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Abstract

This study compared the performance of cassava hybrids derived from inter-varietal crosses and
early-generation inbreds (EGILs), evaluating 190 and 177 hybrids respectively, across two locations and two
growing seasons. Commercial varieties and their first- and second-generation inbreds were used as parents.
Fresh root yield and harvest index were expressed as relative ratio of Kasetsart 50 to standardize
comparisons. The results showed no difference in mean fresh root yield ratio, but hybrids from EGILs had a
significantly higher harvest index ratio (1.013). Inter-varietal hybrids exhibited significantly greater variation in
yield ratio (0.208), while variation in harvest index ratio was similar. These findings indicate that using inbred
as parents can produce hybrids with a higher harvest index.

Keywords: Cassava breeding, Comparing breeding strategy, Hybrid from early generation inbred lines
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2) nenidayanananuesgnuant w.a. 2556 N15aNTATEiuAzLgnNAaDUNALAR L UTAABURWIAN W.A.
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o A
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ansunisdsziflintlsyAninmaasnszuaunig source-sink avianldlunsAniaenaeugnansn linanan
a4lel (Wnuk et al., 2013) Equation 1 lun1snaassilldaatiifiuinaadunueilunisdmaananAinia asann
HANARWIAR (fresh root yield) LUANUENRA1IERIINUENITN (heritability) ANdaudatiiuiNaadAaRn9

Wugnasngandn i lanisnianldlunisdnaentdn (Joaqui et al., 2016)

Fresh root yield
Harvest index =—————— Q)
Total biomass

Where; Fresh root yield and total biomass are represented in kilogram (kg) unit.

Table 1 The number of hybrids from inter-varietal cross and early generation inbred lines (EGRLs) of cassava

Crosses Number of hybrids

Inter-varietal crosses

KU50 x HB80 16
KU50 x R1 4
KU50 x R5 4
R1 x HB8O 39

R1 x R90 15
R11 x R90 3
R5 x HB60 24
R5 x R1 44

R90 x HB8O 31
R90 x R5 10

Crosses from EGILs

HB60-S, x HB8O-S, 15
HB80-S, x R90-S, 4
KU50-S, x HB8O-S, 1
KU50-S, x R5-S, 28
R1-S, x HB80-S, 10
R1-S, x R90-S, 16
R5-S, x HB80-S, 25
R5-S, x R1-§, 2
R5-S, x R90-S, 10
KU50-S, x R5-S, 7
KU50-S, x HB80-S, 3
R5-S, x HB80-S, 56
Total 367
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Table 2 The number of hybrids from inter-varietal cross and EGRLs in 2013 and 2022.

Year Number of hybrids from inter-varietal cross Number of hybrids from EGRLs

2556 181 -

2565 9 177

Total 190 177
n1saAIZYTInyA

U
v '
° o

indeyatminuananiaan (fresh root yield) uazAailiuiien (harvest index) TBIQNNANNIMAILRAY
sasu uaztdayausasluniinszd Augmented Block Design tngiR5n19984 Federer (Federer, 1956) livaun
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Adl 1 U 1 o & ' = o Aﬂ‘ [ o ] v
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Fresh root yield of each cross
Fresh root vield ratio = 2)
Fresh root yield of KU50

Harvest index of each cross

Harvest index ratio = (3)
Harvest index of KU50
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angelnednsniugnIsnrastananinaniudleuasilAnszndns 0.10 74 0.41 (Kawano et al., 1998) atinalsf
dl = [ 3 ] a o £ o 1 ] =
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Table 3 Means and variances of fresh root yield ratio (FRR) of hybrids from inter-varietal crosses and EGILs

Type of hybrid Mean of FRR Variance of FFR
Hybrids from inter-varietal crosses 0.683 0.208°
Hybrids from EGILs 0.726 0.083°
p-value 0.289 1.659 x 10

Table 4 Means and variances of harvest index ratio (HIR) of hybrids from inter-varietal crosses and EGILs

Type of hybrid Mean of HIR Variance of HIR

Hybrids from inter-varietal crosses 0.831° 0.038

Hybrids from EGILs 1.013° 0.047

p-value 1.285 % 107" 0.144
a5

Q
'3
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Effects of harvesting using a prototype peanut digger attached to a riding tractor on yield and
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AUARLALLALY 2 Wi (meuﬂumuﬂ?‘@wm) NANIINARBRINLIN miﬂ@ummu%Lmﬁ?'quﬁumilﬁmﬁmﬁfm
ussa A (T5) Winandngegei 424.7 Alansustels Wineldqrigegni 2,733 unsels wasiiszazinanAunudu
fign Inadqndunuliuansneiumsldisiesn lusnsiinislgnuunsuassausunsldieseya (T6) Wnanan
389.3 Alansusiels uazeeldgn? 2,120 vwsels uwidArldaraluntsneusigauarFusssudenndnadng
Foian uandliiiudn winafuReadsussuauagifnaneuunugrisgendn winsldietesaiideld o
NNIAAAUYUUINIY uazfumaienfisnzanlugn i aaay

a Ty

AATY: 1Ag B1FAN 20, WPFBNYA, RGN, sravign, ATHANERTNTHAR

Abstract

Improving peanut production efficiency is important for increasing farmers’ economic returns. This
study aimed to examine the effects of plant spacing and harvesting methods on yield and economic indicators
of KU ARDA 20 peanut variety. The experiment was conducted using a split plot design, with three plant
spacings (single row, double row, and five-row), and two harvesting methods (manual labor and digging
machine). The results showed that the five-row system combined with manual harvesting (T5) produced the
highest yield of 424.7 kg/rai and the highest net income of 2,733 baht/rai. The five-row system combined with
machine harvesting (T6) resulted in a yield of 389.3 kg/rai and a net income of 2,129 baht/rai. The T6-treatment
required the lowest harvesting cost of 496 baht/rai and used only 0.62 man-day of labor. These results indicate
that although manual harvesting provided a higher net return, the use of a digging machine offers advantages
in reducing labor requirements and therefore be an appropriate option for peanut production under conditions
of farm labor shortage.

Keywords: Harvesting machine, KU Arda 20, Peanut, Planting spacing, Production economics
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Anfunaaesiniy 360.7 Altansusals Tnanisignisdasuuuiunsuududassaniuniafivifenfausssuay
[T5] Wnanaadnuisgegana 424.7 Alansusiald nsnauduiofasld 3.18 man-day wazdenldans 954 umsie

13 sevasunAanislgnuuuiunsuudusessoniunisldinsesan [T6] Tinanandnuis 389.3 Alansusals 14
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aad

0.62 man-day wazAnldane 496 umsials A mFuneusuiafas TeAndNeINATEU | N9 HANAATILANTW
luszuuiunaeadunusiuaunuwinlszrnsiangandnilesauneuiussuuunaAEILaz g
Tuaneinisdgnuoanaauudusassaniunisfiuineamaussuau [Ffunaaesi 11 Wnanandnuisdeangn

Aa 304.3 Alanfusials §91u9u man-day naw 4.33 wazilAnldanelunisnaugengane 1,299 umnsals daunns

1 o

dgnunaheruudusesdaniunisldinsesys [A1sunaaesn 2] Wnanandnuis 315.7 Alanfusiald Hanuau

man-day nau 1.14 uazianldanelunnsaau 912 uwsels (Table 4 uaz Table 5)

Table 1 Mean germination percentage at 7, 14, and 21 days after sowing from experimental plots for testing
the prototype tractor-mounted peanut digger at Lopburi Research Station, Khok Charoen District, Lopburi

Province, in the dry season of the 2024/25 cropping year

Germination in field (%)

Treatment”
7 DAS 14 DAS 21 DAS

T1 (Single row + Hand pulling) 94.7 96.7 98.9
T2 (Single row + Digger) 93.9 96.1 98.9
T3 (Double row + Hand pulling) 96.2 97.3 98.8
T4 (Double row + Digger) 95.8 97.0 98.8
T5 (Five rows + Hand pulling) 95.0 97.2 98.8
T6 (Five rows + Digger) 97.5 98.1 99.2
Mean 95.5 97.1 98.9

LSD (0.05) for planting pattern - - -
LSD (0.05) for harvesting method - - -
LSD (0.05) for interaction A x B - - -

T1-T6 = Treatment combinations of planting pattern and harvesting method

DAS = Days After Sowing
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Table 2 Effect of planting patterns on pod yield, harvest index, labor requirement (man-day), pulling cost,
stripping cost, and net income from experimental plots for testing the prototype tractor-mounted peanut

digger at Lopburi Research Station, Khok Charoen District, Lopburi Province, in the dry season of the 2024/25

cropping year

Yield Man- Harvest Cost (Pulling) Cost (Stripping) Net income
Spacing
(kg/rai) day index (Baht/rai) (Baht/rai) (Baht/rai)

Single row 310.0° 22.48° 0.41° 1,106° 6,572b 1,095°
Double row 363.7°  22.91° 0.33" 934° 6,442 2,130°
Five rows 406.9° 26.88° 0.46° 725° 7,732° 2,660°
Average 360.7 24.09 0.39 921 6,915 1,747
LSD (0.05) for 20.11 2.57 0.018 200.3 48.5 603.4

planting pattern

Means in the same column followed by different letters are significantly different at p < 0.05 based on the LSD

test

Table 3 Effect of harvesting methods on pod yield, uncollected pods (%), damaged pods (%), pulling cost,
and net income from experimental plots for testing the prototype tractor-mounted peanut digger at Lopburi

Research Station, Khok Charoen District, Lopburi Province, in the dry season of the 2024/25 cropping year

Yield Uncollected Damaged pods  Cost (Pulling) Net income
Harvest method
(kg/rai) pods (%) (%) (Baht/rai) (Baht/rai)
Hand pulling 4247 2.91 0.13 1,136 1,653
Digger machine 389.3 2.99 0.14 707 1,841
Average 360.7 3.00 0.13 921 1,747
LSD (0.05) for ns ns ns ns ns

harvesting method

Mean separation was not performed because treatment effects were not significant at p < 0.05
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Table 4 Mean pod yield at 9% moisture content, marketable pod weight, uncollected pod weight, damaged
pod weight due to pulling, proportion of uncollected pods and damaged pods to marketable pod weight (%),
and harvest index from the experimental field of the prototype tractor-mounted peanut digger at Lopburi

Research Station, Khok Charoen District, Lopburi Province, dry season 2024/2025

Pod yield at 9% MC Uncollected Damaged pods Uncollected pods Damaged pods Harvest

Treatment”

(kg/rai) pods (kg/rai) (kg/rai) (%) (%) index
T1 (Single row + Hand pulling) 304.3¢ 8.4° 0.35° 2.73° 0.12° 0.42%
T2 (Single row + Digger) 315.7¢ 8.4° 0.39° 2.70° 0.12° 0.40°
T3 (Double row + Hand pulling) 363.7° 14.5° 0.43° 3.99% 0.12° 0.33°
T4 (Double row + Digger) 363.6° 14.5° 0.43° 4.04° 0.12° 0.33°
T5 (Five rows + Hand pulling) 424.7° 8.6° 0.59° 2.02¢ 0.14° 0.44°
T6 (Five rows + Digger) 389.3° 8.7° 0.69° 2.23° 0.18" 0.43"
Mean 360.7 10.5 0.48 3.0 0.13 0.39
LSD (0.05) for planting pattern 13.4 0.07 0.08 0.12 0.02 0.03
LSD (0.05) for harvesting method 12.04
LSD (0.05) for interaction A x B 11.9 - - 0.1

'T1-T6 = Treatment combinations of planting pattern and harvesting method
MC = Moisture Content

Means in the same column followed by different letters are significantly different at p < 0.05 based on LSD test

Table 5 Mean values of man-days for pulling and stripping, labor costs for pulling and stripping (Baht/rai),
total man-days, and total labor costs (Baht/rai) from the experimental plots for testing the prototype tractor-
mounted peanut digger at Lopburi Research Station, Khok Charoen District, Lopburi Province, dry season

2024/2025

Man-days Man-days Total man-days Cost (Pulling) Cost (Stripping) Total labor cost
Treatment”

(Pulling) (Stripping) (Baht/rai) (Baht/rai) (Baht/rai)
T1 (Single row + Hand pulling) 4.33b 22.02a 2395a 1,299 f 6,606 a 7,905 b
T2 (Single row + Digger) 1.14 a 21.79a 2194 a 912¢c 6,538 a 7,450 a
T3 (Double row + Hand pulling) 3.85b 2117 a 23.02a 1,155 e 6,350 a 7,505 a
T4 (Double row + Digger) 0.89 a 21.78 a 21.87 a 712 b 6,533 a 7,245 a
T5 (Five rows + Hand pulling) 3.18b 26.33 b 2851 b 954 d 7,899 ¢ 8,853 ¢
T6 (Five rows + Digger) 0.62 a 25.22b 2526 b 496 a 7,565 b 8,061 b

Mean 2.34 23.05 24.09 921 6,915 7,837

LSD (0.05) for planting pattern 0.09 2.55 2.55 15.78 27717 285.9
LSD (0.05) for harvesting method 0.22 - - 24.51
LSD (0.05) for interaction A x B 0.09 - - 14.69

'T1-T6 = Treatment combinations of planting pattern and harvesting method
Means in the same column followed by different letters are significantly different at p < 0.05 based on LSD

test

o o 8 o aay v & H o aa 1y a H o = TS
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Table 6 Mean values of yield (kg/rai), income (Baht/rai), net income (Baht/rai), payback period (year), and
break-even point (rai) from the experimental plots for testing the prototype tractor-mounted peanut digger at

Lopburi Research Station, Khok Charoen District, Lopburi Province, dry season 2024/2025

Income Payback period Break-even
Treatment” Yield (kg/rai) Net income (Baht/rai)

(Baht/rai) (year) point (rai)
T1 (Single row + Hand pulling) 304.3° 9,130° 538° 0.658° 14.2°
T2 (Single row + Digger) 315.7° 9,470° 1,265° 0.449° 9.7°
T3 (Double row + Hand pulling) 363.7° 10,910° 1,687° 0.253° 5.5°
T4 (Double row + Digger) 363.6° 10,909° 2,129° 0.251° 5.4°
T5 (Five rows + Hand pulling) 424.7° 12,740° 2,733° 0.166° 3.6°
T6 (Five rows + Digger) 389.3° 11,678" 2,129° 0.251° 5.4
Mean 360.7 10,806 1,747 0.340 7.47
LSD (0.05) for planting pattern 24.63 738.78 738.78 0.315 6.801
LSD (0.05) for harvesting method 19.90 597.02 597.02 0.274 5.927
LSD (0.05) for interaction A x B 19.90 597.02 597.02 0.274 5.927

'"T1-T6 = Treatment combinations of planting pattern and harvesting method

Means in the same column followed by different letters are significantly different at p < 0.05 based on LSD

test
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Dawelbeit, M.1., Wright, M.E. 1999. Design and testing of a vibratory peanut digger. Appl. Eng. Agric. 15:
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Ahmed, H., Miller, E. 2023. Needs analysis and payback models for tractor design based on field data from
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Breeding for white and pigmented rice with extra long grain by crossed between Basmati 1121
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Abstract

This research aimed to improve extra-long-grain white and dark purple rice varieties to meet the
demand of the Middle East rice market. Basmati 1121 was crossed with Riceberry to obtain F, hybrid seeds.
A F, population of 300 plants was then planted, allowing each plant to self-pollinate, and F, seeds were
collected using the single seed descent method. The evaluation of aleurone layer color segregation in the F,
population revealed a ratio of 9:3:4, indicating that the aleurone layer color is controlled by two genes via
recessive epistasis. The segregation of brown rice grain length and cooked grain elongation was normal
continuous distribution. In F,, eleven lines with brown rice grain lengths greater than 7.0 mm and cooked grain
elongation rates greater than 14.0 mm were selected. These lines included five white lines and six dark purple
lines, which will be tested for preliminary yield trial in F_.

