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Table 1 Population and sample size
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Y99UN1INER W.A. 2566 91U 1,535 ATITOU (Na Thom

v v
[

District Agricultural Office, 2023) Inglun193dsAsetAnw1aIn

FLULNEAINTIULARZATITOU 9 ay 1 918 911U 1,535 518

2. NMINMUATUIARIBE1NLAEASNTNABE
HI3gvinnsivuavnndieg1eiieldgnsues Yamane

(1973) TumsAuvIAngudieg e sl
N 1,535

T 1+1,535(0.07)2

n_
1+Ne?2

Avuald  n fie I1uIUfeEN

N Ao uIuUsens

e fin uAmALAADY (Error) fiveuFuls

Joway 7
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9819918 (Simple random sampling) 1838 n15dUdaINLay

mmuavuinaeg19lunagny Urunudadu denans

s1eazduntu Table 1

Don Toei Sub-district

Population (cases)

Number of samples (cases)

Don Toei 18 3
Don Toei Nuea 275 32
Don Haet 228 27
Moo Mon 155 18
Moo Mon Nuea 281 33
Non Udom Di 134 16
Don Luang 170 20
Kok Sri 228 27
Moo Mon 46 5
Total 1,535 181
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nsAneiluadeiliduns3isedrsan (Survey research)
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Table 2 Summary of the need for extension for the use of fertilizers based on soil analysis for rice farmers.

n=181
Type of extension Average Standard Deviation Description Ranking
1. Knowledge 3.11 1.069 high 3
2. methods 3.46 1.189 high 1
3. media 3.17 1.156 high 2
Average 3.25 1.138 high

4. Jgymlunislddemuandinseinuiiaanduyunis
wand1vannEnIns 31nn1sAnwnudl Jymlunislddeniy
AMATIzRAuTeLneaIng wiadu 3 Useinutym Toun Jgw
suanunslideniuaiineinu (Anade 3.55) Inwnsns
dnlvgrinnnuiuguiedunsldlonuaiiasgsiau
Hymsunsduaiunislitemuaiiaseiau (Aieds 3.27)
wnwasnsdaulnguesind i eeniiui iAUS nwwug
inwmsnsliderdesuazinunsnsliamsadndauinisnisnsa
Ansziauluiesujuiinisvesniasgwiiunazdagvisiunis

atfuaunslilonuATiasgiau (ALads 3.42) Inuasnsdiu
Tngynudgyminisanenenndnugnvuieueng 9 falaiviada
uwsuane Fas1eazidun Table 3 Tuvaued Prasopmongkhon
(2019) léAnwuuImsnisdaaiunsldinalulagdededinluun
T1vednunsNIAugIanNIsAudeyuyy Jminuviaisany wui
Jymauingnsanenenninu Jamiiudadenisninuag
Hapmenudennuivesniasy fnadenslienuAiiaseiinu
VOUNYAINT



S. Tiyabut et al. / (PRAWARUN AGRICULTURAL JOURNAL 2025) 22(2): 1 - 8 5

Table 3 Summary of the need for problems for the use of fertilizers based on soil analysis for rice farmers.

n=181
Standard
Problems Average o Description Ranking
Deviation
1. Problems for knowledge on fertilizer use based on soil analysis 3.55 1.169 high 1
2.Problems for the use of fertilizers based on soil analysis 3.27 1.169 high 3
3. Problems for fertilizer use based on soil analysis 3.42 1.213 high 2
Average 3.41 3.551 high
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Table 4 Summary of the need for suggestions for the use of fertilizers based on soil analysis for rice farmers.

n=181
Standard
Suggestion Average o Description Ranking

Deviation

1. "Suggestions for knowledge on fertilizer use based on soil analysis" 372 1.106 high 1

2. "Suggestions for the use of fertilizers based on soil analysis" 3.7 1.059 high 2

3. Recommendations for fertilizer use based on soil analysis 3.64 1.02 high 3

Average 3.69 1.062 high
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Table 5. Summary of the need for extension guidelines for the use of fertilizers based on soil analysis for rice farmers

n=181
Extension Items Average Standard Deviation Description Ranking
1. Extension of fertilizer use based on soil analysis 4.29 0.747 highest 1
2. Support of fertilizer use based on soil analysis 4.29 0.816 highest 2
3. Knowledge of fertilizer use based on soil analysis 4.18 0.893 high 3
Average 4.25 0.819 highest
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«  Farmers successfully applying the knowledge in practice

Key Findings:
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training on fertilizer application based on
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Fertilizer Application Based on Soil
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Figure 1 A Model for Extending Fertilizer Use Based on Soil Analysis to Reduce Rice Production Costs for Farmers in Don Toei Subdistrict, Na Thom District,

Nakhon Phanom Province.
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This research was a survey study. The objective was to examine the promotion of
fertilizer application based on soil analysis to reduce rice production costs among farmers.
The population consisted of 1,535 farmers in Don Toei Sub-district who had registered and
received services from the Na Thom District Agricultural Extension Office in 2023. A sample of
181 farmers was determined using the Taro Yamane formula with a margin of error of 0.07. Data
was collected through interviews and analyzed using descriptive statistics. The results showed that
51.38% of the farmers were male, with an average age of 53.49 years. About 54.69% had completed
primary education, and the average experience in rice farming was 34.18 years. The average rice
cultivation area was 18.24 rai. The average income from rice production was 4,085.13 Baht per rai
per year, while the average expense was 2,798.54 Baht per rai per year. Most farmers had a
moderate level of knowledge and understanding of fertilizer application based on soil analysis.
Overall, they received a high level of extension support, especially through mentoring by
agricultural officers, which was rated at the highest level. Farmers faced problems in applying
fertilizer based on soil analysis for reducing production costs at a high level, with the most critical
issue being a lack of knowledge. They strongly agreed with the recommendations to promote
fertilizer application based on soil analysis for cost reduction. In particular, they agreed at a high
level on the need for training programs to help farmers properly collect soil samples. Farmers
expressed a high need for guidelines on fertilizer application based on soil analysis and emphasized
the importance of government support to improve access to soil analysis services in public
laboratories.
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Table 1 The effects of dietary supplementation with ripe Artocarpus lakoocha fruit powder on productive performance of laying hens.

Treatments
Age (week) Parameters Control 02 % 04 % P-value
A. lakoocha fruit A. lakoocha fruit
powder powder
30-33 HDP (%) 86.27+1.56 86.43+2.50 88.21+6.10 0.803
Egg weight (g) 59.86+1.71 59.45+0.64 59.66+0.57 0.905
Feed intake (g/b/d) 109.22+0.55 109.29+0.63 108.64+2.35 0.839
FCR 1.83+0.07 1.84+0.02 1.82+0.05 0.872
34-37 HDP (%) 85.39+4.89 86.55+3.40 87.26+0.21 0.806
Egg weight (g) 59.93+0.70 59.41+0.12 59.98+068 0.451
Feed intake (g/b/d) 110.00+0.00 109.54+0.79 109.98+0.03 0.436
FCR 1.84+0.02 1.85+0.02 1.83+0.03 0.729
38-41 HDP (%) 85.92+2.47 86.31+1.25 87.50+3.05 0.714
Egg weight (g) 60.92+1.29 59.91+0.21 60.21+0.67 0.385
Feed intake (g/b/d) 109.92+0.14 109.95+0.08 109.93+0.12 0.930
FCR 1.81+0.04 1.83+0.01 1.82+0.02 0.470
30-41 HDP (%) 85.86+1.51 86.43+0.43 87.66+1.79 0.330
Egg weight (g) 60.24+1.22 59.59+0.23 59.95+0.26 0.585
Feed intake (g/b/d) 109.71+0.18 109.59+0.45 109.52+0.78 0.902
FCR 1.82+0.04 1.84+0.01 1.83+0.01 0.714

Note: HDP = Hen day egg production, FCR = Feed conversion ratio.
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Table 2 The effects of dietary supplementation with ripe Artocarpus lakoocha fruit powder on egg quality of laying hens.

13

Treatment
Age (week) Parameter Control 02 % 04 % P-value
A. lakoocha fruit A. lakoocha fruit
powder powder
33 Egg weight (g) 59.77+£1.27 59.93+0.52 60.96+1.23 0.388
Shell weight (g) 8.15+0.22 8.46+0.40 8.42+0.18 0.409
Shell thickness (mm) 0.23+0.02 0.24+0.02 0.25+0.02 0.685
Albumen height (mm) 11.17+0.66 10.61+0.31 10.83+0.21 0.356
Egg yolk weight (g) 14.16+0.53 14.72+0.46 14.74+0.62 0.388
Albumen weight (mm) 37.45+0.92 36.75+0.22 37.81+0.78 0.254
Egg yolk height (mm) 14.20+0.48 15.02+0.78 14.82+0.47 0.292
Egg yolk color 13.76+0.30 13.52+0.71 14.10+0.17 0.362
Haugh unit 59.73+£7.70 64.91+3.45 63.96+3.33 0.480
37 Egg weight (g) 61.49+1.32 58.73+0.74 60.15+1.11 0.055
Shell weight (g) 8.86+0.04 8.80+0.75 8.56+0.51 0.772
Shell thickness (mm) 0.25+0.03 0.26+0.01 0.29+0.06 0.503
Albumen height (mm) 11.19+0.45 10.36+0.14 10.39+0.57 0.091
Egg yolk weight (g) 14.24+0.34 13.96+0.32 14.41+0.40 0.350
Albumen weight (mm) 38.40+1.59 3597+1.63 37.18+0.59 0.171
Egg yolk height (mm) 14.11+0.14 14.06+0.36 14.10+0.41 0.982
Egg yolk color 13.14+0.15 13.19+0.39 12.90+0.30 0.579
Haugh unit 60.15+6.94 65.59+1.24 67.42+5.56 0.249
41 Egg weight (g) 62.03+0.97 62.50+1.37 61.16+1.58 0.499
Shell weight (g) 7.68+0.94 8.48+0.60 8.19+0.35 0.402
Shell thickness (mm) 0.29+0.02° 0.37+0.02° 0.30+0.01° 0.007
Albumen height (mm) 9.43+0.15 10.19+0.59 9.60+0.57 0.083
Egg yolk weight (g) 14.81+0.51 15.41+0.32 14.88+0.49 0.273
Albumen weight (mm) 39.53+0.54 38.61+0.69 38.09+0.93 0.129
Egg yolk height (mm) 14.30+0.22° 15.84+0.71° 15.26+0.39%° 0.022
Egg yolk color 12.81+0.33° 14.09+0.08° 13.47+0.30° 0.003
Haugh unit 77.05+0.78 68.04+8.02 75.01+0.87 0.121
Note: Means within the same row with different superscripts are significantly different (p<0.05).
A3UNaN1339Y References

9INNIANYINAYEINNSIERLHIHALEMAGNTITETU 0.2 %
waw 0.4 % luenslilyfleny 30-41 dUami wuimsaTuna
ugmagniisedu 0.2 % luomslnlyfifienguiniu (a1 &Unnv)
annsatsiingunmllusunnumuEenly anugsliung
wazdlvundld Ingludnansenusoaussonimnisudaly
wiagalsfimuesinisAnwisfalussesiuuduagis
deLilos tioUssiunadeLiadlusugmuninly wagaussaniw
nawdn wenanimsiinsindienesiuinuasualsfiuesd
Fandute wazussiglulduas wedudunisgaduaisienani
NBIMTGHANTua

AnAnssuUsENA

Ay ITvovaunmlATINITETNYHUTNTTUNY
suileananwsz e aufanssvminusvgan aoausy
F1NUT W INeaen1wdug Usedndauuseann wa. 2567
Tinuadvayulunisaiunuide wazverauauaIvIiv
walulagniswdndnd auzimalulagnisinuns uminelde
nwdus 7 liauoyiasievaniud 1a ssdndvaans
wazesUfuRnislunisaiuanide

Abd El-Hack, M. E., Salem, H. M., Khafaga, A. F., Soliman, S.
M., & El-Saadony, M. T. (2023). Impacts of
polyphenols on laying hens' productivity and egg
quality: A review. Journal of Animal Physiology and
Animal Nutrition, 107(3), 928-947. doi:
10.1111/jpn.13758.

Bar, A. (2009). Calcium transport in strongly calcifying laying
birds: Mechanisms and regulation. Comparative
Biochemistry and Physiology Part A: Molecular &
Integrative  Physiology, 152(4), 447-469. doi:
10.1016/j.cbpa.2008.11.020.

Cheema, J., Yadav, K., Sharma, N., Saini, I., & Aggarwal, A.
(2016). Nutritional quality characteristics of different
wild and underutilized fruits of Terai region,
Uttarakhand (India). Intemational Joumal of Fruit Science,
17(1), 72-81. doi: 10.1080/15538362.2016.1160271.

Elnesr, S. S., Mahmoud, B. Y., da Silva Pires, P. G., Moraes, P., Elwan,
H. A. M, ElShall, N. A, ELKholy, M. S., & Alagawany, M.
(2024). Trace minerals in laying hen diets and their effects
on egg quality. Biological Trace Element Research, 202,

5664-5679. doi: 10.1007/512011-024-04121-8.



T. Boonmatan et al. / (PRAWARUN AGRICULTURAL JOURNAL 2025) 22(2): 9 - 15 14

Fernandes, J. I. M., Murakami, A. E., Sakamoto, M. I., Souza,
L. M. G, Malaguido, A., & Martins, E. N. (2008). Effects
of organic mineral dietary supplementation on
production performance and egg quality of white
layers. Brazilian Journal of Poultry Science, 10(1),
59-65. doi: 10.1590/51516-635X2008000100009.

Hashemi, S. R., & Davoodi, H. (2011). Herbal plants and their
derivatives as growth and health promoters in animal
nutrition.  Veterinary Research Communications,
35(3), 169-180. doi: 10.1007/s11259-010-9458-2.

Hossain, M. F., Islam, M. A., Akhtar, S., & Numan, S. M. (2016).
Nutritional value and medicinal uses of monkey jack
fruit (Artocarpus lakoocha). International Research
Journal of Biological Sciences, 5(1), 60-63.

Jahan, S., Gosh, T., Begum, M., & Saha, B. K. (2011). Nutritional
profile of some tropical fruits in Bangladesh: specially
anti-oxidant vitamins and minerals. Bangladesh
Journal of Medical Science, 10(2), 95-103. doi
10.3329/bjms.v10i2.7804.

Kljak, K., Carovi¢-Stanko, K., Kos, I, Janjeci¢, Z., Ki3, G,
Duvnjak, M., Safner, T., & Bedekovi¢, D. (2021). Plant
carotenoids as pigment sources in laying hen diets:
Effect on yolk color, carotenoid content, oxidative
stability and sensory properties of eggs. Foods, 10(4),
721. doi: 10.3390/foods10040721.

Komutiban, O. (2015). Antioxidant activity of crude extracts
from the heartwood of Artocarpus lakoocha Roxb.
SDU Research Journal Science and Technology, 7(2),
33-42. (in Thai)

Kumar, A., Sakshi., & Tomer, V. (2018). Nutritional properties
and food

(Artocarpus lakoocha): A mini review. International

applications of monkey jack fruit
Journal of Emerging Technologies and Innovative
Research, 5(12), 251-256.

Lorkaewmanee, K. (2015). Factors influencing egg quality.

Kasetsart Extension Journal, 60(2), 1-8. (in Thai)

Nath, S., & Aravindkumar, K. (2021). Role of flavonoids in
poultry nutrition. Acta Scientific Veterinary Sciences,
3(12), 88-91. doi: 10.31080/asvs.2021.03.0259.

Niyomdecha, A., & Khongsen, M. (2013). Metabolism and
nutritional values of carotenoids on egg yolk color.
Princess of Naradhiwas University Journal, 5(4), 112-
121. (in Thai)

Nys, Y., Hincke, M. T., Arias, J. L., Garcia-Ruiz, J. M., &
Solomon, S. E. (1999). Avian eggshell mineralization.
Avian and Poultry Biology Reviews, 10(3), 143-166.

Office of Agricultural Economics. (2024). Situation and
outlook for major agricultural commodities in 2024.
Bangkok: Bureau of Agricultural Economic Research,
Office of Agricultural Economics. (in Thai)

Surai, P. F., & Speake, B. K. (1998). Distribution of carotenoids
from the yolk to the tissues of the chick embryo. The
Journal of Nutritional Biochemistry, 9(11), 645-651.
doi: 10.1016/50955-2863(98)00068-0.

Szymanek, E., Andraszek, K., Banaszewska, D., Drabik, K., &
Batkowska, J. (2019). Content of selected inorganic
compounds in the eggs of hens kept in two different
systems: Organic and battery cage. Archives Animal
Breeding, 62(2), 431-436. doi: 10.5194/aab-62-431-
2019.

Windisch, W., Schedle, K., Plitzner, C., & Kroismayr, A. (2008).
Use of phytogenic products as feed additives for
swine and poultry. Journal of Animal Science, 86(14
Suppl), 140-148. doi: 10.2527/jas.2007-0459.

Zhu, Y. F., Wang, J. P., Ding, X. M., Bai, S. P, Qi, S. R. N., Zeng,
Q. F., Xuan, Y., Su, Z. W., & Zhang, K. Y. (2020). Effect
of different tea polyphenol

products on egg

production  performance, egg quality and
antioxidative status of laying hens. Animal Feed
and Technology, 267, 114544. doi:

10.1016/j.anifeedsci.2020.114544.

