent 

with another effect of Bt toxicity in lepidopteran species.  

Abad et al. [40] indicated the importance of NPV in controlling insect pests, especially 

lepidopteran pests.  As the same in the studies of Eroglu et al. [41], when testing neonate, 3rd, and 

5th instar larvae of H. armigera, the highest dose (8 × 106 PIBs ml−1) of Helicoverpa armigera 

nucleopolyhedrovirus (HearNPV-O1) caused 92, 88 and 57% mortality, respectively, within 

14 days. 

Raghunandan et al. [42] revealed that NPV infected S. frugiperda larvae on maize could 

cause high mortality ratio after 3 days; while Luna-Espino et al. [43] demonstrated that the 

biological efficacy of the local Mexican SeMNPV isolates was identical to the activity of the foreign 

isolate (SeUS2), and these native viruses are appropriate for the microbial control of S. exigua in 

Mexico. The native virus gave 92-100% mortality whereas the exotic virus gave only 78%.    

Regarding nematode efficacy of Bt, Mohammed et al. [44] demonstrated that Bt7N reduced 

the number of egg masses by 78%, and the number of eggs by 84% compared to their control. These 

results were similar to those shown in Table 6, which had 80 and 67% from treatment with Btm at 

both 30% and 20% rates. Ashoub and Amara [45] confirmed that all their tested bacteria (Bacillus 

thuringiensis, Pseudomonas fluorescens, and Rhizobium leguminosarum) showed a significant 

efficacy in suppressing M. incognita in vivo and in vitro [46]. In evaluating three Egyptian-isolates 
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of B. thuringiensis, significant positive correlations between percentage reduction in the nematode 

populations and bacterial doses were found. Bacillus thuringiensis was also reported to suppress 

populations of M. javanica and M. Incognita [47-49]. Results in our study agree with the earlier data 

by Yamamoto and Powell [50] and Fernandes et al. [51]. However, their Bacillus spp. isolates had 

no potential as bionematicides for controlling of M. incognita in common bean.  

 

 

4. Conclusions 

Both NPV and Btm have considerable potential in managing S. littoralis populations. The 

combination provides a small incremental increase, but the economic implications remain to be 

better defined. According to the data in our study, Btm could also provide an excellent tool for 

management of root-knot nematodes. A serious problem for efficacy of NPV or bacteria against 

foliage feeding pests is maintaining sufficient persistence under the harsh, sunny conditions. This 

problem is alleviated by a new formulation modified for use in the present study. Synergism between 

Btm and NPV in our new formulation seemed to have good efficacy in the field. With lepidoptera 

only, the application of viral-insecticide is preferable because of the rapid effect of NPV on 

lepidopteran insect pests, especially Egyptian cotton leafworm, beet armyworm, and fall armyworm, 

which are new invasive pests in Africa and Asia. 
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Abstract 

 
The application of the right herbicides and the avoidance of their use at high levels can protect crops 

from weeds whilst reducing environmental dangers associated with their overuse. Effects of the use 

of the herbicide pendimethalin, henceforth referred to as PM, on green pea plants at pre-emergence 

and post-emergence were studied. Different concentrations of the herbicide were applied at 0.0, 1.4, 

2.8 and 4.1ml/l, levels which were equal to doses in the field of 0.5, 1, 1.5 l/Donum. Post-emergent 

plants showed a significant decrease in plant height (cm), pod number/plant, pod weight (g), pod 

length (cm), fresh weight of plant (g) and weight of 1000 seeds (g). However, the decrease was not 

significant in the dry weight of plant (g) and the number of seeds/pod. Also, all studied traits 

decreased significantly when different concentrations of PM overlapped with the application 

methods, except in the case of the weight of 1000 seeds. These results showed that the effects of 

PM reps are apparent from low concentrations of the herbicide, and also that treatment at post-

emergence reduces environmental pollution and protects the crop, and especially the parts of the 

plants that are consumed, from pesticide pollution. 
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1. Introduction 

 
The risks of herbicide are associated with their toxic and mutagenic effects on the environment and 

human health [1]. Pendimethalin (PM) is an optional herbicide that belongs to the dinitroaniline 

group and is widely applied to control annual grasses and broad-leaved bushes when growing 

vegetables (such as green peas, tomatoes, peppers, onions and cabbage) and in corn, soy and wheat 

fields. PM can be found as a preparation known as Stomp E330, or mixed with other herbicides. Its 

chemical formula is N - (1-ethylpropyl) - 2, 6 - dinitro - 3 - 4 xylidine (Figure 1) [2-4]. Pendimethalin 

is predominantly applied to soil as a preplant, pre-emergence agent, but it is sometimes used as a 

post-emergence herbicide [5]. 
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Figure 1. Structure of pendimethalin (PM) [4] 