Keywords: Dark purple rice, Extra long grain rice, High nutrition, White rice
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Table 1 The Chi-square value of seed coat color segregation in F, progeny derive from Basmati 1121 (white)

x Riceberry (dark purple) in ratio 9:3:4

Basmati x Riceberry

Grain colored Ratio

Observation Expectation
Black 9/16 150 152.43
Brown 3/16 51 50.81
White 4/16 70 67.75
Total 271 271
Result Chi-squared = 0.11439, df = 2

p-value = 0.9444
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Fig. 1 The segregation of aleurone layer color in F, population derived from Basmati1121 (white) x Riceberry

(dark purple)
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Fig. 2 The brown grain length in F, population (A), The brown grain length in F, population (B), The grain
elongation in F, population (C) and The grain elongation in F, population (D) compared with Basmati 1121

(=) and Riceberry (mmp)
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Fig. 3 Appearance of paddy rice grain, brown rice grain, milled rice grain and cooked kernels of 11 selected

lines compared with Basmati 1121 and Riceberry.
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Effect of nitrogen release fertilizer on nitrogen release and growth of oil palm seedlings
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Abstract

This study aimed to investigate the effect of nitrogen-release fertilizers on nitrogen release and growth
of oil palm seedlings. The experiment was arranged in a completely randomized design consisting of four
treatments, with three replications for the study of nitrogen release and ten replications for the study of growth
of oil palm seedling. The treatments included no fertilizer (CK), urea (U), controlled-release fertilizer (CRF), and
slow-release fertilizer (SRF). The results showed that CRF released lower amounts of NH," and NO, than U and
SRF, with nutrients being released gradually over time. In the initial period, U exhibited the highest release of
plant-available nitrogen. As time progressed, nitrogen release tended to increase in all fertilized treatments.
Moreover, CRF resulted in a higher growth trend of oil palm seedlings compared to SRF. Therefore, the use of
CRF can gradually release plant-available nitrogen, tendency to reduce nitrogen loss, and promote better
growth of oil palm seedlings, making it a viable option for farmers to reduce labor requirements for fertilizer
application.

Keywords: Controlled-release fertilizer, Nitrogen fertilizer, Oil palm seedling, Slow-release fertilizer
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Fig. 1 Effect of nitrogen release fertilizer on nitrogen release and growth of oil palm seedlings. (A) The
accumulation of ammonium in soils with N release fertilizer. (B) The accumulation of nitrate in soils with N release
fertilizer. (C) The accumulation of available N (NH4+ + NO,) in soils with N release fertilizer. (D) Accumulative
percentage of nitrogen release from fertilizer in soils with N release fertilizer. CK; control (no fertilizer), U; urea,

CRF; controlled-release fertilizer, SRF; slow-release fertilizer
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Table 1 Shoot height of oil palm seedlings under different nitrogen-release fertilizers

Height (cm)

Treatment

12 weeks 16 weeks 20 weeks 24 weeks 28 weeks 32 weeks
CK 31.60+2.35  36.55+2.39°  4055+339°  4595+464°  5153%3.36°  59.31+3.71°
U 31.35+3.08  39.85+363"  47.05+559°  57.90+6.93"  68.72+6.98°  94.63+7.06°
CRF 31.65+2.43  4245+2.70°  4755+4.83°  64.05+#6.87°  69.03+7.28"  103.33+7.61°
SRF 31.8543.05  40.75+5.07%°  4865+4.79°  59.00+7.55"  74.83+850°  92.60+8.94°
F_test s . . o . .
C.V. (%) 8.54 8.91 9.92 11.84 11.06 10.29

Remark: CK; control (no fertilizer), U; urea, CRF; controlled-release fertilizer, SRF; slow-release fertilizer, ns =
not significantly different, ** = significant difference at p < 0.01 levels, the same letter in the same column
indicates values that are not statistically significantly different when compared by the DMRT method. Values

are presented as meanzstandard deviation. n = 10
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FRETNTE
Table 2 Stem diameter of oil palm seedlings under different nitrogen-release fertilizers
Stem diameter (mm)
Treatment
12 weeks 16 weeks 20 weeks 24 weeks 28 weeks 32 weeks
CK 12.04+2.30  17.71+¢324°  22.08+3.55°  26.89+3.17°  31.39+¢3.12°  37.13+3.66"
u 11.55+2.98  18.11+1.11°  24.87+3.15"  30.95+261%  37.99+2.42°  55.12+2.36
CRF 12.7442.95  21.82+2.02° 27.19+2.24° 33.17+2.58°  39.10#2.83°  54.19+3.70°
SRF 12.83+4.18  19.46+3.11%°  2553+3.44™  3135+256"  41.32+349"  59.41+4.30°
F-test ns . ok ok ok .
C.V. (%) 25.50 13.10 12.42 9.49 10.71 9.84

Remark: CK; control (no fertilizer), U; urea, CRF; controlled-release fertilizer, SRF; slow-release fertilizer, ns =
not significantly different, ** = significant difference at p < 0.01 levels, the same letter in the same column
indicates values that are not statistically significantly different when compared by the DMRT method. Values

are presented as meanztstandard deviation. n = 10

Table 3 Number of leaves of oil palm seedlings under different nitrogen-release fertilizers

Number of leaves (leaves)

Treatment

12 weeks 16 weeks 20 weeks 24 weeks 28 weeks 32 weeks
CK 6.40+0.52 7.90+0.74 9.20£0.79°  10.40+0.63°  11.10:0.82°  11.50+0.82°
U 6.30+0.50 8.30+1.33  10.50+0.88°  11.90+0.71°  12.50+0.67°  12.63+0.78%
CRF 6.50+0.53 9.00+1.25  10.70£0.70°  11.70+1.26°  1260+1.17°  14.67+1.17°
SRF 6.80+0.63 8.60+1.26  10.10:0.99"  11.50£1.10°  12.60+1.14°  14.40+1.58°
F-test ns ns b * * x*
C.V. (%) 8.34 13.86 8.88 12.07 11.45 12.19

Remark: CK; control (no fertilizer), U; urea, CRF; controlled-release fertilizer, SRF; slow-release fertilizer, ns =
not significantly different, * = significant difference at p < 0.05 levels, ** = significant difference at p £ 0.01
levels, the same letter in the same column indicates values that are not statistically significantly different when

compared by the DMRT method. Values are presented as meantstandard deviation. n = 10
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Fig. 2 The effect of nitrogen release fertilizer on growth of oil palm seedlings. CK; control (no fertilizer), U; urea,

CREF; controlled-release fertilizer, SRF; slow-release fertilizer
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wsniulnssazdnglansrasaannugraunnu 3 Adgnlufuiiaydu
Effect of zinc foliar application in combination with Bacillus australimaris KU32 on the stalk

elongation growth stage of sugarcane variety khon kaen 3 planted in calcareous soil
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AdnAny: Auilayw, &nA, Sae, Bacillus australimaris KU32

Abstract

Sugarcane (Saccharum officinarum L.) is an economically viable crop in Thailand that requires high
amounts of nutrients. However, sugarcane growth is limited in calcareous soils due to low nutrient availability,
especially zinc, which is crucial for sugarcane. This study evaluated the effects of foliar zinc (Zn) application and
Bacillus australimaris KU32 on internode elongation of sugarcane cv. Khon Kaen 3 grown in calcareous soil. The
experiment was arranged in a randomized complete block design with six treatments and three replications: T1 (no
Zn and no bacterial inoculation), T2 (bacterial inoculation), T3 (1% Zn + bacterial inoculation), T4 (2% Zn + bacterial
inoculation), T5 (1% Zn), and T6 (2% Zn). Bacterial inoculation was applied at planting, and Zn was foliar-sprayed at
2 and 4 months after planting. Growth parameters and leaf nutrient contents were recorded every two months until 6
months after planting. The findings indicated that sugarcane cultivated in calcareous soils had a positive effect on
the growth and nutrient accumulation in leaves at various stages of sugarcane growth in calcareous soil when
bacteria were applied alone and in combination with Zn spraying.

Keywords: Bacillus australimaris KU32, Calcareous soil, Sugarcane, Zinc
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Table 1 Sugarcane growth parameters (plant height, number of stalks per clump, and SPAD value) as affected

by Bacillus australimaris KU32 and zinc application at 2, 4 and 6 months of age

Heigh(cm)t at SPAD reading at Stalk no./plant at

Treatment

2M  4M  BM 2M  4M  B6M 2M  4M  6M
T1: Control 1 27 99%™  206™ 46.19° 4511 43.70 342 410 4.30°
T2: Control 2 + inoculated” 27 112° 224 47.08° 43.80 46.11 321 330 4.43°
T3: Zn 1% + inoculated” 29 104°  197%° 45200% 4314  44.40 316 2.80 4.20°
T4: Zn 2% + inoculated” 26 101 196% 4461° 4589 45.11 250 3.00 4.37°
T5:Zn 1% 29 79°  155° 40.53° 4319 44.49 274 260 483°
T6: Zn 2% 25 87" 185> 4323° 42.84 43.65 364 410 5.60°
F-test ns * * * ns ns ns ns *
CV (%) 12.33 13.83 14.15 6.72 573 3.63 2845 2572 14.05

"Inoculation refers to the application of Bacillus australimaris KU32
Means in the same column followed by the same letter are not significantly different at the 95% confidence
level according to Duncan’s Multiple Range Test (DMRT)

** indicates a highly significant difference (p < 0.01)

* Indicates a significant difference (p < 0.05)

ns indicates no significant difference

1 = 1
Armudel lueas
nsldiaa Bacillus australimaris KU32 waznisaanuiladanzd dnavinlidraaiuidanludesiiany 2
wau uansneiuat wlitdAnymieala (p < 0.05) snfundinisldideuuainGe (T2) Waraudanlugegn Ae

47.08 39498981 Aa Asun i lddanuanBouaslidanudanzd (T1) @aldArAanuidan luwindy 46.19 dausisun
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Aanudanzdiesatnunaananudndy 1% (T5) WWAraul@iaaafgn Aa 40.53 Teuans9aInansLnEnIgld

dy a a 1 IS - o [ 1 S ¥ dl A 1 ' aa 1
I ULANLTERENNN U AN ATY @WM?U@’]F’WQ"]NL‘HEQIU@@‘HW@’]Q 4 LT 6 LAAU laNLAMNUANANISADRTEUIN

piunaaes InaiAirandanlusluide 42.84-45.89 uaz 43.65-46.11 AMNAAL (Table 1)

FIUIUAGFIANE

1 o o

Na123N"9LE\Te Bacillus australimaris KU32 waznisaanuiladinz@nsedusing o inldawiudisenan
812 6 LAAUNAMNLANFAINNNATE (p < 0.05) Ingandunannudinzdnasatinameanaududu 2% (T6) 14
o o J A o 1 dl o o dl ] dy a a 1 o a 1 o a v o o 1
ANUIUAIFBNBGIGA AR 5.60 Arsiana 1A FLN ldTeuu AT FesaNAUNNIRANUAINTA 1% THRuIua sana
g Ae 4.20 arsiane dusLieny 2 uaz 4 heu lwuaNLANEANNaT ATz funaaes Tnadanuou
ansanaat]ludng 2.50-3.64 uaz 2.60-4.10 avsiana Axa1aL B9 luscazisusuaasni sasaLanls daaading

WANNALAENINANEURUAALNA 6 (Table 1)

snausIme9suanuazsed luludae

Vannululnsiausiavan

n3ldie Bacillus australimaris KU32 uaznaaewuiladanzafisziusing 1 il sianasdulnsian
%wum’l,u‘lué"ﬂmfamﬂﬁqi“wmmﬁmq 2 waz 4 1hew wand1eiuneads Tnaludoeseny 2 hieu Usuin
ulnsauilrnaglugag 1.56-1.96% uaziadudlu 2.22-2.41% \ledaniiany 4 e 1nizfitsunndulnsa
%wum‘lu‘lué"amﬁmﬁuﬁmq 6 e WUANLANFNaN SR RezingE TN ARes (p < 0.05) Taasnfufidnield
deuuaiFusauiunisaanudenzanieluiinaududu 2% (T4) WiBunlulnnaugige Ae 2.02% 100
FrumuRndchildiTeuuaiidauarld@avudonzd (T1) Wsunlulnsiausniiqe fe 1.34% (Table 2)
Tulnsiawiiluasilsznauvanaasninazdilu Ushu wulad uazpaalilas JunuimdAysanisaanyiiulami
Sduuarly dugsunisuanne n1siiafaaesdt iy wasuRludwiunsdunmsiuas TaaialUdesadeanis
ulmsiausnnndn 1.7-1.9% aeadinusielu (Calcino, 2018) ilediauiutsaunnslulnsauiiiins il wudn

doailulnsiauiiieswesanisasydnls snidusnduacuax (T1) wazsn5uT 5 (Table 2)

Vssnnuleanesarin

nsldidle Bacillus australimaris KU32 waznsaawuiladonza liflnariWBunmmeanaiaromnly
ludeniiang 2, 4 uas 6 Hau uandsfun1eadn Taafiany 2 iieu fenagludas 0.02-0.03% waziiisauily
0.07-0.09% iiladaniiant 4 iiteu uazaglugag 0.06-0.07% A 6 tiew (AN3197 2) Tarleanafadiununly
nszuaunstineleundauesiva ATP uax ADP Wuesrszneusesnsailandan uaziiaadeslnanseiunisuds
aguaznIEmunsziUnn Tnaennyludesiaanudidnednadelussesiufuasnisasoybivla Fopgann st
FUadALUATINIUANNE ANLNaLTiEnTasaanesaduTIden Ae 0.19% Tadnutinugely (Calcino, 2018) e
FeuiuFunaumeaneiaiaianmeild wudn SAnveandidieannameifiasdmindes (Table 2) Foiuennadana
slanamLIN En1sunnneanas uaznisiesasesdend Teanslusrezusnasaniasoyiula ufdnFunn
woaweFaf dulsslamiininezildluiu azesluszdugeunn Ae 186.83 fadniuseflaniu udanaduduly
ufitfaandndameifasdmindes desmnausissnniilfiugu wearlefaianiessauazanazneuligy

wpaidanWeaNm Nrasgaldlaain
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Ussnaulnunaiensianan

Pnadwunaduuiomaiiszanluludesdasenysi Il annmsldide Bacillus australimaris KU32 uaz
nsasrutledangd wuaauuansnaneadfsyud e funaaes wituua ind wunadanazazanluludas
Lﬁuﬁummmqﬁtﬁu Tnaludaseng 2 heu HfFunnin unadeanfonunluiide 0.04-0.08% uaziaduasinednuan
il 1.35-1.74% iiledesiien 4 ieu aantduarludas 1.41-1.70% fia1g 6 iew (Table 2) TalnunaiFeasi
ﬁﬁ'mﬁmuqummQ@ﬁf]‘lum@’ma‘ﬂmﬂmﬂmim warnisvinauaegeulsdvanaatia HunuimdAnysenis
wauftLazTazaTnaa lusdes Toaiiinau il eresE LAz AU UsE P NIFTER 1 T
wazlsm Calcino (2018) $1891U4N Basifadn st EaNNINA9N 1.1% gagsnvenuiely Wedeniuliuno