Science



T. Boonmatan et al. / (PRAWARUN AGRICULTURAL JOURNAL 2025) 22(2): 9 - 15 15

Research article

Effects of dietary supplementation with ripe Artocarpus lakoocha fruit
powder on productive performance and egg quality in laying hens

Thipsuda Boonmatan' Noppharat Phakachoed! Nathawat Tanpol'* Peerapot Nitipot!
Nukoon Kanchan' and Duangchan Photisarn®

!Department of Animal Production Technology, Faculty of Agricultural Technology, Kalasin University, Mueang Kalasin
District, Kalasin, Thailand 46000
’Department of Animal Techology, Faculty of Liberal Art and Science, Sisaket Rajabhat University, Mueang Sisaket

District, Sisaket, Thailand 33000
ARTICLE INFO

Article history ABSTRACT

Rec;lved: 6 June 2025 This study aimed to investigate the effects of dietary supplementation with ripe
Revised: 7 July 2025 Artocarpus lakoocha fruit powder on the productive performance and egg quality of laying hens.
Acc;pted: 1.August 2025 Ninety CP brown laying hens, aged 30 weeks, were randomly assigned to three treatment groups:
Online published: 18 August 2025 a control group (no supplementation) and two groups supplemented with 0.2% and 0.4% ripe
Keyword i Artocarpus lakoocha fruit powder, respectively. The experimental design was a completely
Artocarpus lakoocha fruit randomized design (CRD), with three replicates of 10 birds per treatment group. The study lasted
laying hen for 12 weeks. The results showed that supplementation with 0.2% and 0.4% ripe Artocarpus
pr oducti\.)e performance lakoocha fruit powder had no significant effects on hen-day egg production, egg weight, feed
egg quality intake, or feed conversion ratio (p>0.05). Additionally, supplementation with the two levels of ripe

Artocarpus lakoocha fruit powder had no significant effects on egg quality at 33 and 37 weeks of
age (p>0.05). However, supplementation with 0.2% ripe Artocarpus lakoocha fruit powder in the
laying-hen diet at 41 weeks of age resulted in greater shell thickness and egg yolk color compared
with supplementation with 0.4% ripe Artocarpus lakoocha fruit powder and the control group
(p<0.05). Supplementation with 0.2% and 0.4% ripe Artocarpus lakoocha fruit powder did not
significantly affect egg yolk height (p>0.05). Therefore, supplementation with 0.2% ripe
Artocarpus lakoocha fruit powder can enhance shell thickness, egg yolk height, and egg yolk color
without causing major changes in egg production performance.
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FnuwazynanienmyesmnedniiunsUTuUTsTen s UIUMS
winswiudeierin iesanidunisusinluannsldesndiau
(Aerobic Fermentation) 3slaianunsauseiliuanuwaenianisnin
vosivudnlalnensunioulunsalvesnisuinuuulaldoandiau
FohuAdlddaiuuunasudmiunisnsindeudnuayenienn

1aua ALUaIINLUINIIVDY Department of Livestock
Development (2001); Ratneetoo (2009); Gummert et al.
(2020) FsUszneumeasdusznau teun & (Color), ndw (Odor),
il oduia (Texture), n15493 e udulewinnag (Mycelium
growth) wazarmuLdunsa-ang (pH) (Table 1) mmfuiﬁl,%ty
ymaInIkazinAnwanundnieans angineimansuay
walwladiionisineas uminedeweluladsvusnadiuu
enuniivadan Sruau 10 Au udUsyludnvazenenw
#39na13 (Sutheewasinnon & Pasunon, 2016)

Table 1 Physical Characteristics Evaluation of Fermented Rice Straw with Volvariella volvacea.

Score Physical scoring details
Color Odor Texture Mycelium Growth pH
1 Yellow (like fresh straw), Strong sour/rotten Hard, coarse, difficult No mycelium observed < 5.0 (inhibits beneficial microbes)
no color change smell to tear like fresh
straw
2 Brownish yellow, slight Slight sour or musty Slightly softened, but  Sparse mycelium in 5.1-5.5 (early fermentation)
color change smell still hard spots
3 Moderate brown, Slight Moderately softened,  Partial mycelium growth  5.6-6.5 (suitable for mushroom
starting to darken fungal/mushroom-like easier to tear growth)
smell
4 Dark brown, similar to Mild fermented smell, Soft and crumbly Moderate mycelium 6.6-7.5 (ideal for microbial activity
compost like soil throughout pile and decomposition)
5 Dark brown-black, Clean smell, like well- Friable, like Dense mycelium > 7.5 (possibly due to protein-

clearly decomposed composted fertilizer

composted soil

throughout the straw degrading microbes or complete

composting)

Note: Score 25-21 = Excellent, Score 20-16 = Good, Score 15-11 = Fair, Score < 10 = Poor.
Adapted from Department of Livestock Development (2001); Ratneetoo (2009); Gummert et al. (2020)

757139599098 Usenaun1uadvein1sUsulyan 199196 7¢
nszUINSRSnS MU DL

&N UAeg 19N 1IRar a1 N unnT
Usuugsdedaiinmndlusses 7, 14, 21 uar 28 Tu waziily
AnsgvimesrUsznaunaail lngvitnisuusdiiegnseantiy
2 dw dwil 1 sgnausedraiievilvuislaninieseuanioud
gaunnd 100 ssrwaidea 1Wuian 24 Falua Wlomeuiam
Ainqusia (dry matter; DM) dufl 2 azgndusegaftovild
auﬁqmwgﬁ 60 aarnwaldua Wunan 48 Falus anthuiluua
Titlaundn lnguannuaszunTsvun 0.2 Saauns newiluyh
MIBeTrimesusznaunaaiiiiendn (Ash), ludu (Ether
extract, EE), lUsAunenu (Crude protein, CP) muiduas AOAC
(1990) wavesrusznouvendeleldud 1oledildazasluans
Weniidunans (Neutral detergent fiber; NDF) wavidolefilal
avangluansrleniifunsa (Neutral detergent fiber; ADF) anu
75ve9 Van Soest et al. (1991)
NITIATILY VYN NTDH

i deyamdannundiaeiaauuUsUTuLUY
Analysis of variance (ANOVA) @ 18 @ @ 9 Proc ANOVA a4l
LqumwmaaaLLuua'uamu sal (Completely randomized
desngn CRD) Imammwummmmmam B Yu =W+ Ti + €
o vij = mmmmmnmmmmw idlej=15%i)ej=1
3, U= ALadesau (Overall mean), Ti = SnSwariiosannnin

wudd i dle i = vhedniiunsuindedefaniadunan o,
7,14, 21 wag 28 Tu, €j = A1uuwUsusau (Error) 1019
Wi BuLBuANLANA19Y09A A8 BYDING UNAABIAILTT
Duncan’s New Multiple Range Test A18375§ 015094 Steel &
Torrie (1980) fiszfua11d oy 95 Wosidud (p<0.05) uay
naasunuldulaneisoalsnausalwdaluidea (orthogonal
polynomial) auszeziaanisvinrhed el euiariag Tng
5K Proc GLM Taeldlusunsuneadfivaa SAS (SAS, 1996)

NALAZIATUNANTTIVEY
HAYDINITUSUUFIN T I eTOII W 196080 W 197 180 W
wamsﬂizLﬁué’ﬂwmwwﬂWamwmaqmﬁwmﬁﬂﬁwLﬁm
119 (Volvariella volvacea) fiszoziaan 7,14, 21 way 28 Ju
(RSWV 7 D, RSVV 14 D, RSWV 21 D uag RSVV 28 D) LaARa LTI
fan1slasundaanianieninegadaaudiasreziain1sndn
WYy (Table 2) Tagluszoziian 7 34 (RSW 7 D) ¥nad1ad
Fnwnurdmdes nduwduwdndnides Wedudawds lununis
a v =3 1 1 [ v
Wwigranduluiin A1 pH AU 6.60 TAATLULTIN 8 ATLUU
dnegluszaus (Poor) Nisgesiaan 14 Tu (RSW 14 D) w3913
Wasududmdosludinia Induduiiu (ledudayuiu wunis
a v 3 o & v ' 1 v
wigandulewialuseauidindes A1 pH ag# 6.80 lanzuuu
53 12 Azuuy aglusgduUunans (Fain) dwissezian 21 Ju
(RSW 21 D) wua1w1913ddWanauiunats nausiseu 9
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Lﬁaﬁ’mﬁmé'mt,aﬁ'au wunsasguendulemaluszauliunans
A1 pH iU 7.20 lamguuusin 16 azuuu dneglusedud
Wity sseznanismeing 28 Su (RSVV 28 D) W1adadl
Snuazmanenwiwandaiauiian Taedddmaidy Sndu
witngou q \odudayuaziun uslinunisiadgueaduleidia
A1 pH iadwdu 7.70 warldpzuuusay 18 avuuu deoyly
32AUR (Good) masanaawansliliiud msniinwedasaeia
Wasluszagiaan 28 Yu (RSW 28 D) Idnwauznianigaini
wanzaufandmiunmsliiuingivensdn Tnefidnuasidu
Amaty dnduadredeningou q uasiledudadisiun
Fafdnwngiuansnsaniadiominlussezina 7 wag 14 Yu
fifsnsiiavies ndumiuniwiosuty wewileduifauds azviou
Tiufenszurunisdesaanemedinmiidslianysal Tnenns
WA suLUININENINAING 180AAE DIAUTIHITUYDY
Ratneetoo (2009) fiszyinnisdesamedunieinglaeqaunsd
Tunsguaunsminagilifanasuananmfudunadosds
fadhmaduiulufe WesnniAanisanelessadiedniuuay
waglaa Hunasnanmadsuulamsdauaiveaiosiegi
Foawau TuvuziAeaiu d1 pH vesTaguininisidsuutasan
srozian Tasduuliuanadutisiuresnisusin dae19tinan
nsadansndunidlnegdunidilildoondiauunsuia uazdn
pH tiududnadslugasarensndndsdimaniinindadaqu
Wiosuoanduunifewiia Taga1nn1sssauyes Somprasert
(1996) ﬁiquw nasnnsieseadulewinnig A1 pH 9wl
wliutuiosnianssumesydunidildmsomslugy
vouauludonazussnsie 9 wu eaneTauazluunaidey
(Wood et al,, 1988) Fsarnnisnaaosluadainuiduloiiaiig

Tuga9 14-21 Yu waglunulutudl 28 agdoudraasnig
wigivlnveadoiianis annsaaiaudulalddluemsian
ME 07 119154 nwAsT SN pH UsEuna 67 (Akinyele &
Adetuyi (2005) & 9133 pH fanadtaeasuuszadnsainnag
uveteuliveaiarie sudinsgeduinnduuaznnesd
luvevile dawalinisldsinemsluiagminiiusednsan
(Sornprasert, 1996) agslsfinnu n1sdilinunisaiyvesnen
wisvhdluszeganrinevesnisniin enaiesnanmslaliiaiy
wnase s AL Iz an Wy S1azdeanietaniifisnn
91139 i sanretuainduils O uTandasiu vinlils
asemaiisamedmiunsdsunniduloduneniin
uenanil usivedavsinlusyesiaan 28 Suasiinng
Wasuiduhmaduieh warlinunseiyvenduleia
Tuthsaeresnaviin uilianmnsoasuldidennmsdudiou
voad 8519 a519 aflatoxin v U Aspergillus flavus 5o
A. parasiticus l&lasase ilasantandsduilddornedn §ai
aslulainsn Tsiu warledfumunn Saldidedeniswigyuende
319940817 (Van Soest, 2006; Reddy et al., 2010) §nwaann
518911999 D’Mello (2003) §353y 319 avradunid sluiiia
wiswgtafifuuilfumsuudoussivaniforsun esin
Fanuneidenld 1wy wied wazanmwndenlusgninans
wifnlalmngandonisaiyvendenduiindn aflatoxin Snde
uenand Reddy et al., (2010) §anuin Wianeduulduan
arudssinnsuudewrenden Aspersittus 1§ Tnsnalnnis
wevTsansomsuasiiuiiluniseiyiulaveade Swereanaild
Arnsuananetndsiarsduaniieimangaudadainu
Uaeasdaissnalunisihluliduingavemsdni

Table 2 Evaluation of physical characteristics of rice straw fermented with Volvariella volvacea.

Items RSW 7D RSVV 14 D RSVV 21 D RSVV 28 D
Color 1; Yellow 2; Brownish yellow 3; Moderate brown 4; Dark brown
Odor 1; Rotten smell 2; Musty smell 3; Slight fungal 4; Mild fermented smell
Texture 1; Hard 2; Moderately softened 3; Soft and crumbly 4; Friable
Mycelium Growth 1; No mycelium 2; Partial mycelium growth 3, Moderate mycelium 1; No mycelium
pH 4; 6.60 4; 6.80 4; 7.20 5;7.70
Total 8; Poor 12; Fair 16; Good 18; Good

IWustration

Note: Score 25-21 = Excellent, score 20-16 = Good, score 15-11 = Fair, score < 10 = Poor.

NE]?/ENI’)751/5/1/‘1/?‘\71/!/’)\7”0”739;’38/&#84775]7’!/7\797'8?]'78%)(1/557’781/747\74@17

NAN15ILATIZBIAUTENBUNISLATTURINI9T Ul NFe
WA (Volvariella volvacea) wuiniin s sunuasegiadl
fuddymeada (p<0.01) Wonguiviinluraanaida o léun
RSW 0 D, RSV 7 D, RSVV 14 D, RSV 21 D kg RSVV 28 D
Taghadnamindiszaziaan 28 Ju (RSW 28 D) fofidusd ing
wisgeiian (28.61 Wesidud) Tasduwalfuisdunuudadu
Masdens (quadratic, p<0.01) wagiiuunuladu (ether extract)
q9qa (2.26 Wofidus) Tasfuu it uegafideddaly

sULUULTad U (linear, p<0.01) muszezliavein (Table 3,
Figure 1) dmsuifiele NDF was ADF wuindidnanaandunualiy
Tudnwuridadulasnadsaosnaz i udunss (linear Lag
quadratic, p<0.01) audsy Tnefifsngail RSV 28 D (73.44
war 56.85 Wesidusd mudndu) el avieuiinisdesaane
Tnssaiadelovesrsdnlasgdunisanidodiang fadude
st ugedi fidneninlunisadieule wu dnluiwag.as
(Lignocellulolytic enzymes) ﬁmmsaamaﬁmﬁuuazwaaﬂiaa
TuFaauinle (Van Soest, 2006) 31y n15aAa3993 ADF
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Usgnaufudnumrnenenmilasuuvasly W ieduia
Aiuuasdiiduty foradudsadmedouianisanasves
anilutanuiinla (D'Mello, 2003)
uenanigmuinUmandfiutugaaelu RSW 28 D
(20.72 Wofiiud) duwaliansdunid (OM) anassinfian (79.28
wWesdidus) iilewisuifu RSW 7 D (85.49 Wodidud) uaz RSW
0 D (87.50 1osidus) (p<0.01) Ineiluuilduuuuidunss (linear,
p<0.01) lumsnduiy Tsumeuduualdudiududug Uik
Mded (quartic, p<0.01) Tnedangaanlu RSW 21 D (7.67
Wosldusd) Fananddiisiudanisvdnredndeiianisae
UiuugenuAmise s Taslaniznisanidels waziiislusfuiu
TUsfiu @aenAd 09 UN1518914V0 Srichana et al. (2016)
oINS feauesy Wiauei wasiinveu
yduaan 30 fu figuugivies daefisniualusiu s
n1sgeuldvrasinguis duniedng wavlusduveanedn
48AAE 03 UNI5I1891UV89 Nopparatmaitree et al. (2017)
$1891u11 Mansiniavaguginaunsofaluiu ndsnu
TUsAunenu Bunieing wazieliwaglaa lusasiianivaglaa
andlu waziloloegaivedidy Feann1sfnuves Fazael &
Masoodi (2006) seyindiavafugdunidanlusagladniingn
wulgdnsueniead wu egluaa wagaa wazlowauwa

Feannsadevanduldeeneilusyansam (Tripathi et al., 2011)
Snsluszezmsadieludiden Winavadadulelevhludnuaels
@986 (Rhizoid) LmaLsﬁwgin"jaL?J'asuaaﬁﬁm,ﬁa@m%mﬁmmi niou
Uaesiouluiidendnluiwaglaa vinlilassaadelounnosnuas
|8 e an13t 0o 0VBILUATILS 8 § N9l e dINTsaE oY
hemicellulose-lignin complex wazinafula (Wachirapakorn,
1998) usnaniiinuaneviasudafiavinsaunsananouled
goudaleliluuiunannn (TellezTellez et al, 2013) Hunari
1180l NDF uaz ADF amas @aunisifiud uveslusfunenu
Tt 21 Ju onadunaunainnsiaiguesduniduaznisazay
veslusAuginmaind@ulein (Belewu & Babalola, 2009) ng
21NN13518971UV84 Ko et al. (2005) T1eudntusiuludaniniy
Fedfisdy Wumaanisudulovendaiidamnésey agnlsh
aunnisanuluadeinuinlusivluszezina 28 Su den
anasdlawieudu 21 Tu eradunasinnisgesaanelneioules
Tusfilea vionsgadslulasiauluguueulanie Ssaonndasiu
5789183 Wanapat et al. (2009) finuinisudnermsveudl
wun T aTusiulugasusnneuavananilessesnaiuuiy
wonndiMsifi uvendilugasiieenaiinainnistseaane
deorhauasnisavauuisnn dwalidadiuresasetunis
Wduileioutuassuridfianasannszuiunsdosaans

Table 3 Evaluation of chemical composition of rice straw fermented with Volvariella volvacea.

