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Abstract

The healthy all-propose seasoning sauces in this research are formulated from brown stock
and brown sauce recipes. The purpose of this work was to study 3 types of plant-based thickeners in
sauce, there were pumpkin, potato and taro at 20% of total ingredients. The sauces were examined
for physical quality and consumer acceptance of the products. From sensory evolution results, the
panelists gave no difference score for appearance, odor, taste, texture and overall acceptance
(p>0.05), whereas the color of sauce containing pumpkin and potato showed the highest score
(p<0.05). The color measurements showed that taro-added sauce had higher lightness (L*), redness
(a*) and yellowness (b*) than that of sauces contained potato and pumpkin, respectively (p<0.05).
The consistency of the potato-added sauce was the highest, followed by the formula containing
pumpkin and taro, respectively. In addition, the pumpkin-added sauce had the lowest energy and
carbohydrate content, followed by the potato and taro-added sauce, respectively. From the results of
the analysis of factors affecting product selection, it was found that the testers were satisfied with the
product, the packaging, and the price at a high level. For the analysis of the acceptance study of the
healthy all-purpose food seasoning sauce, the testers accepted the product in term of the packaging
is appropriate, the label is appropriate and the quantity of 150 grams at 100%, 97%, 98% and 84%,
respectively. This study proposes guidelines to produce all-propose seasoning sauces that utilizes
plant-based thickeners to enhance texture, improve color, and reduce energy content in this health-

conscious food product.

Keywords: Seasoning Sauce, Plant-based Thickener, Quality Assessment, Product Acceptance
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Table 1. The recipes of brown stock

Ingredients Amount (g) Amount (%)
Chicken
frames 3,000 29.79
Water 6,000 59.59
Onion 400 3.97
Carrot 200 1.99
Celery 200 1.99
Tomato 150 1.49
Leek 100 0.99
Bay leaf 5 0.05
Parsley 2 0.02
Thyme 2 0.02
Garlic 10 0.10
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Table 2 Formulation of healthy all-purpose seasoning sauce using 3 types of plant-based thickeners

Ingredients Pumpkin (%) Potato (%) Taro (%)
Brown stock 70.00 70.00 70.00
Chicken 2.00 2.00 2.00
Qil 1.00 1.00 1.00
Onion 13.00 13.00 13.00
Celery 7.00 7.00 7.00
Carrot 7.00 7.00 7.00
Pumpkin 20.00 - -
Potato - 20.00 -
Taro - - 20.00
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Table 3 Sensory evaluation scores of healthy all-purpose seasoning sauce using 3 types of plant

based thickeners.

Mean sensory evaluation scores

Sensory evaluation

Pumpkin Potato Taro
Appearance™ 6.74+1.81 6.44+1.59 6.64+1.57
Color 7.65+1.49° 7.58+1.52° 6.46+1.30°
Odor™ 6.56+1.81 6.66+1.44 6.73+1.31
Taste™ 5.93+1.76 5.76+1.81 5.50+1.71
Texture ™ 6.3321.64 6.06+1.59 6.03+1.49
Overall acceptance™ 6.26+1.57 6.13+1.54 6.03+1.40

Remark: *° Mean values with different letters in each row are significantly different (p<0.05)

" Means are not significantly different (p>0.05)

Pumpkin Potato Taro

Figure 1 Healthy all-purpose seasoning sauce using 3 types of plant based thickeners
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Table 4 The results of the analysis of the average color and consistency measurements of in the

healthy all-purpose seasoning sauce using 3 types of plant based thickeners.

Properties Pumpkin Potato Taro

Color
L* 23.510.02° 29.51+0.02° 33.1620.01°
a* 6.92+0.01° 8.77+0.02° 10.45+0.01°
b* 6.94+0.04° 12.22+0.04" 16.930.01°

Consistency (cm) 7+0.06" 8+0.04° 6.5+0.5°

ab,c

Remark: Mean values with different letters in each row are significantly different (p<0.05)
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Table 5 Nutritional value of healthy all-purpose seasoning sauce using 3 types of plant based

thickeners (100 g)

type of plant-based thickeners

Nutritional
Pumpkin Potato Taro
Energy (Kcal) 76.04 83.04 103.54
Carbohydrate (g) 11.30 12.70 18.16
Protein (g) 2.28 2.84 2.62
Fat (g) 2.40 2.36 2.30
Fiber (g) 1.20 2.70 2.10
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Table 7. Analysis results of the study on the factors influencing purchase decisions healthy

all-purpose seasoning sauce products

Factors (X) S.D
1. Product Factors
Delicious taste 417 0.80
Pleasant aroma 4.16 0.80
Health benefits 4.37 0.73
Unique and interesting 4.32 0.72
2. Packaging Factors
Clear details 419 0.73
Aesthetic and modern design 4.16 0.80
Safety and convenience for consumption  4.24 0.83
3. Price Factors
Quantity appropriate for the price 4.03 0.83
Price matches the product quality 4.13 0.82
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Table 8. Consumer test of the healthy all-purpose seasoning sauce products

Consumer test

Frequency

%

1. The testers accepted the product (Product acceptability)

accepted 100 100.00
not accepted 0 0
Total 100 100.00
2. The packaging is appropriate (Appropriate package)
appropriate 97 97.00
inappropriate 3 3.00
Total 100 100.00

3. The label and packaging is appropriate (Appropriate label and package)

appropriate 98 98.00
inappropriate 2 2.00
Total 100 100.00

4. Price of 80 baht quantity of 150 grams (80 baht /150 grams Price/serving size)

appropriate 84 84.00
inappropriate 16 16.00
Total 100 100.00
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Abstract

Black glutinous rice flour and tapioca starch have potential as substitutes for wheat flour to
enhance nutritional value and serve as alternatives in developing gluten-free pasta products.
This research investigated the ratios of black glutinous rice flour and tapioca starch in three
proportions: 60:40, 70:30, and 80:20, combined with 3% xanthan gum, in the production of
gluten-free pasta. The study examined cooking quality, color, texture characteristics, and sensory
evaluation of the pasta. The results showed that increasing the proportion of black glutinous rice flour
and decreasing tapioca starch reduced cooking time and increased the expansion of cooked pasta.
However, this also resulted in greater cooking losses. The pasta's color changed with the amount of
black glutinous rice flour, with brightness decreasing due to anthocyanins in black rice. In terms of
texture, the 70:30 formulation had hardness, adhesiveness, elasticity, and chewing energy values
closest to the control formula. Sensory testing indicated that the 70:30 gluten-free pasta formulation
received acceptance comparable to the control formula. The deep purple color and natural aroma
enhanced consumer acceptance, making this product a promising innovation in the gluten-free food

market.

Keywords: Gluten-free pasta, Glutinous rice flour, Cassava starch
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Table 1 Formulation of gluten-free pasta composed of black glutinous rice flour and cassava starch

in various %ratio.

Ingredients (g/100 g)

Formulation (%Ratio of black glutinous rice flour and cassava starch)

Control 60:40 70:30 80:20
Black glutinous rice flour - 50 59 67
Cassava starch - 34 17 20
Wheat flour 37 - - -
Whole egg fresh 20 - - -
Xanthan gum - 3 3 3
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Figure 1. Image of cooked gluten-free pasta from glutinous rice flour and tapioca starch with different

ratio: (A) Control, (B) 60:40, (C) 70:30, and (D) 80:20.

Table 2 Cooking quality of free gluten pasta with black glutinous rice flour and tapioca starch

Sample Cooking time (min)  Cooking losses (%) Volume Expansion (%)
Control 6.32° +0.0 3.34°+0.03 111.01°+1.47
60:40 6.02°+0.03 3.94°+0.03 110.52°+0.87
70:30 5.55°40.05 4.45°+0.03 107.21°+1.96
80:20 5.32°+0.02 6.59°+0.04 104.30%+1.13

Different letters in the same column indicate significant difference (p < 0.05).
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Table 3 Color index of free gluten pasta with black glutinous rice flour and tapioca starch

PBRU SCIENCE JOURNAL 23

Color values Formulation (%Ratio of black glutinous rice flour and cassava starch)
Control 60:40 70:30 80:20
Lightness (L*) 78.46°+0.37 36.96"+0.54 34.48°+0.18 33.38°+0.45
Redness (a*) -1.55°+0.13 7.51°+0.68 9.64°+0.29 8.10°+0.51
Yellowness (b*) 18.03%+0.44 2.11°+0.06 1.17°+0.21 1.08°+0.14

Different letters in the same row indicate significant difference (p < 0.05).
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Table 4 Texture profile analysis of cooked free gluten pasta with black glutinous rice flour and

tapioca starch

Texture attributes

Formulation (%Ratio of black glutinous rice flour and cassava starch)

Control 60:40

70:30 80:20

Hardness (g) 23.52°+2.78

Adhesiveness (g.J) -50.23°+23.31

21.87°+2.11b
-104.55°+17.51b  -146.68°+26.39

22.12%°+1.85a 20.68°+1.52

-185.48+50.11

Springiness (%) 93.44°+7.20 72.09%+3.46bc 79.72°+3.42 68.04°+11.56
Gumminess (g) 19.29°+1.38 18.14°+1.74a 18.01°+2.48 16.60°+1.38
Chewiness (m.J) 15.52°+1.85 13.66™°+1.75ab 14.05°+2.20 11.15°+2.67

Different letters in the same line indicate significant difference (p<0.05).
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Table 5 Sensory attributes of cooked free gluten pasta with black glutinous rice flour and tapioca starch

Sensory attributes

Formulation (%Ratio of black glutinous rice flour and cassava starch)

Control 60:40 70:30 80:20
Appearance 6.64°+0.48 6.32°+0.59 6.58°+0.50 6.22°+0.62
Color 6.28"+0.70 6.22°+0.82 7.04°+0.73 6.52°+0.61
Odor 6.66°+0.48 5.88°+0.77 6.12%+0.56 6.20°+0.78
Taste 6.50°+.0.51 5.62°+.0.70 6.39°+0.71 5.92°+0.66
Texture 6.86°+0.64 5.32°+0.47 5.90°+.0.49 5.36°+0.48
Overall acceptability ~ 7.16°+ 0.55 6.48°+0.50 6.94°+0.48 6.56°+0.50

Different letters in the same line indicate significant difference (p < 0.05).
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Abstract

Diabetes is a growing global health concern. Inhibition of Ol-glucosidase is a key mechanism
for controlling blood glucose levels. The study of the antidiabetic and antioxidant activities of
Launaea sarmentosa root is therefore a promising approach for the development of safe natural
medicines. This study aimed to investigate the Ol-glucosidase inhibitory activity, antioxidant activity,
and phytochemical content of the ethanol extract from Launaea sarmentosa roots. Root samples
were collected from Bang Khrok Subdistrict, Ban Laem District, Phetchaburi Province. The extract
was prepared using ethanol maceration and tested for Ol-glucosidase inhibition using a colorimetric
assay, antioxidant activity using the DPPH assay, and phytochemical quantification, including total
phenolics (Folin-Ciocalteu), total flavonoids (AICI,), and total alkaloids (Bromocresol Green).