Twunadanniweeils wudn desdinunadasuniieawasanisasoiuln andudasiens 2 ey (Table 2)

1NN UIARITEININNA

£
o

nsld\@e Bacillus australimaris KU32 uaznsaanuiladanzd Analitfunnueadaniaunluludes
A = o | Ao o o a aa o o o & aa o N
fag) 2 hauanAiuatelded Ay Banneada (p < 0.01) Taaa3undnslddouuafiFasaniunisaanu
fanz@nslunaonudndu 1% (73) WEu i @aniannngengn Ae 0.47% Ituisnfunannudanzdies
atainaanaNdNdy 1% (T5) TWuuuaa@aun1fgn Aa 0.29% Juualdudinsldi@e Bacillus
australimaris KU32 Sunumddtysianiaivunisazanuaaifenluludesiszazniamiifulnsuaisis dmsu
Psunnueadeniaunluludesd 4 uaz 6 1haw TinuaNwANAaRuatiAszndnen funaaes Inadipnag)
Tutiag 0.36-0.42% uaz 0.29-0.38% AINAIAL (Table 2) tnevialidassainisuaai@anuinnga 0.20% 189
winuisly (Calcino, 2018) WaWsuiuTu LA EaNIMNANI AW LA TuN1Inaaes wudnad lusyan
= o % % dl
WOLNENTLUAYINEBIN 9838 DT
s nuusniideniavan
adenAnefualiiunnunniidesluludesiiony 2 Heu waz 4 ke wansAeiuneaia lnasniun
{nsldmeuuniiBe Bacillus australimaris KU32 $aufiunisaanudens@nislunaaadudu 1% (13) Tifsunn

o A1 o

unNTEeNanNANeng 2 uaz 4 1Aau 49N4n Aa 0.30% WAz 0.27% ATNANAL F0ueNaNFuNRanudINEALies

a A

atuRgaRadndy 1% (T5) RSunnunnidauiommalulufieny 2 uas 4 deusniign Ae 0.20% uay
0.17% audnay e auszwinatladefidnmiun Wiknnsldide Bacilus australimaris KU32 Sununmnsie
nsazauuanildonluludes luszezGuduaesmaasninin dusuBunuanideiomauludeniieny 6
waw TwuaAuwANFaneaiRszuineafunaaes Tnadaraglugag 0.18-0.23% (Table 2) Bnnuuaniidend

k%

Amziflaeglusziunaiiesdmivdas ansneauaes Calcino (2018) svydndunntidasluludesiian 0.08%

ALDATNNNZANA NS UAASI

sanaudanz@nanun
andwareannsldi@a Bacillus australimaris KU32 waznisaanuiladinzd Tiinavinldiffunudingd
nanaluludesfiony 2 uaz 6 1hau uansaiunieata Tnadanagludes 8.62-10.38 uax 3.81-5.80 Haaniusie
= o °o o = = = o R T o o 2 Y o = y A
Alandu mwandu nsiivluien 2 hiew azvinreunisaanuiladinzd Aeiu Anududuresdanzdluludesn
= | a a & o gy v 2 o a £ A . o
21g 2 1heu WraziunaananinateutiauuafiFenldlsunudinydnana i luauneulgnieldrag lussiu

|
o o v a

unans (1.41 Fadniusenlanii) dmiudenfiany 4 haw wudn answanesfasenanm AualiBuiudin:d

° o

fannaluluwnnsneiuesaliug1Aounieadi (o < 0.05) Inapfuntnisldideuwumi Baiesatinaien (T2) 19

<
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1% '
a A

Paannudanz@nanunganan fAe 5.03 Haaniusenlandu anueismiunsuau (T1) AHTunudinsAisunnasngn

q

v |

o A

A8 2.89 HadAnsusieAlansy Huunliudnns\¥ide Bacillus australimaris KU32 waznisaawudansdsanisazas
Fonzdluludesinadnauanizlugoeny 4 dieu duduszaslifiulunndnmsinandainnisaarudangan
1) 2 hauuan (Table 2) dsnz@iuasdlsznavanseulaiaisaiin AenTaeTUn1sdnATSNIATNAREN LAY
fununananylunisdansziaasluueandu (IAA) ﬁmuaumaﬁmﬁwmmm’mm?ﬂﬂmﬂ@m‘luﬁm n19
WwinyAinasludaularnisuanna %'uﬂmmmam?ty WU InAuaNFuauiaIreveinatldnd (Mellis et al., 2024)
anvadafigautaslunnsdanmyinanlilad Lasnsvuaunsdunsiiasesia TnatasifinAanssuaedeslsl
Carbonic anhydrase (CA) FaAgadaerunnariaanfuaulaeenlaluluiie i lnssuauniedanmeiuasd]
VssAMBN AN (Dalila et al., 2012) Lﬁ@ﬁmmmmﬁlﬁ\m:ﬁ%ﬂmﬂgmmﬁmLwﬁ‘lu'a"au Tnewinlidasdaanns
FanzAunnnd 15 Tadnsudenlaniuzeinutinuily (Calcino, 2018) nuei McCray and Mylavarapu (2010)
216971430 ANNBLRENTRIdINTARMILdatat Tudae 17-32 Haaniusanlanii Reuter and Robinson (1997)
Iiteyapnunaifiasaesdonzdluludesfitasangsiig 1 NA9AD gasiidesfiniasdnyifulnedneenida Ao

'
a o A 1o 1

woiesazagfluide 15-50 Haaniusieilanin Wedesiiany 4 thau ulufiegiuniinanssiu azatfludoes 25-

50 Aadniusanlanii douszAudngAiAegh 10-15 Jaaniusenlanin WemeuiulBuindinzanimeeils
wuan deaddangdlinaesnesanisasmniaynanduuasnazeznimaass wiandunaluulaslinudndes
wansan1sandenz@asenaidulilddndasaa sdnduniwaslsag udos hidden hunger uazazuansainis

IpaanuatinetalauiialasuAInzA linawieas (Table 2)

Table 2 Accumulation of N, P, K'in sugarcane leaves as affected by Bacillus australimaris KU32 and zinc
application at 2, 4, 6 months of age

Total N (%) at Total P (%) at Total K (%) at Total Ca (%) at Total Mg (%) at Total Zn (mg/kg) at
Treatment

2M 4M 6M 2M 4M 6M 2M 4M 6M 2M 4M 6M 2M 4M 6M 2M 4M 6M
T1: Control 1 196 232 1.34° 003 008 007 006 135 170 034 041 036 024 022 019 999 289 437
T2: Control 2 + 183 222 181 003 008 007 008 141 148 043" 036 038 026" 022 022 862 503 438
inoculated”
T3:Zn 1% + 164 241 190° 002 009 007 004 156 149 047° 042 038 030" 027" 023 1038 4.08° 400
inoculated”
T4:Zn 2% + 173 226 202 002 009 007 005 153 141 039° 042 034 024 026" 018 95 401* 46
inoculated”
T5:Zn 1% 156 226 192 002 007 006 006 162 167 029" 038 029 020" 047° 0.18 973 343° 381
T6: Zn 2% 174 238 190° 002 008 006 006 174 170 032" 037 031 021 019" 020 951 326% 580
F-test ns ns * ns ns ns ns ns ns * ns ns * * ns ns * ns
CV (%) 1264 881 1738 149 1623 144 298 1500 1114 1939 147 2015 1703 1952 1536 1895 2684 2513

"Inoculation refers to the application of Bacillus australimaris KU32
“Means in the same column followed by the same letter are not significantly different at the 95% confidence
level according to Duncan’s Multiple Range Test (DMRT)

** indicates a highly significant difference (p < 0.01)

* Indicates a significant difference (p < 0.05)

ns indicates no significant difference
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n13ld\T@a Bacillus australimaris KU32 faufiun1saanudinsddinasanisiasyiuinuazaniuzeis

)

¥ ' o a a A ] dy a a = 1 a ! v ¥ dl
'ﬂ’]ﬁ’]ﬁ‘“ﬂ@\‘i@@ﬂLL[FIﬂﬁlﬁdﬂuﬁﬂmi;ﬂﬂtﬂ’]i‘lﬂ‘iﬂ&lLﬁ]UIﬁl‘II'E]\‘iW“II nsldlmauuanGs LWFN@EI"]\?Lﬁﬂ’]@\imﬂlﬁﬂ’]’m@‘\i@@ﬂ%

1 '
IS a

818 4 uaz 6 thaw ArANdanlufieny 2 e waztBaindanzdluluniony 4 heuilAngeqn aousiinnsldiae

a9

a a ! o = 1 o a dl L2 7 = = dl A a A
wuARFEsaniunNsaanudinz@nislunannududu 1% Insazaswaadanluluiiens 2 hew uazuunilidonly
lufieng 2 uaz 4 thaugagn 4 ususniunldidewuanFudoniunisaanudins@nidlufimandudy 2% 1%
Ennlulasiaululunens 6 heugegn Awiu nsldimenuanBeiieat1uneg wazn sl nuanFasoniy

a1 o = =2 ¥ A a a 9 , v a oA
nsaanudInz@n1luasiuun innnswsgiuinuasnisazansiseimisredludes luszaseildeashnd e

= o 1 dgl :J/ aallaz =2 a a -:id ] a & a =3 -a; QI a
Weauiunsldldide MallfasAneaninanlnenananuasedAlsznaunandn luszazifuinaiuiy

nnRAnssNlsenA
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Microanatomy of the pharynx, esophagus and stomach of the banded krait (Bungarus fasciatus)
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anwasn Inetigannmasn 5 fannaauuaziedenziiumatianisiuiug i daduie Il iled el
v 5 lulaswasuazfandanimenlodauuas@sladu nansAnsnudn AanesuazuaananIsiiileLtiayio
13m simple columnar Usenaumie maa columnar LAZLIAR goblet WNauiu wisaTuAinareenLmas ciliated
v, X v . X . 4 . . ,
FUNANEHD0991 2 adanziiunanuiialasesng aausinsvimnzennsutisaanidu 3 491 lewn cardia, fundus
Wa¥ pylorus T4919 3 dauyAag simple columnar a8i191afifN NIEINIZINI949U cardia WAL fundus Heiax
cardiac UaZFaN fundic ANAIAL UeUENd9Y pylorus laiiifa

v 1
AIENATY: NILINZANUNS, Ve, Aaw, [Waltiadne, aana1us

Abstract

This study aimed to investigate the microanatomy of the pharynx, esophagus, and stomach of the five
banded kraits. The organs were processed using the standard paraffin technique. Sections 5 ym thick were
stained with hematoxylin and eosin. The results showed that the pharynx and esophagus were lined with simple
columnar epithelium consisting of columnar and goblet cells. However, the pharynx additionally contained
ciliated cells. The muscular layer of both organs was composed of skeletal muscle. The stomach was divided
into three regions: cardia, fundus, and pylorus, all lined with simple columnar epithelium. Nevertheless, the
cardiac and fundic regions contained cardiac and fundic glands, respectively, whereas the pyloric region
lacked glands.

Keywords: Esophagus, Gland, Histology, Pharynx, Stomach
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sruLNNAUNM ST LIUNR AN AT AURIRTA R AntiaiReadesiunisiuenig n1staaanuns
ﬂ'1i@m%mmimmmmﬁumﬂmn@wm‘ (Secor et al., 1994) &ndinszandunasiadanyluscuunIaAuamng
Usznaudas Unn mavias naana g nezwizenms a1 ldan anlélun) waznansminvzaninsian agnslsfimu
AnwuzuaTadenrIesssUUNILAB M udndinsandundaiiaonuuansneiuaenly ansiniiaaeamngmu
a1un9NTATNai19ARNaiY Ae Usznausae duitiatian (mucosa) TulsALEaLNaN (submucosa) TUNAINLLE

(muscularis) waTduLEa LA (serosa) (Cakici and Akat, 2013)
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FTULNNAURIMNITRdRdiaee AR uiadeazsne mleuiudndiinszgndundsdugedu edslsfinin
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(Prawirohartono, 1995) sxuun1auaInisaesyianwuzlnesialy Aa 4e9inydag non-keratinized stratified
squamous epithelium ziqumfammmﬂmgﬁmmLLmﬂﬁiNﬁﬂmwdNfax‘iﬁ(family) Faneadaaiunislsusase

Aa ) = LA e . ) ' Y A A4 o~
AIUITNNU mum‘xLW’]x'ﬂ’MTﬁ\lgﬂi’]\mLLMﬂﬁl’Nﬂu (Elliott, 2007) Iﬁﬂgjuﬂﬁ‘zLW’]:ﬁ’ﬂrlﬁqﬁ‘gﬂ?’]\iﬂqq AILEIRALNANN

o

Anwouziilusassiy (fold) Awansineiuauaiugusiazaiin (Eroschenko, 2015) TUlERINANTRINILNIZBIMNTEI

fundus Uszneaumaasanaiin tubular lugunsafinanany mucous neck cell uazdauiidusdannuigas

a % !

oxynticopeptic waziiaa mucous Amiuan ldrasginuiasiuunnsineiulugusiazngu (Elliott, 2007)

o

JANNWREN (Bungarus fasciatus Schneider, 1801) Hansin@nnaaumasailuildas Anszgndumdsens

@ o o o

(Chanhome et al., 2011) WHalndudalaauenaUseinns 100-180 LIURLNAT (Chan-Ard et al., 2015) a1%5u

1 =

mm?mmgmumaﬂuﬁ@ gmﬁm%uj Aann dndaziiuinaziuuntazlan (Chanhome et al., 2011) a1nN91U3aeR
\ \ A4 A o = a = o A o X Ao a e o0 6 ¥a
UKL nsniunenAeresgavasidulFnaneiunegenAtuasiuivinfanssntesnysel Aainliin
Teyun lunanaiui InanudnanisanaaesgaumaauiiiaanliesesysdliduuInay (wedmmn, 2563) Tu
aqiiu DeuddrasiinisAneifaaiuTainandusne 1egasmasn (Knierim, 2018) atinalafinnn Aauinig
qANIERNIATEITEULINNNEENIIARAAWEE ATl IUIdE TRl szasAie Anqaniein1ATeIAeeY
dl % aa a a ¥ = =2 v v
NABABINITUANILNIZBINTVBIYANHINALN AEFTN1INMATANIIIAY NYsdenFuazAnenialingdes

qansead Tnenai ifidudseloniluaudseduans wu fuainegn nengane (pathology) Wa¥3dmuINg