 

The herbicide PM’s primary mode of action is to inhibit cell division. It does so by blocking  

filamentous division in the cells of the roots and targets the important microtubules that form the 

cell wall, spindle filaments and chromosomal separations [1, 5].The US Environmental Protection 

Agency (EPA) has classified PM as a herbicide with a cumulative toxic effect [6]. PM can cause 

negative effects on food crops, which is an unintended effect of its use. Moreover, these negative 

effects are of a genotoxic and morphological nature. The use of PM with imazethapyr to control 

weeds in lentil and pea fields that were cultivated for winter wheat yield was found to decrease the 

wheat biomass by 35-51% and the grain yield by 11-17% following treatment concentrations of 2.40 

g/h of the herbicide [7]. It was also found that spraying PM (as Stomp) and oxiflorine (Joule) on 

seedlings of cotton (Gossypium hirsutum) and maize (Zea mays L.), at concentrations of 5 and 10 

ppm, had a clear negative impact on both plants. Cotton seed and maize germination were negatively 

affected by both herbicides at 10 ppm. The levels of chlorophylls a and b decreased in the leaves of 

the cotton and maize plants when each pesticide was applied at the concentrations of 5 and 10 ppm, 

and the 10ppm concentration had a greater effect on the level of chlorophyll [8]. PM also causes 

DNA oxidation as a result of the formation of reactive oxygen species (ROS) responsible for the 

formation of mutations in cells.  The damage occurs in the concentrations of 1-10000 µM [9]. 

Green peas (Pisum sativum L.) is an important vegetable crop that is used as fresh and dried 

vegetables and is a rich source of protein, calcium, phosphorus, iron, and vitamins. The pea crop is 

very useful for soil fertility as it provides the soil with nitrogen [10].   

In consideration of the negative effects of herbicides, the present study aims to detect the 

optimal method and the appropriate concentration when applying the PM herbicide to avoid 

environmental pollution and promote crop conservation. 

 

 

2. Material and Methods 
 

2.1 Raw materials 
 

The study was carried out in the facilities of the Life Science Department, Faculty of Education, 

during the winter season of 2018-2019.The seeds of green pea (Pisum sativum L.) used in this study 

were obtained from local markets, and the pendimethalin (PM) used was supplied by the Agrichem 

Company, Australia. 

 

2.2 Study design and implementation 

 
The experiment was designed according to the International Experimentation System (2x4) and 

utilized a Randomized Complete Block Design (RCBD) with six replicates. This study included two 
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parts: the first was a study of PM application on pea plant at pre-emergence and post-emergence. 

The second part included the testing of PM at the concentration of control, 1.4, 2.8, and 4.1ml/l, 

which were equivalent to doses in the field of 0.5,1, 1.5 l/Donum. Distilled water was used as the 

control. Homogenous seeds were selected and sown. The land was prepared and plowed twice (mid-

December and the end of January) by deep plowing, softened, settled by hand, and then divided into 

six equal sections (2.2 x 3 m) per replication [11, 12]. 

 The grains were planted in a light mixed soil (sand 38.12%, silt 41.13%, clay 20.15%, 

organic matter 0.98 %, and pH = 8.25) on 15/2/2019. Planting was linear, and each line was treated. 

The distance between the lines was 20 cm and the distance between grains in the same line was 7.5 

cm ± 1 cm. Fifteen seeds were planted for each treatment before seed germination (pre-emergence) 

and the soil was sprayed with different concentrations of PM using a plastic sprayer that sprayed in 

lines, each line representing a specific concentration. After seed germination (post-emergence) and 

reaching of seedling stage which occurred at age 3 to 4 weeks, the seedlings were also sprayed.  

 The lines were separated by wooden barriers and three replicates were used for each 

method (pre- and post-emergence). 

 

2.3 Harvest and analysis 

 
When the pod maturated, it was directly harvested.  Plants were eradicated from the roots and each 

plant was covered and separated by a sheet of paper. Each group of plants for each treated 

concentration (10 plants per concentration) and each replicate was bundled and transferred to the 

lab for further analysis. The analysis included: plant height (cm), pod number/plant, pod length (cm), 

pod weight (g), seeds number/pod, the total weight for each 1000 grain (g), dry weight of plant (g), 

and fresh weight of plant (g) [13]. 

 

2.4 Statistical analysis 

 
Data analysis was performed according to the global experience system by designing the complete 

random sectors [11]. Moreover, Duncan test was used to compare averages at P-value < 0.05 [14]. 

The analysis was conducted according to the statistical program SAS [15]. 