Results showed ICgg values of 0.35 and 0.34 mg/ml for maltase and sucrase inhibition,
respectively. The extract exhibited 64.97 = 0.34% antioxidant activity. Phytochemical analysis
revealed total phenolic content of 13.512 + 0.214 mg GAE/g extract, total flavonoid content of
238.231 + 2.019 mg QE/g extract, and total alkaloid content of 0.411 + 0.039 mg AE/g extract. The
findings of this study can serve as preliminary data for identifying the active compounds in the roots

of L.sarmentosa for potential applications in pharmaceuticals and dietary supplements.

Keywords: Alpha-Glucosidase Inhibitory, Antioxidant Activity, Phytochemical Content, Launaea

sarmentosa
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arsanm lnald35v1U JAsady
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Abstract

This research aimed to (1) investigate consumer behavior toward scone products,
(2) determine the optimal substitution level of Dioscorea flour for wheat flour (10%, 20%, and 30%) in
scones, (3) evaluate the replacement of cow's milk with pigeon pea milk (25%, 50%, and 100%) in
scones containing Dioscorea flour, and (4) analyze the macronutrient composition of both standard
and modified scones. The findings indicated that consumers preferred scones formulated with
health-conscious ingredients and locally sourced materials. The most preferred substitution level of
Dioscorea flour was 20%, which achieved high sensory scores for color (7.87), aroma (7.47), texture
(7.47), taste (7.63), and overall acceptability (8.00). In terms of milk substitution, pigeon pea milk at
50% yielded the highest sensory acceptance scores: color (6.70), aroma (6.90), texture (7.20), taste
(7.40), and overall acceptability (7.30). Nutritional analysis revealed that the control scone had
approximately 352.33 kcal per 100 grams, while the scone with Dioscorea flour and pigeon pea milk
had 272.06 kcal per 100 grams. This study demonstrates the potential to develop lower-calorie
scones using functional and local plant-based ingredients while maintaining acceptable sensory

quality, thus supporting health-conscious markets and local agricultural communities.
Keywords: scone, Dioscorea flour, pigeon pea milk, sensory quality, consumer acceptance
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Table 1 Sensory Evaluation of Scones with 10%, 20%, and 30% Substitution of Wheat Flour by

Dioscorea Flour
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Attribute Formula 1 Formula 2 Formula 3
(10% Dioscorea Flour) (20%Dioscorea Flour) (30%Dioscorea Flour)
Color 6.23°40.90 7.87°+0.94 6.13"+1.01
Smell 5.93°+0.83 7.47°+0.68 5.37°+0.96
Texture 6.03°+0.96 7.47°+0.94 5.30°+1.02
Taste 5.90°+1.21 7.63°+1.03 5.60°1.07
Overall 6.33"°+1.06 8.00°+0.64 5.57°+0.82
Acceptance

Note: Mean + Standard Deviation, (Maximum score = 9)
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Table 2. Sensory Evaluation of Scones Containing 20% Dioscorea Flour and Various Levels of Pigeon

Pea Milk Substitution

PBRU SCIENCE JOURNAL

U 22 adum 1 unsav-liquieu 2568

Attribute Formula 1 Formula 2 Formula 3
(25%Pigeon Pea Milk) (50%Pigeon Pea Milk) (100%Pigeon Pea Milk)
Color 5.10°+0.73 6.70°+0.82 5.00°+0.67
Smell 5.20°+1.03 6.90°+1.10 5.00°+0.82
Texture 5.30°+1.05 7.20°+0.63 5.00°+0.82
Taste 5.30°+1.16 7.40°+0.70 4.80°+0.92
Overall 5.20°+1.03 7.30°+0.67 4.90°+0.57
Acceptance

Note: Mean + Standard Deviation (Maximum score = 9)

Letters *° indicate significant differences between the three formulas within the same row.
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Table 3 Distribution of Main Nutrients in Standard Scone and Scone with Dioscorea Flour and Pigeon

Pea Milk (per 100g)

Scone with Dioscorea Flour (20%)
and Pigeon Pea Milk (50%)

Nutrients Standard Scone
Carbohydrates (g) 49.56
Protein (g) 7.08

Fat (g) 13.55
Total Energy (kcal) 352.33

40.17
4.18
9.62

272.06

Note: Analyzed from Thai Food Composition Table (Department of Health, Ministry of Public Health, n.d.)
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Table 4. Sensory Evaluation of Standard Scone and Scone with Dioscorea Flour and Pigeon Pea Milk

Standard Scone

Attribute Scone with Dioscorea Flour and Pigeon Pea Milk (Mean + SD)
(Mean + SD)

Color 7.00 £ 0.60 7.00+ 0.65

Smell 7.50 +0.70 7.50 £0.70

Texture 7.00 £0.70 7.10+0.75

Taste 7.30 £0.80 7.30+0.75

Overall
7.70 £ 0.60 7.60 +0.65
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Abstract

This study investigated the influence of an individual milk yield recording automatic milking
system (AMS) on milk production and milk quality in crossbred goats with 75% Saanen genetics.
Ten lactating goats were used, at their second and third lactation stages, respectively. Milk samples
were collected during the same production day across eight sampling events over a two-month
period. Data were analyzed according to the characteristics of the experimental groups using
descriptive statistics, including mean and standard deviation. The differences between the treatment
and control groups were analyzed using independent t-tests. The results showed that the average
milk yield from goats milked with the AMS was 671.6£224.82 g/head, which was significantly higher
than the yield from manual milking (593.43+204.96 g/head) (p<0.05). Furthermore, the AMS
significantly reduced the time required for milking, with an average milking time of 1.65+0.45
minutes/head, compared to 3.24+8.26 minutes/head for manual milking (p<0.05). In terms of milk
quality, the fat percentage in milk obtained using the AMS was significantly higher than that obtained
through manual milking (p<0.05). However, no statistically significant differences were observed in
milk protein percentage, lactose percentage, somatic cell count, total solids, or solids-not-fat
between the two milking methods. Microbiological analysis revealed a significant difference in
coliform contamination between the two methods: milk from the AMS contained 600 cfu/ml of
coliforms, while milk from manual milking contained only 1 cfu/ml (p<0.001). No Escherichia coli
(E. coli) was detected in milk obtained from both methods. In conclusion, the individual milk yield
recording automatic milking system was effective in significantly increasing milk yield and reducing
labor time. However, microbial contamination control remains a concern that requires further attention.
In conclusion, using a goat milking machine instead of hand milking can improve the hygienic quality of

the milk and increase work efficiency on the farm, especially for small-scale dairy goat farms.

Keywords: Automatic milking machine, individual production recording, milk yield, milk quality,

dairy goats
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Automatic Milking Machines with

Individual Production Recording
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for monitoring goat milk yield

Figure 1. Automatic Milking Machines with Individual Production Recording
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Table 1. Milk yield and time spent on milking at different milking methods

Parameter measurement Hand milking machine milking SE p-value
Milk yield per milking, ml 593.43+204.96 671.61£224.82 215.12 0.10
time spent on milking, min 3.24+8.26" 1.65+0.45 5.85 <0.05

® means in the same row for each parameter with different superscripts are significantly different (p<0.05)
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Table 2. Milk composition, and Somatic cell count (SCC) in milk at different milking method

Parameter masurement Hand milking machine milking SE p-value
Fat, % 4.66+2.41° 5.69+2.84° 0.45 <0.05
Proteins, % 4.36£1.00 4.09+1.09 0.34 0.45
Lactose, % 4.11£0.20 4.26+0.25 0.57 0.75
SCC x 1000/ ml 483.3+726.95 425+755.53 250 0.82
Total solid, TS 13.82+3.34 14.738+3.50 0.68 0.21
Solids not fat, SNF 9.19+1.08 9.10+0.95 0.35 0.81

® means in the same row for each parameter with different superscripts are significantly different (p<0.05)
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Table 3. Total viable count, Methylene blue reductase, Coliform and E. Coliin milk at different milking method

Parameter measurement Hand milking Smart machine milking SE p-value
Total viable count, x10° cfu/ml 8.4+11.88 0.62+0.87 8.46 0.5046
Methylene blue reductase, hr 5.5+£2.1 7 1.5 0.5000
Coliform, cfu/ml 12 600° 0 <0.0001

E. coli, cfu/ml -

® means in the same row for each parameter with different superscripts are significantly different (P<0.0001)
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Abstract

In this study, the chemical composition and antibacterial properties of plant essential oils
(Citrus hystrix leaves, Citrus maxima peels, Cymbopogon citratus (DC) Stapf leaves, lllicium verum
Hooker seeds, and Syzygium aromaticum L. flower buds) were evaluated against human pathogenic
bacteria. GC-MS was used to determine the composition of the essential oils, which were produced
using hydrodistillation. The main constituents of Citrus hystrix and Citrus maxima essential oils were
citronellal, while Cymbopogon citratus (DC) Stapf, /llicium verum Hooker, and Syzygium aromaticum L.
essential oils were geraniol, anethole, and eugenol, respectively. Based on the results of the disc
diffusion method, the essential oil of Syzygium aromaticum L. inhibited all three bacterial strains
(Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, and Staphylococcus aureus
ATCC 25923) with MICs of 0.234 to 0.938 g/l and MBCs of 0.469 to 1.875 g/, which is less than
gentamicin (MICs and MBCs of 0.117-0.938 pg/ll). Syzygium aromaticum L. essential oil exhibited
the lowest MIC against E. coli ATCC 25922 (0.234 pg/pul), while Cymbopogon citratus essential oil
showed the lowest MIC against S. aureus ATCC 25923 (0.117 Hg/lMl), the same MIC as gentamicin.