4 aa

aUnsaluazisnng

\iusRatagaNmALNFIANIIAIWI 5 fia Winiiniedn 2.5+0.85 ilansu arnaimnatlmzaen 43udn
WNQY STUINUABUNEEU-BINIAN UININARLILAZANEBENAILAEN193A sodium pentobarbital N1y 1H&R T
Aaatieasuiulinuuuanismes AVMA (2020) Ingasadngdesiasuas Ifauaanlugiluuy mg/kg Auviwin
o | o o XA ada  w o p o & p o ony A o
Faalsazai allidanisasdidesieaiiasannnisdiiavaeadannvinlaann n1stiudunisane lnamsanis
1aifl comeal reflex n1sugiaunglauaznslaidl righting reflex @vsuanladngaauizauianudns (Ha1nn, 2563)
na9aNUL AN sifaiadlaniiesuazuanianssuun1aAue U Iea NN e N LAZ AN N lua TazaNe
Bouin’s AATLUNYUA AdHIUENLAZINARYAY UABARIMNTLAZNIZINIZaNMTanaNan 1d et i /i udunaw
& O - - e X Xoya X o4 Sa
fugumaiiagiednefosmatianmiusazinduie iiduiedewluueidaoumuwn 5 llaswuns Tnanas

simduuuy serial section dnilaiEiaauunannganddnmenloauuas@aledu (hematoxylin and eosin; H&E) tie
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HANNIAUNANNHMNIELRNIA WU adeazisunalaaneAusdowinaasgauiataalnngnssan
sruumauemseruullAussuLAUTU Inaaesaagniesuies (ventral) 289519018 AanaeuEIIN
W A " . N I dai o .
urlsdulufiansuidusauiuninena (longitudinal fold) Inaanasailiesldfnsadiunaanatmnsidansuidurie
nauila (Fig. 1) HAAINVAAARNYMITAR NIZIWIZANMIT TedrunTautieaniiu 3 dau laun cardia, fundus uay
pylorus tagiglinaaanszinizaisiansue 1A vinlidainmuiu greater uaz lesser curvature laagindnia
&ufunszinnzaimnsdauuan Ae cardia udouniseriuvaanamisidnuzadnageauinluny anehiaun

[~3 o A o [~3 AiJ 1 [~3 dl v v o =3 o 1
LANAININN pylorus GAaNNNIzNIzanuig Aa a1 ldlan Tauduresusdn lnanaudreesan l€idn wususeu
Nhd2-mae anldutveanidy 2 dau Ae anldidnuazan &l Teanldidnfianeruzandauwuninninanld

ey anuznanldugjunidnidasuazidaoangnansdon (Fig. 1)

9aN18INIAAIART

A miurenenUdn Anwuzaesdudedeaniduresiuaingouazntud U lugiu Feunaunamy

a a

ANTUANLANSTRTREWLLITUsaaNUNALNT (secondary fold) (Figs. 2A—2B) ﬂ@mﬂﬁtﬁmﬁmﬁq‘nﬁm simple

q a

columnar Usznausae columnar cell Lag goblet cellTmﬂma@fumﬁ\mﬂuu@@ﬂﬁu (basement membrane)

v o

wanannil luuneLsgany ciliated cell @ndag (Figs. 2B-2C) T9ARNafLY Bothrops jararaca Wae Crotalus

' 9 '
=2

X vy X A a 2 . . P S o a = A o
durissus (Gogone et al., 2017) TRduLile LIALINANLT lamina propria FUDUUDLE A NYINUIRA LU LN TR
wuuldlussidey (dense irregular connective tissue) “anannil Aevasliidu muscularis mucosae &1vSuUd
Tiduitiaidian Uszneusdas Waitlaifgaiugdauiuiy Teilvaanidaenunsnas ausfidunauiaiiundiuile
1A94974 (skeleton muscle) (Figs. 2A-2B)
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Fig. 1 The digestive system of the banded krait consists of the pharynx (Ph), esophagus (E), cardia of the

stomach (CS), fundus of the stomach (FS), pylorus of the stomach (PS), intestine (1), and gall bladder (G).

1AARIMNILDANMALN AN T WALy THaRU | Tnewudn Fuiteleniduseaiuninens dany

a a

araaWulgu (primary fold) uazsaaWuyRanil (secondary fold) AU (Abu-Neel, 1999; Cundall et al.,
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2014) (Figs. 2D-2E) wlaifiayfaresvannavisiiuaiia simple columnar 39sn9ainaaves Iagtsenausos

2

'
a

columnar cell lulTae Inannalugasnansndanlifindaledu nnlinalumadnanszlawazl goblet
cells WNINTEMINUTAF AL WBNAINT UNLFWLITASLIA R n1aunsnag luduiilaitiayfia (Figs. 2E-2F) T
aipaasnnuluganumasnadaiunnulug Cerberus rynchops § Pituophis catenifer (Khamas and Reeves,
2011) wazy Enhydris enhydris (Masyitha et al., 2020) atinglafina Haanuunnsineludouaasiiaitionin Ineily
4 C. rynchops Sipst bt pseudostratified columnar epithelium (Boonyoung et al., 2017) duiulannandunla
v . . a da s d w daa ..
iU Aufingudinigumadenaiduileniivtih lunisuaeaunasaemis lusne ninsnaumteuaziva linis
imasuiresanmndullednedznqn (Khamas and Reeves, 2011) Iagl Boonyoung et al., (2017) Na1941 @13
S , 4 e o d . X -
wianHiwidenaiin neutral uaT acid mucopolysaccharide TaAGEILYTHARY 7] $9NDNERTIABEAAUTTARY 7
(Elliott, 2007; Ahmed et al., 2009) AADAAITNENIUBINADADINITNUTU muscularis mucosae T9LTUWLAL
nansilazey lunsAneafiilinusenlunaanaiuns Ganileuiugaiindus] (Khamas and Reeves, 2011)

#AuFudi submucosa Usznausas Watianaawuniinlilsaung (loose connective tissue) NWLNARALABAKNTA

v
o

| o & Y & \ ~ o T A o Y & .
ag) nanalelunaileTlnseg1a (skeleton muscle) BeAa 2 91 A Guluilunauwians (circular muscle)

WAZTUUBN BLNFIAINEN9 (longitudinal muscle) wATHANMINGAB RS (Figs. 2D-2E)

o o=l

{wiunszimnzenmsresganaeNiniiuarinsaf1anisaaniginiaugumileniudndinsen
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NAATRARU (Rovira et al., 1993; Knamas and Reeves, 2011; Boonyoung et al., 2017) Inadsenausaeeiis 4 4u
B A D R U AN ¢ v o4 4 , 4 o oo
A dueialan dulaigeilan dundantiauasdiugaiaau (Figs. 3A, 3D WAY 4A) TINUINTLNITAINITHAN U
WusasWumIngIowaznszinizeusiiilaitiayiogiia simple columnar willauiufnulug Psammophis
sibilans (Jegede et al., 2015) § C. rynchops (Boonyoung et al., 2017) § B. jararacay C. durissus (Gogone et
al., 2017) WAz E. enhydris (Masyitha et al., 2020) @4 Boonyoung et al., (2017) WU31 LHaSINA11UASI9ES
Ay & - da o 4 —
neutral mucopolysaccharide #HuiN 198N TaeNUHI10INILNNZ BN INFATLYNUANNNTA T9LTUAMANLR
inulivaldludnduansaiingonanymel (Derrien et al., 2010)
NITINITaIMsTBsgaNIAtNuLvaaniy 3 491 Ae cardia, fundus uaz pylorus Taaidaw cardia wuda

A a 1 '

Gu lamina propria NABNWNARAIN (gastric gland) ¥TelTandnfen cardiac Taiiludiia simple tubular LAENU

[
A a '

Waiflaneanurinlliuerenseusen Ineillaitiayinaessanidunia simple cuboidal-columnar Aneluimas

]

Hunsyadanmndnuyedaladu aiflumad oxynticopeptic cell (Figs. 3B-3C) Aax cardiac \naanggiuueiu
N14 gastric pitirﬁﬁf’i@ Lﬁlaqaqwu%u muscularis mucosae TAATNLINY (Figs. 3A-3B) Aniuduldidedien
tsznenda Wedefaiuriallsansuasraandenifusauunn daanduldidedenduiunduileGoy
Baas 2 4u TnanduidetunanGainiuenn dauduluGeaning duiedentlsznaudas iaideReiy
Ttiallsanng (Fig. 3A) ﬁﬁlqmﬁ@uﬁuﬁwulugﬂnﬁmﬁluj (Boonyoung et al., 2017; Gogone et al., 2017)
fMFUNTEINNZaMN I fundus TidnHrnaielieinen adrefiugan cardia 41 lamina propria Wil
FRNWNARINYTRTENINAaN fundic (Figs. 3D-3F) aglafiniu Lﬁmﬁlmﬁqmmmmﬂwﬁﬁm simple columnar 4
lultag oxynticopeptic faseu fundic fiAauAINIMLNTiRandsay cardiac (Figs. 3D-3F) fatisuanlddnsen
cardiac En1IMAYENTIAEATRsTUNTEa RN INANNTNFaY fundic A cardia B adiAansziaung

' ' = 1% v Aqll A a . P ' ] . . o le, 17
gIReININNIN fundus ANAIE sLmufﬂLﬂ@‘i_qlm‘wu muscularis mucosae NUMNNI1A9U cardia (Fig. 3E) ansdsiAans
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fun13e97ulne Jacobson (2007) anuendulfifiailaniansnisuiauiudau cardia wasdunaniiaiTe s 2
f1119n91 cardia (Fig. 3D)
o . , » . _ 4 a4 oA o d
waanwulumen cardiac Uay fundus A8 LTAA oxynticopeptic "Nmuﬂuﬂuwwﬂuﬁuﬂﬂuj (Boonyoung
et al.,, 2017; Gogone et al., 2017) anuzsianlugasmanuiluaiia simple tubular FuaANF9aINg C. rynchops
wduaiia branched tubular (Boonyoung et al., 2017) Ingminfveitas oxynticopeptic An nadlldluauuas
nenlalasaaein (HC) wileuninigs1enuld (iquori et al., 2002) atinglsfinnu Aaauuansisaindndiasagn
Faeinun Wesanniaad chief Muiniuaadldluau dowaad parietal a3 HCI (Boonyoung et al., 2017)
o o | o 4 9 \ \ X
&mFunszinzanunsdau pylorus wudndsesiumundudngqun ldnusenlunsaimnzemsdouil §
914 muscularis mucosae AUNNNAN WaWELALNTUNIZB1MN9Y9 2 d9u (Figs. 4A-4D) Tunanuiile Usenause
NANNHREFE LU T 2 T3 WARANUUININNTINTUNIZEIUNTRY 2 dauatinatalan (Figs. 4A-4D) 395

23 dl :’/ 1 o d =3 1 2% a :’/ = o dl o o v
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Fig. 2 Pharynx (A—-C) and esophagus (D-F); blood vessel (BV), ciliated cell (CC), columnar epithelial cell (CEC),
collagen fiber (CF), cilia (Ci), circular skeleton muscle (CSM), epithelial cell (Ep), fold (F), fioroblast (Fb), goblet
cell (GC), lamina propria (LP), longitudinal skeleton muscle (LSM), lymphocyte (Ly), mucosal fold (MF),

muscularis mucosae (MM), oropharynx (OP), secondary fold (SF), skeleton muscle (SM), submucosa (Sm)
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Fig. 3 cardia (A-C) and fundus (D-F); blood vessel (BV), cardiac gland (CG), connective tissue (CT), fundic
gland (FG), lumen (L), longitudinal fold (LF), lamina propria (LP), lymphocyte (Ly), muscular layer (ML),
muscularis mucosae (MM), oxynticopeptic cell (OC), simple columnar epithelial cell (SEC), serosa (Se),

submucosa (Sm)

Fig. 4 pylorus (A-D); blood vessel (BV), lumen (L), longitudinal fold (LF), lamina propria (LP), mucosa (M),
muscle cell (MC), muscular layer (ML), muscularis mucosae (MM), simple columnar epithelial cell (SEC), serosa

(Se), submucosa (Sm)
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WnindaBusungednansanisasin s lusrezsiu wilifinadniausietlszdnsninnisangaiinglussuy
TnaFawde T liiduunuindnAnyaasnisapniaagsuas lngun1Inaaadensiaes

v '

(3 e 1 d” Ll o o a v a = a
AdnAny: e, dmindaBusy, aussouznisuan, lsaEewile

Abstract

This study aimed to evaluate the effect of different initial body weights on production performance of
male ROSS 308 broiler chickens reared in an open-house system. A total of 360 chicks were divided into two
groups: high initial body weight (42.98+3.08 g) and low initial body weight (33.56+2.22 g), and data were
analyzed using Student's t-test at 0.05 significance level. During the starter phase (1-21 d), broilers with higher
initial body weight showed highly significant greater body weight, body weight gain, average daily gain, and
cumulative feed intake than lighter chicks (p < 0.01), whereas feed conversion ratio and mortality were similar.
In the grower—finisher phase (22-39 d), most performance traits did not differ significantly, suggesting
compensatory growth in the low initial weight group. In conclusion, higher initial body weight improved early
growth performance but had minimal impact on overall production efficiency under open-house conditions,
highlighting the crucial role of management and nutrition throughout the production period.

Keywords: Broiler chicken, Growth performance, Initial body weight, Open-house system
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gaaunssunisean iiilaidunianisinemsidAtysiaisegialng Wwesainainsaldainnisdeesn
waziluumnasilshununngednusudusinanielulssna (nsudadnd, 2566) nnsdiudgeiug iiidiadenntiss
Hanfunianindnsniaadoiiuis dezdnininnisldaiins uazamningainane lisuunisudnien (Hunton,

2006) ffadantedanawasusszazinldauianisdasluscasfudsnasadnaniwninasgaulnaasliiile

o o

TneannzuutindaZusiu (initial body weight) deidusingidinamningnlnudsin (Tona et al., 2004; Kamran et

'
' @ '

Ao d v o a v o a a o ' D3 = af
al., 2008) gninfAduminAaENAugeinHsrLuNIAARE M IIRERLITING danalinnIgaTnatsemsrIuway
naasnyintaEananlugas 2 dUansiilan (Noy and Sklan, 2002; Uni and Ferket, 2004)
v oa Yoo Ay d o - » S
agi19lafinn nazesinindaFuFunLanAiutsanssausnsuan luszerdaradudulsuiiuanines
UL AU EIUGIANHUANFANNT RN MINADTNAUA T AR AU BB YINNA LB NN AT aR LT

TALTE (compensatory growth) A lFn1s9an170arn17 1AL NI Z AN (Emmerson, 1997; Toudic et al.,

1% o o

2020) UszmalnaunsdoudsldlsaGausrunndagailidan iusunuuaznisszuiaeinia widdaaninlunsaaunu
ANNUIARDN LT GUUYH AVNTUANTNS LATNITNLNGINTA TIRIUAINABIDANITOAUNINAR (Yahav et al.,
= 2 o e a 8 o ooa o oA A
2004; Lara and Rostagno, 2013) nnsAnuilasdidngilszasdiiatszifiunavasiiningosusunuansieiuse
ansInuznsHanvedliilemAdane g ROSS 308 MiaaslulsaBeuszuuille ineldidudeyaiugudwiunig

AANITUAZNNTWANLIN AR TN d N TuB U AR

L4 aa
aUnsaluazisnng

nanaaeildiueunn i lddndinesunidangmansainamuzeunssunIsNIAugUAN1IAMLTHLN 95

v &

ZQWQLWEQ’]LW]’NE'V]EI’]ﬂ’]@ﬁlfﬁlﬂdﬂm&ﬂﬂm‘i wﬁwmﬁamwmmmm’(mmﬁ ACKU6B6-AGR 016)

z&%ﬁwmmm:mﬂ?m’mﬁmg

1dgnlnila@enndiadanaiug ROSS 308 INAE A uaw 360 6a uiaaniilu 2 nguanuminfaEus

o o

eun nguuIuingags (Group 1; Wininiade 42.98 n3N) LazNgNUIMENALAT (Group 2 ; Wantiniad 33.56

oA

nN3N) wiazngudl 6 917 az 30 s 991 12 pennased tnnsnadedlulsaGeusrundanldinanszuisainie

a

Tuga9ang) 1-10 Ju inannlimnueuguinelduasnldauin 60 3ms arvsuaziniuuy ad libitum AaeANIg

e 39 51 Tdsunsnenunsuiianantily 4 svee Aa szazBuaLng 1 (0-10 51), seazidusa 2 (11-21 4u),

o

eaIzdu (22-32 4u) uarszezay (33-39 41) NMamasasaiiunisszudsneuiuanduReuNsay Tnausas