Items Dry matter chemical composition (% of dry matter)
Crude protein Ether extract NDF ADF Ash Organic matter

RSV 0 D 23.70° 2.83° 1.78¢ 80.75° 66.79° 12.50° 87.50°
RSW 7 D 20.99° 5.85° 1.91° 77.36° 63.03° 1452 85.49°
RSVV 14 D 21.24° 6.22™ 2.05° 75.29° 60.81° 16.23° 83.77°
RSVV 21 D 24.25° 767° 212° 73.56° 56.99° 17.80° 82.20°
RSVV 28 D 28.61° 6.70° 2.26° 73.44° 56.85° 20.72° 79.28°
SEM 0.93 0.55 0.05 0.92 1.29 0.93 0.94
P-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Polynomial trend

Linear <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Quadratic <0.01 <0.01 0.70 <0.01 0.14 0.09 0.19

Cubic 0.41 0.62 0.62 0.43 0.48 0.06 0.14

Quartic 0.79 <0.01 0.39 0.22 0.30 0.49 0.62

#¢ Means with different superscripts in row are significantly different (p<0.05), SEM = standard error of the mean,
NDF = neutral detergent fiber, ADF = acid detergent fiber.
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Figure 1 Polynomial trend analysis of the chemical composition of fermented rice straw with Volvariella volvacea.
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The objective of this study was to evaluate the physical characteristics and chemical
composition of rice straw fermented with Volvariella volvacea (straw mushroom) for use as

Acc;pted: 4.August 2025 roughage in ruminants. A completely randomized design (CRD) was employed with five
Online published: 2 September 2025 fermentation periods: 0, 7, 14, 21, and 28 days (RSVV 0D, 7D, 14D, 21D, and 28D), each with
Kgyword three replications. Water-saturated rice straw was mixed with mushroom spawn at a 2:1 ratio,
Rice straw packed into molds lined with waterproof plastic, and covered with a black tarp. Physical
Volvar iella. volvacea characteristics, including color, odor, texture, mycelial growth, and pH, were assessed. Chemical
Fer) mgntatton composition parameters such as dry matter (DM), crude protein (CP), ether extract (EE), neutral
Ruminants detergent fiber (NDF), acid detergent fiber (ADF), ash, and organic matter (OM) were analyzed.
Roughage The results revealed that fermentation for 28 days (RSVV 28D) yielded the highest physical quality

score (18 points) with an appropriate pH of 7.70. DM and EE contents were significantly increased,
while NDF and ADF levels were reduced, indicating degradation of lignocellulosic structures by
fungal enzymes. Crude protein content increased until day 21, then decreased on day 28 (p<0.01).
In conclusion, fermenting rice straw with V. volvacea for 21-28 days is the most effective duration
for improving its quality as roughage for ruminants.
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Table 1 Number and percentage of personal factors, economic and social factors of farmers grow Khao Yai pomelo in Bang Sakae Sub District,

Bang Khonthi District, Samut Songkhram Province

(n=152)
Personal, economic, and social background factors Number Percentage
Gender
Male 87 57.2
Female 65 42.8
Age (Years)
Less than or equal 44 years old 48 31.6
45 - 55 years old 52 34.2
More than 55 years old 52 34.2
Mean = 49.30 years old Max = 75 years old Min = 26 years old
Education level
Below primary school and primary school a4 28.9
Secondary school or vocational certificate 59 38.8
Bachelor’s degree and upper 49 323
Status
Single 49 32.2
Married 88 57.9
Separated 15 9.9
Number of the household labor
Less than or equal 2 people 78 51.3
More than 2 people 74 a8.7
Mean = 2.69 people Max = 6 people  Min = 1 people  S.D. = 1.267 people
Khao Yai Pomelo planting experience
Less than or equal 8 years 50 32.9
9 - 18 years 49 322
More than 18 years 53 34.9
Mean = 14.95 years Max =45 years  Min =1years S.D. =10.127 years
Income from planting Khao Yai Pomelo per year per rai
Less than or equal 70,000 baht 74 48.7
More than 70,000 baht 78 51.3
Mean = 78,815.79 baht Max = 300,000 baht Min = 20,000 baht S.D. = 35,985.358
baht
Expense from planting Khao Yai Pomelo per year per rai
Less than or equal 18,000 baht 75 49.3
More than 18,000 baht 7 50.7
Mean = 20,243.42 baht Max = 100,000 baht Min = 5,000 baht S.D. = 11,606.117 baht
Khao Yai Pomelo planting area
Less than or equal 5 rai 72 4ar.a
More than 5 rai 80 52.6

Mean = 7.36 rai Max = 50 rai Min = 1 rai S.D. = 6.220 rai
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Table 2 Number, percentage, mean, standard deviation (S.D.) and the level of online market needs for Khao Yai pomelo from farmers

(n=152)

Needs for the online market Mean Standard deviation Needs

Levels

1. Product 4.47 0.526 Highest
2. Price 4.45 0.609 Highest
3. Place 4.48 0.56 Highest
4. Promotion 4.24 0.679 Highest
5. Personalization 4.46 0.583 Highest
6. Privacy 4.57 0.541 Highest
Total 4.45 0.506 Highest

Remark: 4.21 - 5 = Highest 3.41 - 4.2 = High 2.61 - 3.4 = Moderate 1.81 - 2.6 = Low 1 — 1.8 = Lowest.
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Table 3 The table provides an overview of the comparison of mean needs for the online market of Khao Yai pomelo

Needs for the online market

Factor

Product Price Place Promotion Personalization Privacy Overall
Personal and economic-social factors
Gender 0.981 0.739 0.586 0.494 0.335 0.769 0.654
Age 0.000" 0.000" 0.001" 0.011" 0.012" 0.025" 0.000"
Education 0.000” 0.000” 0.000" 0.000" 0.002" 0.045 0.000"
Experience 0.014" 0.171 0.044" 0.000" 0.012" 0.478 0.011"
Income 0.114 0.088 0.057 0.502 0.112 0.202 0.099
Expense 0.163 0.253 0.257 0.951 0.447 0.157 0.275
Production of Khao Yai Pomelo
Soil Conditions in the
Cultivation Area 0.507 0.268 0.681 0.472 0.392 0.213 0.857
Watering Management 0.000” 0.000” 0.000” 0.000" 0.000” 0.000" 0.000”
Pruning of Pomelo Trees 0.002” 0.104 0.216 0.793 0.116 0.046 0.070
Average Yield per Rai per - - - . a o
Veur 0.001 0.000 0.001 0.883 0.020 0.000 0.001
Media exposure
Mass communication 0.015" 0.076 0.078 0.089 0.383 0.374 0.071
Personal communication 0.004" 0.000" 0.005" 0.431 0.039 0.000" 0.001"
Activity communication 0.002" 0.012" 0.008" 0.872 0.054 0.000" 0.014"
Online communication 0.000" 0.000" 0.000" 0.001" 0.000" 0.002" 0.000"

Significant at the level 0.05, ** Significant at the level 0.01.
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This research aims to study: 1) personal, economic, and social background
factors; 2) the production of Khao Yai pomelo; 3) media exposure; 4) online marketing
needs of Khao Yai pomelo; and 5) factors affecting the online marketing needs of
Khao Yai pomelo. Using a simple random sampling method from 249 pomelo farmers
in Bang Sakae Subdistrict, a sample of 152 farmers was selected. Data were collected
using an interview form, and the statistics used for data analysis included descriptive
statistics, t-test, F-test, and LSD. The research found that most farmers were male, with
an average age of 49.3 years and an average of 14.95 years of experience in pomelo
cultivation. The average yield exceeded 2,000 kg/rai/year, and the primary source of
online information was YouTube. The overall online marketing needs were at the
highest level, with a mean score of 4.45. The aspects of highest importance to the
farmers, in descending order, were: Privacy, desiring a secure system for managing
customer data; Place, needing a system for fast and safe delivery; Product, wanting
online marketing to help create differentiation and market recognition;
Personalization, requiring a system for shipment tracking and rapid customer response;
Price, wanting a sale price that reflects the product's quality; and Promotion, wishing
to use a traceability system to build trust. Factors that significantly affected online
marketing needs (p<0.05) included age, educational level, cultivation experience,
watering practices, average yield, and online media exposure.
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Figure 1 The designing of a cotton fiber preparation machine 1
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Figure 2 The designing of a cotton fiber preparation machine 2
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Figure 3 The designing of a cotton fiber preparation machine 3
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Figure 6 Front components of a machine for a cotton fiber preparation machine
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Figure 7 Rear components of a machine for a cotton fiber preparation machine
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Table 1 Compare the features of the original machine with the created machine

Yunlngedlsinu Jedinsyviuniswdn Ao lde3esiunen
Wi uaziseddy wlesdivunalng 14l 3 wia deanlddne
Migavu Awananisseuiieulily Table 1

ltem

original machine

created machine

1. Working process

2. Principle of Seed Separation

3. Production Capacity

4. Product Quality

5. Energy Consumption / Energy

Consumption Rate

6. Break-even Point

7. Machine price

8. Usage

9. Maintenance

The traditional machine can be divided into 2 steps:

1. Feeding the cotton into a machine for seed separation
2. Feeding the cotton into a machine for cotton fluffing
Use the principle of a single roller blade.

60-70 kg per 1 hour

The processed cotton exhibited high quality, with 30-35 %
by weight being clean, impurity-free fiber

Use 3-phase electricity
Consumption rate: 67.14 baht per hour.

9,500 kilograms per year

389,00 baht

There are 2 operation systems

Large-size machine cannot be moved

Must use the manufacturer’s

technician for maintenance

The machine was designed as a semi-automatic
system capable of performing both seed
separation and cotton fluffing within a single unit
Use the principle of a seed ginning blade set

55.50 kg per 1 hour

The processed cotton exhibited high quality, with
30.27 % by weight being clean, impurity-free fiber

Use single-phase electricity Consumption rate:
29.84 baht per hour

3,490.33 kilograms per year

125,000 baht

Easy to use in one step Lightweight can be moved

Easy to maintain; can be serviced by local

technicians
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Figure 9 Operation steps of cotton fiber preparation machine
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Figure 10 separate the seeds and fluffing cotton wool and cotton seeds with impurities

Table 2 The efficiency of cotton fiber preparation machine

Item Efficiency after seed separator
Factor A' Factor B? Cotton seed weight (kg) cotton wool weight (kg) cotton wool density (kg/m?) Time (minutes)
520 1200 3.96 1.04 0.86 7.52
520 1250 391 1.09 0.69 7.43
520 1300 3.93 1.07 0.68 7.18
620 1200 3.52 1.48 0.85 6.01
620 1250 3.49 1.51 0.68 5.47
620 1300 3.51 1.49 0.67 5.28
720 1200 3.74 1.26 0.84 5.10
720 1250 3.70 1.30 0.67 4.40
720 1250 3.71 1.29 0.67 4.13
Factor A
520 3,937 1.07° 0.74 7.38°
620 3.50° 1.50° 0.73 559"
720 3.72% 1.28° 073 4.54°
Factor B
1200 3.74 1.26 0.85° 6.21°
1250 3.70 1.30 0.68° 577°
1300 3.72 1.28 0.67° 5.53¢
AXB NS NS NS **

! Speed of the seed separating blades (rmp), > Speed of fluffing cotton wool blade (rmp),
** Significant different (p<0.01), ** Means in the same row with differrent superscript were significant differrent (p<0.01).



Y. Chaisit et al. / (PRAWARUN AGRICULTURAL JOURNAL 2025) 22(2): 34 - 45 43

Table 3 Results of the study on the efficiency of seed separation

Item Efficiency after seed separator
Factor A! Factor B? Cotton seed weight cotton wool weight
(%) (%)
520 1200 79.20 20.80
520 1250 78.27 21.73
520 1300 78.53 21.47
620 1200 70.40 29.60
620 1250 69.73 30.27
620 1300 70.13 29.87
720 1200 74.80 25.20
720 1250 74.00 26.00
720 1250 74.27 25.73
Factor A
520 78.67° 21.33°
620 70.09° 29.91°
720 74.36™ 25.64°°
Factor B
1200 74.80 25.20
1250 74.00 26.00
1300 74.31 25.69
AXB NS NS

! Speed of the seed separating blades (rmp), > Speed of fluffing cotton wool blade (rmp),

** Significant different (p<0.01), *™ Means in the same row with differrent superscript were significant differrent (p<0.01),

SEM = Standard error of mean.
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This research aimed to design and developed a cotton fiber preparation machine based
on local knowledge for the cotton-spinning group in Loei Province. The objective was to reduce
the time and labor burden on the group's elderly members. The machine was designed as a semi-
automatic system capable of performing both seed separation and cotton fluffing within a single

Keyword unit. Emphasis was placed on ease of operation, safety, simple maintenance, and compatibility with
Fiber preparation machine single-phase electrical power. The study revealed that the fabricated machine measured 75 cm in
Seed separator width, 114 cm in length, and 108.5 cm in height. Its operational mechanism comprised three distinct
Fluffing cotton wool components: a seed-ginning blade set, a cotton-fluffing blade set, and a conveyor roller shaft

assembly coupled with a centrifugal fan. Performance evaluation showed that the machine could
efficiently gin and fluff the 'Khao Yai' cotton variety at an average rate of 55.50 kg/hour. This was
achieved with the seed-ginning blades operating at 620 revolutions per minute (rpm) and the
fluffing blades at 1,250 rpm. The processed cotton exhibited high quality, with 30.27% by weight
being clean, impurity-free fiber, while 69.73% by weight consisted of cotton seeds and associated
impurities. Economic analysis indicated that the break-even point for using the machine was
3,490.33 kilograms per year.
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Table 1 Criteria for Evaluating the Level of Organic Tea Production Practices Among Farmers

Average Range

Meaning / Interpretation

2.34-3
1.67-2.33
1-1.66

Give importance at a high level
Give importance at a moderate level

Give importance at a low level

Source: Watson (2018)
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Table 2 Variables Used in Analyzing Key Factors Influencing Organic Agricultural Production Practices

Variable Variable Name

Variable Definition/Details

Dependent Variable

The practice of production PRA
according to organic agricultural
standards

The practice of production according to organic agricultural standards is evaluated by 8
questions regarding the production process, using the average value to interpret the

meaning. The conversion is: 1 = always practiced, and 0 = not always practiced.

Independent Variable

Experience in cultivation (years) is a quantitative variable.
The highest education level of the respondent (divided into 4 categories): 1. Primary

education or lower, 2. Lower secondary education, 3. Upper secondary education or

vocational certificate, 4. Diploma or higher (bachelor’s degree or higher). This is an ordinal

Total income of farmer households (Baht/year) is a quantitative variable.

The size of the planted area (rai) is a quantitative variable.

Experience in contacting agricultural promotion officers is a dummy variable: 1 = Yes and

Experience in participating in organic farming training for farmers is a dummy variable: 1 =

Experience in cultivation (Years) EXP
Education Level EDU

variable.
Total Household Income INC
(Baht/Year)
Size of farmers cultivated land SIz
(Rai)
Contact with Officers CON

0 = No.
Participation in Training TRA

Yes and 0 = No.
Knowledge and understanding KNO

The level of knowledge and understanding about organic farming for farmers is divided

into 3 levels: 3 = Highest, 2 = Moderate, and 1 = Lowest. This is an ordinal variable.

Source: Compiled from literature review.
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Table 3 Descriptive statistical values of independent variables (Nominal Scale)
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Aeaduinuasdunid Tasfineazideaniugiuresiaudsis
Table 3 ludruiuustoyasnsiaau (Ratio Scale) fiviavun 2
fuUs Useneusie Yszaunisallun1sugnuiveanunsnsuas
fufinienisinunsiifonsesveanuasns lnefseazSend

P
=1 Y

NugUYeIRLUIAe Table 4.

Variable No. % Variable No. %

1. EDU 2. INC
- Primary school or lower 7 6.09 - Less than or equal to 100,000 Baht 3 261
- Junior high school 10 8.7 100,001 to 150,000 Baht a4 38.26
- Senior high school or Vocational Certificate 62 5391 - 150,001 to 200,000 Baht 66 57.38
- Diploma or Higher Vocational Certificate 36 31.3 - 200,000 Baht or more 2 1.75

Total 115 100 Total 115 100
3. CON 4. TRA

Never (Nio) 41 35.67 Never (Nio) 8 6.96

Ever (Yes) 74 64.33 Ever (Yes) 107 93.04

Total 115 100 Total 115 100
5. KNO

Highest 65 56.52

Moderate 49 42.61

Lowest 1 0.87

Total 115 100

Table 4 Descriptive statistical values of independent variables (Ratio Scale)
Variable Max Min Mean Unit

EXP 51 10 28 Year
Siz 6 43 18 Rai

fusuusana (Dependent Variable) 7ildlunnsanun
Huduusdairuntufie FUINSUJUANIHERAHLRNTFIU
\nunsdurIglatunisussdulaedioin 8 faifeafunszuiums
wan TngldAnadeifiofmiuaming iieesuiedoyatiugiu
wiilevnldiladeiidmadonisufoAnisuany azuuadli

Table 5 shows data on production practices under organic standards.

< o & awa 1 ° = <& o W

Ju 2 Ameu fie 1) UfTRegvaianevialiunuddyazgn

szyliluan 1 uaz 2) vieeaSwiseldwuaruddy (WldfoR
<, v & o N | awa 1

wawe) Axgnsvyliuay 0 Ay fudsanuieglunguuiifete

avnave Andufesaz 27.83 uazduUsiieglunguliadnaye

Anvdusesay 72.17 swazdunsa Table 5

Variable Always Sometimes Never Average Interpretation
The practice of production according to organic agricultural standards 32 83 0 23 Moderate
(PRA) (27.83) (72.17) (0) [0.09]

NALAZIATUINANTTIVY
ANYEAUTINGINYAAS LATYINT UALAIALYDUNYATNT
HansAnwludiuilvesnunsnsgugnuidiuau 115 51e
wud v dunane Andudesas 60 uazdiorguinnit 50
Y wnfiefosas 64.35 Feustanguinunsnsniuszaunisal lag
drunndisanisAnuseaudseudnuineudatensa Ui, An
&) 12 1A [y =3 ] ]
1Wudegay 53.91 waneindlszaunisAnwiuiunans uazdiulng
a a ) v Y & = 1
Tanunmausa Andudesay 52.17 uandiiiiudunwasnsey
swiuduaseundinuns Snvainwnsnsaulugdusvavnisal
n1sUgnen 21 63 30 U Anvludesas 54.78 aenndesiudoya
91gfivtuenisszaunisalsniui Tudiuvesneliniisause
Yogluas 150,001 fia 200,000 U WNfeTesaz 57.38 Faag
TusgAuUiunas @anRReeiUNISHBATOIN UNLAWASASIUN
JuIaLdndauiunans Jude 11 89 20 15 u1nninfesasz 80 Tu

duvean15ldussnuaIunIsinens wud ineasnsnnsgly
w3 uluATIToULARENTI NI NIUABUBNTINAIY dnTy
mssudnasineasnsalnglifihguvududesmmedn wi
grunumddguesfiigusulunisaienendoya deAdiad
inwasnslfunnilan fie YouTube 5849a31 fip Line wansfianis
WrdsunannesuinlotazaUunaladuauniun inwnsnsdiulg
weRnseldmifiduaiunisinens uenaninuasnsaulng
WwelinfmouTITEUUINATEILBUYEE Feasvieununsyieiodu
lunsimuinug (Table 6)
fumnufiierfunsujianisuaavnieliunnsgiu
Bun3d inwmsnsdanlngilsssiuanuiseduiige (nougn 11 fa
15 99 Anlusesaz 56.52) lavsmnisufvRnisnanviniela
WnsguBursdeglusyiv "Uinae' (Table 7)
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Table 6 Demographic, Socio-economic, and Personal Information of Farmers
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Table 8

Information Number Percentage
1.Gender
Male 69 60
Female 46 40
Total 115 100
2.Age
Less than or equal to 40 years 2 1.74
41 to 50 years 39 3391
More than 50 years 74 64.35
Total 115 100
3. Education
Primary school or lower 7 6.09
Junior high school 10 8.7
Senior high school or Vocational Certificate 62 5391
Diploma or Higher Vocational Certificate 36 313
Total 115 100
4. Status
Single 33 28.7
Married 60 52.17
Widowed or Divorced 22 19.13
Total 115 100
5. Total Household Income (Per Year)
Less than or equal to 100,000 Baht 3 261
100,001 to 150,000 Baht a4 38.26
150,001 to 200,000 Baht 66 57.38
200,000 Baht or more 2 1.75
Total 115 100
6. Agricultural Land Held (Rai)
Less than or equal to 10 Rai 9 7.83
11 to 20 Rai 92 80.01
21 to 30 Rai 13 11.3
More than 30 Rai 1 0.86
Total 115 100
7. Type of Agricultural Labor (More than 1 answer possible)
Household labor 115 100
Hired labor 105 91.3
8. Main Channels of Information Reception
Neighbors 12 10.43
Community Leaders 69 60
Royal Project Officials 34 29.57
Total 115 100
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Table 6 Demographic, Socio-economic, and Personal Information of Farmers (Cont.)