All essential oils exhibited a bactericidal effect with an MBC/MIC ratio ranging from 1.0 to 2.0.

Keywords: antibacterial activity, essential oil, GC-MS analysis
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Introduction

Staphylococcus aureus, Pseudomonas
aeruginosa, and Escherichia coli are
important human pathogens that cause a
wide range of illnesses and dramatically raise
morbidity and mortality associated with
healthcare. These bacteria continue to be a
problem for healthcare systems around
the world, especially as multidrug-resistant
types become more common'”.

E. coli is typically harmless inhabitants
of our gut, but certain strains, like O157:H7,
can cause severe gastrointestinal issues with
bloody diarrhea due to toxins, primarily
spread through contaminated food/water or
poor hygiene3. P. aeruginosa is an
environmental bacterium that primarily infects
immunocompromised individuals, causing
various infections such as pneumonia, urinary
tract infections, and wound infections, which
are often transmitted through contact with
contaminated surfaces or medical equipment4.
While S. aureus commonly resides on human
skin and nostrils, causing a range of infections
from common skin boils and impetigo to more
serious conditions like food poisoning,
pneumonia, or even life-threatening sepsis,
it is primarily transmitted through direct

contact or contaminated objects”.

o
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Antimicrobial resistance is a severe
public health crisis®’, characterized by complex
resistance mechanisms such as extended-
spectrum beta-lactamase production in E. coli,
multidrug resistance in P. aeruginosa, and
methicillin resistance in S. aureus. In response
to this crisis, scientific interest in natural
compounds, including essential oils, as
potential antimicrobial agents have
significantly surged. Essential oils, which are
volatile aromatic compounds extracted from
plants, are particularly captivating due to
their complex chemical compositions and
established in vitro antimicrobial activity
against various bacterial pathogens, including
E. coli, P. aeruginosa, and S. aureus™.
Their mechanisms of action include disrupting
bacterial cell membranes, inhibiting enzyme
activity, interfering with metabolic processes,
and preventing biofilm formation'®. This multi-
target approach may make it harder
for bacteria to develop resistance compared
to single-target antibiotics''. Moreover, most
essential oils are categorized as Generally
Recognized as Safe (GRAS) by the United
States Food and Drug Administration™.
Therefore, this study aimed to determine
the inhibitory effect of essential oils from five
plants  (Citrus  hystrix, Citrus  maxima,
Cymbopogon citratus (DC) Stapf, Illicium

verum Hooker, and Syzygium aromaticum L.)
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against the pathogenic bacteria (Escherichia
coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, and Staphylococcus aureus
ATCC 25923) and to evaluate the chemical

composition of essential oils using GC-MS.

Material and method
1. Plants material and extraction

Five plants ( Citrus hystrix leaves,
Citrus maxima peels, Cymbopogon citratus
(DC) Stapf leaves, lllicium verum Hooker
seeds and Syzygium aromaticum L. flower
buds) were obtained from a local vegetable
and fruit market in Bangkok, Thailand, in
February, 2024, and were thoroughly washed
with  distilled water, air-dried at room
temperature, and subsequently at 40°C until
constant weight. The dried plants were
homogenized into a fine powder. Esssential oil
were extracted by hydrodistillation using a
Clevenger-style apparatus13 for three hours.
After being extracted from 100 g of each
plant, the essential oil was dried over
anhydrous sodium sulfate and kept in a dark,
tightly sealed vial at 4°C until further use.
The essential oil yields were calculated in
percentage (% v/w) relative to the starting dry
plant material in three replications.
2. Preparation of bacterial organisms

The three bacterial strains, E. coli

ATCC 25922, P. aeruginosa ATCC 27853,

Uil 22 aliuil 1 unsea-Siquisy 2568

and S. aureus ATCC 25923, stored at -20°C,
were subcultured onto Sheep Blood Agar
(SBA). The plates of bacterial strains were
then incubated at 35°C for 24 hours.
Subsequently, the bacterial cultures were
transferred to Tryptic Soy Broth ( TSB) and
incubated at 35°C for 24 hours.
3. Disc diffusion method

The efficacy of essential oils in
inhibiting bacterial growth was assessed
using the disc diffusion method. Bacterial
suspensions were prepared by culturing from
SBA and adjusted to a turbidity equivalent to
a 0.5 McFarland standard (approximately
1.5x10° CFU/ml) using sterile 0.85% saline
solution. A sterile cotton swab was dipped
into the bacterial suspension, and excess
liquid was removed by pressing the swab.
The bacterial suspension was then evenly
streaked across the surface of Mueller-Hinton
Agar ( MHA) plates using a three plane
streaking technique, with each plane at a
60-degree angle to ensure uniform
distribution'®.  Sterile paper discs ( 6 mm
diameter) were placed onto the inoculated
MHA plates, and 3 pl of the essential oil being
studied was dispensed onto each disc using
an automatic pipette. For controls, a positive
control used a 10 pg gentamicin antibiotic disc,
while a negative control consisted of an

untreated disc.
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The inoculated plates were then
incubated at 35°C for 24 hours. After
incubation, the diameters of the clear zones
( inhibitory zones) around each disc were
measured using a vernier caliper in
millimeters. The experiment was performed in
triplicate, and the results were reported as the
mean * standard deviation. The inhibition
zone diameter ( 1ZD) of essential oil was
measured and interpreted using the following
criteria: no activity, 1ZD = 6 mm; weak activity,
6 mm < IZD < 10 mm; moderate activity,
10 mm < 1ZD < 20 mm; and strong activity,
1ZD > 20 mm.

4. Determination of minimum inhibitory
concentration (MIC) and minimum bactericidal
concentration (MBC) by micro-broth dilution
method

The MIC was determined using the
micro-broth dilution method in a 96-well
microtiter plate, following the Clinical and
Laboratory  Standards Institute  (CLSI)
guidelines15 with few modifications. Serial two-
fold dilutions of the essential oils, dissolved in
95% absolute ethanol, were prepared in
Mueller-Hinton Broth ( MHB) to achieve
the final concentrations ranging from 0.029
to 7.500 pg/ pl in each well of the 96-well
plate. The three bacterial strains were
prepared by fresh sub-culture and diluted to a
turbidity equivalent to a 0.5 McFarland
standard (1.5 x 1OBCFU/m|), and 20 pl of each

Uil 22 aliuil 1 unsea-Siquisy 2568

suspension was added to each well.
Positive controls contained only the bacterial
test strains in MHB, while solvent controls
included bacterial test strains in MHB with 2%
ethanol. Wells with antibiotic (gentamicin) for
comparison contained concentrations ranging
from 0.029 to 3.750 pg/pl. Additionally, wells
containing only MHB were included as
negative controls. Each 96-well plate was
shaken horizontally and then incubated at
35°C for 24 hours. The results were recorded,
and the MIC was determined as the lowest
concentration of essential oil at which no
visible bacterial growth was observed,
indicated by the absence of turbidity.
The experiment was performed in triplicate.
Samples from the MIC testing, which
showed inhibition of bacterial growth, were
streaked onto Sheep Blood Agar (SBA) plates
using the streak plate technique. The plates
were then incubated at 35°C for 24 hours.
The results were recorded. If the essential ol
concentration was bactericidal ( able to Kill
bacteria) , no bacterial growth would be
observed on the agar plate.
The concentration at which no growth was
observed was reported as the MBC.
The estimation of the MBC/MIC ratio describes
the bactericidal effect (MBC/MIC < 4 )
or bacteriostatic effect (MBC/MIC 2 4) of the
test essential oil. Each experiment was

repeated three times.
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5. GC-MS analysis of essential oil

GC-MS was used to establish the
essential oil's composition. An Agilent 6890 gas
chromatograph operating in electron impact
mode (70 eV) was utilized for this investigation.
It was connected to an Agilent 5973 mass
selective detector and has a fused silica
capillary column (HP-5MS; 30.0 m x 0.25 mm
i.d. and 0.25 m film thickness). The carrier
gas, helium, flowed at a rate of 1.0 ml/min.
The oven temperature was set to rise from
100°C at a rate of 3°C/min to 188°C, then to
280°C at a rate of 20°C/min, with a final hold
period of three minutes. The temperatures of
the injector and detector were kept at 280°C.
The ionization source temperature was set to
200°C, and chromatograms were screened in
scan mode from m/z 50 to 500 at a rate of
3.25 scan/s. In split mode, 0.2 W of diluted
samples were injected at a ratio of 1: 50.
By comparing their mass spectra with those
from the MS database ( National Institute
of Standards and Technology, NIST 98 and
Wiley 7n.1 Libraries), the components were
identified. The relative percentages of essential
oil constituents were expressed as a
percentage by peak area normalization.
6. Statistical analysis

An analysis of variance (ANOVA) was
used to determine statistical significance
based on two factors: (1) essential oil type

and (2) essential oil concentration. The three
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replicates' means plus standard deviations
were used to express the data using SPSS
for Windows. Tukey's post hoc test, which
uses multiple comparison tests to identify
significant differences between mean values,
was used to conclude that a difference of p < 0.05

was significant.