12
a S o o o

o o 4o X 2 - . Y o oo .
srardlgnunginaranTuduinsnie lulseFeuade sl svazBusiuna 1 9ouugi 32.6 °C ANTUANING

a

' (% ¥
a v

76.09%, sz8vENAuNG 2 gauni 31.85 °C AVNTUANTNG 78.30%, 581z ouuNH 30.94 °C ANNTUANINT

76.18% 9281v1 §rUNAH 30.72 °C ANNTUANINGS 78.14% UATARBATZIZNINAADY (1-39 Fu) grunni 31.53°

C PNNTUANANS 77.05%

v d’ =3
TYATILITILTIN
anssnuznsasiuingnifiudeyalaadeiiminliaudesnisulasuauns (10, 21, 32 uaz 39 Ju)

WaATUIINNIRIReT LA W1minsa (body weight; BW), n1stisinuiinga (body weight gain; BWG), 131104
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a

BUNTNNUGZAN (accumulation feed intake; AFI), U3untuanunsiedemeady (average daily feed intake; ADFI),

fR31n17 A ue M T BN NN AN UFUKRAY (corrected feed conversion ratio; cFCR) ANWI4ANNEHAIINT
wWazuemaludiminga (FCR) x 8hsnisiaessan (viability rate), Aunuainssiatinmeiniia 1 Alaniu (feed

cost per gain; FCG) an91n19618 (mortality rate) LAZNARALLNUNITAINU (return on investment; ROI) AU

a v

AN (fn1sgns / Aunun19anu) x 100% Metinnuuasianaelndd@in 35 uan/mtaniu sagnliusniiangs

UminFaENFAugs 15.80 U/Fa WaznguuminFAaENAUA114.80 LW/Fa

v

NISAATIZULANANNAD A
4

i) @'ﬁﬁummqugnﬁmmw’é’w‘iﬂmmu SAS (SAS Institute Inc., Cary, USA) iaearnnimeanail
i’m\‘ﬁumLLf;mmwﬁfN‘ﬂ’]ﬁﬂ%n’]iwm'&@‘uﬂ"]ﬁ (Student’s t-test) %dmmmmﬁ’mﬁl independent samples F1H
ANABU84 Steel and Torrie (1980) HBLLALLTELARALILUIN 2 m‘?‘mLuumrﬁi:ﬁuﬁﬂziﬁﬁtymmaﬁ p<0.05
nadwsuaaauAnede + zdf;w,ﬁmmummgm (Mean + SD) Maemaagad (experimental unit) A8 ABNNARBILA

[ACABN

BULYUIIABINNADA
e and - e ,
WULIYUANABINNAT AN M lun1s3nsnzidaya (Equation 1):

Yii= L+ Ti+ej (1)

e

| S8 A
Yij = ﬂ’]ﬁ\iLﬂﬁl“ﬂﬂMu’JﬂV}ﬁ@ﬂ\‘iV} 14N |

U = Aa@asn (overall mean)
Ti = BVNBNATBIVITELNUE (treatment effect; i, i= 1 NANUNMINATHAUEY, | = 2 NguUMINAIEUsWAN)

! = | = a A a = A
e = ANANAAIALAARUEN (random error) TN@NNAINHNTUANWAIMLLLINARATHANLL L IUAN

NALAZIATUNANITNARDY

nan1sAnEn ludaeszezEusua | (1-10 J1) waasliduin nilenduminsaEusugs (Group 1) &

' v ' '
1 aal o a £ o v A

ARALBY BW, BWG, ADG uaz AFl 998049 ADFI gandinguiidunuingoBusiusn (Group 2) atnafitladnAtyta

Q o

o O o

N9EDR (p < 0.0001) luwue? cFCR way FCG AmnuumnsneiuasineiladAynieadia (p > 0.05) Aaudns

o

Table 1

' v '

TuggszaziEusuma 1l (11-21 J1) ngunduwindaBusiugs (Group 1) waAIARAEE8Y BW 490391

v '
°

nNNRUNWINAAENFUWAN (Group 2) atinsilitid1AnyBlan9adia (p < 0.0001) daupiafeaae BWG uaz ADG 989

o o

Group 1 Huwaliiugendn Group 2 TnadaauuanssiunsyAuiadAty (o = 0.05) atslsfinuAafsaay AFI,

o

ADFI, cFCR, FCG mfmﬁ’mmﬂ@:uﬁmqml,mnﬁmﬁuamavl,s\iﬁuﬂdﬁ TUNNADR (p > 0.05) ARIINITAEIIAY Group

1 o

1 §4n91 Group 2 wanAnsnaiueeng Tl dAun19adia (o = 0.10) Aeuans Table 2
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Table 1 Effect of initial body weight on growth performance at starter | (1-10 days) of male ROS-308 broiler

chickens

Item Group 1 Group 2 p-value
Initial BW (g) 42.98+3.08 33.56+2.22 <0.0001
BW (g) 285.85+31.38 224.77+26.58 <0.0001
BWG (g/bird) 242.87£9.08 191.20+3.77 <0.0001
ADG (g/day) 24.29+0.91 19.12+0.38 <0.0001
AFI (g/bird) 274.48+5.68 217.65+8.91 <0.0001
ADFI (g/day) 27.45+0.57 21.77+0.89 <0.0001
cFCR 1.13+£0.03 1.14+0.03 0.71
Feed cost (Baht/kg) 15.93 15.93 -
FCG 18.02+0.52 18.1320.49 0.71
Mortality (%) 0.00£0.00 0.00+0.00 -

Table 2 Effect of initial body weight on growth performance at starter Il (11-21 days) of male ROS-308 broiler

chickens

ltem Group 1 Group 2 p-value
Initial BW (g) 285.85+31.38 224.77+26.58 <0.0001
BW (g) 1,056.00+132.20 954.65+86.45 <0.0001
BWG (g/bird) 768.77+40.12 728.41+£21.09 0.05
ADG (g/day) 69.89+3.65 66.22+1.92 0.05
AFI (g/bird) 905.80+47.75 932.39+105.98 0.59
ADFI (g/day) 82.34+4.34 84.76+9.64 0.59
cFCR 1.21+0.04 1.28+0.13 0.23
Feed cost (Baht/kg) 15.93 15.93 -
FCG (Baht/kg) 19.21+0.68 20.39+2.14 0.25
Mortality (%) 2.2242.72 0.00+0.00 0.10

WaRA1TUNENITONNNNTHARTIN IUTeTT Iz BUFY (1-21 d1) WL91 Group 1 JAeages BW, BWG

waz ADG §4n31 Group 2 atinalitidAtyeansads (p < 0.001) aehslsfinu AFI, ADFI, cFCR, FCG uaz@fsn

NIRNeTeIdasnguil A uuanseiuaeng R did Aynneadia (o > 0.05) Aauans Table 3

nanismaaasuandliiiudiminmEusudenasaanssournisasyiiulnluscazGusu Tnagnlniie

v '

DU mInAGNAugIRARARY8Y BW, BWG war ADG gandinguinminsasususiatnaliad1Anytioneada

(p < 0.01) Tuga9e1e 1-21 Fu (Table 1-3)
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Table 3 Effect of initial body weight on growth performance at starter (1-21 days) of male ROS-308 broiler

chickens

Item Group 1 Group 2 p-value
Initial BW (g) 42.98+3.08 33.56+2.22 <0.0001
BW (g) 1,056.00+132.20 954.65+86.45 <0.0001
BWG (g/bird) 1,013.00+£45.76 920.72+22.55 0.001
ADG (g/day) 48.24+2.18 43.85+1.07 0.001
AFI (g/bird) 1,180.30+51.01 1,150.00£104.42 0.54
ADFI (g/day) 56.21+2.43 54.77+4.97 0.54
cFCR 1.19+£0.03 1.25+0.10 0.24
Feed cost (Baht/kg) 15.93 15.93 -
FCG (Baht/kg) 19.00£0.55 19.89+1.63 0.23
Mortality (%) 2.2242.72 0.00£0.00 0.10

lutnsszaziu (22-32 1) BW Lﬁm‘iu@mqmq Group 1 (1,971.10 nW) f4Asgandn Group 2 (1,903.40

nfu) ateildadrAtyniealia (o = 0.02) adelafianu BWG waz ADG 194 Group 2 €4n91 Group 1 UAKANFANAAU

e ldTdadAtynneads (o = 0.32) uanannil AFI, ADFI, cFCR, FCG uaz8man19mne (mortality) 109919404

naniANuaNE et R A ATy Nadia (p > 0.05) Asuan Table 4

Table 4 Effect of initial body weight on growth performance at grower (22-32 days) of male ROS-308 broiler

chickens

Item Group 1 Group 2 p-value
Initial BW (g) 1,056.00+132.20 954.65+86.45 <0.0001
BW (g) 1,971.10+308.16 1,903.40+189.70 0.02
BWG (g/bird) 908.54+68.36 948.14162.57 0.32
ADG (g/day) 90.86+6.84 94.81+6.26 0.32
AFI (g/bird) 1,555.60+76.42 1,561.20+87.76 0.91
ADFI (g/day) 155.56+7.64 156.12+8.78 0.91
cFCR 1.75+0.12 1.67+0.17 0.33
Feed cost (Baht/kQ) 15.37 15.37 -
FCG (Baht/kg) 26.93+1.88 25.58+2.60 0.33
Mortality (%) 1.85+4.54 0.60+1.46 0.54

Tugeszeizgu (33-39 41) Group 2 HARAL8Y BW, BWG, ADG, AFI waz ADFI gand1 Group 1 Wsidl

AuuAnFnaiuad g ldldadAtynieada (o > 0.05) 2ruziREaiis cFCR, Waz FCG 1a4 Group 2 Juualdumnan

(AN31) Group 1 uAwAnsnariuaselaifdadAtynieaa (o > 0.05) Aaudns Table 5
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anssnNNRAsTYFLTR ez (22-39 U, Table 4-5) uansWiLiAWIN Group 2 ANLRALTEN

BWG, ADG, AFI, ADFI, cFCR wag FCG fuunltiumanan Group 1 uausnananiuaengllidadAtymnieadis (o > 0.05)

ANRREIDY BW 4ATiNE199 Group 2 44091 Group 1 andaausiuansinaiue 9 idiidAnyneada (o = 0.72)

Table 5 Effect of initial body weight on growth performance at finisher (33-39 days) of male ROS-308 broiler

chickens

Item Group 1 Group 2 p-value
Initial BW (g) 1,971.10+308.16 1,903.40+£189.70 0.02
BW (g) 2,5645.30+£347.16 2,5657.60+260.00 0.72
BWG (g/bird) 556.06+87.04 640.67+111.78 0.17
ADG (g/day) 79.44+12.43 91.52+15.97 0.17
AFI (g/bird) 1,148.10£132.04 1,218.40+£99.15 0.32
ADFI (g/day) 164.01+18.86 174.06£14.16 0.32
cFCR 2.1240.18 1.96+0.25 0.22
Feed cost (Baht/kg) 15.370 15.37 -
FCG (Baht/kg) 32.58+2.77 30.10+3.79 0.22
Mortality (%) 1.74+2.90 1.19+2.92 0.75

HAAINA19LEA9 1IN AN LANFA9T 9N UIN A B A LA AR A RLRNI L TUI T LA a9N LA WL

TIRDAAABATLTENNWUB Emmerson (1997) ka Kamran et al. (2008) WUI1ANWANFANSUB9UNMIN AR TN FY

aanadniausanisiuaImsiaznisasAnnlugasusn wiaanuuansAesanaazanasasauilAn InalAeeiu

Waangaaslnilainauiiesainifianisasaiuingaime (compensatory growth) lunguifiunuiinsaGusuen

Table 6 Effect of initial body weight on growth performance at starter-finisher (1-39 days) of male ROS-308

broiler chickens

Item Group 1 Group 2 p-value
Initial BW (g) 42.98+3.08 33.56+2.22 <0.0001
BW (g) 2,5645.30+347.16 2,5657.60+260.00 0.72
BWG (g/bird) 2,504.20+£179.08 2,517.10£149.29 0.89
ADG (g/day) 64.21+4.59 64.54+3.83 0.89
AFI (g/bird) 3,883.90+£211.10 3,929.70+£137.85 0.67
ADFI (g/day) 99.59+5.41 100.76+3.54 0.67
cFCR 1.65+0.05 1.60+0.14 0.39
Feed cost (Baht/kg) 15.54 15.53 -
FCG (Baht/kg) 25.65+0.84 24.80+2.17 0.40
ROI (%) 9.93+4.06 14.89+8.77 0.24
Mortality (%) 5.82+3.77 1.79+£2.99 0.07
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IHANANIUNABATINNIINARDY 1-39 Fu (Table 6) WU BW 1la@ugn, BWG, ADG, AFI, ADFI, cFCR,

o o o

FCG uay ROl 109v9aaenguiAmuans wineenglaidiidAnyneatis (o > 0.05) atnslafisudnsnisniaues

<

Group 1 Huualeiu (p = 0.07) 44n91 Group 2

'
a v

LW EETIINUNAN AN UINFD TN AuaIAdNRUTAUNN IR I LN B a s tiat e suaziaw Lol
Tutioesiu FedsnassiannuaunsnlunistiesuargadinaisaisluscazBusdunanisasoauls usnafinann

%@mmLﬁmzuwwﬁummiﬁmmLﬁumuﬁmmquéﬁ 3 @1la9f (Nir et al., 1993; Sklan, 2001) Wananiitlads

v o & '

suBeuanden tastannzlulssBouscunide Wy gl ANTUANTINS LAZAINULILUUIBINITALN A9U
AMNARANITLAANANTIANANTTDUE NIty L TANINNINTaRaIasinminsa BuF (Yahay et al., 2004; Lara and

Tostagno, 2013; Goo et al., 2019) Fsanaiuame v i ldwuAuuAns1n 98 ia lusyazlataaainisiaes

° o

TulssFauszuuie annwandaunieluldfuaninaainiladaniauanadelisdAny Tnaanne

' |
a

GO ALATANINTUANANSNTUTANAAANNINAREY NAN1INARBILAA LTI NGNUIMINAENAWA (Group

o o g

2) awnsagagenisasyiu e lalussas fu-qu (22-39 5u) AuTudninsndaudunaugeludasilanadang

o &

FONIINUAIMITUAZNNITTLUNEAINTRNTR I ABuBTIANNTUANTNSES (> 70%) 3Nan ADG uaziiNAINTaU

a

VRl (heat stress) m’m‘ﬁ Yahav et al. (2004) wag Lara and Rostagno (2013) 918814 asinglafmn n1glua e
amAsssuTRlussuL TaanatatanHanssn L ¥l Group 2 # BWG, ADG ua¥ cFCR ndiAes Group 1 11
7222RN89IN1INARDY (p > 0.05) ‘luﬁqmmgm@m{vwdﬁ mn‘?mﬁuﬁw@ﬁiﬁﬁﬁﬁwﬁﬂﬁquqmmmwL&"m
20IN19g oYL ReTa96 Lwiisﬂmﬁ’u@muLmu@‘w‘%ﬁLLrﬂﬂrﬁhﬁmmmﬁ@ﬁﬁmmﬁunummm@mwﬁmﬁwﬁﬂﬁq 1
Alansu (FCG) u’?ﬂmmmmmmmmmu (ROI) fai mj‘ﬁmLﬁﬂﬂL@Wﬁ:QﬂiﬁﬁﬁuﬁﬂﬁqﬁuﬁuQQQﬂwiﬂﬁﬁLﬂu

windnisannisaunngn liuazdsuandannanielulseFau (van der Kiein et al., 2017)
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Effect of multiprotease enzymes supplementation in diet on growth performance and carcass

quality of broiler chieckens
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Abstract

This study investigated the effect of multiprotease enzyme supplementation in diets on growth
performance and carcass quality of broiler chickens. A total of 630 one-day-old Ross 308 male broiler chickens
were divided into 3 groups, each consisting of 6 replicates with 35 chickens per replicate. The three
experimental diets consisted of a diet with normal levels of energy (apparent metabolizable energy; AME),
protein and amino acid requirements (PC). Diet reduced in energy (AME) by 43 kcal, protein by 0.83% and
amino acid 0.4% (NC) and NC supplemented with 0.05% multiprotease enzyme (NCMP). The results showed
that at 35 days of age, The NCMP had body weight, average daily gain, and feed conversion ratio comparable
to the PC and significantly better than the NC (p < 0.05). While carcass quality showed that live weight and
breast meat yield in the NCMP group were significantly higher than in the NC (p < 0.05) and comparable to the
PC. Therefore, the multiprotease enzymes supplementation enhanced the utilization efficiency of energy and
protein in the diet, improving growth performance and breast meat traits without negatively affecting other
carcass quality in broiler chickens.