Information Number Percentage
9. Current Media (More than 1 answer possible)
Website 10 8.7
Facebook 53 46.09
Instagram 2 1.74
Line 89 77.43
YouTube 115 100
10. Contact with Officers
Never 41 33.67
Ever 74 64.35
Total 115 100
11. Training Participation
Never 8 6.96
Ever 107 93.04
Total 115 100

Table 7 shows data on the level of knowledge regarding organic production practices among sampled farmers

Number of Correct Answers 0-5 6-10 11-15
Questions Questions Questions
Questions measuring knowledge and understanding of organic farming 1 a9 65
(0.87) (42.61) (56.52)
Table 8 shows data on production practices under organic standards.
Organic Rice Production Practices Always Sometimes Never Average Interpretation
1. Ecosystem and biodiversity management 95 20 0 25 Consistent
(82.61) (17.39) (0) [0.15]
2. Soil management, soil fertility, and water 10 105 0 2.1 Moderate
8.7 (91.3) (0) [0.22]
3. Selection of inputs and varieties 0 96 19 2.04 Moderate
(0) (83.48) (16.52) [0.19]
4. Pest management 2 94 19 1.75 Moderate
(1.74) (81.74) (16.52) [0.18]
5. Transition to organic farming 49 65 1 248 Consistent
(42.61) (56.52) (0.87) [0.18]
6. Production separation and integration 110 5 0 2.58 Consistent
(95.65) (4.35) (0) [0.25]
7. Contamination prevention 56 59 0 25 Consistent
(48.7) (51.3) (0) [0.24]
8. Harvest management 50 65 0 2.45 Consistent
(43.48) (56.52) (0) [0.23]
Total 32 83 0 2.3 Moderate
(27.83) (72.17) (0) [0.09]

o o

UasgangidansnasonIsuguiinisnannelauinsgnunyes
oun3d
HansAnwladedAgniidninasnen1sujuiRnisudn

]
6
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inwnsduvdmugiuiiruadideuanseysslviiudunadon
wazaunm dwabinuasnsfianudulalunisiinuasdunie
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EELETINe

oy Auiivinsnuesinasonuatiaveluns
UuRNsHanN18laNIRIgIUN RTINS @1U150NE199INKE
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Table 9 Estimated Parameters of Factors Influencing Organic Agricultural Production Practices (Logit Model)

Variables Coefficient Standard Error P-value Marginal effect
Constant 0.053 1.492 0.166 -
Experience in cultivation 1.254* 0.131 0.023 0.137
Education Level 0.287 0.601 0.175 0.058
Total Household Income 1.076 0.659 0.145 0.207
Agricultural Land Held -3.170* 0.555 0.065 -0.335
Contact with Officers -0.022 0.329 0.534 -0.005
Participation in Training 0.533* 0.360 0.098 0.117
Knowledge and understanding 0.345%* 0.387 0.041 0.098
No. observations 115
Log likelihood function -145.176
Pseudo R® 0.293
AlC 931.056
BIC 966.187
Hosmer & Lemeshow 0.656

Note: *, **, *** gre statistically significant at 0.01, 0.05 and 0.1, respectively.
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ABSTRACT
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This research aimed to investigate the factors influencing the production
efficiency of organic tea among farmers in Mae Suai District, Chiang Rai Province, an
area with high potential for tea production. The study surveyed 115 tea farmers. The
findings revealed that the majority of farmers were male (60%), over 50 years old
(64.35%), and had 21 to 30 years of tea cultivation experience (54.78%). Most farmers
had completed high school or held a vocational certificate (53.91%), had an annual
household income between 150,001 and 200,000 Thai Baht (57.38%), and owned 11
to 20 rai of agricultural land (over 80%). Additionally, most farmers had previously
contacted agricultural extension officers, participated in organic standard training
(93.04%), and possessed a high level of knowledge regarding organic tea production
practices (56.52%). Logistic regression analysis indicated that significant factors
positively influencing organic tea production efficiency included tea cultivation
experience, participation in training, and knowledge of organic farming. Conversely,
larger farm sizes tended to reduce organic tea production efficiency. The study
recommends continuously promoting organic farming knowledge and training,
considering strategies for managing large areas for organic tea production, and
encouraging knowledge exchange among farmers.
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31NN1TIATIERsTAUNITULURNTAN 15U Tusdas Tu
ansmveunuasnsiugnlinaiidungudiags mumisis
(Table 2) wui1 M3UfuddmsnegluseAvuifvsedn (2.34

~ 3.00) $ovar 53.6 503aun Ao MaUFtAveads (167 - 233)
Foway 34.2 wazlineUuR (1.00 - 1.66) Sevaz 12.2

Table 2 Frequency and Percentage of Water Management Practices on Farms: Summary of Fruit Farmers

Water management practices Frequency Percentage
Regularly (2.34 - 3.00) 185 53.6
Occasionally (1.67 - 2.33) 118 34.2
Never (1.00 - 1.66) 42 12.2

3. wan1sAnwnsseususzvuNsliinama
foan1svasivy lunnsiureunuyasnsiugnldng

MnnsiAszisrRunssansuszUUNIsTH Y
aufeansvesits Tunmsmesnunsnsgugnlinaiiu

NEUABEIe ANUMIT19 (Table 3) WU NsEaNTUAILUIN
agluszAuNN (2.34 - 3.00) Togaz 58 589a4W1 Ao BauTU
Uunana (1.67 - 2.33) Sosay 36.8 waveeuiutioy (1.00 -
1.66) ¥owaz 5.2

Table 3 Frequency and Percentage of Adoption Levels of Crop Water Requirement - Based Irrigation Systems: Summary of Fruit Farmers

Adoption levels Frequency Percentage
High Adoption (2.34 - 3.00) 200 58
Moderate Adoption (1.67- 2.33) 127 36.8
Low Adoption (1.00 - 1.66) 18 5.2

4. NaN1INAFDUANNAFIU
InnsnadevannAgiutadoi dauduiusdents
goususruuMslfimuauFeInsvesivvaanunsnsUgn
e Ingl4@d@ Chi-square test wu
4.1 21NNTIATIEVTBLAANANTIS (Table 4) wud
Hadeflugrudruyana Tiud e ang sefunsinuinagduau
dundnlupiudou lufmuduiusegeildedfgnisadfnens
goususruuMsliimuaufesnsvesiivvannynsnagn

13fua winudn Uszaunsalldszuumsliified anuduiudse
nsevsusruunsimuaudesnisvesity (Msvduteddyy
@i 0.01) furallean X2 = 28.925 uazldan P-value =
0.000 uamslfisiuin nwmsnsiisilszaunsalldszuumslite 3
wnldfufiazsensussuunislfinunudenisvesiiauinnia
inwnsnsiilifivszaumsalldszuunstoiiie

Table 4 Frequency, Percentage, and Chi-square Analysis of Fruit Farmers Classified by Personal Basic Factors Affecting the Adoption Levels of Crop Water

Requirement - Based Irrigation Systems

(n=345)
Demographic characteristics of Adoption Levels of crop water requirement - based irrigation systems Xz P-value
the respondents by Fruit Farmers
High Adoption Moderate Adoption Low Adoption
Frequency Percentage Frequency Percentage Frequency Percentage
Gender 1.746™ 0.418
Female 64 58.7 37 339 8 7.3
Male 136 57.6 90 38.1 10 4.2
Age (years old) 8.705™ 0.069
<43 68 58.6 a5 38.8 3 2.6
44 - 54 54 49.5 a8 44.0 7 6.4
> 54 78 65.0 34 283 8 6.7
Education 3.170™ 0.205
less than a bachelor's 149 60.8 83 339 13 53
degree
Bachelor’s degree or 51 51.0 a4 44.0 5 5.0
upper
Family member 3.863"™ 0.145
1-3 69 52.7 52 39.7 10 7.6
>3 131 61.2 75 35.0 8 8
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Table 4 Frequency, Percentage, and Chi-square Analysis of Fruit Farmers Classified by Personal Basic Factors Affecting the Adoption Levels of Crop Water

Requirement - Based Irrigation Systems (Cont.)

Demographic characteristics of Adoption Levels of crop water requirement - based irrigation systems Xz P-value
the respondents by Fruit Farmers
High Adoption Moderate Adoption Low Adoption
Frequency Percentage Frequency Percentage Frequency Percentage

Experience (irrigation systems) 28925 0.000

<2 49 39.2 66 52.8 10 8.0

3_5 81 66.9 36 29.8 a4 33

>5 70 70.7 25 25.3 a4 4.0

* = Level of significance at 0.05
** = Level of significance at 0.01

ns = Level of non significance at 0.05

4.2 31NN1531ATIEV Ty an1uA1919 (Table 5)
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paususTUUNITmIuaadesn1svesi N 819
\loananszuuiinananansatisanfunuiuLs e sy
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Table 5 Frequency, Percentage, and Chi-square Analysis of Fruit Farmers Classified by Socioeconomic Factors Affecting the Adoption Levels of Crop Water

Requirement-Based Irrigation Systems

(n=345)
Demographic characteristics Adoption of crop water requirement - based irrigation systems xz P-value
of the respondents by Fruit Farmers
High Adoption Moderate Adoption Low Adoption
Frequency Percentage Frequency Percentage Frequency Percentage
Fruit orchard area 12918° 0012
<7 63 51.6 53 43.4 6 4.9
8-15 51 50.5 a4 43.6 6 59
> 15 86 70.5 30 24.6 6 4.9
Scope of crop cultivation area 1.905™ 0.386
Irrigation 51 64.6 25 31.6 3 3.8
Outside Irrigation 149 56.0 102 38.3 15 5.6
Household labor 8.003" 0.018
1-2 136 54.0 104 41.3 12 4.8
>2 64 68.8 23 24.7 6 6.5
hired labor 8.729° 0.013
No hired labor 116 52.3 94 42.3 12 5.4
Hired labor was used 84 68.3 33 26.8 6 4.9
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Table 5 Frequency, Percentage, and Chi-square Analysis of Fruit Farmers Classified by Socioeconomic Factors Affecting the Adoption Levels of Crop Water

Requirement-Based lrrigation Systems (Cont.)

(n=345)
Demographic Adoption of crop water requirement - based irrigation systems Xz P-value
characteristics of the by Fruit Farmers
respondents High Adoption Moderate Adoption Low Adoption
Frequency Percentage Frequency Percentage Frequency Percentage

Cost of Production 6.701™ 0.153

< 30,000 67 54.5 51 41.5 5 4.1

30,001 — 100,000 58 52.7 45 40.9 7 6.4

> 100,000 75 67.0 31 27.7 6 5.4
Income from production 14.592" 0.006

< 20,000 65 57.0 a6 40.4 3 2.6

20,001 — 400,000 52 46.8 50 45.0 9 8.1

> 400,000 83 69.2 31 25.8 6 5.0

* = Level of significance at 0.05
** = Level of significance at 0.01

ns = Level of non significance at 0.05

4.3 lun153Aseiideyaniuni1sng (Table 6) wuin
msfanmailuslasgniisdianuduiussonissensuszuunis
Tihmuaudesnisvesiisvennvasnsdugnliing (e
Toddn1eada 0.01) fusailéen X2 = 173.282 warlden

P-value = 0.000 uanslfifiuin wnwmsnsfiuumalunssanis
thegheivszans amiluunlduseususzuunisiiinmuaany
Fosnsvesfiwunnnin iesanaszmindasylesvesnisidih
g mINzaNLarUITENS AN

Table 6 Frequency, Percentage, and Chi-square Analysis of Fruit Farmers Classified by Overall On-Farm Water Management Affecting the Adoption Levels of

Crop Water Requirement-Based Irrigation Systems

(n=345)
Demographic characteristics of the Adoption of crop water requirement - based irrigation systems XZ P-value
respondents by Fruit Farmers
High Adoption Moderate Adoption Low Adoption
Frequency Percentage Frequency Frequency Percentage  Frequency
Overall On-Farm Water Management 173.282" 0.000
Regularly 156 84.3 29 157 - -
Occasionally 39 33.1 75 63.6 4 3.4
Never 5 11.9 23 54.8 14 333
* = Level of significance at 0.05
** = Level of significance at 0.01
ns = Level of non significance at 0.05
Table 7 Summary of the Results of Hypothesis Testing
Factors affecting the adoption of plant-based irrigation systems Results of Hypothesis Testing
by fruit farmers Non-relation Relation

1. Personal, Economic, and Social Background Factors of the Respondents
1.1 Gender
1.2 Age (years old)
1.3 Education
1.4 Family member
1.5 Experience (irrigation systems)
1.6 Fruit orchard area
1.7 Scope of crop cultivation area
1.8 Household labor
1.9 hired labor
1.10 Cost of Production
1.11 Income from production
2. Total of On-Farm Water Management
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/
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/
/
/
/
/
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/
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ABSTRACT

Keyword
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On-Farm Water Management
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Fruit farmers

The objective of this study was to examine factors affecting the adoption of
crop water requirement—based irrigation systems by fruit farmers in the "Project for
Enhancing On-Farm Irrigation Efficiency." The study targeted a population of 2,500
farmers. The sample size was determined using the Taro Yamane formula with a
margin of error of 0.05, resulting in a sample of 345 respondents. Data were collected
using stratified random sampling and structured interviews. The data were analyzed
using descriptive and inferential statistics, including frequency, percentage, mean,
standard deviation, and the Chi-square test. The findings revealed that the majority of
farmers were male (68.4%), with an average age of 49.47 years. Most had an education
level below a bachelor’s degree (71.0%) and an average of 6.2 years of experience
using irrigation systems. The average size of fruit cultivation area was 16 rai, with
most farms (77.1%) located outside irrigation zones. Most households had 1-2 family
laborers (73.0%) and did not employ hired labor (64.3%). The average annual
production cost was 209,348.26 THB, while the average annual income was
720,507.25 THB. Hypothesis testing revealed that factors significantly associated with
the adoption of crop water requirement—based irrigation systems at the 0.01 level
included experience with irrigation systems, agricultural income, and on-farm water
management. At the 0.05 significance level, significant factors included fruit
cultivation area, household labor, and hired labor.
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5550978 U 912lwa w3n lunsedu ndunenaaies uaz
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amsedinduunande Wudu Usznousudunulunindosdng
drulngiiudunuiuemsdnd Feiavesingivermisd
wulduiigedu Tnsame TagAvundslusfuiidesindiain
AUszina 1wy Uandu wagnindamdes iy dedunisld
TngAuuvaslusuiianansandsidiosnelulsemauazisaign
(Chantiratikul et al., 2010a) Lﬁ'aaﬂﬁunué’mmms oy
Haoitddluniawandng Snisdagtufuilaaliimnuddyi
nadentonansidniivaenfouasdilifomdnatainmdn
fuand ety (Nulla-ong et al., 2021) Faduuuamasiilunisan
A5 annnslddan dueinisdadaina1auszinac g
(Chantiratikul et al., 2010c)

fdelath iuivhilAndwesmusssund iustnile

v

o aw & o Yy a ° 1o = %
VTUNUIAVIRUU YBLIYNATYINDINUIT W1 \'LGUN'T Mialmm
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Bumssaliissanaesiwuadnluasd Lemnaceae wuly
uwdsnuestanFounaaints uiadudindidenaunieiiou
naw fdusuguinans 0.5-15 fadiuns laifisn dadufied
aeguuILANA g s8Iy TUTualusiu (crude protein)
Uszana 30-45 % vedumnuss (Dry matter) dnsnozilly
Fudu (Essential amino acids) 19u ladu wivledu uagviledu
Tusgduflmaneau (Appenroth et al., 2018) finsnludusniy
Wy Towunin-3 (A-linolenic acid) wag lowwn-6 (linoleic acid)
flannsodaeiinannmyesly Wy Wudmusznovvedluhiily
ljunsfivseloniseduilan uenamnidaiiiniu nguiniu A
(nualsiiuews) 3nfiu B-complex 1y 3n1du B1 B2 B6 uay
luen@u Ienfiu E iaesueyyadass wavdaaugiiduiulsity
dnl ualsiused (Carotenoids) Usunas 699.5 lulasnsu/nsu
(Xu etal, 2021) lagianigg M u (Lutein) uay Furuiiu
(Zeaxanthin) Preifidliung wliAduTumusssA Tagll
sodldaduned uazngduvaussmuaaluy (Ca) ieanesa (P)
swan (Fe) wazuuniiFeou (Mg) fdaelunsairaudenladn
se Taeanlusaulndidssiuiumaos uivsualusiuenaazlsl
Asfi asinaned ueg fuuna s iionds (Chantiratikul, et al,
2010b)

nstldthluduemsdmiudesdnid fedunisia
Yualvsauliiiisanesenudeinisvesdnile Ineldidu
onsiesuvdodudiunauluomnsdnd feuenainazifiunisan
Fuvunssdnnds Sudunsiminensluriesduunldliiie
Uselomd Snvhedsaduayuuvadlilusiunmnmilusiosiude
(Thongkham, 2019) a1nnN15A N¥1989 Chantiratikul et al.
(2010a) 1 una slusiuanlysn (Wolffia elobosa) unuunas
Tushumnmndavdeduswnsliideilevssdiunaaussnugnis
wAnuazaan e Tasunuiilusiuannindamdesselusiu
2nlailusedu 0 25 50 uay 75 % HANISNARDINUIINGY
muauiinsAvewns msisarivln sasnsiasuemsidy
dhminds wazamnmendninguitldsulidiunndisegned
Yod1Agn19ads (p<0.05) yuefianmfediifefiaguna
seAumsunud agulddnlimsunuiilusiuannndamdesine
Tdsfuarnla v nfu 25 % luemasia i o asnadasfiy
Chantiratikul et al. (2010¢) AidnwnaveIN1TMALILIUIALDIN
nndaundes (SBM) daeldsauainla v (Wolffia globosa)
soausIaUTLaEANANEINYBIUNNSE Y Tneunuiilusiu
nnindamiestaeTusiuanldth fsedu 0 25 50 waw 75 %
HAN1SNAABINUI U U B IMN5T Auanates 198l Tad Ay
(p<0.05) 1 onaunuiAy 50 % vaugiuszansnmnisldoms
ANTIOULNITHEN wazAmANYINlUwANAITueg 1 lded1Agy
n19adf (p>0.05) AR WA umuszAUNITVAUNL §9910013
nasosaguldhannsaldlusiunlddmaunulusiuannind
widedldfe 50 % luewnsunnszmdUu uenamnidamuiniie
nszgauieafufulauh wu w Sdwtefsdliung desnnd
ualsiusodgs 91nN15ANWIYDS Akter et al. (2011) 71Uy
(Lemna minor L.) vl uunaslusfulugnsermsinlalageds