Results
1. Yield of essential oil

By hydrodistillation, five plants with
varying amounts of essential oil were
identified from 100 g of dried plants. Essential
oil yields on dry weight ranged from 0.25% to
4.50% (v/iw). Cymbopogon citratus (DC) Stapf
produced the highest yield (4.50+0.00% ),
followed by Syzygium  aromaticum L.
(4.13+£0.15% ), Citrus hystrix (1.82+0.05% ),
lllicium verum Hooker (0.80+0.00% ), and
Citrus maxima (0.25+0.05%).
2. GC-MS analysis of plant essential oils

The chemical composition of five plant
essential oils was analyzed by GC-MS. Table 1
shows the total essential oil compositions and
the main constituents with concentrations
more than 10%. A total of 10 compounds were
identified in Citrus hystrix essential oil, with
citronellal (84.22% ) being the main compound.
Citrus  maxima essential oil contained
citronellal ( 15.86% ) and germacrene-D
(13.92%) as its main compounds. Twenty-five

compounds were identified in the Cymbopogon citratus
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(DC.) Stapf essential oil, including geraniol
(37.29% ) and neral (24.63% ) as the main
compounds. Trans-anethole (92.65%) was the

main compound in [llicium verum Hooker

Uil 22 aliuil 1 unsea-Siquisy 2568

essential oil. For Syzyglum aromaticum L.
essential oil, the main compounds were
eugenol (74.64%), eugenol acetate (13.18%),
and trans-caryophyllene (10.64%).

Table 1. The total composition and major components of essential oils

Essential oil Total Compound Main Composition®

Citrus hystrix 10 Citronellal (84.22%)

Citrus maxima 10 Citronellal (15.86%),
Germacrene-D (13.92%)

Cymbopogon citratus (DC.) 25 Geraniol (37.29%),

Stapf Neral (24.63%),
Selina-6-en-4-ol (21.86%)

llicium verum Hooker 12 Trans-anethole (92.65%)

Syzyglum aromaticum L. 9 Eugenol (74.64%),

Eugenol acetate (13.18%),
Trans-Caryophyllene (10.64%)

# the main composition found are more than 10%

3. Disc diffusion method

The antimicrobial activity of five
essential oils was evaluated against three
bacterial strains: E. coli ATCC 25922,
P. aeruginosa ATCC 27853, and S. aureus
ATCC 25923, using the disc diffusion method.
Table 2 presents the inhibition zone diameters
(1ZD) in millimeters ( mm) with standard
deviations (SD). For the disc diffusion method
in this study, Syzygium aromaticum L.
essential oil showed the broadest inhibition of
activity, inhibiting all three bacterial strains.

The highest 1ZD for this oil was significantly

(p< 0.05) inhibited against E£. coli ATCC
25922 (10.6+0.13 mm) with moderate activity.
It also showed moderate activity against
S. aureus ATCC 25923 (11.5+0.05 mm) and
weak activity inhibition against P. aeruginosa
ATCC 27853 (6.25+0.05 mm). Cymbopogon
citratus (DC) Stapf and Citrus hystrix essential
oils showed weak inhibition against E. coli
ATCC 25922 (9.55+0.20 mm and 9.37+0.19
mm, respectively) and moderate inhibition
against S. aureus ATCC 25923 (14.37+0.08 mm

and 12.43+0.12 mm, respectively) . Citrus maxima
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and lllicium verum Hooker essential oils
displayed weak activity against E. coli ATCC
25922 and S. aureus, ATCC 25923, with lower
IZD values. P. aeruginosa ATCC 27853
exhibited significant resistance to all tested
essential oils except for Syzygium aromaticum L.

essential oil, which showing some inhibition,
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significantly (p< 0.05) higher activity than the
essential oils. The results indicate that
Syzygium aromaticum L. , Cymbopogon citratus
(DC) Stapf, and Citrus hystrix essential oils
possess promising antimicrobial properties.
The broad-spectrum activity of

Syzygium aromaticum L., especially against
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with weak activity ( 6. 25+0. 05 mm) P. aeruginosa ATCC 27853,

Gentamicin, as a standard antibiotic, exhibited

Table 2. Inhibition zone diameters (1ZD) of essential oils.

Inhibition zone diameter (IZD; mm + SD)

Essential oil Escherichia coli Pseudomonas Staphylococcus
ATCC 25922 aeruginosa aureus
ATCC 27853 ATCC 25923
Citrus hystrix 9.37+0.19 NI 12.43+0.12
Citrus maxima 6.22+0.10 NI 8.02+0.13
Cymbopogon citratus (DC.)Stapf 9.55+0.20 NI 14.37+0.08
Illicium verum Hooker 7.07+0.03 NI 6.33 £ 0.03
Syzygium aromaticum L. 10.6 £+0.13 6.25+ 0.05 11.5+0.05
Gentamicin (10uQ) 19.25+0.13 22.23+0.38 21.39+0.30
Negative control NI NI NI

NI = No Inhibition zone

4. Determining the MIC and MBC of the dilution method in order to confirm and

essential oils by micro-broth dilution method
The antibacterial activity of five
essential oils was quantified in terms of MIC
and MBC values. The results were shown in
Table 3. Table 3 presents the MIC and MBC

that were obtained using the micro-broth

quantify its antibacterial potency. The more
sensitive E. coli ATCC 25922 had an MIC
between 0. 234 and 3. 750 Hg/ HI'
The resistance of P. aeruginosa ATCC 27853
was higher in the range of 0. 938 to
7.500 Mg/}il compared to E. coli ATCC 25922

PBRU Science Journal
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and S. aureus ATCC 25923. Syzygium aromaticum L.
essential oil exhibited the lowest MIC against
E. coli ATCC 25922 (0.234 pg/pl), while
Cymbopogon citratus (DC.) Stapf essential oil
showed the lowest MIC against S. aureus ATCC

Uil 22 aliuil 1 unsea-Siquisy 2568

showed the highest MIC and MBC values
across all tested bacteria, indicating
comparatively lower activity. While gentamicin
generally exhibited lower MIC and MBC values,

the essential oils demonstrated notable antimicrobial
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25923 ( 0. 117 ug HD , the same MIC as activity, particulaly Syzygium aromaticum L. and

gentamicin. /llicium verum Hooker essential oil Cymbapogon citratus (DC) Stapf essential oil.

Table 3. Antibacterial activity of plant essential oils by micro-broth dilution.

Escherichia coli Pseudomonas Staphylococcus

ATCC 25922 aeruginosa ATCC 27853  aureus ATCC 25923
Essential oil
MIC MBC MIC MBC MIC MBC

(Lg/p) - (Bg/pbl) - (Kg/p) (Lg/p) - (Bg/pbl) - (Hg/pD)
Citrus hystrix 0.469b 0.938b 3.750a 3.750a 0.938a 1.875a
Citrus maxima 1.875a 1.875a 3.750a 3.750a 0.938a 0.938b
Cymbopogon citratus 0.469b 0.469c 7.500b 7.500b 0.117b 0.234c

(DC.)Stapf
Illicium verum Hooker 3.750a 3.750a 7.500b 7.500b 7.500a 7.500a
Syzygium aromaticum L. 0.234c 0.469c 0.938c 1.875¢c 0.938a 1.875a
Gentamicin 0.234c 0.234d 0.938c 0.938¢c 0.117b 0.117d

Negative control - - - - - -

Differences in superscript letters in the column indicate significant difference (p<0.05).

Discussion (86.4%) was the main component in 0.31%

Previous studies have shown the
different yields and chemical compositions of
essential oils produced from various plant
materials. In this study, Citrus maxima
essential oil was found to have citronella
(15.86%) as the main compound. This result
is in contrast to other research that has been

published, which showed that D-limonene

of the yieldm. However, the results from the
other essential oil that was examined in this
study were similar to previous research.

Citrus  hystrix essential oil vyield
was about 1%, with citronellal of 85.4%".
Cymbopogon citratus essential oil yields was

around 1.4%, and is characterized by geraniol
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(37.1%)"®. lllicium verum seeds offer a
substantial essential oil yield of 4.13%, with
trans-anethole (83.46%) being the main
constituent'®. Syzygium aromaticum generally
yields a high amount of essential oil,
averaging 11.6% (w/w)™. Its main compound is
eugenol (78.72%), followed by B-Caryophyllene
(8.82%) and eugenyl acetate (8.74%).
It's important to note that variations in the
chemical composition reported in different
literature can be attributed to numerous
factors. These include genetic variety,
geographic location, agronomic and
environmental conditions, and the extraction
methods used”'.

Previous research on the antimicrobial
activity of essential oils from Citrus hystrix
leaves, Citrus maxima peels, Cymbopogon
citratus leaves, lllicium verum seeds, and
Syzygium aromaticum flower buds frequently
reports their MIC and MBC against various
pathogenic microorganisms. These values
provide insights into their potential as
antimicrobial agents, while the MBC/MIC ratio
helps classify their mode of action Syzygium
aromaticum flower bud essential oil is widely
recognized as one of the most potent natural
antimicrobial agents among essential oils,
primarily due to its exceptionally high eugenol

content. It exhibitsvery low MIC and MBC values,
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demonstrating strong bactericidal activities.
Specifically, MICs ranging from 1.36 to
2.72 mg/ml and MBCs varying from 5.45 to
10.9 mg/ml have been reported against
enteropathogenic bacteria®. Furthermore, an
MIC of 0.23 mg/mL against E. coli ATCC
35218% and 0.2 mg/ml* against E. coli ATCC
35218, with an MBC of 3.12 mg/ml”’, have
also been noted.