Keywords: Broiler, Carcass quality, Growth performance, Multiprotease
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Table 1 Ingredient composition (%) and nutrient values of the experimental diets
Starter Grower Finisher

Ingredient

PC NC NCMP PC NC NCMP PC NC NCMP
Corn 20.27 23.74 23.72 15.02 18.49 18.48 21.42 24.89 24.88
Cassava 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00
Wheat 10.00 10.00 10.00 20.00 20.00 20.00 20.00 20.00 20.00
Soybean ol 5.30 4.09 4.08 6.19 4.98 4.96 5.13 3.90 3.89
Soybean meal 48% CP 36.63 34.38 34.36 30.57 28.29 28.29 24.63 22.39 22.36
Rape seed 2.00 2.00 2.00 2.00 2.00 2.00 3.00 3.00 3.00
Pork meal 50% CP 1.50 1.50 1.50 3.00 3.00 3.00 3.00 3.00 3.00
L-Lysine 0.28 0.28 0.28 0.23 0.23 0.23 0.23 0.23 0.23
DL-Methionine 0.42 0.39 0.39 0.36 0.33 0.33 0.32 0.29 0.29
L-Threonine 0.15 0.14 0.14 0.12 0.12 0.12 0.09 0.09 0.09
MDCP 21% 1.75 1.76 1.76 1.16 1.16 1.16 0.93 0.94 0.94
Calcium carbonate 0.90 0.91 0.91 0.57 0.59 0.59 0.48 0.49 0.49
Salt 0.27 0.28 0.28 0.26 0.28 0.27 0.27 0.28 0.28
Choline chloride 60% 0.28 0.28 0.28 0.27 0.28 0.27 0.25 0.25 0.25
Premix’ 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Multiprotease enzyme2 - - 0.05 - - 0.05 - - 0.05
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

Nutrient values

ME. For Poultry (kcal/kg) 3,000 2,957 2,957 3,100 3,057 3,057 3,100 3,057 3,057

Protein (%) 23.00 2217 2217 21.50 20.67 20.67 19.50 18.67 18.67
Fat (%) 6.86 5.76 5.76 7.84 6.74 6.74 5.86 5.86 5.86
Fiber (%) 3.92 3.87 3.87 3.67 3.62 3.62 3.55 3.56 3.56
Calcium (%) 0.96 0.96 0.96 0.87 0.87 0.87 0.79 0.79 0.79
Total. Phosphorus (%) 0.82 0.81 0.81 0.74 0.74 0.74 0.67 0.67 0.67
Avail. P for poultry (%) 0.48 0.48 0.48 0.44 0.44 0.44 0.40 0.40 0.40
Salt (%) 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Lysine (%) 1.44 1.38 1.38 1.29 1.23 1.23 1.16 1.10 1.10
Methionine+Cystine (%) 1.08 1.03 1.03 0.99 0.94 0.94 0.91 0.86 0.86
Methionine (%) 0.73 0.70 0.70 0.66 0.62 0.62 0.58 0.56 0.56
Threonine (%) 0.97 0.94 0.94 0.88 0.85 0.85 0.78 0.75 0.75
Tryptophan (%) 0.28 0.27 0.27 0.25 0.24 0.24 0.23 0.21 0.21
Choline (mg/kg) 1,700 1,700 1,700 1,600 1,600 1,600 1,500 1,500 1,500

" Provided per kg of complete diet: 20 mg of Fe, 2 mg of Co, 120 mg of Mn, 15 mg Cu, 100 mg of Zn, 1.25 mg
of I and 0.30 mg of Se. 9000 IU of vitamin A, 3000 IU of vitamin D3, 30 mg of vitamin E, 1.18 mg of vitamin B1,
6.25 mg of vitamin B2, 3 mg of B6, 0.03 mg of vitamin B12, 0.125 mg of Biotin, 10 mg of Pantothenic acid, 1.5
mg of Folic acid and 45 mg of Niacin

* Multiprotease enzyme consists of several types of protease enzymes that work, including acid protease,

neutral protease and alkaline protease, the product does not specify the exact quantities.




= KU | MSUSEguNI035IAsukI3nendsinuasaans ASVA 64
== | The 64" Kasetsart University Annual Conference AISUNLEUDNAVIUNIAUSSENY

ANdmT

WA LL@S?J@’ISQIN@W]?‘VI ANAN

zvmmmwmm?zyzﬁufmm?n’ﬁ@
m@mm?mL@uimﬂﬂiﬁLfﬂzmMumma‘m’@mmmmwmm?tyLﬁu‘lﬁmmim‘f‘:@ WAANKALY Table 2 d04
1ﬁLﬁ@mq 1210 Su WudnTinuing (BW) ﬁmmnwm’i‘mﬁuimaﬁﬂﬁiﬂ% ( ADG) BN ALAL Aa s
J1 (ADFI) ‘]Jita‘w?iﬂ’]‘wﬂ’]iLﬂgﬁu@’]W}iL‘]‘joﬁﬂﬂﬂI;ffa (FCR) LL@:ﬁTunum’ﬂmmiﬁlﬂummﬁuiwﬁﬂ[51"@ 1
Alansu (FCG) ‘ﬂ@ﬂ%\i 3 nguNNIMAaedliwANFaTY wansliviud N euldlUsfeasudslddenadaia
TutaaBuduIeanIsIAL LﬂmmmwumqLﬁummﬂmxmmé’qL@uvlfﬂﬁzifaﬂmﬂiumﬂqgﬂiﬁﬁqﬁmuﬁiﬂmmgaﬁ
ﬁf]‘lﬁﬂixaw%mwma‘ﬁﬁmummLfauVLSﬁﬁmEm'aﬂﬁm?‘mﬂ?ﬂﬂgﬂ'iﬁﬁm (Leibholz, 1984; Krogdahl and Sell, 1988)
atinelafinnalugaseny 11-24 $u waz 25-35 Fu nudn e RldFuemnIngs NCMP A1 BW iaz ADG gandn

o

N NC asiafliddnyniaada (o < 0.05) usliuansneainnga PC aniziirn FCR 199ngu NCMP Slensnd,
ngn NC athaiifadndnynieadi (p < 0.05) waluuansinefungs PC Gvannnisuliauifiayus ADFI szwdnangs
naaaslunNgdaeeny waneliiudnnseuenlnllsfieasudanifindssdnsnwnns sz lamiraca s
NINNIINIINTTHUNITUBINNT HARINA1IFBARRRATL Mahmood et al. (2017) finsauinenloasfaganan
sndunstetldraslsfuuazninesdly annsgadelulnnau uazilfudselsz@vanmmsnanaaslidels
dauAn FCG 99 11-24 §u 10974 3 ngw ladunnsineiu Fuilpanauansneiulugesinasesnsdesd 25-35 5u
wudnga NCMP R FCG sndinga PC uaz NC atailluidrdtynneadin (o < 0.05)
nansiaseulollilsfeasndacans 1-35 41 wudndnsnisaneliuansneiu (o > 0.05) Tunuzi

a !

anssonnwnIsastyiAuInlsznausag BW, ADG uay FCR 18angu NCMP lliuansneiungn PC uaziiAngenan

a

o o

ngN NC ateliadAtyneadia (p < 0.05) Teanuanimasesd iiiuinnisasnienladlilsfieasouaiunsm
gpenisanseAunasuldlsslanilallsiu uarnsnariulugnsaisliacnalilse@nsnn lnalidenade
Aeaussnnnnisasy AL Tnvesdiiile danndeeiLenuidsaans Cho et al. (2020) Miaduewladllsfinasonl

BIUNT WLINTIEANUIUUNAL Wazlse@NBAINN1TIEa1917 a1nNaURae a9 Cowieson et al. (2019) $181911497

[
v a a

a a , v a a ad , o % o rd A 4o
naasntenlolllsfieadenalianssaninnisasyiiuinnry lnadoaiinuimindaniinaueaesedy uay
sudlpadss@nsnimnisnlaauemaduimings Wedisuiunguin e ulasd istidsunuemennulala
wAnsiNaiuszuINaNgunaaed uansiiudinsmeuauessunsEsyulafaannisldlss lemiansamnsh
Use@nsnImuanTu doudn FCG wudnlungu NCMP HANAIN9ngn PC uar NC atialiud1Atyn1vans

v o o dl a a = A
(p < 0.05) #49AARBIALNUNAABITEY NTFEN LazAE, (2019) Miasnieuladldsfiealuaiuisidsfiuniaaen
= ¥ a = ! 1 4‘
nnistdn WinanauununiGiAsEgia FCG Andinguau
patiunaigsuenlaillsfieamudeaiiunistenliuaznisinane il dlusene danaliliiie
arurnasnyiiulnlanrunfenisanunsnanseaullsiu waseulddssTonils uaznsnafiluluainis def

Ananwlunisansuuesdnduaziiianssoninnisnan iniielagson




AsUSEEUNINIEINNSUKISNENEBINBASANES ASVA 64

w22 = | The 64™ Kasetsart University Annual Conference

A1SUNEUaHavIUNIAUSSENE

ANdmT

Table 2 Effect of Multiprotease enzymes supplementation in diets on growth performance of broiler chickens

ltem PC NC NCMP p-value
Starter (1-10 days)
BW (g) 312.11+5.07 304.77+8.08 304.94+6.70 0.13
ADG (g/day) 27.41%0.50 26.67+0.78 26.69+0.67 0.12
ADFI (g/day) 28.14+0.60 29.00+0.96 28.27+2.13 0.53
FCR 1.03+0.01 1.09+0.04 1.06+0.06 0.09
Feed cost (Baht/kg) 18.73 18.03 18.18
FCG 19.23+0.13 19.81+0.90 19.24+1.16 0.42
Mortality (%) 0.00+0.00 0.95+1.48 0.00+0.00 0.12
Grower (11-24 days)
BW (g) 1,370.01%30.02° 1,309.60+24.27° 1,374.0020.57° <0.05
ADG (g/day) 75.56+1.81° 71.7741.50° 76.36+1.73° <0.05
ADFI (g/day) 96.31+1.94 96.44+2.69 98.49+2.55 0.25
FCR 1.27+0.02° 1.34+0.03° 1.2940.04° <0.05
Feed cost (Baht/kg) 17.89 17.19 17.34
FCG 22.80+0.31 23.22+0.73 22.47+0.50 0.09
Mortality (%) 0.00+0.00 0.49+1.20 0.48+1.17 0.62
Finisher (25-35 days)
BW (g) 2,593.80+30.02° 2,466.21+24 27° 2,637.17+20.57° <0.05
ADG (g/day) 111.25+4.37° 105.1642.53" 114.83+1.51° <0.05
ADFI (g/day) 173.01+4.14 170.80+4.87 176.33+4.46 0.135
FCR 1.56+0.05" 1.62+0.04° 1.54+0.05° <0.05
Feed cost (Baht/kg) 16.85 16.15 16.30
FCG 26.35+0.76° 26.49+0.54° 25.03+0.81° <0.05
Mortality (%) 0.48+1.17 0.95+1.48 0.00£0.00 0.342
Overall (1-35 days)
BW (g) 2,593.80459.60° 2,466.08+47.07° 2,637.17+33.35° <0.05
ADG (g/day) 73.0241.70° 69.38+1.34° 74.2620.95° <0.05
ADFI (g/day) 100.94+1.95 100.54+1.80 102.8942.40 0.143
FCR 1.38+0.02" 1.45+0.02° 1.39+0.04° <0.05
Feed cost (Baht/kg) 17.39 16.71 16.84
FCG 24.17+0.43° 24.82+0.62° 23.45+0.56" <0.05
Mortality (%) 0.48+1.17 2.39+2.18 0.48+1.17 0.082

*®Means within the same row with different superscripts are significantly different (o < 0.05)
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sneuimsifintsyansnnnistiealisAusnunsndasannisazan sz st ls=dnsnannisldndasnul

Andiin

Table 3 Effect of Multiprotease enzymes supplementation in diets on carcass quality of broiler chickens

PC NC NCMP p-value
Live weight (g) 2,541.75+66.76" 2,368.92+72.64° 2,545.58+73.64° <0.05
Slaughter weight (g) 2,397.42+71.47° 2,226.50+72.83" 2,385.58+71.34° <0.05
Carcass yield (%) 85.11£1.34 84.92+0.94 83.94+2.24 0.18
Wing (%) 8.94+0.51 8.92+0.45 8.97+0.38 0.97
Fillet (%) 4.86+0.47 4.64+0.46 4.94+0.35 0.22
Outer-breast (%) 27.09+1.22° 25.42+1.35° 26.97+1.26° <0.05
Drumstick (%) 11.36+0.77 11.3410.64 11.41£0.56 0.96
Thigh (%) 16.00£0.72 16.00£0.92 15.96+0.70 0.99
Abdominal fat (%) 1.27+0.27 1.60+0.35 1.47+0.40 0.07

*®Means within the same row with different superscripts are significantly different (p < 0.05)

a9
nagsneuladllsfinasulugnsenmsiiiiaddnaninlunisiiuanssan suaanuar AN INGIn
Tnaanzidlaldsniugnsamnsnansyaullsiu wasnuldssTanils uaznaneriilu amnsndosiaimings
o A a A > oAy v a o e 4
uwardns sy inmassefuisuwinAunguilaiuemnstng deeadsudpnninnenlina naanizly

douraaiilantinen uazdsanunsndasansuyuAIaIIsanaAaL
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Comparison of analytical instruments for cell wall determination in rice straw
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WBauiaueiasdedwiuninnsfasilszneuniosad unnedn TngeanuuunImAsesLLLgNaNysally
uanllsznaudan 333 dur 1) 3N1meg 1 2) ANKOM wag 3) inFasileutidszenet Wsmetinansdndiuan
10 A9e19 e uua liFaeg Wt duLaeA HANTNARBINLIIINNTIATIZYRdALTTNa LN T TA R RIN19
drndasiieaiiesa 3 33 liAfele luasazanemifunans windu 70.95%, 71.06%, L&z 70.90% AINANAL LAY
Aiialelugnsazaneiiflunse infu 49.98%, 50.18%, Waz 49.93% ANNAFL < liuAnANS A UNI9EAa
(p > 0.05) mmiﬁﬂmﬁmm“lﬁ’l,ﬁudﬁ'%mmi:qﬂmﬂlﬁ’mmﬁmmxﬁmﬂfﬂizﬂ@umﬁuma’mmﬂw%’mﬁ
ADAAFBITLATNINTFIULAZEE ANKOM melddenlanimasedt asaunsaldidunnadend miunsmaesd
asftlsznavainsadlunnsinsieigewnsdniaiaauld

o o o o= ¥ a &
ﬂ']ﬁ’\ﬂ{]..’li NN LTANNT, “V\|’N°1I’1'J, ']Lﬁﬁ"WW,EI@sLEI, AITUEU

Abstract

Rice straw is an important roughage source for ruminants in Thailand. Determination of cell wall
components, particularly cellulose and hemicellulose, is essential for evaluating roughage quality. This study
aimed to compare analytical instruments for cell wall analysis in rice straw using a randomized complete block
design (RCBD). Three methods were evaluated 1) the conventional method, 2) the ANKOM fiber analyzer, and
3) an applied method. Ten rice straw samples were used, with individual samples treated as blocks. The results
showed that the three methods produced comparable values for neutral detergent fiber (NDF; 70.95%, 71.06%
and 70.90%) and acid detergent fiber (ADF; 49.98%, 50.18% and 49.93%), with no significant differences
among methods (p > 0.05). These findings indicate that the applied method provides results consistent with
the conventional and ANKOM methods and may be considered an alternative approach for cell wall analysis in
rice straw and other forage crops.