13 % lnglinsznusdenandnliuaraaninly doiduunaserms
Wsfumadendigeanunsaannislénindamdesld suppadit
et al. (2012) Anw1n15l9 Wolffia arrhiza meal wnunanga
wiaedlusmsunnszmguuly wudrannsaldldlaglinszny
doaussnugnIsuAnuazamnmly Snvisdsefiudlyuns
wansliiiud s@fneninves Wolffia arrhiza Tunisiduunas
TWsAumadon luvaeifin1s@nwives Zakara & Shammout
(2018) AnWIN1SMALNUNINGUNE 09428 Lemna gibba meal
Fadufiamsznaidiatulad fisedu 10 % uag 20 % Tuams
1AlY wan1svaaeanuin nMsmawnuNINdndes e Lemna
gibba meal fiszau 20 % vilinsAue1ms sasnslily uay
waldanas (p<0.05) Fen1snaunuil 10 % lidnansznude
aussousNIsHankasAnNINlY Aldupaiinduegraiitoddy
(p>0.05) usn1sunudigahlinugadealuliuindu n1sld
Lemna gibba meal Igkailusedyu <10 % usszdugeninion
fnaaUsoHANEn (Zakaria & Shammout, 2018)

Fady §iTeTeduuAnilidnldlugnseimslaly
oo oAndudndiudunindundedagszning 10-20 % Lile
Anwinisldlddniuuna sfagfunaunuluemsiildse
aussauznsWan A medly wazailadisingy Seteyails
Mnnuitetdansmilulddusumdumadenasuluoms
dniln waznsAnuiludunisldifuunaddysiumadendu
ngAvemsdniUnsialy

gUnsaluazIsn1sIdY
andneaosusz1ITVnaed

uneaedldlnlyiuslasiu us1al (Lohmann Brown)
91 25 dUni AimwanysaivesTusuazdn L TS
Sudunsmaaesasiianery Sau 48 f Innsdudunisve
sunnlddninaaes taviilueyginlddnivnasy 1avd
AS6607004 wianguldldeendu 4 ndu nquaz 3 §1 s1az 4 i
noasdlulsnFouda ndulildlaynnguldfvomsluusa
NINMAUA AIUUHUNITNAADILUU completely randomized
design (CRD)

wispaslathlaeiulidannunanisssumnd &
Amazonlvuian wazuininuanlneldyuvgivos
wateing gaumgiiegluaie 38 - 42 °C 9341381 10.00 U. fie
15.00 u. tielsihszimeoon ndusulrthliuidlasnisligeu
au¥ou gamgdl 60 °C w1y 6 Falus uazhuusliazdaafie
in3estiu Tnsanunsaseuitunzunsssou vunm 2 Sadluns v
nsUsznaugnsemsvdisefundsanuilddsylovdld Tusiu
waglavugiisndu isuiAssiuanudesnisvesdniln au
Awuzi1u049 National Research Council (NRC) (1994) dulrily
TiAuemsnaassgnslagnsnilennevnmaasamaneas oy
a gos Fouanslu Table 1 ol

naudl 1 (T1) guslsifiunasvesansdaindinlna (negative
control) THuduznds uigAviiugruumamasnu

naudl 2 (T2) gnsaruAy (positive control) 1d419lwa
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favdedlusiudu uazninduvdes WuimgAundnlugas

gl 3 (T3) omsgaatudends uagldnslyh
1.5 % lugms

nquil 4 (Ta) ermsgasfudiends wagldndlath
3 % lugns

nsliemsnaaesasuuseenidu 2 92 Aesvezuiu
gy uazszznmamenes lasnaenmavaaedlililisueimns
wazihdweguiud (ad libitum) Tnenmsnaaes 9l 1 sezU3

g Wuszeziliomnslald neumsveaeuiieususeiudves
lduns IlndiAsadunen 10 Yu leedahmindmedialylutuusn
noulomnmaaes alnidnseiu deses 2 i @edlnlaTagld
ownsveRst 4 ngu Alusiulidesndn 17 % uaztaed 2 svee
vhnsveaes iusvegiliensvaasdulnliduna ¢ dUam
wagvhmafiultifleniessiauamdunias 1 ass Fedil
Tneldownameaesits 4 ngu silurumesesiton 28 Tu S
svoznavedlAfildFuomnsmaaes sa 38 Tu

Table 1 The raw material composition and nutritional value of experimental diets

Item Treatment
T1 T2 T3 T4
(Negative control) (Control) (1.5% Wolffia meal (3% Wolffia meal
added) added)
Raw material (kg/100 kg)
Corn meal - 45.45 - -
Broken rice meal 12 - 10 10
Cassava chip meal 34 5 34.5 34.5
Wolffia meal’ - - 1.5 3
Rice bran meal 10 10 10.5 10
Soybean meal, 44%CP 21 18.6 21 20
Full fat Soy, 38% CP 6.5 4.5 6 6
Fish meal, 58% CP 5 5 5 5
Soy oil 1.3 1.25 1.3 1.3
Dicalcium Phosphate, 18% P 0.9 0.75 0.9 0.9
CaCOs 8.3 8.45 8.3 8.3
NaCl 0.3 0.3 0.3 0.3
DL-Methionine, 98% 0.2 0.2 0.2 0.2
Premix (Vit-Min) 0.5 0.5 0.5 0.5
Total 100 100 100 100
Nutritional value, % (Calculated)

Protein 17 17 17 17
Lysine 0.78 0.78 0.78 0.78
Methionine 0.4 0.4 0.4 0.4
Met + Cys 0.67 0.67 0.67 0.67
Tryptophan 0.18 0.18 0.18 0.18
Threonine 0.57 0.57 0.57 0.57
Metabolizable energy, Kcal/kg 2,800 2,800 2,800 2,800
Fat 3 3 3 3
Linoleic acid (C18:2) 1.5 1.5 1.5 1.5
Calcium 38 3.8 3.8 3.8
Phosphorus, Avai. 0.35 0.35 0.35 0.35
Fiber 5 5 5 5

* Based on the analysis of Wolffia meal using the Kjeldahl method, the crude protein content was determined to be 31.37%.

nsUuiindeya

Sufindhmdndaudedunismaaes uazduiindminia
A 9 14 $u paeanisvaass TufinuFuaemsiwlalafu
naoansnAaes tnavhnstaiminiliuaremsfimdenntu
Wofnw1Useansamnisiasuemsiduly YufinuIuiw
wandnlvluusay Suvesnmiaenismases Sufindwiinly was
nsasiaingunwludUanviag 1 A Tngvhnsiiulaynnles
Tuusawah ieTiemeiaaninly smiiBues Aryee et al. (2020)
Tnefinisanduiindeyass tufindmidnuedly arwervasld

Anuni1aesly Anundielde1n anugalyvrn w@usnu
Audnandluung Augeliuns Argerydin (Haugh unit) thwidn
launs dwiinlian dwinFenlssmderiuls ndliuas dou
SUN1INRAY NAIRINNAADY 14 Tu LATNAIIINVAADIATY 28
Su Tnetiufindnd Lra*b* &1 L¥a*b* Ao daydnualvesmiieind
Aunu L* Ysuendennuadng flendaus 0-100 1ne 0 fe A
uag 100 Avdv1 AILAY a* USIBIBUNUEINEL T (-a*) Aud
Aus (+a%) WarAILNY b* USTENeUAUE 91nduEY (-b%) aud
dundes (+b*) auaeu Tnrndvedluuns lneldwnd (Yolk color
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fan) waz n15141A5 09 Miniscan ZE (HunterlLab, USA) wazan
Tufind@iils shnnsifudegradennounnass vdmaass 14
U uagraIn1sneaed 28 1u lnvguiaizidenlnnnnqunaass
nauvnaetas 3 fildudenuinadn (Wing vein) Inglddna
yuueanesedLiansuTnuivhnmazdudon Tagldiduuuin
0.8x25 fiaduns Aoy 9 gadnszuendagiagedi q auld
I 1 fafdns dndenldnasnruin 2 daduns laely
MNaBAUTIY 20 % ethyl diamine tetra acetic acid (EDTA) 31174
20 lulasdns () wedestunisudaiivenden w9
waaufiumegadon iivlundeslruiifiiudey wluiivly
Fiugamail 4 °C Tz zviosdan e red blood cell (RBO)
A1 white blood cells (WBC) wazen packed cell volume (PCV)
»1135ve Abdulazeez et al. (2016)
MTUATIEYToLaN19a0A
N1INAABIINLHULUUduaNy sod (Completely
Randomized Design: CRD) 3tA51%%1A1A210LUUTIU (Analysis
of Variance: ANOVA) Waz U3 suifisuanuunnd1svesaiade
sewinangu lngld38 s suiisudad suuunanstises
Duncan (Duncan's new multiple range test) aM135u89 Steel &
Torrie (1980)

NALAZIN5AINNTIY

ANTIOULNITHES)
nani1smeasinuiinisidlyiiwslueimsialynass

szez1an 28 Ju ludwmaneaussaurnisuanlaesiueg sl

€

o

pdAgYN9Eif (0>0.05) miLa'%mlsu'ﬁfﬂmiuqmmmﬂﬁlﬁiﬁ'
S¥AU 1.5 uay 3 % lidwadodnsinisiinandnlulaesiunase
szo¢17a1 28 Juveanismeaes tnefia1dnsnislinandnads
(Hen-day production) 8¢5¥1114 88.89-97.22 % Falunneing
fuathaditedfayneadn (p>0.05) sialutag 1-14 Juuas 15-28
Fuvpsnisnaaes wansliiduinnisasalyilusssusenannlal
dwmadosoaussauznsnanltvesllineldannnsmeaesi
dwiuusinaunsiuemsiedsseuiuuldugafiaalungud
Sunmaasulath 3 % sesasnfonguiliadu 1.5 % nduaiugu
naznguitlaildiadudnlng egrdlsAnnilaid amnuunnssoead
o Aynead @ (p>0.05) Wi eafuiua1snsn1sasu
onsidula (FCR) Feflrnaglurag 2.06-2.12 laimwumuunnsing
sendanguvaassegaliteddgynieada (p>0.05) Uadlidiuin
nsldldildnsenudedsyavsamnisldusslomiannemsues
wild Shmiinleiedeuazalinaonnimassslivnnsnaiuegig
Idedragneaia (p>0.05)Iﬂaﬂq'wﬁl,ﬁmlﬁu'ﬂfw 1.5 % di@n

v
° o

vninlvindegefian (64.88 niu/mes) luvaziinguitlaildiada
#1lma (Negative control) ffanalviadegean (59.25 n3u/ia/
Fu) daun1siasunvasiuindnaennisvaasdlinuaim
waneiusENINaNguULALITY (p>0.05) fauiinngunlunu
agflenimindaiuiuedsgagadessudeutunguu
Tnwasy nanmsvaaosdliiiuinannsaaiilidindugase g
Inldlaluszauliiiu 3 % lnglunsenudeaussouznisuds
nslivsslordaneims dmidnle weld wasduiindvesul

A (Table 2)

Table 2 Effect of Wolffia meal (Wolffia spp.) in the diets on egg performance of laying hens

Item Treatment SEM P-value
T1 T2 T3 T4
(Negative (Control) (1.5% Wolffia (3% Wolffia
control) meal added) meal added)

Egg production (Hen-day), %

1-14 day 95.83 88.69 86.90 88.10 2.98 0.7218

15-28 day 98.72 90.38 91.03 94.87 2.62 0.7177

1-28 day 97.22 89.51 88.89 91.36 2.70 0.7466
Feed intake, g/hen/day

1-14 day 127.7 110.89 122.7 120.02 3.08 0.2934

15-28 day 119.15 113.49 112.89 116.25 1.65 0.5829

1-28 day 123.86 112.19 117.8 118.14 2.09 0.3422
Feed conversion per kg egg (FCR)

1-14 day 212 2.07 2.19 2.19 0.07 0.8891

15-28 day 2 217 2.02 2.03 0.06 0.6771

1-28 day 2.06 212 2.1 211 0.05 0.9623
Egg weight, g/egg

1-14 day 62.6 60.36 64.57 62.68 0.79 0.3304

15-28 day 63.84 62.27 65.2 64.96 0.57 0.2673

1-28 day 63.2 61.29 64.88 63.82 0.66 0.2971
Egg mass, ¢/hen/d

1-14 day 59.99 53.53 56.11 55.21 223 0.8217

15-28 day 58.52 52.26 55.11 57.23 277 0.4288

1-28 day 59.25 52.9 55.61 56.22 1.94 0.7764
Average body weight, g/hen

Initial weight, g 1716 1804 1739 1755 85.24 0.0940

Final body weight change, ¢/ hen 92.17 144.33 64 133.67 17.29 0.3600
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nsldldindununnaesdiinguszasdiduitoutu
aussauznisndn ety lnelifiingusyasdndndulasuy
wén Tugnsomnsiugiuides Tununeaes wut nsléladg
fiseiu 1.5 % way 3 % Winaduaussauzn1sudn ldunndig
nngumuay Weiadulthued 3 % fuwltufuaussougnis
WEn i nandnly Usinaenmsiinu mswdsuermsiduly
1 Alandu tindnleanias ald 91naunaass laifinnslden
U Purlusgninanisanduunnaes wasiinisvaasslu
Tse3ausyuula H9290819UNAa0E@A I NLIRaRNLUSTUSIU
uadansanunsaanni1sidenudrugluseninanisaiiuay
nnaestld MnmsiTondeiaonadeciunisideves Rattanawut
et al. 2017) I§innsAnwmeaeunanisiadaliviluamisde
aussanmnislinandnuazdliunswondels lothiissdu 0 0.5
1 uaz 1.5 % w8013 wui1 nsiasaliluemsitsesusig
7 Liflnansznusevsuaemsiinu nandsly divdnly wals
Snsnswieuemsiunandnle (p>0.05) wag Chantiratikul
et al. 2010b) AnwINIsNALNUNINEG 1WEBed8 Wolffia
globosa Tuewslald anunsanaunulais 75 % laglinsgnu
fRoMIINTIHANARLY N1TNALNY 100 % vilwnisAue s
wazn1swanlyanas wenaniganuin Wolffia slobosa Haenii
Alaunadlesanualsfiuessas fadu annmaaesnisldladh
naluormslalyseaussousnsnanfisssu 1.5 % waz 3 %
ludswansgnulumuauneaussaugn1swan
AaunINAoely

nansanwnsldldimduemnsialefisziv 0 1.5 uay

Table 3 Effected of Wolffia meal (Wolffia spp.) in the diets on egg quality.

3 % naeANITIALY 4 dUA9 (28 Fu) denmniwiledly wuin
f1 Haugh unit veslalunnndumaaes (T1-Ta) faudiFuduaufs
Auganianaaes (0-28 Tu) aglutaa 70-86 % lawuady
unnA1seg 19l ded1AyNI9Eas (p>0.05) %QLﬂumﬁﬁyﬁlmﬂww
Auantud (Albumen quality) lallasunansznuainnisiasu
loth urugugnanslanng (yolk diameter) laisharfuszaing
naunaaeeg1vldvedAyn1eada (p>0.05) snciutud 21
U8INITNAABY WUI1 NAN T1 (Negative control) (26.45 mm)
fA9INI1ING U8 U (T2 T3 T4 ~37-41 mm) uAnsi1908 il
ToddeyBameadi (p=0.0078) %ﬂmﬂﬂ%‘ﬁwﬂwmhqmmms
prvhlivunaliunadnas deSsuieuiugnsitlidnlnedu
undsndnuuazgasiiingldladndugasems dwmduhmiin
lguns (Yolk weight) 1ngasaain1svaaedldunnsneiueg el
dudrAgyn1eadd (p>0.05) ﬁhl,a?{aa&ﬂwdw 13.6-16 n¥u/vag
AU al9v17 (albumen height) naeanisnaaedliunneiaiy
(p>0.05) g TuY23 6.3-7.6 mm UsuaninAmnINvaslyv1?
Apudamiane dmsudedlie1d (albumen index) Tunn
FraavesnIamaaes faldenstu (p>0.05) sniulutud 21
Y84N131AA8Y albumen index ¥as T1 (12.72) HAg9n31 Ny
T2-T4 (8.12-9.49) eehsiifeddaydamneadi (p=0.0144) Faued
Pnguitlilsiasudninadlvvnduniingumaassiiinisiada
ladwsfisedu 1.5 uay 3 % Entos dmsuhmindentd
(shell weight) Liflaruuana1siusg i dbdrAgnasnnis
nAaBs (p>0.05) Anaduaglutie 6.7-8.1 n3u/mes Muuaasly
Table 3

Item Treatment SEM P-value
T1 T3 T4
(Negative (Control) (1.5% Wolffia (3% Wolffia
control) meal added) meal added)
Haugh Unit (%)
Initial 84.38 70.95 81.8 83.86 3.72 0.0981
After 7 days 85.56 82.69 81.41 85.9 4.06 0.7095
After 14 days 81.4 79.16 86.09 80.47 3.22 0.7932
After 21 days 79.94 78.12 80.32 80.8 2.35 0.4719
After 28 days 76.12 76.88 74.25 74.38 2.28 0.6513
Yolk diameter, mm.
Initial 38.61 38.62 39.85 38.5 1.71 0.3709
After 7 days 40.38 40.51 39.31 39.32 1.94 0.6485
After 14 days 42.88 39.82 43.53 43.53 1.50 0.5837
After 21 days 26.45° 41.01° 40.95° 37.33° 3.15 0.0078
After 28 days 37.92 39.97 38.73 39.78 1.86 0.9009
Yolk weight, ¢
Initial 14.38 13.8 14.28 12.75 0.61 0.1828
After 7 days 17.38 17.65 14.82 15.17 1.27 0.5842
After 14 days 14.59 13.63 14.9 14.98 0.50 0.5956
After 21 days 14.9 15.37 14.83 15.76 0.45 0.4019
After 28 days 14.99 15.59 14.96 16 0.44 0.3292
Albumen height, mm.
Initial 7.25 7.34 6.83 7.08 0.30 0.0689
After 7 days 7.51 6.91 6.95 7.65 0.38 0.7052
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Table 3 Effected of Wolffia meal (Wolffia spp.) in the diets on egg quality. (Cont.)
Item Treatment SEM P-value
T1 T2 T3 T4
(Negative (Control) (1.5% Wolffia (3% Wolffia
control) meal added) meal added)
After 14 days 6.8 6.41 7.2 6.75 0.27 0.7136
After 21 days 6.61 6.28 6.59 6.29 0.22 0.3969
After 28 days 6.71 6.85 6.49 6.59 0.22 0.6929
Albumen width, mm.
Initial 65.35 65.31 68.98 68.08 2.99 0.4459
After 7 days 68.4 67.19 72.37 69.86 3.39 0.7687
After 14 days 73.68 64.95 78.65 75.2 3.18 0.4471
After 21 days 48.25 75.85 77.34 73.33 3.71 0.1174
After 28 days 69.86 67.95 72.82 70.64 2.25 0.6104
Albumen length, mm
Initial 80.95 80.89 83.49 83.75 4.13 0.4867
After 7 days 80.42 81.69 83.71 83.89 4.19 0.8839
After 14 days 84.22 78.7 92.53 88.15 3.16 0.9111
After 21 days 60.25 78.41 77.34 73.33 2.718 0.3640
After 28 days 82.16 84.9 86.25 85.98 2.64 0.7593
Albumen weight, ¢
Initial 36.91 36.49 38.56 34.05 1.46 0.2679
After 7 days 36.88 36.78 40.37 40.06 1.98 0.8996
After 14 days 36.49 34.48 40.09 38.7 1.61 0.7175
After 21 days 37.1 35.38 38.15 36.67 1.06 0.4484
After 28 days 36.41 36.09 37.92 40.32 1.31 0.2581
Albumen index
Initial 10.02 10.15 9 9.45 0.32 0.5506
After 7 days 10.17 9.37 9 10.05 0.22 0.1340
After 14 days 8.69 7.42 7.89 8.36 0.24 0.7883
After 21 days 12.72° 8.2° 9.49° 8.12° 0.55 0.0144
After 28 days 8.88 9.09 8.27 8.51 0.22 0.5346
Shell weight, ¢
Initial 7.69 7.38 7.7 7.52 0.33 0.3058
After 7 days 7.35 7.31 7.8 7.42 0.36 0.7484
After 14 days 7.04 6.95 8.12 7.47 0.30 0.7287
After 21 days 7.23 6.74 6.78 7.6 0.28 0.1786
After 28 days 7.61 7.56 7.31 7.49 0.22 0.4475