Cymbopogon citratus essential oil is
widely  known for its  broad-spectrum
antimicrobial  activity, include  serveral
multidrug-resistant Gram-negative bacterial
strains such as P. aeruginosa, E. coli,
Enterobacter cloaceae, Morganella morganii,
Proteus mirabilis or Burkholderia cepac/an24.
Antibacterial activity of the essential oil from
Cymbopogon citratus reported its potent
activity against Gram-positive bacteria compared
to Gram-negative bacteria”. Essential oil from
Cymbopogon citratus showed no inhibition
activity against P. aeruginosa CRBIP 19.249
and more than 80 mg/ml of MIC. MIC of
S aurus ATCC 9144 and E.coli CIP 105182
showed 2.5 and 10 mg/ml, respectivelty, as a
bactericidal effect”®. P. aeruginosa demonstrated
the highest resistance via disc diffusion and
also exhibited the highest MIC and MBC
values when compared to other tested

. . 26 . . .
microorganisms™. Geraniol is the main
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compound of Cymbopogon citratus essential
oil, causes perturbation in the lipid fraction of
the plasma membrane of the microorganism,
which results in alterations of the permeability
of the membrane and consequently in cellular
death by plasmolysis”’.

Trans-anethole dominates the essential
oil of lllicium verum, which has strong
antibacterial  activity, particularly against
bacteria and fungi. However, it is generally
expected that the sensitivity of Gram-positive
bacteria is higher than that of Gram-negative
bacteria. Gram-positive bacteria (S. aureus
and S. epidermidis) are sensitive compared to
Gram-negative bacteria (Enterobacter cloacae,
Klebsiella pneumoniae, Acinetobacter
baumannii, and E. co//)19. The essential oil of
lllicium verum has shown efficacy against
Salmonella enterica CECT 443, Listeria
monocytogenes CECT 933, S. aureus ATCC
6538, B. subtilis CIP 5265, and E. coli ATCC
35218 with an inhibitory zone of more than
9 mm. llicium verum essential oil and
trans-anethole both is showed bacteriostatic
efficacy against eight tested Gram-positive
and Gram-negative food pathogenic bacteria,
according to their MIC/MBC ratios™.
This study showed that the essential oil of

lllicium verum Hooker had bacterial activity on

all test pathogenic bacteria. It was more
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efficient against the E. coli strain, with an
inhibitory zone diameter of 7.07 mm and an
MIC and MBC of 3.70 pg/pul.

Citrus hystrix essential oil has been
shown in experiments to inhibit the growth of
bacteria. P. eruginosa ATCC 27853 (22.17 mm
inhibition diameter), B. cereus ATCC 11778
(16.18 mm inhibition diameter), and S. aureus
ATCC 25923 (22 mm inhibition diameter) had
the strongest inhibitory effects. Additionally,
the essential oil demonstrated bactericidal
activity against a range of respiratory and
resistance to multiple drugs. Gram-positive
bacteria (MIC, 1.3 to 5.3 mg/ml) were more
susceptible to the effects of Citrus hystrix
essential oil than Gram-negative bacteria
(MIC, 1.2 to 16.0 mg/ml). Nevertheless,
neither the broth microdilution nor the agar
disk showed any action against
P. aeruginosa’. This research study indicates
that the essential oils examined are more
effective at inhibiting E. coli. ATTC 25922 and
S. aureus ATCC 25923 than P. aeruginosa
ATCC 27853. This observation aligns
consistently with other scientific
investigations, which frequently highlight
P. aeruginosa as a particularly challenging
Gram-negative bacterium, notorious for its
inherent resistance to a wide spectrum of
antibiotics, various antimicrobials, and even

. 10
essential oils .
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The essential oil of Citrus maxima
exhibited antibacterial activity against E. coli,
P. aeruginosa, B. subtilis, S. aureus,
B. licheniformis, and B. altitudinis'®.
The antibacterial activity of Citrus maxima
essential oil was against Gram-positive
bacteria (S. aureus ATCC 25923 and
S. epidermidis ATCC 12228) by inhibition
diameter of 19.3 mm and Gram-negative
bacteria (E. coli ATCC 25922 and
S. dysenteriae ATCC 13313) by inhibition
diameter of 8.3 and 11.7 mm, respectively.
While the inhibition zones of Citrus maxima
essential oil against S. aureus ATCC 25923,
S. aureus ATCC 43300, and MRSA isolates
were 10.0, 9.0, and 9.9 mm, respectively,
indicating a weak activity. The MBC/MIC value
against S. aureus ATCC 43300, and S. aureus
ATCC 25923 was 0.8 and 1.3, respectively, as
a bactericidal effect™.

Essential oils contain numerous active
components, including citronellal, geraniol,
anethole, and eugenol. It is highly probable
that their mode of action involves multiple
targets within the bacterial cell®®. A key
aspect of their antibacterial mechanism is the
hydrophobicity of essential oils. This property
allows them to partition into the bacterial cell
membrane and mitochondria, rendering them
permeable and leading to leakage of cell

33,34
contents™"".
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Eeg

Citronella and geraniol as major
components in these essential oils, a
characteristic supported by previous research

234 - Anethole

on their antimicrobial properties
demonstrates inhibitory effects against various
bacteria, including E. coli, P.aeruginosa,
and S. aureus, through multiple mechanisms
such as disrupting bacterial cell membranes
and inhibiting biofiim  formation, as
demonstrated in  previous research®®.
Eugenol effectively inhibits both E. coli ATCC
25922 and S. aureus ATCC 25923 through a
critical mechanism to damages the structure
and disrupts the vital functions of the bacterial
outer cell membrane. In the case of E. coli
ATCC 25922, this leads to the leakage of
essential intracellular components, ultimately
causing cell death®’. For S. aureus ATCC
25923, eugenol not only inhibits growth but
also prevents the formation of biofilms, which
are protective layers that make bacteria more
resistant to treatment”. Furthermore, the
significance of eugenol extends to its reported
ability to inhibit the growth and biofiim
formation of P. aeruginosa. This is a crucial
finding because biofilm formation is a primary
mechanism by which P. aeruginosa
establishes chronic infections and develops
its formidable drug resistance. Biofilms act as
a physical barrier, reducing antibiotic

penetration and promoting the survival of
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resistant bacterial strains within the protective
matrix’®. The ability of eugenol to disrupt this
mechanism suggests a potential avenue for
combating this highly problematic pathogenSg.
Despite  the inherent resistance  of
P. aeruginosa ATCC 27853, it is important to
note that the experiments in this study found
that the essential oils examined, including
those less effective against P. aeruginosa
ATCC 27853 than against E. coli ATCC 25922
and S. aureus ATCC 25923. In this study, all
essential oils exhibited a bactericidal effect
against E.coli ATCC 25922, P. aeruginosa
ATCC 27853 and S. aureus ATCC 25923, with
an MBC/MIC ratio ranging from 1.0 to 2.0.

Conclusion

This research provides valuable
quantitative data for Syzygium aromaticum L.
and Cymbopogon citratus essential oils,
which possess strong antimicrobial potential.
P. aeruginosa ATCC 27853 of resistance is
consistent with its known resilience. Further
research should explore these essential oils
mechanisms and applications as natural
antimicrobials, particularly against resistant

bacteria.
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Abstract

A group fish farmer raises fish using an extensive culture system. The fish grow slowly, take a
long time, to reach market size, and yield low production. They can produce and sell fish only once
per year. Therefore, in order to increase production, they must raise them in a semi-intensive culture
system, using supplemental feed made from feather meal, a byproduct of chicken processing,
digested using natural enzymes, allowing farmers to process it themselves, and investigated the
effects of using native chicken feather meal as a supplemental feed for raising fish in a semi-intensive
culture. A completely randomized design (CRD) with three replications was used, consisting of five
treatments: no supplemental feed, feather meal marinated with pineapple cores, feather meal
marinated with raw papaya peels, complete feed made from feather meal marinated with pineapple
cores, and complete feed made from feather meal marinated with raw papaya peels. Fish were fed at
a rate of 5% of their body weight per day, divided into two feedings. Weight and growth data were
collected every 2 weeks for 8 weeks. It was found that silver barb fed with supplemental feed in all
forms had better growth than those not fed with supplemental feed. All forms of supplemental feed
had a statistically significant effect on growth (P < 0.05). The use of ground native chicken feather
meal as a supplemental feed in semi-intensive silver barb farming has a better effect on fish growth
and survival rate than not providing supplemental feed. Supplemental feed in the form of complete
feed yielded better results than feather meal used as a protein source alone. The use of ground
native chicken feather meal as a raw material for aquatic animal feed is an alternative to obtaining fish

feed with a lower price per kilogram than commercial feed.