Keywords: Fiber analysis, Plant cell wall, Rice straw, Roughage
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AINNNTIAZHRIUNIARTANedBetNaenL TnedE Proximate analysis (AOAC, 1990) WUN N139LATIZW
Bunadeleveny lugunsananeamlssna Ui maang bo wasdaunidulasaas19aanT Wi iwARY

(pectin) adimaglaa (hemicellulose) Laraniiy (lignin) U1edauataazatanasludqan Nitrogen Free Extract

=2 o

(NFE) vinlsiAn#i 6t laigneiesiin (McDonald et al., 2002) asnlinsdiasziinBunnutalaluamisdndipen

12nslneda Proximate analysis liAssunaaniy asfianldnnsanszilangda Detergent fiber Analysis unulng

o

q mqﬁ?:mﬂﬂ,ﬁ'@LLﬂﬂﬂ?mmmﬂ’ﬂizﬂﬂmmmﬁqLﬁﬁm"ﬁﬂﬁ (Van Soest, 1994)

3591A9NULIL Detergent fiber Analysis A2835N19184 Van Soest (1994) WLNFRQUIIL89919 9405
aaniiu 2 daulun) Aa Cell content 1178 Neutral Detergent Soluble (NDS) ﬁ@@im%@imﬂiuwnm’ﬁmﬁwum
Usznaudae TUlsiu wacaw nanesity lodf thena nARY Soluble waz Non-protein nitrogen f';“mqt,l,ﬁ’qmuﬁﬁm’
nmﬁmmuwmﬁﬂ?ximu"’lﬁﬁ@u%\mm waziudauiiazane8lugnsazane Detergent ilunans uag Cell wall
constituents %78 Neutral Detergent fiber (NDF) ﬁ@@'quﬂi:ﬂ@mmmﬁqLm@@’ﬂi:ﬂ@uﬁqawqmﬁ'@‘lﬂﬁ”\mm L

a

wdiraglas waglaa antu Adku T80 waclisfuilddaanaanainiau daguitsdeutlacidssTamlianiyiu

a A e

- 4 oA = o~ \ Y o DRI
ARILAEIUDBAIUNTUU LummrmaxwmzgmumaumﬂwmmmﬂfaﬂLm@@uimmim LL@$’]ﬂQLLﬁ\?@QuuVLNZWNW‘Eﬂ@L’@’]EI

1#luansazane Detergent Mitlunans
N193LATUANRISTa R RN TR 1N T4 RS taesia I Idm1un1siimsefaes Goering and Van Soest
(1970) TneAasnviasAdsznavaeiialenlidauisnazanalsarsazareMidunane wasitialefn luazanelu
= = e Y a o P o A - a ~ -
dnrazaneilunsa Gan1u3anisuLLsanaz dininesnasaatneiNTa1sdnT wasiinansazansadludnines
WasNa1nTuaaldlN1119 U190 389NN 21NN TN AT A LT NI NN NWAS (AOAC, 1990) Aan laRn199WmuA
a o o a rdi o 5 = v TV d‘ . . v
walulagduiinadinssiiteluniymssasiaainsdndnasLaseas ANKOM Fiber Analysis  Tnanisldnanses
ignguawin 25 lulasumslunismasenunsdnd aaniuinganses Fiber Analysis wiasaimsidazestiasuay
a A o o Agyy aa Y a A o v v ~ o \
wnansaratmuneaiuiuldfiaeainisaaix ieasunataNsnigensasnseadngauiiaausaatnauas
dnundalmaninglidaeiunssuaunisnsassaef1e19u19 (ANKOM, 2017) udndudinasnan wilaTed

v
v a « o

ANKOM Fiber Analysis Hs1anunstlsznauiunisliasnisuuusannaz linanunusanisinzs 1 faeene uay

v
o [

ANN1303LANTI LA WARIBEN9AE 1 Tnnafivintii Aavn lin193 A et aRUaIN TN U1 3899 2 wuy Haan
£ v 1 o
LAazdaAas AN
Arstafunanaaslaainnisniun FAO Talszanninisnisnanaasniedioallezanns 723 anususatl

(FAO, 2013) dsluusiaztilszwmealnailgndratszann 61 auls Avnsdnasaunsdeunidunedslaidasndy 40 4

'3

s w luusiazlaglihsdnounnieaunnsinaiuly auiuanugananysnizeshuayanezlsyaiugaeswug

a
v
a o o

Wreda TaRnesiugiume warWugiuge santeadaaus iy W1 81n1a warguu)dnunizasdusiy

- 2

(Sawasdee et al., 2024) nsldW1edrauazdananiuigaglaaau) lusiuisdndgnaiinfasnnAIma
Tnrunisen wazdunnilulngiausi (Jalc et al., 1996) datlymndrAnyndnuans dssdnsnin nslddanmanil
4 \ a vo = | a ¥ = > a9 Y a

e nstiasaasaniumaglaalas avdaulugiinainlasainmanteadulaaaglaaidenseudaeiaiivaglaa
(Yamsa-Ad et al., 2025) mMasinAmAmM N InguInIsaseda o ldmaeiinianianin il Fanaw way

A o ! [ v = A = Y a a & [
walulatiiugnasy wu n1sanauIneuna nsUiudlsednsnenluiavzayise n1sldqaunae waznistiulga
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Wugdalidaduilsne Mstlieiinauainisnlunistealduaznisldlsslominesnresdadluansdnd
(Phonkompaeng et al., 2025)

o :J/ a o -:’l’-ala/ rr_': =3 a r_‘ll A a 1 o ¥ di
Aani nsdeiidngUsrasAieAnsnaTaunaurTasiialun1sinsed Avnisaad lunnedng e

dunsimungilnanluaziasasiiaduiinswsviidelawasuimas luitawsdndselyl

L4 aal
AUnsaluazInnIg
uNENINAaesLULgNaNysniluLfen (Randomizen Completely Block Design; RCBD) HAauauyian
Wl 3 iaviuue B9 ldgiinsaliazipsasiadiuiunisiiassiiitiela lunisaagaasngdie 3 uuy Tnagunnem
= ¥ o o 1 v o s -ﬂl A o 1 o Y o ] v
wisenld 4110 30 faetng dmeasuiugUnsnluaziATesiiauuuas 10 faetng Inadiuunlifaetnannadie
duuden dell MInWs® 13881m93114 (Conventional method) NTNLNUET 2 ANKOM MEniuus 3 38013

szenst (Applied)

35nsNAaey

VAU 1 NsATZIAaETEN1MI§ 1 (Conventional Method)

nnsAneiidieleluansazanafiilunans (Neutral Detergent fiber; NDF) A1tun1sA1a35a84 Goering
and Van Soest (1970) Ingifafatinsanmsunaziden 0.5-1.0 ndu ldluininesauns 600 1adans Hix neutral
detergent solution 100 HaRAAT WiBN sodium sulfite 0.5 NN LAz decahydronaphthalene 2 NadART ANty
WU reflux 111987 60 W1H NTBINNY sintered glass Ansurinuiin dredaerinndutauuay acetone wdraud
fuuQH 100 °C 1luiaan 6-8 dalua neudadminiteAuanian NDFslnmeiidielaluansazarediunae
(Acid detergent fiber; ADF)

Asaasiiielelugnsazaneiidunae (Acid Detergent fiber: ADF) 14351Aeafiu NDF wAllaesudu
acid detergent solution Taeiadnaging 0.5-1.0 ndu Auuuy reflux 1aan 60 w7 Nsasrny sintered glass 814
Faarindutatuay acetone AnTUaLT 100°C 1lwaan 6-8 Falu4 visaauT 80°C druAy wdadarinwiniile

ANIUAN ADF (Goering and Van Soest, 1970)

VIS 2 NTALATIZUAE3BN13289 ANKOM (technology method analyzed by filter bag
technique)
nsatasziitialoaniiunistaal4iA3as ANKOM Fiber Analyzer §u Delta @9a1Aainadia fiter bag
ngngu 25 lulasues Inaussqsinatisainisaslugenseuazinlildasfaansazana NDF vse ADF nelu
r A N T e and, -
wi3ad Anuuigenseslieuuiuardaiuiniaglifesiuduaaunimnses Faddeaanauulslsuniamedia

aunsnalassisaed wldnaageniannu uaranaiuazusesanulunisiingzf (ANKOM, 2017)

VIELNUET 3 N13alAEiRaedanisszenst (Applied)
ﬁﬁmiﬂizqﬂm‘lﬂummmwmmwdqﬁ%ﬁqLﬁmmzmﬂ%’qqmm (Filter bag; F57) Tnartasinatinea1mig

daznnnu 0.5 i ldaalugenses uazih lddnludininesiouiuansazans n1sAsnzyl NDF vinlaesunasantng
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14 neutral detergent solution W¥au sodium sulfite LA decahydronaphthalene Uy reflux wuiaan 60 w1k
ANUUANAEUINAuFaULAT acetone TaWALTN 100 °C wardIuIniin Qe IuN193LAT19W NDF udaunly

Atz ADF mie Tneisalu acid detergent solution UL reflux 60 1191 819 8L Lazdatmin WaA1WIUA1 ADF

a [y o =l
AATIZVBNALTENALUNINIAN

o o

AnmzdesdlsznauniaaiigniAmielngusesanniadiiauazAt A nainnsn unistenld Al dmg

a o

Wwiia (Dry Matter; DM), 11 (Ash), 8uvi3eimg) (Organic Matter; OM), ls%4 (Ether Extract; EE) TUsfuuieny (Crude

Protein; CP), 1elalaneing (Crude Fiber; CF) wazA1nas91uludnnau (Gross energy; GE) Tnaaziauadaya

a9ALlsTnauNIARTIRY LG 11 TRRuis (on DM basis) Ined8n13229 AOAC (1990)

n9aAIs TRy AN NADA

‘3Lﬂmzﬁmﬂamamaﬁimﬂﬁﬁ@g‘@ﬁiﬁmﬁLmﬁw’mmwLLﬂiﬂmu (Analysis of Variance; ANOVA) llag
WRIUTEY AINNLANANISEHIN9ATLRRE ANOVA ATNLHUNIINARBILL LGN aNy sl luLAeA (Randomized
Completely Block Design; RCBD) LL@::?JLm"]:iﬁl,ﬂ?‘?;l‘i_lLﬁEIUﬂ'J’mLLMﬂEﬂI’NWNV’i’]Lﬂgﬂi‘ZWj’qu"ﬂ’W’]i fiszdu

AMTRIU 95 asidus tneldllsunsudsagi Statistical Analysis System A1 Equation 1 (SAS, 2004):

Yij=+Ti+Bj+Eij (1)
e Yij = AdanAaNNYENIALET | luuden ‘ﬁj

b= AlRRENesAd L ARaMIA UM AR

Ti = AvInarewInwWuT i e i = 1,2,3

Bj = @&nsnaresuaen (Wiedna) ‘ﬁj Lfi‘ﬂj =1,2,...,10

gij = ANNARNALARDUIBININAREY

HALAZIATOINANITNARDS

nan1ainnfasiliznaumiaaivasihednauansliidiud shsdafifunaipguiegs afaeds
Wi 94.50% waslauvitedag 85.92% 1zfiUiunand gy 14.08% vinsdadliunnidusfunenouag 1o
Aatdasi Taadlenniniy 3.39% waz 1.58% auaiy douianaudelaveuuazarsaiatmaannlulngiaul
AR 27.98% UAY 52.97% ANANEL Wanani Whadefidndsanudusumingy 3.52 Mcal/kg ANLLARAY

11 Table 1
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Table 1 Chemical composition of rice straw

Chemical compositions Rice straw
Dry matter (%) 94.50
Ash (%) 14.08
Organic matter (%) 85.92
Crude protein (%) 3.39
Ether extract (%) 1.58
Crude fiber (%) 27.98
Nitrogen-free extract (%) 52.97
Gross energy (Mcal/kg) 3.52

pansFaudiaudaTatadiliazans lugsazanafiilunans (Neutral Detergent Fiber;
NDF) mﬂqmﬁwmnmﬁLmﬁm’é’qﬁ%mﬁ%mimmgm (Conventional) L9 ANKOM Lm:'i'ﬁmiﬂizqﬂm’
(Applied) Neldununimaaesuuuguanysailuuden (RCBD) Inaniuua lisaatranied1adundan wudn
ANiaAgUed NDF Rldanniaanudaisnndiesiu TneiAniaaewindu 70.95%, 71.06% way 70.90% Arugsl

ua lNLAMNLANANSAUN9EDRTENINAENNTIAINEA (p > 0.05) Aauanali Table 2

Table 2 Comparison of analytical instruments for neutral detergent fiber (NDF) in rice straw

Sample Conventional* ANKOM* Applied*
Rice straw 1 70.24 70.68 71.14
Rice straw 2 70.56 70.96 71.23
Rice straw 3 70.98 71.18 70.85
Rice straw 4 71.41 70.46 71.64
Rice straw 5 71.02 70.90 71.36
Rice straw 6 70.93 70.64 70.88
Rice straw 7 70.61 70.57 70.69
Rice straw 8 70.79 71.24 71.09
Rice straw 9 71.72 70.99 70.76
Rice straw 10 71.25 71.35 70.93
Mean 70.95 70.90 71.06
SD 0.434 0.295 0.303
SEM 0.111

p-value 0.5546

*Conventional method from Goering and Van Soest (1970). ANKOM technology method analyzed by filter bag
technique (2006). Applied method using a filter bag boiled in the beaker. SD = Standard deviation. SEM =

Standard error of means.
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nannilTauneuArlugash Wazane luansazareitdunse (Acid Detergent Fiber; ADF) aa9Wn9dng
AINN1TAIEWALEATN1TNIRTFIU (Conventional) LATEI ANKOM kazaansdszgnsl (Applied) Tneldsianting
Wrataduuaanlun159AIN SRR LAY RCBD WUGNARALUE ADF ANnfiagnuianAwinty 49.98%, 50.18%

UAT 49.93% MNAAL LA IUNLANNLANANAUNATRAZUIN93ENNTIATIZN (p > 0.05) Aauandlu Table 3

Table 3 Comparison of analytical instruments for Acid detergent fiber (ADF) in rice straw

Sample Conventional* ANKOM* Applied*
Rice straw 1 50.66 50.02 50.20
Rice straw 2 49.78 50.32 49.92
Rice straw 3 50.01 49.97 49.61
Rice straw 4 49.72 49.86 50.39
Rice straw 5 49.56 50.38 50.32
Rice straw 6 49.39 50.45 49.76
Rice straw 7 50.45 50.36 49.83
Rice straw 8 50.08 50.65 49.70
Rice straw 9 49.92 49.87 50.19
Rice straw 10 50.18 49.92 49.41
Mean 49.98 50.18 49.93
SD 0.390 0.283 0.328
SEM 0.116

p-value 0.7469

*Conventional method from Goering and Van Soest (1970). ANKOM technology method analyzed by filter bag
technique (2006). Applied method using a filter bag boiled in the beaker. SD = Standard deviation. SEM =

Standard error of means.