*® Means in the same row with different superscript were significant different (p<0.05), SEM = standard error of the mean.

nawesuldtndlugnsomsialy dealidldunaduty
ningasilifitalne (T1) Insanzlunguiladusziu 3 % udds
lianansalsinalndiAssiugasiiddnlng (T2) 16 Feflenaandy
yeaduns (a%) Amdes (b¥) wazazuuudldunsgiiganasnnis
npans nassnanuansiliihenaflansdsssundfitiodiudly
WA A1 L* (Auadng) wanifenanuainavesdliuns wuindianng
wansnafuegelidedfymneadnluuisina Tnsane ud
14 ¥93n159AABS (p<0.01) wazTuil 21 (p<0.05) nguitlaildiaTa
F1lne (T1) fid1 L* gafign (50.80) uamainlaiumaiidadnandn
vuziinguiiadulah 3 % (T4 = 47.46) uaznauiiasulding
1.5 % (T3 = 49.03) fldfasnin drunquetuauiladudialng
(T2 = 45.80) farditan Feazvioudnliunaiditundn egralsi
i loAuganisvaaesdiTufl 28 A1 L* luduansnetuagnel
Hoddgylunnngunisnaaes (p>0.05) dmsuen a* (wnudiden-

) voslrunsdiauuanateiuegadidedfgdaau (p<0.01)
Tugaeduit 7-21 lnenguatuaunddalne (T2) a1 a* gean
ag19maLlias (Juh 7 = 15.55 Ju 14 = 12.49 Juf 21 = 11.52)
wanafiamuduvesdunsiiiauda vueiingudu o lngiane T1
(Lifidalne) waz T3-T4 (Lt 1.5-3 %) len a* vgasdiandy
= ' ' oA = ' ' =3

au Jsvsveninldunseanlunsdimies-1lWeuinnin ogslsh
o Tududl 28 vesnismaaes A1 a* luusnasiueg1editodAty
FENINGY (p>0.05) wenanil A b* (Wnudfin-Lndes) Muans
ANV DIEMADY WUIndlAuLensnsAusgedided Ayl
Fuh 7-21 v83n1INAaed (p<0.01) TngnguaruauAdd1lng
(T2) dA1 b* gefignogesioiilos (Tuil 7 =61.48 Tufl 14 =
59.20 Tuil 21 = 54.09) Waiilsuiunguinldldiaudnilng (T1)
wagnquillasuliin 1.5-3 % (T3 T4) adlddndi usiiliodugn
Ao o ' ' ' ' A
N13MAa9N TUA 28 AuuAns1svesAl b* luunnsiseeiedl
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HudrAgneada (p>0.05) dmsuazuuudliung (Yolk color
score) 910 yolk color fan fAIULANA1NAUDENTALIUAGDN
n1snnass Tnslaniglutudl 714 uay 28 veen15nAass
(p<0.01) wuInguAIUANATT NG (T2) fAzuuugegn (Fuf
28 = 3.69) vuziinguiliadailith 3 % (T4 = 2.60) fidnsosan

Largenings negative control (T1 = 1.60) wazngutadail
1.5 % (T3 = 1.68) ogslafioy Anadsvonauildsulaihdsng
mninguiisidnInmegaitedfamnaain (p<0.05) Fauansly
Table 4

Table 4 Effected of Wolffia meal (Wolffia spp.) in the diets on L*a*b* color space of egg yolk

Item Treatment SEM P-value
T1 T2 T3 T4
(Negative (Control) (1.5% Wolffia (3% Wolffia
control) meal added) meal added)
L* - Lightness
Initial 44.45 42.61 44.03 41.91 1.19 0.4155
After 7 days 49.63 46.34 47.64 48.17 1.36 0.4012
After 14 days 50.80° 45.84° 49.03° 47.46° 2.13 0.0006
After 21 days 52.95° 49.61a 51.44% 50.44° 1.44 0.0262
After 28 days 54.04 53.16 53.81 5236 0.75 0.2032
a* - Green-Red Axis
Initial 10.10 9.28 9.23 10.16 0.50 0.7625
After 7 days -0.68 6.69° -0.15° 1.01° 3.39 <0.0001
After 14 days 2,67 5.02° -2.33° -0.59" 3.56 <0.0001
After 21 days 2.62° 5.39° -1.47° 1.94° 3.62 <0.0001
After 28 days -2.05 3.02 0.86 2.07 2.20 0.2503
b* — Blue-Yellow Axis
Initial 58.79 61.50 54.07 57.44 3.09 0.6819
After 7 days 26.69° 64.45° 35.14° 37.19° 16.37 <0.0001
After 14 days 23.00° 58.62° 31.71° 44.36° 15.51 <0.0001
After 21 days 18.60° 49.63° 26.46" 37.47° 13.50 <0.0001
After 28 days 20.12 30.57 26.57 33.59 5.82 0.2256
Yolk color score (Yolk color fan)
Initial 7.32 7.25 6.95 6.82 0.45 0.8465
After 7 days 1.72° 4.16° 1.96° 2.18° 0.22 0.0002
After 14 days 1.60° 3.18° 1.60° 1.85° 0.08 <0.0001
After 28 days 1.60° 3.69° 1.68° 2.60° 0.13 <0.0001

*® Means in the same row with different superscript were significant different (p<0.05), SEM = standard error of the mean.

Aan oty iasudaolydned sedusing q 1
nansznuse iy Awigslduna Aeergda (Haugh unit) 39
Wuavsuenauanivdvesly uriugudnaisliung aau
n¥alaen el dminlduns dhudnldes davdn
wWasnymdewdenls uazavilldvn neen Haugh unit e1eg
5¥319 70.95-86.9 % Faagluinast AA (HU: 1nndn 72.0 Tu
1) maasuldiluomsinadonisiiudveslyuns Suualdy
indunuszdurestdinddugnioms wandiutudmalungs
fasulirng 1.5 % (p<0.05) iiesanlah (Wolffia spp.) 1Hu
funszngiiesiuumuie Avsdwmudaiiiudualsiuwazig
nsflags FseanunsalfiluunasansdluemsdaiUnle Fotfuded
wastenaifindlung ogslsfmumaasulddindussdugdu
gusomsenvaziinansznusienisitusslovilivelnyus s
§uq ruenadinared ausIauEAMATSHARG 8 99NN
naaestltiiiudt maasuldindduseauil 1.5 uay 3 % vinlda
"LﬁziLLmﬁLLuﬂ,ﬂuLﬁmqﬁummsrﬁf“umua%uiﬁdﬂfmﬂuqmmmi
donAdeINUNISANYIVBY Akter et al. (2011) lavihnisAnwinis

Tdununila Lemna minor L. Tuewnslaly wudrannsaldleags
i1 13 % laeldnsgnudoUss@nsnmnsndavsonuninly @
winnzauduwnaausiumaion n1snawnulusiuainnings
WABIAIELIY 25 % Trewiunsuanlunardluuag Taglinsenuy
sanun mdanty Wwdeadu Suppadit et al. (2012) nadeu
a & & v " % . .
nsunuinindwndesnlelau Wolffia arrhiza Tue1misun
a ' | i A v o W aa
nsevguu ldnuaruuaneted 19 iveddgvneadia (p>0.05)
FunsiNanaaly 8nsinsene wasdaaiiudliunslasneie
Rattanawut et al. (2017) lovins@nwnisiasulevnlusinng
foausInN NS IHaNAnLazdldunsandaly WolaSuinseeu
00.5 1 uaz 1.5 % ludalyeseny 40 dUa1vi wuiinisiasy
leiluavnslifinase dwdnuesle dwindenly dandnle
wad ¥rninlavnn aunuudenly Anuwdsswesudanla
wazA1 Haugh unit (p>0.05) wanistasulauluemis finase
A o ' a A X o % A a
Asindvedldung Tnedvasldiintumusesunistalan iy
agetmaulunquiasuloun 1.5 % (p<0.01) Fellualsfiueen
593 1,033.4 dadnsw/Alansy Asiudsinasanisiiudlaung
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Faivrsdunudnasfiudualsfiu wazweulnsiiadsaunsald
uunaansdluomisdnidnld dufuainisnaassnisiiiv
Vsnamslathluemslalylulsmadiiut uannuneass wie
nsesunaliiluemssanfuansindansssueasidug wu
ariFes vy Welilvsedulvdhgaiuluaudsmansenude
aussannskanaznslistlevildvedlavugidu

Alavinine)

Armsfiwesmaladininefivhnsinsegd ldun pack
cell volume (PCV), red blood cell (RBC) tag white blood cell
(WBQ) wuilaesan PCV LiifianuuanssegreivvdAglunn
NguRaeAYNNIINAGDS (0>0.05) lurariifianuunndiania
adAluunasveantsvaaes TnslamizAdSudu (initial) ves
RBC waz WBC wazen RBC Tufuil 28 vesn1svnans Faanua
ANIMPABY WUI1 NaNIFIATIERAIUIIIRTlaE oauAI Ak
(PCV) vosusilrilel Tutaudunisviaass ngu negative control
(T1) fieiade 28.36 % vauziinguauguiidnTnalugaseims
(T2) fif 29.63 % nawiadulath 1.5 9% (T3) e 31.11 % waw
nauiadale 3 % (Ta) fidn 29.43 9% Tnglsifauunnsnaiy
ataifdday (p>0.05) leasu 14 u A1 PCV VBIAATNGY
0g58mIne 29.79-33.92 % Tnungy T3 fleadugeiian (33.92
%) usilsiunnenatiunaadn (p>0.05) uazidieduganisnaaosdi
28 U A1 PCV oglugag 27.76-29.52 % (T1=27.76 T2=29.52
T3=27.86 T4=28.08) Fadslimunnuunnssesnaiideddiyma
i (0>0.05) wansinnsiasuldnlidsnasennududures
Healngsu

Fuiadonuns (RBO) numnuumnsieiiyrauls
Taglutiadudu ngu T2 61 RBC qafiandl 2.99x10° cell/pL
Faunnenseg 9 oddyn1aada laongy T1 (1.87x10°
cell/uL), T3 (2.28x10° cell/pL) wag T4 (2.03x10° cell/ uL)
(p=0.0003) usitilonsy 14 ¥u 1 RBC vosnnaueylndidssiy
Tug29 1.67-1.9x10° cell/pL wagluunna1anieads (p>0.05)
agalsfnu Lﬁa??UQWﬂWiWﬂaaﬁﬁ 28 Tu wudngu T3 dein RBC
geilanfl 29x10° cell/pl Faunnsinannga T1 (2.47x10°
cell/uL) wag T4 (2.52x10° cell/pL) og 19 dad1Agyn19ad @
(p=0.0409) Turaeiisrunudadensns (WBC) nuaLwANAIg
A uduresnisnaass Taengu T3 A1 WBC geiigqnil
21.47x10° cell/pl Fsgsninnga T1 (14.7x10° cell/pl) uaz Ta
(14x10° cel/pL) egnadiduddnd omeadd (p<0.01) luvaueii
ngu T2 fiaaduogil 18.83x10° cell/ul ogslsinm iensy
14 Ju A1 WBC vasnnnguanasinoglugie 13.63-16.43x10°
cel/pL uarlaifinnnuunnensiunsadia (p>0.05) LLazLﬁaguqm
AsVAaRsT 28 Ju A1 WBC 9glur9 11.65-13.15x10% cell/pL
Tnelilumnsinaifuegraditoddymeatnguiu Tnensasuldth
wilugnsomslalifissdu 1.5 % wag 3 % luidsadensenuse
A1 PCV agafifeddy wazuiiagnunisidsuwlasesen
RBC way WBC Tuunstaaim Tnslanisiiandudunaytisiuan
n1aneaes wawwilduaananiluldasieufannuiauniinia
a3sinendidaau desanddilddsoglunusiunfveausila s
WlathisldneliAnnaderoguamlafinvesldlivesnismaass
il Fsuanslu Table 5

Table 5 Effected of Wolffia meal (Wolffia spp.) in the diets on hematological values of laying hens

ltem Treatment SEM P-value
T1 T2 T3 T4
(Negative (Control) (1.5% Wolffia (3% Wolffia
control) meal added) meal added)
Packed Cell Volume (PCV), %
Early trial (initial date) 28.36 29.63 31.11 29.43 0.86 0.1907
14 days of trial 29.95 30.89 33.92 29.79 1.15 0.0673
28 days of trial 27.76 29.52 27.86 28.08 1.00 0.5730
Red blood cell (RBC) count (x10° cell/uL)
Early trial (initial date) 1.87° 2.99° 2.28° 2.03° 0.15 0.0003
14 days of trial 1.72 1.82 1.67 1.9 0.14 0.6801
28 days of trial 2.47° 2.64%° 2.9° 2.52° 0.10 0.0409
White blood cell (WBC) count (x10> cell/pL)
Early trial (initial date) 14.7° 18.83% 21.47° 14° 1.43 0.0041
14 days of trial 13.67 16.43 15.5 13.63 1.48 0.4670
28 days of trial 13.15 11.65 12.38 12.42 0.74 0.5662

*® Means in the same row with different superscript were significant different (p<0.05), SEM = standard error of the mean.

wawpansldndldiduuvasingiuluemsldldszd
A9 soAlaininervesinly wuin Wesidudliadenundn
Wiy (Hematocrit : HCT) s1uiudinidanuad (red blood cell :
RBO) waw d1uautinidenyia (white blood cell : WBC) va4lA
14 Bifinmuansnsiuegadidoddymieada (0>0.05) nqui

weSunsldth 1.5 9% waz 3 % adunlna3nvaslaled 28 Su fan
WU 27.86 % waz 28.08 % auasu FernBulansanazen
nalafeinendy ¢ Iu"LriLﬁfamaﬁuﬁ: Cobb 500, Ross 308 way
Arbor Acres Plus fausisniinauiseny 35 Su fidn POV iy
RGP RGRH Faen PCV Tuldmerirnegsening 22.61 - 33.72 %



P. Phumrojana et al. / (PRAWARUN AGRICULTURAL JOURNAL 2025) 22(2): 66 - 76 74

InmeflediAnegsening 21.67 - 33.76 % Ardulaasaunives
Irazeglutag 22 - 35 % wanshnaedundliluomnsidlall
finansznusemduilaasa wansliduilniiguama sauiude
doaunavalasuomisvaaes 28 Tu dAwvifiu 2.9 x 10°

cell/L uay 2.52 x10° celVpL Usunaudadenunsluliunfieg

#l 2.5 - 3.5 x 10° celVpL wagansinidenvnluliundazey i
5.8 -37.9 x 10° cell/uL (Konpechr et al., 2020)

d3UNaN13IY

nnsmaaesnudn msiasuldandusedu 1.5 %
uaz 3 % lidawansznusvaussauzn1suan tikn 9nsnislina
wanly n1siuetns, Sasnisasuewnaduly (FCR) dwiin
19 wazanaly TneAadelunnnguneasseglutiiliunnsstu
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wanly 88.89-97.22 % asinaiUAsusimaduly eglura
2.06-2.12 (p>0.05) Faaonndosiuganmly A1 Haugh unit
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ABSTRACT
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laying hens

This study aimed to investigate the use of Wolffia meal as a dietary ingredient for 25-
week-old Lohmann Brown laying hens. A total of 48 hens were divided into four experimental
groups with three replications per group and four hens per replication. The experimental diets
consisted of four treatments: Group 1 (negative control), Group 2 (positive control using corn as
the main ingredient), Group 3 (supplemented with 1.5% Wolffia meal), and Group 4 (supplemented
with 3% Wolffia meal), arranged in a Completely Randomized Design (CRD). All hens were
provided with feed and water ad /ibitum throughout the experimental period. The results indicated
that Wolffia meal supplementation had no significant effect on egg production performance. The
egg production rate ranged from 88.89% to 97.22% (p>0.05). Regarding feed intake, the group
supplemented with 3% Wolffia meal showed the highest feed intake (p>0.05). The feed conversion
ratio (FCR) ranged from 2.06 to 2.12 (p>0.05), and the average egg weight was highest in the group
supplemented with 1.5% Wolffia meal, at 64.88 g/egg (p>0.05). No significant differences were
observed in egg mass or body weight (»>0.05). Haugh unit values ranged from 70 to 86 (p>0.05).
The yolk diameter in the negative control group was the smallest (26.45 mm) and was significantly
lower than that of the Wolffia meal-supplemented groups (37-41 mm) (p=0.0078). No significant
differences were found in yolk or albumen weights (»>0.05). Egg yolk color intensity increased in
the group supplemented with 3% Wolffia meal. The packed cell volume (PCV) of the hens ranged
from 27.76% to 29.52% (p>0.05). The red blood cell (RBC) count was highest in the group
supplemented with 1.5% Wolffia meal (2.9 x 10¢ cells/uL) (p=0.0409), while white blood cell
(WBC) counts ranged from 11.65 to 13.15 x 10° cells/uL (p>0.05). In conclusion, supplementing
Wolffia meal at 1.5% and 3% in the diets of laying hens did not adversely affect egg production
performance or egg quality.
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paNTiAtuLaraIAUaULABATY (Anti-oxidant) deralvilinnns
dvauv0e9uyad a3z (Reactive Oxygen Species ; ROS) lu
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Sniavvenileidodume (Dutta et al, 2021) ndedsliany
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\A orfunuantAniandyineivesarsainainaentauns
(Nymphaea lotus Linn.) 8gths udsliflimddeianzianzasii
fnwinavesansannanaentaas (Nymphaea lotus Linn.) ¢
Aanmiind evieszuvduiugvesdninaassiiduuimiy
Togmse fedu ATeiTadsdnymaresnmsivmudenmnin
dife wagnavesnsiaiuasatiane1uaNAeNUALINATIEN
nontunsenannindevemyusnnadildsunansenuan
Tsawvmulaeniswileniighenisia Streptozotocin (STZ)
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1. ManaanseengusINnAUReNLATINAIAENT LAY
dunentauadluiiuiidmingassnd Taeyhnisfu

Tudradn anduthndunenuasinasnontauns andreiaeh

avann uazauliuvial 60 ssenwaldua sedeuauiou (Hot air
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#rhaganed fiuszansamgslunisadanailiuesd saufs
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% (Pereira et al., 2019; Wang et al., 2022) lngnaunInaunon
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dIUNANIINTBINENITATENTBNUDS 1 Lavhasazanefinges
I¢luseive 50% ethanol 88N FYLA3BINAUTLNYATUUUMAY
(Rotary evaporator) aaadufu figamndl 50 °C vinlwusiaae
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vipuidvvieviesgiidaiiedosiunsdudatuuas uaziiv
WHigangd -20 °C iilowIsudmiud unounisnnaoeoly
Twanieauansdaunuisfudunisatnans uardnvmzves
avane (Figure 1)
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Figure 1 The flow chart of extraction process of bioactive compounds and the morphological characteristics of Nymphaea (otus Linn. petals and pollen crude

extract.