Keywords: Supplemental feed, Feather meal, Herbivore fish
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Figure 1. Feather meal (a), feather meal marinated with pineapple cores (b) and feather meal

marinated with raw papaya peels (c)
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Table 1 Diets in experiment sets 4 and 5
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G

Experimental diets

Ingredients Complete feed made from Complete feed made from
(kg) feather meal marinated with  feather meal marinated with
pineapple cores raw papaya peels

Broken rice 27.00 25.00
Rice bran 27.00 25.00
Soybean meal (44%) 27.00 31.00
Soybean oil 4.00 4.00
feather meal marinated with pineapple cores 15.00 0.00
feather meal marinated with raw papaya peels 0.00 15.00
total (kg) 100.00 100.00

Figure 2. Complete feed made from feather meal marinated with pineapple cores (a) and Complete

feed made from feather meal marinated with raw papaya peels (b)
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11 Table 2

Table 2 Chemical composition of feather meal

Moisture Protein Lipid Fiber Calcium  Phosphorus
Forms of feather meal
(%) (%) (%) (%) (%) (%)
Feather meal marinated with
14.00 73.00 2.54 1.72 0.18 0.72
pineapple core
Feather meal marinated with
10.00 81.00 2.30 1.58 0.20 0.75
bromelain enzyme
Feather meal marinated with
12.00 64.00 2.60 1.76 0.15 0.69
raw papaya peel
Feather meal marinated with
10.00 78.00 2.37 1.61 0.22 0.80
papain enzyme
2. dsz@nsmwnisiasaaulanaasian UMINENAUMINAL 35.20 + 0.54, 35.24 + 0.30,
annsfneuazesnsldalinudialu 35.19 + 0.45, 35.21 + 0.23 Ua 35.22 + 0.35 N3
qﬁ]‘ﬂ LUUANY i Wuemsaunulunisiaesdan 519 617 ﬁqﬁqmﬂ/ﬂ@mﬁqﬂ WiNAL 58.65 + 0.59,
AZINEUINNIRRIUN URINTNAABINLIN AN 80.15 + 0.64, 78.79 + 0.77, 95.22 + 0.52 LAY
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AN T U e SN 0.42 + 0.07,
0.80£0.13,0.78 £0.19,1.07 £0.04 uac
1.06 + 0.03 n3uFRAABTY ANFUNUBIWNIT
AUWINAL 5.68 +0.20, 5.74 + 0.14, 4.78 + 0.10 LAY

4.96 +0.10 NSUARFAAATW FRINTUALNEIMNg

Table 3 Growth performance of Silver barb

o

Uil 22 aliuil 1 unsea-Siquisy 2568

Duilewintu 320 £ 271,351 £ 118, 2.70 £ 0.11
WAL 2.83 + 0.21 LATANEATINITIAAANLLVINAL
73.33+£6.82,96.67+ 3.00,93.33 £2.00,98.22 + 2.00
WAy 98.22 + 2.00 wedidusd nanaAugAnIg
NARDY %ﬂmwf@:ﬁmmwmmﬁmmLLmrwi'N

fuaeeliad1Ayneans (P < 0.05) ATLAAS

lu Table 3

Experiments

Parameters
™ T2 T3 T4 T5 p-value
Initial weight
3520+ 054 3524 +0.30 35.19+0.45 35.21+£0.23 35.22 £0.35 0.984
(gffish)
Final weight
58.65+0.59° 80.15+0.64° 78.79+0.77° 9522+0.52° 094.71+0.36° 0.032
(gffish)
Weight gain
23.45+4.57° 44.91+154° 4360+1.71° 60.01+2.36° 59.49+1.95 0.037
(gffish)
Daily weight gain
0.42 +0.07° 0.80 £ 0.13° 0.78 £ 0.19° 1.07 + 0.04° 1.06 + 0.03° 0.041
(gffish/day)
Feed intake
- 5.68 + 0.20° 5.74 £ 0.14° 478 +0.10° 4.96 +0.10° 0.017
(gffish/day)
Feed Conversion
- 320+271°  351+118° 270+0.11° 283+021° 0.028

Ratio: FCR

Survival rate (%)  73.33 +£6.82° 96.67 +2.82°

93.33+3.00° 98.22+2.00° 98.22+2.00° 0.046

*® Means with different superscripts within the same row differ significantly at P < 0.05

T1 = Not giving supplemental feed

T2 = Supplemental feed from feather meal marinated with pineapple cores

T3 = Supplemental feed from feather meal marinated with raw papaya peels

T4 = Supplemental feed of complete feed made from feather meal marinated with pineapple cores

T5 = Supplemental feed of complete feed made from feather meal marinated with raw papaya peels
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Table 4 cost of experimental diets
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14.40 + 1.70, 13.16 £ 2.29, 53.27 + 1.86 LAY

54.68 + 0.84 UnAau uindan 1 alansu

AINAIALTANINARDY AILAAS LU Table 4

Experimental Price (THB/kg) Feed cost per 1 kilogram of fish weight increase
diets (THB/kg)
T2 4.50 14.40 + 1.70°
T3 3.75 13.16 + 2.29°
T4 19.73 53.27 + 1.86°
T5 19.32 54.68 + 0.84°

*® Means with different superscripts within the same row differ significantly at P < 0.05

T2 = Supplemental feed from feather meal marinated with pineapple cores

T3 = Supplemental feed from feather meal marinated with raw papaya peels

T4 = Supplemental feed of complete feed made from feather meal marinated with pineapple cores

T5 = Supplemental feed of complete feed made from feather meal marinated with raw papaya peels
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Abstract

Saline water intrusion poses a significant threat to orchid cultivation in Thailand’s central
provinces, where dry season salinity levels in irrigation canals can reach 4.2 dS/m—uwell above the
2.0 dS/m tolerance threshold for salt-sensitive orchids. Despite Thailand’s global leadership in orchid
exports, with annual revenues exceeding USD 160 million, smallholder farmers lack access to
real-time, affordable salinity monitoring tools. Traditional water quality assessments are
labor-intensive and reactive, failing to prevent crop damage during critical salinity events. This study
developed and evaluated a community-participatory Internet of Things (IoT) water quality monitoring
system integrating low-cost electrical conductivity (EC) sensors with mobile alert functionality
to support timely salinity management in orchid farming.

The system employed NodeMCU ESP8266 microcontrollers integrated with EC sensors
(Salinity = EC x 0.64), pH (ESEN-288), temperature (DS-18B20), and dissolved oxygen sensors.
Real-time data visualization and alerting were enabled via the Blynk mobile platform.
Field deployment in Sam Phran District, Nakhon Pathom Province involved 30 farmers (65% of local
growers). Sensor calibration was conducted in partnership with Suan Dusit University. Evaluation
included technical validation, user satisfaction surveys (usability, performance, design, installation),
and an economic impact analysis comparing crop loss data from 2015-2021 with
post-implementation results in 2024.

The system demonstrated high technical reliability across parameters and achieved strong
user satisfaction (mean scores >4.67/5.0 across all dimensions). Economic analysis revealed a 42%
reduction in average annual crop damage, translating to savings of 17,000 THB per household.
The system enabled timely responses, such as alternative water sourcing and irrigation adjustments.
Community engagement was evident through user-led maintenance, data sharing, and interest

in system expansion.
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This study highlights the potential of participatory, low-cost loT solutions in enhancing

agricultural resilience, supporting smart farming adoption among smallholders, and promoting

scalable, sustainable salinity management practices.

Keywords: water quality monitoring, saline intrusion management, climate adaptation

Introduction

Thailand maintains its position as the
world's leading orchid exporter, with annual
exports exceeding USD 160 million as of
2022" The central provinces, particularly
Nakhon Pathom and Samut Sakhon,
account for approximately 45% of national
orchid production2 However, saline water
intrusion—exacerbated by climate change
and groundwater overextraction—has
emerged as a significant threat to orchid
cultivation, a crop sensitive to salinity levels
above 2.0 dS/m. ***

The application of Internet of Things
(loT) technology in environmental monitoring
offers innovative approaches to mitigate such
stressors. |0T systems facilitate real-time data
acquisition through integrated sensors, cloud
platforms, and mobile applications. These
technologies have demonstrated potential in
improving irrigation efficiency, detecting pH,
dissolved oxygen, and temperature levels,
and responding proactively to environmental
changes *® Nevertheless, existing systems
often lack community engagement, which
impedes their relevance and adoption in

smallholder agricultural contexts.

Salinity intrusion in coastal and lowland
regions of Southeast Asia has intensified in
recent years, resulting in substantial soil
degradation and a marked decline in
agricultural productivity7 In Thailand's central
plains, salinity concentrations in irrigation
canals during the dry season have been
recorded at levels as high as 4.2 dS/m—uwell
above the tolerance threshold for salt-sensitive
crops such as orchids” To prevent adverse
impacts, irrigation water should maintain
salinity levels below 0.75 grams per liter, or an
electrical conductivity (EC) of less than
750 microsiemens per centimeter. To counteract
salinity ingress, the Department of Agricultural
Extension recommends maintaining elevated
water levels in on-farm reservoirs relative to
surrounding  fields,  thereby  reducing
the potential for saline water intrusion
via subsurface flow. Furthermore, it advocates
for the adoption of water-efficient irrigation
strategies to limit water usage and reduce
salinity exposure. Despite growing awareness
of the issue, there remains a critical gap in the
availability of real-time, farmer-accessible
monitoring and management tools for timely

response to salinity intrusion.
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This study introduces a community-
participatory 0T system that integrates low-cost
electrical conductivity (EC) sensors with a
mobile alert platform (Blynk app) tailored for
orchid farmers. It bridges the gap between
technical innovation and socio-environmental
application, offering a novel solution rooted in
validation, and

farmer co-design, field

economic impact assessment.

o
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friendly interfaces. Such platforms increase
accessibility and adoption, especially in areas
with  limited infrastructure®® The  mobile
component in this study was developed with
input from 30 local farmers and includes
training for independent system maintenance.