 

 

3. Results and Discussion 
 

The addition of PM to post-emergence peas resulted in a significant decrease in plant height (cm), 

number of pods/plant, pod weight and length, and fresh weight of plant except for the case of weight 

of 1000 seeds, when compared to the pre-emergence addition method. However, the effect of PM 

application methods was not significant on both the dry weight of plant and number of seeds/pod 

(Table 1). 

The decrease of plant height, number of pods and length of the pod after spraying the post-

emergence peas may be due to the contact of the herbicide with the apical meristem zoning regions. 

It seems likely that the inhibition of division and stopping of growth was observed  [16]. Another 

explanation may be that the herbicide induced oxidative stress and thus damage to and oxidation of 

the DNA [9].  Furthermore, the herbicide may have affected the photosynthetic process and the 

amount of chlorophyll [8]. 

Table 1 recorded a decrease in the weight of pod (g). This decrease could be attributed to the 

effect of PM on pollens [16] and the low accumulation of dry matter could be due to the impact of 

photosynthesis as mentioned above. Besides, the fresh weight of the plant (g) decreased 

significantly after treatment with PM, and this was in line with previous studies of Karaye et al.  
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Table 1. The effect of PM application methods on green pea productivity 

Fresh   

weight 

of plant 

(g) 

Dry 

weight 

of plant 

(g) 

Weight 

of 1000 

seeds 

(g) 

Seed 

numbers/ 

Pod 

Pod 

Length 

(cm) 

Pod 

Weight 

(g) 

Pod 

numbers/ 

Plant 

Plant 

height 

(cm) 

Application 

of 

PM 

21.32a 5.05a 64.75b 3.37a 8.09a 2.78a 4.83a 57.90a 
Pre-

emergence 

12.79b 4.95a 88.25a 3.82a 6.96b 0.90b 3.92b 47.61b 
Post-

emergence 

Note: Different letters mean significant differences at p 0.05 according to Duncan multiple range 

test at each characteristic. 

 

[17], which highlighted the decrease in the fresh and dry weight of roots and vegetable seedlings of 

two types of chickpea. The increase in the weight of 1000 seeds in Table 1 is a positive point for the 

post-emergence method, and it may be attributed to the skillful application of the PM herbicide and 

its effectiveness in controlling weeds [10]. 

Table 2 shows the effect of the different concentrations of PM on the productivity 

characteristics at the probability level of 0.05. All the studied traits significantly decreased except 

for the dry weight of the whole plant (g), for which the decrease was insignificant. The decrease in 

plant height is due to the mechanism of action of PM, which is an inhibitor of mitosis affecting the 

division areas in the plant [3, 16].  

  The decrease in plant height is evident at low concentrations of PM and becomes more 

pronounced with increasing concentration.  This result is consistent with Verma and Srivastava [18] 

and Ansari et al. [2], who concluded that PM inhibits the normal rate of cell division, increases the 

number of abnormal cells and chromosomal distributions in divided and non-dividing cells, and 

inhibits the root and vegetative systems of onion plants even at low concentrations. Table 2 records 

a significant decrease in the number of plant pods and the length of the pod. The effect on dividing 

zones may be the cause of the decrease in the number of pods/plants, the significant decrease in the 

weight of the pod (g), the number of seeds/pod, and the weight of 1000 seeds after treatment with 

PM may be due to the effect of herbicide concentrations on pollen. Silva et al. [19] observed small 

nuclei and reduction in fertile pollen in Oleifera moringa after treatment with PM. Dry matter 

affected by the deterioration of photosynthesis was also noticed. Furthermore, Shabana et al. [20] 

found a decrease in efficacy of photosynthesis, growth, cell numbers, level of chlorophyll a, and dry 

weight in green algae (Protosiphon botryoides) with increased concentration of PM. 

  The application of PM with trifluralin significantly decreased pea pods in comparison with 

other treatments [10]. Another effect of PM on the fresh weight (g) was to decrease the fresh weight 

of the whole plant significantly with increasing concentration, and importantly the decrease 

appeared from the low concentration of 1.4 ml/l. The decrease in fresh weight may have been due 

to the oxidative stress caused by the herbicide, which in turn affects the efficiency of photosynthesis, 

respiration and the water intake in the plant [8, 9]. These results are consistent with those of Karaye 

et al. [17], who pointed to the reduction of the fresh and dry weights of the roots and vegetative 

groups in two species of cowpea after treatment with PM. Wagner and Nadasy [12] studied the fresh 

and dry weight reductions of the total vegetative groups and roots of peas when treated at high 

concentrations of PM. 