2. MIdNFBE1s MsLUINFNTYNAAeY LaznsmieiliiAe
TsALwnmu

AFuatud Iihunnsfiansanuarlddunnuiurey
IINANENTIUNITITTEIUTTULAZNISITA AT LA 091UNT <
Ingrenans umIne1des1vinenssid 1avdl as 0543.7/358
SWALATINT 98.82.03/2559 MIUWANLNMUTNTIUIUTIUNIST AR
YOIFUNNUANZNTINNTIVBUYIR AwIunfIag1elaeg
19 TUswnsy G*Power Version 3.1.9.7 (Franz Faul, University
Kiel, Germany) lngA1nuaan effect size AU 0.50 AN 3 err
prob 11U 0.05 A1 power WU 0.80 UaginNUATIUIUNGY
NAADU WIAY 6 nau lnenan1sinesinelusunsy G*Power
ldFuaudninaaesiu 48 a1 anduhnisduidonayum
g WISTAR (WISTAR rat) lwee] 8¢ 8 — 10 dUansi 9117w 48

i (Fuddminaasiniany fusenidosnile uIveIdevouL)
\Hundunnaes 6 nau nduay 8 i Tne e dail

nqudl 1 Ao nguAluAuUA (ngu Normal control;
NMO) mywsnnguilagldSunisdndndn diles (0.1 M citric
acid uag 0.1 M sodium citrate 7 pH 4.5) U3u1au 1 SadnTusie
Alansu (mU/ke) WMeYeavas (intra-peritoneal injection; i.p.)
(citric buffer 1ilusiwhazany STZ)

naufl 2 Ao NEUAIUANLUIMINY (NAY Diabetic control;
DO) ¥inmsameavyusnnguilifusvera 12 $2lus 91ndu
¥N1380 STZ USunas 50 meskg 114 ip. it el et lwiAn
Tsaumnu wagliansasarenglaaanuiduduiosay 5 laguia
#oUTHIRS (5% nglea) Wustezna 24 - 72 Falue ledesdu
mwﬂqiﬂﬁ‘lmﬁamfﬁ (hypoglycemia) n&sa1niu 7 fu vina
senemsifiuszezina 12 $alus wazanzAudeniiiadnsesi
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1hanaluden (Fasting Blood Glucose; FBG) Imwgmmﬁlﬁm
FBG 11nA91 200 fadnsusondans (me/dl) agaladeiniu
Tsauimanu wazdndagn1snaans Tned utoutindu
(treatment) Andefiunniu Wussezan 12 &am

nauil 3 Ae nauuyusIUII Tl UNs B ugEy
(nqa Diabetic with Insulin; DI) Ingnyusnnguiagsinison
9113 MawdeahliAnlsawvu msguandanisimioni
Az Msizifudeniiieln FBG waznisidaduniy
wwmuitethidngnismaaes wuieafungud 2

mﬂﬁ?uv‘hmiﬁm@uégau (treatment) Usunad 4 U/kg/day
(Mixtard® Novo Nordisk A/S, Denmark) 14 1 %Juimyﬁiwﬁ&
(subcutaneous injection; S.C.) fiasiafiunniu \uszeziaan 12
G

ngudl 4 fle ngumyusmuURldUasatavenunay
aanyIkAg UTuad 150 me/kg/day (N@u Diabetic with Petal
extract; DPT) ImWHLLWﬂejmf‘:ﬁ]zﬁ']miammmﬁ syl
WAinlsaumany mMsguandsnismisniinnzumiu msiany
\fuideniiiedn FBG wagnsifadennziwmmiiievidngnis
NAABY WWAeIfuNguT 2

91nifu vn1sdeu (Per oral; PO) ansafane1undy
AoNUIwAY (Petal crude extract treatment) U5 u1ay 150
mg/keg/day Basaiunniu Wussezia 12 d&am

nauil 5 fe nguvyusumuRldFuasataveuinas
aandauas USuna 150 me/kg/day (N Diabetic with Pollen
extract; DPL) ImWHLLWﬂ&jmf‘:ﬁ]zﬁﬂmiammmﬁ nswileaili
WinlsAlumany mMsguandsnismisniinnzumniu Msiany
\uideniiiodn FBG wagnsifadennziwmmiievidignis

H a U ! dl
NGB LYULNYINUNGUN 2

Figure 2 Housing conditions and feeding management of six experimental groups.

4. myAtadenziumulunynaaes
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f\]#@jﬂﬂ’]ﬁ.ﬂﬂ?ﬂﬁﬂ%ﬁﬂﬁ’] (Body weight; BW) wagyiin15191¢ifiu
Beavndudonmdumaiionsafaseiuimaludondas
w5 0ans19TRsei UL Im1aluld o (Accu-Check®; Roche
Diabetes Care, Inc.) anifuidionsuimun 12 dUainuLINDE
gnNN3aBen (Euthanasia) Inewileninisaausie Xylazine
HCl 9u1m 1 mg/kg 39U Zoletil® vum 20 me/kg i.p. 9ty

o =~ LY [3 1 = £ s v I aaal
WWﬂWiLﬁ]WSLﬁ@ﬂﬁ]’lﬂ‘Vi’)?ﬂLLaﬁLﬂ‘U’E)'JEJ’]Sﬁ‘UWUﬁq laun 8Naladl

o
&

dduving (Caudal epididymis) Lﬁaﬁﬂﬂﬂiuﬁuﬂmmwﬁﬂma
uazsiead
5. MaiusIvTnteys

5.1 ms¥aseutianaluden (Fasting Blood Glucose;
FBG) Tuduanidl 4, 8 way 12 ndsnswilenhnaduuiniiy

waEN1IMAAeY Az Iatmiing (BW) nusnealunsiay
nauukaztuiinug mmfuvi’wmiaﬂmmiwuwnﬂmiu WJu
szpzien 12-14 lwsroumaifiusiegnaden nduinisifu
\Bomannvasnaidonsiiimng (Caudal vein) lagldifuues 23 o1
1 ih uagleSedruin 3 mliodluasatassduimangladly
LA on ﬂyQEJLﬂ‘?Iaﬂ glucometer ((Accu-Check® Active; Roche
Diabetes Care, Inc Mannheim, Germany) warUuTnKg mﬂ“lfu
Falloundu Badughu Joumsarn vieteunsaunada iy

usnwsaznguasly eaudenuansas Figure 3

Figure 3 Glucometer (Accu-Chek® Active, Roche Diagnostics) used for measuring fasting blood glucose levels

measurement.

5.2 miﬂszLﬁucﬂmmwﬁm%'auazﬁaaq%

MU 12 wdnnswmiesthnsduumniusas
13UNTNAABY MYUSIYNNANILGNNTALENM YinssndaLy
ededfalaiiadausing (Caudal epididymis) # 2 $19 Tnegay
Wnsiiiudinladaduiine (Caudal epididymis) Fadudaud
fogdnmundudifuy (Sperm maturation) lnan1sfinuen
ganansmunzetesziasy Yauazinisiaisil o oludu
Tngseueen ¥iin13Tudu Caudal epididymis 7iii194380
Wy uR8UINAY (forceps) MUsAannLd e adluaisazane

and restraining device for body weight

o a

oawlsn TWiwas enlail (PBS) Naumnll 37 sarwaidud (°C)

3 KU

waz Caudal epididymis d@uilndessgniundmduiudn 9
wazuAkl PBS LﬁaLLaﬂﬁaaq%aaﬂm (Seed et al., 1996; Uguz
et al, 2009) (Figure 4) 31NUU MIN1IATIVILATIEVADAIN
WY ouard18d3N19Na 893 anssAy (Microscopic

. . v a s & & A o o a

examination) leuA NMsUseidiuUasidudindaunvessiteaily
414wt (Percent progressive motility) n15Useiiiuaadddin
(Live sperm evaluation) kagn15Ussiluanududuvedsiiedd

(Sperm concentration)

Figure 4 Surgical procedure and morphological features of the caudal epididymis in male Wistar rats.
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5.2.1 nsvsuidiuesidudnisindounivesiiegily

41911 (percent progressive motility)
= ' sal &

wisLLKUnszanadlannazenn UsAannisuuleu
Y03181711A1UEE 79 (Detergent) Inun15a190 28U @z 010
wazidnmsueansgaanslilsiusis (IRDG, 2000) 1ealanuuuriu
UFugauuil (Slide warmer) 91 37 °C a1ntiunen 0.9% lulAgy
Aaolsa (0.9% NaCl) (Addamkovicova et al., 2016) A3plaLAgyd

SN (2.9% buffered sodium citrate) asuualas wagnauiu
dndeliidiu (Oyeyemi & Ajani, 2015) wazUaviusienszan
Unalas (ns@midsiimnududus lddndudeaiaaiainie)

ATIAAILNTDIRANTIAUNGIWEIY 200 Wi FuTiueadsiy
100 /7 warUufineddind eud lUd1aminduesidud
UALLDUALARIAY Figure 5

Figure 5 Microscopic evaluation of progressive motile sperm in male Wistar rats at 200x magnification.

Aaa

5.2.2 M5UseLiiuegliin (Live sperm evaluation)

Inen15dousieadnqeddlodu-lulns@u (Eosin-
aa =

nogrosin staining) UszidiudieadddInnTen1eainnsind
ax & a . . ¥ X A
109N15 AD NYAE eosin Y (1% eosin Y) 1 #8A A9UURLAUILYTDN

agunusunszanaladgauugil 37 °C walviidriu Mel3 30 Junil

INUU KUAF nigrosin (10% nigrosin) 2 nem wanlmdiuLay
L3l wagnsIadiendoganssminI&wens 1000 win 3
9a3n8LAndUAd (eosin) diueadnidinazlifng duituiu

ad Na & s 2 ¢ . a o
ogavsonTInduUasEun (% live sperm) $1883LOUALEARNINT

Figure 6

Figure 6 Sperm viability assessment in male Wistar rats using eosin-nigrosin staining technique. Non-viable spermatozoa appear pink (A). Viable spermatozoa

appear unstained (B)

5.2.3 MsUsediuanududureiiegd

gunsafldlunistueadu 2¢ld hemocytometer
Viﬂizﬂauﬁw counting chamber n3zanUn ag micropipette
Tneushudlasifunsyanuudu (Thick glass slide) Aiflsesan

Uszanad 0.1 mm fiaunsadnenseandalidnuuy Fausiunans
counting chamber ¢l counting chamber grid #13in15Uuad3
sl (Intamong et al,, 2011) S18azLdunLAAIRY Figure 7
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Figure 7 Hemocytometer used for sperm concentration analysis in male Wistar rats. (Intamong et al., 2011)
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sU V) weiidliussann 2 it itelisegiviganen agvilifiy
I§d1edu udrhnsasatuneldndesganssaiuuulduas
(Light microscope)

Qﬂﬂﬁuﬁﬂﬂﬂiﬁuﬁ’]ﬂmﬁ’m@ﬁ fslunsifuauiuead
T4 Counting chamber grid aztfuv anuas Iy 9 Yoslng

(Figure 8) firndsuens 40X Tavtutasilyuiia 4 dos uaziiutos
ﬁa&‘jﬁnmqmﬂgﬂ 4 99490Na uazduresnas 1 99 374
o 9 vodlug mstfuiegifiegauidug aznmuainaziiy
#reqdfegFuvuuazudroveadug wietdudieadey
Furuagduaseadugogidlangimis wedlidueh e
Budwudeadlu 9 Yessauiu (N) udnhuunualugnsnig
ATUIUNIAIUNUILLUYBIAI94T (Intamong et al., 2011;
Luthfi, 2015)

, - - 1000 4 o o aw dod A e oW \
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Figure 8 Position of sperm counting in the hemocytometer. (A) Lateral view of the hemocytometer, (B) top view of the hemocytometer and (C) the counting

zone located within the central large square (comprising nine smaller squares) (Intamong et al., 2011); Luthfi, 2015)
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6. afAuarNITIATIZNTRYA

6.1 TeyaadifnanITeidanssaun (Descriptive statistic)

sreunan1sItedavssauniduaiads (Mean + SEM)
Tuwsiazndunanes Tiun Anadedmiindamyusy Usinmnisiu
tuarUSunansivennsade swiuihnaludennds Auads
sesusasluu Testosterone luldon Alad sd1uiudaeqd
Anaduanuduiuvesiiond anademindume Wedidud
naindeuiivesiediluireih uasiedidudeqdddin

6.2 NFIATIAUTHUTIEUAIULANAINVDINUNAGDS
(Analytical statistic)

nsnageUaNyRg U 1938n15Meadid One-way Analysis
of Variance Basizianundsusiumaiion tngldlusunsy 1BM
SPSS Statistics for desktop Version 26.0 wazl435 Duncan’ s
New Multiple Rank test tiedinsgimnuuanasvasaiadely
uiaznguvInaesfinan1snaeaiin1snsztefuuUnd (Normal
distribution) TaerunAaudesiumaadisesu 95% (95%
Cl) wagrmuaAtisdfn (P value) Woanin 0.05 (p<0.05) kA
muanAweAadsszduimaluden anuuanaaves
Anadsdnufiesd anuuandisuesaRdsnduduein
283 warldi8n15mn9adid Kruskal-Wallis Test (Non-parametris
test) Tins1zsimuuanavealesifudnisindouiivesiiogd
Uit wazefidudeaifidin iesandeyanimaasdiidl
nsnszateRuuUng lnefnunaludfg (P value) Wosnin
0.05 (p<0.05)

NALAZINTINANITIY
1. szfurhnnaluden (Fasting Blood Glucose; FBG) va3vy
W

NANISANYINUTT MyusN ngu NMC didade FBG s
ﬁqﬂ (86.20 + 3.34 mg/dl) 998N AOVULTNNGL DI, DGA, DPT,
DPL ¢Mua18iu (105.85 + 11.581 meg/dl, 178.57 + 26.23 mg/dl,
403.87 + 21.22 mg/dl wag 443.60 + 25.73 mg/dl, ANEINU)
daumyusnnqu DC fAtad e FBG gafiqn (468.25 + 19.45
me/d) MelaTgiiUIsuiisuaiade FBG Tuudagngunaaes
WU MYLINNAN NMC, Dl uag DGA fiatades FBG f1ndn
Aldy FBG veswyusnngy DC, DPT uaz DPL egeiiudndny
N19adfA (p<0.05) (Table 1) wyusvngu DC FA1ady FBG g9
figm wauzdivyusnnay DI, DGA uaz NMC fiaade FBG fniy
naudueeaiiduddny Feazvioufisussansnmuesdugduuay
nsaunadalunisavauszdutiaaluiden aenadosdy
nsAnwIves Xu et al. (2021) fiuansbiiufaunumdadaed
Y9anIALNada (Gallic Acid) lun1sussinanerfaninves
Tsmumny Tnsamgludunsmugussduinaludenuas
N15¥¥A0A1IEUNINT OUT LARINALLAT BRB DN T LTy
(Oxidiative stress) Lagn58L@UL3a5Y (Chronic inflammation)
nsnunadndeaunsoanseaunglaaludenlaegneliieddgy
fawd Iy usNUImIIUNg U DPT waz DPL duudlduen FBG
anaudleifisuriungy DC wiliifianuuannafuvnaadi wasdod
A1 FBG gand1nau DI uaz DGA sgdltfed Aty wanaliiiuii
asafavenunduaenuazinasnentuadumsdnuil enadiqu’
Tunsanszdutniauisaan widslifsmed eiisusuans
WAIgIUVTeNS B UgAUSIY

Table 1 Comparative analysis of mean blood glucose levels (mg/dL) among six experimental groups of male Wistar rats.