The table below summarizes the novel
contributions of this study in comparison to

prior research in smart agriculture:

PBRU SCIENCE JOURNAL 99

Mobile applications play a vital role in

this system by providing

real-time,

user-

Table 1. Comparative Analysis of This Study and Prior Research

Aspect

Prior Research

This Study (2023-2024)

New Contribution

10T in Agriculture

Community
Participation

Target Crop
Real-Time Alert
System

Sensor Strategy
Field Validation
Economic Impact
Scalability

User Satisfaction
Sensor
Calibration

Local Knowledge

Integration

Use of Blynk App

Monitored pH, DO,
5

temperature
Top-down system design'"

. 7
Focus on rice, cassava
Alerts not implemen'(ed4
High-cost sensors’
Lab-based or simulated’
Not quantified8
Infrastructure barriers’
Limited usability data
Rare in-field calibration

No farmer training reported

Not documented in Thai

agriculture

Integrated EC sensors with
real-time alerts for orchids
Participatory co-design with local
farmers

Focus on orchids

EC-based mobile alerts via Blynk

Low-cost EC sensors + empirical
formula’”

Field-tested with 30 orchid
farmers

42% reduction in reported crop
loss

Interest from nearby communities

Usability score > 4.7
(5-point scale)

Calibrated using lab-grade
reference instruments
Farmers trained to operate
and maintain system

First use in orchid salinity

management

Salinity alert system for
high-value crops
Democratized technology
development

Addresses underrepresented
high-value crop

Locally responsive warning
mechanism

Promotes affordability with
acceptable precision
Provides real-world validation
in Thai context

Evidence of cost-effectiveness
and utility

Demonstrates replicability
and scale potential

Provides quantitative feedback
from end users

Ensures reliability under field
conditions

Merges local knowledge with
digital solutions

Innovates with low-code

platform in agriculture

PBRU Science Journal
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This integrative approach presents
three core innovations: (1) community-based
technological design, (2) real-time salinity
alerts for high-value crops, and (3) evidence-
based validation through user feedback and
economic outcomes. The study not only fills
critical gaps in existing literature but also
offers a scalable model for smart agriculture

under climate stress conditions.

Objectives

1 . Develop and implement a community-
based water quality monitoring system integrating
loT technology with local management practices.
2 . Evaluate the technical effectiveness and
user acceptance of the system through

quantitative and qualitative measures.

“AD Uil 22 aduit 1 unAu-liguisu 2568

Materials and Methods
The research was conducted through

the following seven clear steps:

System/Circuit Design

The system was designed for real-time
water quality monitoring using loT technology.
The hardware included a NodeMCU ESP8266
microcontroller connected to a pH sensor
(ESEN-288), a temperature sensor (DS-18B20),
and a dissolved oxygen (DO) sensor. A Wi-Fi
access point was used for connectivity.
The software included the Arduino IDE for
programming and the Blynk platform (server
and mobile application) for data storage,
visualization, and real-time alerts. The purpose
of each component in the water quality

monitoring system:

Table 2 The purpose of the component in the water quality monitoring system

Component Type Purpose
NodeMCU ESP-8266 Hardware Serves as the central processor; collects data from sensors and transmits it
microcontroller via Wi-Fi.

pH sensor (ESEN-288) Hardware

Temperature sensor Hardware

(DS-18B20) health.

Dissolved Oxygen (DO) Hardware

Measures the acidity or alkalinity of the water, important for orchid health.

Measures the water temperature, which affects oxygen levels and plant

Measures the amount of dissolved oxygen in water, indicating suitability for

Connects the microcontroller to the internet for real-time data transmission.

Used for writing and uploading code to the microcontroller.

sensor plant and aquatic life.
Wi-Fi access point Hardware

Arduino IDE Software

Blynk Server Software

Blynk mobile application Software

are exceeded.

Stores and visualizes sensor data in real-time.

Displays sensor data and sends real-time alerts to users when thresholds

PBRU Science Journal
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Figure 1 System design & Circuit Diagram

Field Deployment

The system was deployed in the Sam
Phran orchid farming community, where
irrigation water is sourced from nearby canals.
The deployment process emphasized
community participation. Local farmers were
involved in both installation and maintenance,
and training sessions were conducted to build
capacity and ensure the long-term
sustainability and operation of the system.
This participatory approach fostered local

ownership and engagement

Data Validation and Calibration

Calibration of the water quality
monitoring instruments was performed to
ensure data accuracy. Standard calibration
solutions and reference equipment were used
to validate the sensor readings for pH,
temperature, and DO. This step ensured that

the field data aligned with laboratory standards.

o
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Farmer Adoption and System Performance
Post-deployment, the adoption of the
system by farmers was monitored. System
performance was evaluated in terms of sensor
accuracy, stability of data transmission, and
effectiveness of alert notifications when water
quality  exceeded  critical  thresholds.
Feedback from farmers was used to assess
how well the system integrated into their daily

agricultural practices.

Calibration of Water Quality Monitoring
Instruments

The system adopted Electrical
Conductivity (EC) sensors instead of direct
salinity sensors due to cost-efficiency and
proven scientific validity. EC sensors are
significantly more affordable and widely
available than dedicated salinity sensors,
making them ideal for large-scale, community-

based agricultural deployment. Several

PBRU Science Journal
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studies have confirmed that EC values can be
reliably converted into salinity values using
standardized empirical formulas. According to
Ayers and Westcot' a commonly accepted

approximation is:

Salinity (ppt) = EC (dS/m) x 0.64

A critical salinity threshold was set at
2.0 dS/m (=1.28 ppt), beyond which orchid
growth could be negatively affected. When
this threshold was exceeded, the mobile
application automatically sent alerts, enabling
farmers to take timely actions such as
changing water sources or adjusting irrigation

schedules.

Implementation and User Satisfaction of the
Community-Based Water Quality Monitoring
and Warning System

The effectiveness and usability of the
system were evaluated based on user
feedback from the community. Aspects
assessed included user-friendliness,
accessibility of data, speed and reliability of
alerts, and overall satisfaction. The feedback
was used to improve system design and
enhance user engagement and trust.
System Performance and User Satisfaction

Overall system performance was

continuously monitored, focusing on data

consistency, sensor  reliability, mobile

“AD Uil 22 aduit 1 unAu-liguisu 2568

Eeg

application response time, and network
connectivity. A user satisfaction survey was
conducted to assess the system’s impact on
farming practices and its perceived
usefulness. Insights gathered supported

future improvements and scaling strategies.

Results and Discussion
Farmer Adoption and System Performance:
Key Findings and User Satisfaction

A total of 30 orchid farmers
participated in the pilot implementation of the
system in Sam Phran District, Nakhon Pathom
Province. These farmers represented
approximately 65% of the active growers in
the subdistrict, indicating substantial
community engagement.

To evaluate the system’s effectiveness
in reducing economic losses from saline
intrusion, a comparative analysis was
conducted using farmer-reported crop
damage data from the previous two years
(prior to system implementation) and the first
year of using the system. The results revealed
an average reduction in reported damage
costs of 42%, primarily due to timely alerts
and real-time monitoring that enabled

preventive irrigation and protective measures.

PBRU Science Journal
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Table 3. summarizes the average estimated crop loss per household before and after system

implementation:

Year Average Estimated Crop Damage per Household (THB)

2015(Before Implementation)
2021(Before Implementation)

2024(After Implementation)

42,500
40,000
23,000

This data indicates a cost savings of
approximately 17,000 THB per household
annually, validating the economic benefits of
the monitoring system.

According to the local management
practices objective, Farmers exhibited a
strong willingness to adopt the system, driven
by its perceived potential to mitigate crop
damage. These findings are consistent with
previous research emphasizing the role of loT
systems in enhancing agricultural management *'.
The study identified several key outcomes:

1. High Trust and Active Participation:
Farmers demonstrated significant engagement
by actively participating in setting system
parameters and maintaining equipment,
reflecting a high level of trust in the
technology.

2. Information  Sharing:  Community
members  proactively exchanged data,
promoting the optimal use of the system and

fostering a collaborative environment.

3. Scalability and Community Interest:
Neighboring ~ communities  demonstrated
considerable interest in adopting the system,
underscoring its scalability potential and
broader applicability beyond the initial trial
area, consistent with findings from similar
studies on agricultural technology adoption®.

The observed high level of farmer
engagement and trust in the system is aligned
with the principles of participatory technology
development. Similar to the findings of

Dhanaraju et al. °

, who emphasized that
community-driven 10T implementations in
agriculture promote long-term sustainability
and knowledge co-creation, this study also
shows that farmers are more likely to adopt
systems when they are involved in the
parameter design and implementation stages.

Moreover, the collaborative data
sharing among community members mirrors
the findings of Parra-Lopez et al.” who

highlighted that peer-to-peer influence and

knowledge exchange significantly impact the
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diffusion of smart farming technologies,
particularly in rural settings. The reported
interest from  neighboring communities
confirms the scalability potential of the
system, supporting the results of Salam',
who noted that modular 10T frameworks are
more likely to be adopted across diverse
farming contexts when coupled with

appropriate training and support mechanisms.

Calibration of Water Quality Monitoring
Instruments
Instrument Calibration Procedures

For the calibration of the developed
water quality monitoring instruments, the
researchers collaborated with the
Environmental Center Laboratory of Suan
Dusit University. The Dissolved Oxygen (DO)
sensor was calibrated using the zero method
and subsequently compared with the YSI52
DO Meter for validation. The calibration
process focused on three key parameters: the

pH level of water solutions, the dissolved

oxygen (DO) concentration, and water

Uil 22 atiudl 1 unsea-Siquisy 2568

temperature. Calibration results for all three
parameters fell within acceptable standard
ranges, indicating the reliability of the
developed instruments for field application.

The calibration of pH and DO levels
involved testing with both tap water and
natural water sources. This approach ensured
the instruments' accuracy across different
water conditions. The detailed calibration
results are presented in Table 4.