 

 
 

 

 

 

 

 

Table 2. The effect of different concentrations of PM on green pea productivity 

Fresh   

weight 

of plant 

(g) 

Dry 

weight 

of plant 

(g) 

Weight 

of 1000 

seeds 

(g) 

Seed 

numbers 

/pod 

Pod 

length 

(cm) 

Pod 

weight 

(g) 

Pod 

numbers/plant 

Plant 

height 

(cm) 

Concentrations of PM 

(ml/l) 

23.54a 6.26a 87.33a 5.27a 8.62a 2.33a 6.30a 66.71a control 
19.01b 5.68a 87.33a 4.08b 7.97b 2.19ab 4.62b 54.20b 1.4 

15.85c 5.19a 71.50ab 3.15c 7.60b 1.64bc 4.16b 50.53b 2.4 

9.87d 2.86b 60.17b 1.87d 5.93c 1.18c 2.42c 39.58c 4.1 

Note: Different letters mean significant differences at p 0.05 according to Duncan multiple range test at each characteristic. 
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The data in Table 3 shows the significant interactions that took place between the different 

herbicide concentrations (PM) and the methods of adding the herbicide. All productivity 

characteristics decreased in the cases of both pre- and post-emergence, except for the weight of 1000 

seeds in post-emergence, a result which was not significant and it may be the reason that PM was 

well applied and effective in controlling weeds [10]. The condition of post-emergence reduced the 

effect of PM herbicide on the weight of 1000 seeds. 

High concentrations of herbicide (PM) had more effects on the studied characteristics in 

post-emergence plants. This may be because of the action of the herbicide and its direct contact with 

the areas of division, apical meristem, and its inhibition [5, 6]. It could also be due to the effect of 

the herbicide on the effectiveness of photosynthesis [20]. The impact of pollen was a major factor 

in reducing the yield as found by Silva et al. [19]. Furthermore, the impact on bacteria in breeding 

may be a reason for reducing plant growth, especially stabilization of nitrogen in the root nodes. 

Aboulila et al. [1] reported that the impact on bacteria in the soil was clear after the treatment of pea 

with PM herbicide and that the herbicide had reduced all the qualities that were measured for Vicia 

faba L. including  plant height, root length, diameter of wood vessels, phloem tissue thickness and 

vascular bundles compared to control group, and had caused abnormal rise in the normal division 

rate of root end of pea. The concentration of PM used in the field is high and harmful for the final 

receptor in the food chain used in the experiment. Thus, the use of Pseudomonas resinovorand 

bacterium, could reduce the genetic toxicity of PM on pea plants. 

 

 

4. Conclusions 
 

It is obvious from our current study that the application of the PM herbicide in the post-emergence 

has a greater effect on the characteristics of the productivity of pea crop (except for the weight of 

1000 seeds) compared to its application in the pre-emergence, and despite its impact on the 

characteristics of productivity, it does not cause the killing of plants. However, the application of 

PM on post-emergence is considered as environmentally friendly due to reduction of soil pollution 

and reduction of the killing of other organisms when compared to its use pre-emergence. Finally, it 

was noted that effect of PM began from low concentrations. 

 

 

5. Acknowledgements 
 

The research was supported by the Environmental Researches Center, University of Mosul. 

 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 
Table 3. The effect of interaction between of PM application methods and PM concentrations on green pea productivity 

Fresh   

weight 

of 

plant 

(g) 

Dry 

weight 

of 

plant 

(g) 

Weight 

of 1000 

seeds 

(g) 

Seed 

numbers 

/pod 

Pod 

length 

(cm) 

Pod 

weight 

(g) 

Pod 

numbers/plant 

Plant 

height 

(cm) 

Concentrations 

of (PM) 

(ml/l) 

Application of 

(PM) 

25.37a 6.66a 87.67a 5.13ab 8.98a 3.67a 6.36a 67.28a control 

(1) pre-emergence 
25.30a 6.18ab 77.67ab 4.07bc 8.37ab 3.41a 5.34ab 62.75a 1.4 

21.88a 4.43bc 53.67bc 2.70de 8.13b 2.20b 4.72bc 57.67ab 2.4 

12.79b 2.91c 40.00c 1.57e 6.88c 1.81bc 2.90de 43.92bc 4.1 

21.70a 5.85ab 87.00a 5.40a 8.25ab 0.97cd 6.23a 66.15a control 

(2) post-emergence 
12.72b 5.17ab 96.33a 4.10bc 7.57bc 0.98cd 3.90cd 45.65bc 1.4 

9.81bc 5.95ab 89.33a 3.60de 7.07c 1.07cd 3.60d 43.40bc 2.4 

6.94c 2.81c 80.30ab 2.17e 4.97d 0.56d 1.93e 35.26c 4.1 

       Note: Different letters mean significant differences at p 0.05 according to Duncan multiple range test at each characteristic. 
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