Mean blood glucose (mg/dl)

95% Confidence Interval

Treatment group (+ SEM) for Mean

Lower Upper
NMC 86.20 + 3.34° 79.21 93.19
DC 468.25 + 19.45° 428.01 508.49
DI 105.85 + 11.581° 81.61 130.09
DPT 403.87 + 21.22° 360.46 447.27
DPL 443.60 + 25.73° 390.96 496.24
DGA 178.57 + 26.23% 123.86 233.28

Note: Superscript letters (a, b, ¢, d) indicate significant differences in mean blood glucose levels between groups. Different letters within the same column

denote statistically significant differences (p<0.05)

2, mamﬁLmﬂxﬁu,azﬂszLﬁu@mmwﬁwﬁauazﬁuaq% UVBINY
usv 9 6 NAUNARDY

nan1sUssdluedidudiiegdddin wuin wywsnngu
NMC fiilasidusiiogdiidingaiian (89.00 + 3.1 %) ssasn
A MywsVNgu DI, DPT wag DPL audndiu (75.80 + 3.43 %,
74.83 + 4.13 % Wag 66.17 + 4.64 % AUEU) EIUNYLTNNGH

a °

DC uag DGA filUesldudiogdfiiTinaniian (57.67 + 3.88 %

o a

way 57.00 £ 7.68 % mua1siu) nan1sUseiliulesiduddiea’d

wdeudiludrami wuln wyusnngy NMC fesiduddiegd
wwaeuiluiemtaunnian (80.00 + 3.16 %) T09a9NABNYUS

nn&a DI uag DPT mueneiu (62.00 + 3.74 % Uag 60.00 + 3.65
% auddy) drunyusnnauiidiesidudiieqdindeudly
Framtiein fio wyusvnga DC, DPL waz DGA anuandiy (28.33
+ 6.50 %, 31.67 + 4.77 %, 46.00 = 5.09 %) HANTUUTILIUMN
94310814 Hemocytometer Ll pAMUIAILATMIATLRA BAIIL
NUUUUYDIAI8ET (x10° Aa/ml.) wazKaMIMALRAET TN
IR ﬁuaﬂwlﬁwﬁy’a 6 NguNARs IneNud MYusNgE NMC i
Aled snuMILLIUYDIed] Nnfign (7.75 = 0.19 x10° f/
ml) 5998911 ABVYLINNGY DI, DPT, DGA uaz DPL aMua1fiu
(3.89 = 0.15 x10° f/ml, 3.74 = 0.19 x10° fia/ml, 336 + 0.17
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x10° f/ml uag 3.05 + 0.57 x10° f3/ml MUEFU) dIunyus
vngu DC Teadsmnumnuuesdign (1.01 + 0.16 x10° §/
m) wan1sinsgiiouiieunmunminge fioad sewiney
W 6 NRUVAABY WUT1 ML IVIngy NMC Sesidudedddl
FImuniign (89.00 + 3.11 %) Faganitmyusnnga DC, DPL
wag DGA agsildudAnyn1eadd (p<0.05) drunyusnngy DI
way DPT flesidudeadddinliunndeiunieadd (p>0.05)

ediszvimnaadAanuin wyusmngu NMC fiesidus
oadtndeuiluinmhanniign (80.00 + 3.16 %) agendmyus
gy DC, DPL uag DGA aghuiitdeddgvneadia (p<0.05) diu
wyusMngy DI uaz DPT fiesidusiegiindeudludrandilal
uAnAsiuNIsadi (p>0.05) wyusnngy NMC daadoniny
WNUYeseFINNTIEn (7.75 + 0.19 x10° §/ml) Fegenimy
wsnNau DC, DI, DPT, DPL waz DGA agafifedAgynieada
(p<0.05) MyusMnAx DI, DPT, DPL waz DGA fiA1Lad ady
nwuuresegdliuandaiunneadi (p>0.05) dauryusvngy
DC fAedsmnuvuiuiuvesegitesiigaiiloifisuiungudu
(1.01 + 0.16 x10° §7/ml) ag19dded1AgyN19adf (p<0.05)
UazdYALAAIRT Table 2

nsAnwadedl uandliidiuin mavesnzuwmuluny
wi dwalinuamvenideuasegianas uazkareInIsEnw
medugiunaynisasuasainaentiune wandiiiudeuualidy
yosmsHuaussanmeduRuSIInMIsImI ATz U e
dugduuaznsiduansainndunendiuae lnglaniznay DI uay
DPT fiWofifudifhegiidinuazosifudninindouiludranth
#indngu DC egnafidudfameadi wagnyusnnguilldsuans
afm (DPT way DPL) dAAunuiuiufieqdgeniongy DC
aeaiifodAyn19ada deuanddiiiuinans flavonoids Tuans
afanontusseaiiunumlunisdestunudemeveuiede
szuvduiuginay] lnsianiznistesiuanuidenevesallsy
waziasuas9InIseuTeuead Sertoli waz Leydig cells Lty
F1ununazaunvesegaluvymlFeaisE A amds
danud1Aysion1Inanedd @aonnaeaiu (Khaki et al,, 2010)
wag (Ding et al,, 2016)

fautfh syduthanaludeavesmyumnguilldsuasarin
ndunentauns (DPT) flsedudigs (403.87 + 21.22 mg/dy) uae
LiupnseanngualuauuIng (DO) sgnsiiduddnynisada
ogslsfinu man1sineiamnimintouariead wui uy
wsvngu DPT filesidudf0a3dT9n (74.83 + 4.13%) uaz
wWesludieaiindeuiiludreih (60.00 + 3.65%) gininngu
DC aeheflifedfynneadn (p<0.05) Snadalimumnutiuves
#198349n91 (3.74 +0.19 x10° #2/m0) & suandlofiiude
Usgdnsnmuesansaianduaentiuaslunistesiuanudeme
sosadduiusinag luannefiszduinaludendsasgenii
Unfwaglilanas madananatuayuuuanieitunalnnisesn
gvilasnssvesaIueyyadasEaINnAuantunseLioife

gz (Direct antioxidant effect on testicular tissue) Tag/lal
runalnnsanseaviimaluidon nanfie arsatlussduas
worlsleenfulundunentaunsansnsndudanszuaunsives
98ndLndu (Peroxidation) vedlusiuluidevuwadeqd annns
a3i19euyadasy (Reactive Oxygen Species; ROS) azunyag
Tnseadaveadumzainanmdenieiinaina1iziasen
pandiaduls a5 i sanlnanizuianaludongs
(Hyperglycemia) (Xu et al., 2021) Laz@OAARDINUIIEIUTDS
Jang et al. (2011) finvitweulslaenin narsadawdnds
W 89a1 (black soybean seed extract) ¥78an ROS wazan
Wesidudnismevesad (Apoptotic cell) ludumngvaanyusy
fgaidenilifiinsuasadonsiven (Varicocele) ldagail
Usvansnm Taglifinasesyiuthmaluidon

arsUsznouna uueulsleerdudadqns nsgdunis
wansoenvavouleddueuyadasznisluwadduny 1Yy
Superoxide dismutase (SOD), Catalase (CAT) ag Glutathione
peroxidase (GPx) Gaiunumddailunsinunmanysaives
waaduiug (Afolayan et al,, 2013) wazau1snanszau lipid
peroxidation Tuieidosumeld (Oczkowski et al., 2022) fathy
n1sfingu DPT uansrAmnmuindofiddu wissduiaaly
\Fondanegs avviouliifiuin qrsvesasatandunentuniens
Aeatostunalnianis szduveseToasilinnune (Testis-
targeted antioxidant action) Iﬂaaaﬂqwééﬁu Oxidative stress
Tnenseildaidesme snninalamsdeusinumsnuausedy
hmaludenfiesesnafien

yuIVINgy DGA wiazamnsanuauszduimaldinds
nay DPT agedaLau (178.57 + 26.23 mg/dl) windudamunn
idelud iy Wesifudioadidin (57.00 + 7.68 %) warns
\d oudiludramiin (46.00 + 5.09 %) AnIngy DPT ol
FodAyneadd dedaugatunalnnisiinanudenisain
p0ngLAdu (Oxidative damage) mnmamf’mwaiul,é'amqﬂ
Taevialy senmedungldanaruuanssinuiayimaeongn’
(Bioavailability) LLazmamiﬁwua%aé‘aizLLUUﬁWwazﬁiaLﬁaLﬁa
(Tissue-specific antioxidant effect) Ya3aNTaIATYFA9°) DeusIn
nsnunadmsinvsmueyuedastLartIsanszdutaaluden
1# (xu et al, 2021) udiidedrialugrunsgadudgidode
dumzuazenagniuunueddusgesinga ilildainsasen
qm'éiun’faL?J'aé’msmxlﬁaeimﬁmwa (Wang et al., 2022) 719910
arsuwoulsloenivlungu DPT flaunsnavaluioiosunyld
1INNTT 4agd1BUIIAINITOAANITENLAULAZANNILLATEN
panfadu (Oxidative stress) Mioiosmelalnonss (Li et al,,
2013) fstfu feusiangu DPT azflszdurhmaluenganin il
A wiugeRningy DA Jninandukaainnalnnisesngu’
Fueyuadasylasnss (Direct antioxidant effect) il aifo
Saumgvesanseangnslundunentaung fiflauansalunis
fu ROS e fisumgldfni
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Table 2 Semen quality parameters in 6 experimented male Wistar rats.

mean (+ SEM)

Semen parameters

NMC DC DI DPT DPL DGA
Sperm viability (%) 89.00 + 3.11° 57.67 + 3.88° 75.80 + 3.43%° 74.83 + 4.13%° 66.17 + 4.64° 57.00 + 7.68°
Progressive motile sperm (%) 80.00 + 3.16 2833 + 6.54° 62.00 + 3.74%° 60.00 + 3.65%° 31.67 + 4.77° 46.00 + 5.09°
Sperm concentration 7.75 £ 0.19° 1.01 + 0.16° 3.89 + 0.15° 3.74 + 0.19° 3.05 £ 0.57° 3.36 £ 0.17°

(x10° sperm/mL.)

Note: Superscript letters (a, b, ¢, d) indicate significant differences in semen parameters between groups. Different letters within the same row denote statistically

significant differences (p<0.05)

A3UNaN1339Y
n1s@nwiiluanalviiufsnansznuredlsaiuinaiui
wilsnilasaniulaleladu (ST2) dequaminidevesmyusy
iy saudaszdnfainvesarsadaneivainaendiung
(Nymphaea lotus Linn.) ‘Lumiﬂ%’uﬂqqﬂmmwﬁ%ﬁ?j‘yauawﬁaq%
dewFeudisuiunssnudedugiusaznsaunada msdnuil
Ustilsawmmudmaidereaunimindenssiegivemyim
Ay wagnisinwdiedugauiussaniamgegalunisi uy
Aanwinde Turmeiinisiaduansadaneiuainaentuns
(newawizngu DPT) duuiliutieusuusadesifudiieddddin
wazauansaluninadeudiludrandi ednslsinu qrives
arsatanentauaslunisansgduimaludondlddaaude
Wisufudugaunaznsaunadn Fedndudesiinis@numidesield
iiedianevinalnynadaiaivesanseengyilunentung uasiite
fasaneaudululdlunmshlulddumadendmiunisussim
HansgnuNlsALUIIIIURessUvAUTUGnALludn Innaesely

AnAnssuUsznne

ATeEes HavesmsataneIuAenTILAIsD ANATH
dndonyusmadmdonhlidulsaummilaenisdaans
Tnlelndu atull difagaadld dreanunsanegaBannnesu
duaSuivemans Ieuasuinnssy suussaatuayuuge
§1 (Fundamental Fund) Used1dsuussanas w.e. 2567 Tuns
Tnuatuayunside neenduantiidowasiniug e sy
svgensend i ewileaniuiiquddninaasuiosumis
Ingrmans wninerdenesgensond Wuaowuilunisides
dorinaaosuaznsiiifennduneu
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Diabetes mellitus is a chronic condition that significantly impacts male

Accepted: 25 August 2025 reproductive health, with studies indicating that it negatively affects semen quality and
Online published: 29 December 2025 disrupts spermatogenesis. Nymphaea lotus Linn., commonly known as the lotus
Keyword flower, contains bioactive flavonoids with antidiabetic and antioxidant properties that
Nymphaea lotus flower extract may alleviate the detrimental effects of diabetes on reproductive function. This study
Diabetes mellitus aimed to investigate the effects of Nymphaea lotus flower extract on blood glucose
blood glucose levels and semen quality in streptozotocin- (STZ-) induced diabetic male Wistar rats.
semen quality A total of 48 male Wistar rats were divided into six experimental groups: normal
male rat control (NMC), diabetic control (DC), insulin-treated diabetic (DI), diabetic rats

receiving Nymphaea lotus petal extract (DPT), diabetic rats receiving Nymphaea lotus
pollen extract (DPL), and diabetic rats receiving gallic acid (DGA). Diabetes was
induced via intraperitoneal injection of STZ at a dose of 50 mg/kg, followed by
supplementation for 12 weeks. The results showed that the NMC group had the lowest
average blood glucose levels, whereas the DC group had the highest. Both insulin (DI)
and gallic acid (DGA) treatments significantly reduced blood glucose levels compared
with the DC group (p<0.05). Regarding semen parameters, the NMC group exhibited
the highest percentages of live sperm and progressive motility. In contrast, the DPL
and DGA groups showed reduced sperm viability and motility; however, these
differences were not statistically significant compared with the DC group. The
findings demonstrated that Nymphaea lotus flower extracts, particularly the petal
extract, moderately reduced blood glucose levels and significantly improved sperm
viability and progressive motility in STZ-induced diabetic rats compared with the
diabetic control group. These results suggest that crude Nymphaea lotus flower extract,
especially the petal extract, may exert beneficial effects on male reproductive function
under diabetic conditions, potentially through antioxidative mechanisms. This study
highlights the potential of Nymphaea lotus flower extract as a therapeutic approach for
diabetes-induced reproductive dysfunction in male rats.
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Table 1 Vitamin E content of green oak lettuce grown in different potting mixes.

Treatment Vitamin E (mg/100 g)
o-T B-T y-T 6T o-T3 B-13 Y-T3 613 Total
T1 8.37+0.30 | 0.21+0.03° | 3.19+0.14*° | 0.37+0.06° | 1.08+0.06®° | 0.06+0.02° 0.86+0.08> ND 14.14+0.24"
T2 7.73+0.31cd | 0.1240.03° | 3.00+0.17° | 0.35+0.04° | 0.96+0.10° | 0.10+0.02° 0.86+0.06> ND 13.1120.06°
T3 7.49+0.38% | 0.16+0.04> | 296+0.14° | 0.35+0.06° | 1.03+0.11% | 0.06+0.03° 0.75+0.07°¢ ND 12.81+0.61°
T4 7.64+0.22°4 | 0.18+0.02° | 253+0.11° | 0.28+0.07° | 0.84+0.09° 0.06+0.04° 0.96+0.10%° ND 12.49+0.46°
T5 10.19+0.20° | 0.28+0.06® | 3.47+0.14* | 0.43+0.05® | 1.25+0.13 0.20+0.06* 1.13+0.15° ND 16.95+0.33
T6 7.96+0.12° | 0.16+0.05 | 2.80+0.16®° | 0.29+0.06° | 1.10+0.16® | 0.08+0.04° | 0.77+0.16°% ND 13.16+0.35°
T7 8.22+1.61 | 0.19+0.13° | 3.00+0.21° | 0.36+0.20° | 1.06+0.21°°° | 0.14+0.05 | 0.76+0.23° ND 13.73+2.57¢
T8 9.89+1.36® | 0.37+0.14° | 3.17+0.48% | 055+0.12° | 1.17+0.20° | 0.16+0.08° 0.82+0.17° ND 16.13+2.49%
T9 8.56+0.68° | 0.18+0.08™ | 2.82+0.17® | 0.38+0.10° | 1.08+0.21° | 0.09+0.04> 0.57+0.09° ND 13.67+0.68°
T10 9.05+0.66™ | 0.18+0.04> | 2.87+0.22%®° | 0.37+0.02° | 1.04+0.09% | 0.12+0.03> 0.70+0.06% ND 14.32+0.57"

Remarks : Mean values + standard deviation of determinations for triplicate samples. Values with the different letter in each column is significantly different

(p<0.05).

T = Tocopherol, T3 = Tocotrienol, ND = Not detected. T1 soil : coconut coir dust : rice husk : rice husk charcoal, T2 soil : coconut coir dust : rice husk : rice

husk charcoal : sunn hemp compost : chicken manure, T3 soil : coconut coir dust : rice husk : rice husk charcoal : sunn hemp compost : cow manure, T4 soil :

coconut coir dust : rice husk : rice husk charcoal : sunn hemp compost : goat manure, T5 soil : coconut coir dust : rice husk : rice husk charcoal : leucaena

compost : chicken manure, T6 soil : coconut coir dust : rice husk : rice husk charcoal : leucaena compost : cow manure, T7 soil : coconut coir dust : rice husk :

rice husk charcoal : leucaena compost : goat manure, T8 soil : coconut coir dust : rice husk : rice husk charcoal : azolla : chicken manure, T9 soil : coconut coir

dust : rice husk : rice husk charcoal : azolla : cow manure, T10 soil : coconut coir dust : rice husk : rice husk charcoal : azolla : goat manure.
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Table 2 Total phenolic content of green oak lettuce grown in different potting mixes.

Treatment Total phenolic content (mg
GAE/100g)
T1 soil : coconut coir dust : rice husk : rice husk charcoal 130.84+0.64°
T2 soil : coconut coir dust : rice husk : rice husk charcoal : sunn hemp compost : chicken manure 139.57+0.66<
T3 soil : coconut coir dust : rice husk : rice husk charcoal : sunn hemp compost : cow manure 139.03+0.36°
T4 soil : coconut coir dust : rice husk : rice husk charcoal : sunn hemp compost : goat manure 142.15+3.57
T5 soil : coconut coir dust : rice husk : rice husk charcoal : leucaena compost : chicken manure 145.89+1.46>
T6 soil : coconut coir dust : rice husk : rice husk charcoal : leucaena compost : cow manure 143.05+3.30°
T7 soil : coconut coir dust : rice husk : rice husk charcoal : leucaena compost : goat manure 145.18+8.74°%
T8 soil : coconut coir dust : rice husk : rice husk charcoal : azolla : chicken manure 153.68+3.85°
T9 soil : coconut coir dust : rice husk : rice husk charcoal : azolla : cow manure 150.45+0.92%°
T10 soil : coconut coir dust : rice husk : rice husk charcoal : azolla : goat manure 151.10+0.32%

Remarks : Mean values + standard deviation of determinations for triplicate samples. Values with the different letter in each column is significantly different

(p<0.05).
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This research aimed to investigate the influence of different growing media

Accepted: 19 December 2025 on the vitamin E content and phenolic compounds in green oak leaf lettuce. The
Online published: 29 December 2025 treatments included: T1) soil : coconut coir : raw rice husk : rice husk ash; T2) soil :
Keyword coconut coir : raw rice husk : rice husk ash : sunn hemp : chicken manure; T3) soil :
Bioactive compound coconut coir : raw rice husk : rice husk ash : sunn hemp : cow manure; T4) soil :
Local materials coconut coir : raw rice husk : rice husk ash : sunn hemp : goat manure; T5) soil :
Organic matter coconut coir : raw rice husk : rice husk ash : Leucaena : chicken manure; T6) soil :

coconut coir : raw rice husk : rice husk ash : Leucaena : cow manure; T7) soil : coconut
coir : raw rice husk : rice husk ash : Leucaena : goat manure; T8) soil : coconut coir :
raw rice husk : rice husk ash : azolla : chicken manure; T9) soil : coconut coir : raw
rice husk : rice husk ash : azolla : cow manure; and T10) soil : coconut coir : raw rice
husk : rice husk ash : azolla : goat manure. All treatments used a 1:1 volume ratio. The
growing medium that resulted in the highest total vitamin E content was T5, followed
by T8 and T10, with total vitamin E contents of 16.95, 16.13, and 15.71 mg/100 g,
respectively. The lowest value was found in T4 at 12.49 mg/100 g. However, the
highest phenolic content was observed in T8 (153.68 mg GAE/100 g).
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