The system's calibration outcomes
were consistent with acceptable scientific
standards, ensuring its reliability in field
applications. These results align  with
Dhanaraju et, al.e, who emphasized that the
accuracy of environmental sensors for smart
agriculture has improved significantly with the
evolution of embedded calibration algorithms.
Their study found that real-time field data
validation against laboratory-grade instruments
strengthens  user confidence in the
system—a trend also evident in this study's

user satisfaction findings.
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Table 4: Calibration Results of the Water Quality Monitoring Instruments

Measurement Parameter Calibration Standard Developed Instrument Accuracy
Reading (¥)
pH Level Standard Solution pH 4.00 4.28 +0.28
Standard Solution pH 7.00 7.3 +0.3
Standard Solution pH 10.00 10.4 +0.2
Tap Water 7.85 +0.24
Natural Water Source 7.75 0.2
Dissolved Oxygen (DO) Standard Solution DO 0 mg/L 0.57 mg/L +0.56
(mg/L)
Standard Solution DO 4 mg/L 4.57 mg/L +0.54
Tap Water 5.15 mg/L +0.11
Natural Water Source 4.35 mg/L +0.22
Temperature (°C) Temp = 25.00°C 25.50°C +0.49
Temp =~ 27.00°C 28.00°C +0.46
Temp =~ 34.00°C 34.50°C +0.43
Table 4 presents the calibration and Temperature Sensor
validation procedures for the key sensors Verified using certified thermometers to
integrated into the proposed water quality ensure accurate temperature detection under
monitoring system. The system employs three typical field conditions.

main types of sensors:
pH Sensor Implementation and User Satisfaction of the
Calibrated using standard  buffer Community-Based Water Quality Monitoring

solutions at pH levels of 4.00, 7.00, and 10.00, and Warning System

) ) ) o Following the calibration process,
ensuring reliable readings across acidic,

, the developed system was deployed in the
neutral, and basic ranges. Accuracy was

. , , , field, and the mobile application was tested in
confirmed through repeated calibration using

) real-world conditions to identify potential
the same reference solutions.

, errors and enhance system performance.
Dissolved Oxygen (DO) Sensor

, , ) To assess user satisfaction and gather
Calibrated using the zero-point method

) ) ) feedback, a survey was conducted among
and validated by cross-referencing with a YSI

, 30 orchid farmers in Sam Phran Subdistrict,
52 DO Meter, a standard instrument for DO

Sam Phran District, Nakhon Pathom Province.
measurement.

PBRU Science Journal
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This group was directly affected by water
quality issues, making them ideal participants
for the study.

The user satisfaction survey evaluated

the application’s performance and usability,

aiming to identify actual user needs and

Figure 2 Water Quality Monitoring System

System Performance and User Satisfaction
From the perspective of the secondary
objective, this research critically examines
the system’s technical performance and user
acceptance, employing both quantitative
analytics and qualitative insights. Particular
emphasis was placed on evaluating user

satisfaction with the mobile-based water
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ensure the system’s effectiveness in providing
timely water quality monitoring and salinity
warnings. The findings from this survey will

inform future improvements to optimize the

system’s performance and user experience.

quality monitoring and alert application.
The evaluation framework encompassed four
core dimensions—each reflecting critical
aspects of human-system interaction within
loT-based environmental monitoring platforms.

The analysis yielded the following results.
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The usability of the application received
the highest satisfaction rating, with a mean
score of 4.77 (SD = 0.55) and a satisfaction
percentage of 76.67%. Overall application
performance followed with a mean of 4.73
(SD = 0.50) and an 80.00% satisfaction rate.

The design and appearance dimension
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scored a mean of 4.70 (SD = 0.51) with a
76.67% satisfaction rate. The installation and
comprehension process, while still highly
rated, had the lowest satisfaction level with a
mean of 4.67 (SD = 0.49) and a satisfaction

percentage of 66.67%.

Table 5 User Satisfaction with the Mobile Application for Water Quality Monitoring and Salinity Warning

Dimension Mean Score Standard Deviation (SD)
Ease of Installation 4.67 0.49
Application Interface 4.70 0.51
Functionality 4.77 0.55
Overall Satisfaction 4.97 0.40
Further analysis of the usability dimension Satisfaction = 93.33%). Accessibility of

revealed the highest satisfaction for overall
user satisfaction with the application (Mean =
497, SD = 0.40, Satisfaction = 96.67%),
followed by the perceived usefulness of the

application (Mean = 4.93, SD = 0.52,

information received a satisfaction score of
86.67% (Mean = 4.87, SD = 0.47), and
application responsiveness had the lowest
subdimension  satisfaction —at = 83.33%

(Mean = 4.80, SD = 0.50).
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The findings highlight the strong
acceptance and positive reception of the
mobile application. High satisfaction with
usability and the application's perceived
benefits indicate its effectiveness in water
quality monitoring and salinity warning.
The lower satisfaction with the installation and
comprehension process suggests an area for
improvement, potentially through enhanced
user guides and simplified installation
procedures.

The high satisfaction scores in usability
and perceived usefulness (over 93%)
reinforce the notion that mobile applications
tailored to specific agricultural challenges—
such as salinity management—are more likely
to succeed when designed with user-centric
principless. Furthermore, the relatively lower
score in the installation and comprehension
dimension suggests a need for more intuitive
onboarding procedures, a gap that has also
been noted in smart farming implementations

. . . 3
in developing regions”.

Discussion

The high satisfaction scores in usability
and application performance (above 76%)
underscore the system's effectiveness in
meeting immediate needs related to water
quality and salinity monitoring. Over the long

term, the consistent use of this system can

o
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significantly improve the resilience of orchid
farmers by enabling early responses to
salinity threats, which helps to preserve plant
health, reduce vyield losses, and stabilize
income. As farmers build trust in the
technology and its reliability, the system has
the potential to become a core component of
local  agricultural  water  management
strategies. Furthermore, community-level data
sharing and aggregation can inform regional
water planning, thus contributing to more
adaptive irrigation policies.

However, despite overall high satisfaction,
the lowest rating was found in the dimension
of installation and comprehension (Mean = 4.67,
Satisfaction = 66.67%). This may reflect
several underlying factors:

Technical Literacy Gap: Many users
may lack prior experience with digital systems
or sensor installation, leading to challenges in
the initial adoption phase. As highlighted
by Parra-Lopez et., al 7 smart agriculture tools
often face usability bottlenecks when
deployed without sufficient user training.

Complexity of Sensor Setup: Although
the system utlizes Blynk for ease of
integration, the process of configuring
sensors, connecting to Wi-Fi, and interpreting
real-time data can still pose a learning curve,
particularly for older farmers or those

unfamiliar with mobile apps.
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Lack of Initial Support Materials:
Limited access to installation manuals or
guided walkthroughs during early deployment
could contribute to user confusion, highlighting
the need for more user-friendly onboarding
mechanisms such as video tutorials or on-site
technical support.

These insights suggest that while the
core technology is functional and well-accepted,
future iterations of the system should focus on
enhancing accessibility. Providing tailored
training sessions, developing localized user
manuals, and simplifying installation procedures
can improve early adoption experiences and
expand the system’'s reach to less
technologically experienced users.

Moreover, ensuring long-term engagement
requires more than just functionality;
perceived usefulness must be accompanied
by perceived ease of use, especially
in  resource-constrained  rural settingsg.
By addressing these barriers, the system can
not only maintain but also deepen user

engagement over time.

Conclusion

The implementation of a community-
driven water quality monitoring system
demonstrated substantial improvements in
real-time salinity management for orchid
cultivation. Through engagement with 30

participating farmers, the system achieved an

o
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average reduction of 42% in economic crop
losses, providing compelling evidence for the
cost-effectiveness and practical utility of
community-based loT solutions in agricultural
settings.

The integration of Internet of Things
technology within a participatory framework
proved particularly effective, extending
beyond mere water resource management to
enhance overall farmer resilience against
saline intrusion challenges. This dual benefit
underscores the multifaceted value of
technologically-enhanced community approaches
to environmental monitoring.

The study's findings indicate strong
potential for scalability across diverse
agricultural sectors and geographic regions facing
similar salinity challenges. The demonstrated
success in orchid farming suggests broader
applicability to other horticultural and agricultural
systems vulnerable to water quality fluctuations.

Several areas  warrant  further
investigation to maximize the system's impact
and reach. Future research should prioritize
expanding implementation to additional
farming communities to validate scalability
assumptions and identify region-specific
adaptation requirements. Additionally, continued
refinement of sensor accuracy and reliability
will be essential for maintaining system
effectiveness across varied environmental

conditions and farming practices.
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The participatory framework employed
in this study offers a replicable model for
integrating advanced monitoring technologies
with traditional farming knowledge, creating
sustainable solutions that address both
immediate economic concerns and long-term
environmental resilience. This approach
represents a promising pathway for addressing
water quality challenges in agricultural

" 9,11
communities globally. ™ .

Recommendations

Based on the findings of this study, the
following recommendations are proposed for
future research and practice:

Expansion to Other  Agricultural
Sectors: Future research should explore the
application of community-based water quality
monitoring systems in diverse agricultural
contexts, extending beyond orchid farming.
This will enable a more comprehensive
understanding of the system's scalability and
adaptability across different crops and regions.

Refinement of Sensor Accuracy:
Continuous efforts to enhance the accuracy
and reliability of sensor technology are
crucial. Further validation against laboratory
standards and field-based testing will help
improve the precision of measurements,
particularly for parameters like salinity and
pH, which are critical for effective water

management.

“AD Uil 22 aduit 1 unAu-liguisu 2568
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Integration with Broader Agricultural
Systems: The integration of IoT technologies
into  broader agricultural  management
frameworks should be explored. Developing
holistic, data-driven systems that combine
water quality monitoring with other variables
(e.g., soil moisture, weather patterns) could
provide more comprehensive solutions to
challenges in water resource management
and climate resilience.

Capacity Building and Training: Continued
emphasis on community engagement and
capacity building is vital. Regular training
sessions for farmers should be conducted to
ensure the sustainability of the system, fostering

local expertise and long-term ownership.
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