HansANHIHUuAA9 1LY N15ALATIEIAY NDF waz ADF gasvinadnalaald38n9uszgnst (Applied)
wazLATad ANKOM Tipniduualingenduiafsauieuiuisnissaian (Original) atinsasiiane uddnen
o 1 1 1 o aa £ d‘ Y o 1 = o a c Y aca dl
panaaaz liuANA1AUN19anA (p > 0.05) Meliuaunimeaesi IEie 1R UAATIZHALEUANEAT HATINL
geiauliiiindn ANLANANNTeIA R lANANINE TR LMATIANIINIEILATNNIAANNTAIRENG HANNTIANN
WANFANNITLAR 989 Ne LN TAaNT (Van Soest, 1994)

N19938n71989ANIFAN NDF was ADF Anndn mmﬁmmmaﬁzﬁmﬁﬂ@m@ (mechanical loss) 18983N"A
dulgauiadnTudunaunisnsessinudnanauns sounennsganinssedweanaindannses dudeaninues
aa 3 a aa 1 1 . o v 14
ANTuLLALANNR e WS N auuT (Goering and Van Soest, 1970; Van Soest, 1994) Tunnamsaniudns Nl

04n98 (filter bag) v14114LAT8I ANKOM uazdtnisssgnsdosannisgryidaaesayniadulailiazay deanali
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ﬂ’ﬁ’nLﬂﬁ"wﬁiﬁﬁxlLLuQIuNQQﬂQ’]LL@&NﬂquLLﬂ?ﬂi"Jumqﬂqq AL TUT BN TRRIULIATA filter bag 184
ANKOM (ANKOM, 2017)

& 1

AINADAARBITBINANITILATIEWHITNINNAT ANKOM Uazadnisazgnsiiiag

aa &
1 Qﬁﬂﬁ?ﬂ?gﬂqﬂm@ﬂ\l’]ﬁ'ﬂ

° o ° . v = a a 9 o A A ' ' I3
R1ABINANNIINNNIULRITEUL filter bag Ihed19iidszAntnn ulazldiArestiofiugiunnndt etslsfinu ua
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Effects of mango peel powder ensiled with signal grass on silage quality
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NM9INAABIHNIRN LIz AR ANEINATBINITATHEILAaNNEN (mango peel powder; MPP) lusedu
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LA WAYINNNTIUILHUAZLBUAN BIUEN NN LATITINIALAARN B9ALsenaumiaail uaznisiaslfass
#n8ia1 in vitro true digestibility (IVTD) HAN1IMAARINLA1 N191d308 MPP vn1#AN pH Ledsaasnni viinanas
aeNUBdATY (p < 0.05) TlaWIzNIZAL 15% LAZ 20% TNADAARBINTLAZILULANEULNIN SN NANNTUAL
ag luinoEfAuAIMATIANIN wanaIniinisiasn MPP yinlilsunnlasiusaninauuazansn NDF uaz ADF
(p < 0.001) NUITLALNTTLETN MPP 5% was 10% ﬁquWmmiﬂ'@ﬂiﬁﬁu@\ﬁquLﬁq Tsfn o uaznaaaums
NINAgA (p<0.05) lusnziiniaainluszin 20% Juualinvinlddinisdesldvacldsfunazitialoanas
(p < 0.05) Insiagy nawaFunaaanNzialuIzdl 5% uay 10% luntausinugdnuuagiuisodfudgennnin
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Abstract

This study evaluated mango peel powder (MPP) supplementation (0%, 5%, 10%, 15%, 20% DM) on
silage quality, physical score, chemical composition, and in vitro digestibility of signal grass silage. a completely
randomized design (CRD) with 5 levels was used. Silage quality was assessed by physical scoring, lactic acid
analysis, chemical composition, and in vitro true digestibility (IVTD). MPP significantly reduced silage pH (p <
0.05), especially at 15% and 20%. This reduction was associated with higher physical scores, indicating good
to excellent quality. MPP increased ether extract content and decreased NDF and ADF (p < 0.001). MPP at
10% improved digestibility of dry matter, crude protein, ether extract, and gross energy the most (p < 0.05).
However, 20% MPP tended to reduce crude protein and fiber digestibility (p < 0.05). Overall, 5-10% MPP
enhanced fermentation quality and nutritive value of the silage. MPP supplementation provides a sustainable
use of mango-processing by-products in ruminant production systems.

Keywords: Mango peel powder, Signal grass, Silage
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AUUINAY 90 HARAAT LN 4°C 1lwaan 16 Falud neadiadautaawiaduan lpmsnsasdansazaalamanlansan

v
=&

56 0.1 N ileA s n BFunansauainfifingy
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%I\VTD =100 ————— (1)

As-received W,

(W5 - (W4 x Cy)) x 100

0 =100 - ——mmm ™ 2
%IVTDpyy -y ()

Wedugan1amaaes Undeyanannndianziaauulslsan (ANOVA) AMuLEUNIINAREILLIL Completely

Randomized Design (CRD) Taaldlilsunsa SAS (2021) NszsuiadnAty 0.05 mugunis (Equation 3):
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Table 1 Effects of mango peel powder ensiled with signal grass on pH value
Period Mango peel powder (%) SEM  p-value Contrats, p-value

0 5 10 15 20 Linear Quadratic  Cubic
pH 449" 440° 428° 381" 374° 0.103 <0001 <0001 0.0027  0.0003
Smell 11.10° 8.35° 9.25° 11.25° 11.95° 0.179 0.2085 0.0095 0.0048  0.0095
Color 210 250° 260° 265" 275 0.095 <.0001 <.0001 <.0001 <.0001
Texture 3.50°  3.00° 3.05° 250° 245° 0.063 <.0001 <.0001 0.0050  0.5111

Total score 21.24° 18.30° 19.18° 20.16° 21.04° 0.247 0.0024 0.0163 0.0003 0.0011
Lactic acid 38.51° 26.57° 25.90° 50.67° 53.82° 8.546 0.4784 <.0001 <.0001 <.0001
(mg/mL)

> Means with different superscript within the same row are significantly different (p <0.05)

¥
aaX 1 o

ANUATUNINN NN ATLUUNAULATARTuatRTBdAtyilaWisuiunguacuax Tnelanizsziy
a

]
15% waz 20% M liazuuusanet lwnusmnininAmn WATANINAINNIATTIY wlAzuuliedNdaanas
antlasusdsaluinuemninues (nanladnd, 2544; Zhang et al., 2021; Umami et al., 2023) Tasagil nsia3u
MPP 5/ 10-20% Taalinniudndl pH ANWNNzan LANNSNARNSALAARN LAZATUNINNNNIENING A48

AnenansianisUszens g luszaunasu (Siva et al.,, 2021; Duguma et al., 2024; Aung et al., 2024)

uavaNuInuuanEnaniLaaas nuzasAnm NN AR LAzt A
HaTe9NTETNRLRanuzdAansAlsynaum A Enuuavdnuanslu Table 2 naLANszAL
MPP v I ldsAuvenuanas sz ladiuindunazaAn NDF uaz ADF anasad9fdad1Aty (p < 0.05) N1760A9
resllsfuvenudiunilafnainnisiaeansdeaasiulawmanililate leseidndongelunadfonuzdos luanei
g " o s - 0 e o
nanauaesliulazn1sanasaastialaaziaudeniaiiuafulansandenlfiauaznisanasaaatialaly
mlj’mﬁﬂ (Van Soest, 1994; Marcal and Pintado, 2021; Silva et al., 2021)

Ansdanld uansliifiudnnisigin MPP danasianistiaslsaasdnguits Tshu o e luuasnaseu
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soneefld Aty TnaAnsdeadnguiisuasnaseusniuuelingaaulusedu MPP Uunans aeiiAnig
tloalisfiugeaniqanszil 5% waz 10% wazanasdniaulusziy 20% aanndesiunislasuulasesdlszneunis

al q

LﬂﬁﬁiﬂiﬁwmmmmLmzhﬂmquLﬁuﬁuhizﬁummﬁu@ﬁ Huasiadndauansanmsuazearinlinistininig
mﬂmauw‘%ﬂfﬁiﬂﬁqwmﬂmmmmm (Hilgers et al., 2025; Marcal and Pintado, 2021) Arnselaelasiufingy
agaunnidieisin MPP Tagiannziiszdu 10% uas 15% mmﬂﬁmﬁuﬂ?mmhﬁuﬁ'qﬁu Tneisaunasld MpPP
3 ”uﬁzg\iﬁLLmTﬁmmmmmmmium@ﬂfaﬂLﬁﬂiﬂ NDF uaz ADF dvenaifiandesiuan mnisminfidunsesnn
y o L .

AWT9919UTIN19M19 U999 AU T ia Lt lau19ngu (Van Soest, 1994; Hashemzadeh-Cigari et al., 2011)
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WaRasunn nsINaesesAlsznaun1uAiLazAIn1stes e n1sETuRlRanuzaaelusTiy 5% uaz 10% 19f
AN AN TN 9L ANEs ez T nsasiEale Lmzmimrﬁhmsﬂﬂﬂiﬂ@ﬁul,mzt,?i@‘lﬂlﬁ’ﬂg‘lu
seAUTA ”Lummzﬁmm?m‘lm:ﬁmgqndﬁ 15% wilazdaaan pH Lazifinnsauanan uitiueluaanistios|dra
Tsiunazidalaanninasuuladlnsaieansanvnsuazaninnisvsniiaaudunsauinifulyl (Canaveral-
Martinez et al., 2023; Duguma et al., 2024)




B e e sy Aot cotarnn
== | The 64" Kasetsart University Annual Conference AISUNLEUDNAVIUNIAUSSENY

ANdmT

Table 2 Chemical composition and in vitro true digestibility (24 hr) of signal grass silage ensiled with mango

peel powder
Mango peel powder (%) SEM p-value Contrats, p-value

fem 0 5 10 15 20 Linear Quadratic Cubic
Chemical composition(%)
Dry matter 95.69° 94.96% 94.14° 94.71%* 94.38° 0.96 0.1081 0.0391 0.1325 0.4702
Organic matter 90.74 90.24 90.92 91.42 91.22 0.24 0.6939 0.3126 0.8633 0.3671
Crude protein 6.57° 6.65% 6.47° 5.71° 5.34° 0.18 0.0008 0.0001 0.0111 0.0982
Fat 1.91° 2.05° 2.44° 3.15° 3.24% 0.18 <.0001 <.0001 0.4575 0.0095
Ash 9.26 9.76 9.08 8.58 8.78 0.24 0.6936 0.3126 0.8632 0.3671
NDF' 67.57° 66.97° 62.39" 58.53° 55.04° 1.61 <.0001 <.0001 0.0139 0.0131
ADF? 34.25° 34.47° 32.35° 30.37° 28.60° 0.76 0.0002 <.0001 0.0204 0.0467
GE (Kcal/g) 418 4.14 417 4.16 4.08 0.01 0.1613 0.0620 0.2852 0.1347
In vitro true digestibility(%)
Dry matter 49.47° 50.36° 42.94° 52.51% 56.81° 0.96 <.0001 0.0016 0.0002 0.5453
Crude protein 48.53" 65.73° 55.81% 53.17% 35.05° 3.63 0.0278 0.0319 0.0104 0.4250
Fat 29.97° 52.17° 79.72° 73.65% 67.23° 6.07 0.0012 0.0004 0.0012 0.6482
NDF' 35.29° 12.40° 38.56° 36.88° 32.86° 1.66 0.4367 0.3042 0.6458 0.0301
ADF? 32.96° 4.10° 37.07° 35.62° 29.61° 4.38 0.4001 0.2605 0.6465 0.0194
GE 50.23° 47.31° 58.26 47.61° 43.44° 247 0.0012 0.0094 0.0015 0.0725

*? Means with different superscript within the same row are significantly different (o < 0.05)

Remark: 'Neutral detergent fiber (NDF)
’Acid detergent fiber (ADF)
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Abstract

This study aimed to investigate the effects of dietary supplementation with marine sulfated
polysaccharides (MSPs) extracted from green seaweed in creep feed on growth performance and fecal scores
of pre-weaning piglets. A total of 28 sows and their litters (420 piglets) were divided into 2 groups, piglets in
the treatment group were received creep feed supplemented with MSPs and the control group received
unsupplemented creep feed. The results showed that weaning weight and average daily gain of MSPs group
were not significantly different (p > 0.05) when compared to control group. A significant reduction in fecal
scores was observed in the MSPs group compared with the control group (p < 0.05). Therefore,
supplementation with MSPs in creep feed for suckling piglets reduced fecal scores, indicating beneficial effects
on gut health.

Keywords: Fecal scores, Growth performance, Marine sulfate polysaccharides, Pre-weaning piglets
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Introduction

In modern swine production, continuous genetic improvement toward high-prolific sows has markedly
increased litter size, thereby enhancing productivity and economic efficiency. However, this progress is
accompanied by challenges such as higher pre-weaning mortality (PWM) and increased incidence of neonatal
diarrhea (Bunter and Graser, 2010). Piglets from large litters are typically born with lower birth weights, reduced
vitality, and limited access to colostrum, predisposing them to hypothermia, starvation and enteric disorders.
These vulnerabilities, coupled with immature immune function and poor intestinal development, have made
early-life health a critical factor for survival and growth performance (Nuntapaitoon and Tummaruk, 2015;
Muns et al., 2016).

Pre-weaning diarrhea remains one of the most common health issues in neonatal piglets, often caused
by pathogens such as Escherichia coli. (Lecce, 1986; Jacobson, 2022). The disease is particularly prevalent
in large litters or inadequate colostrum intake and passive immunity are insufficient. Environmental factors
including temperature, humidity, sow parity and farrowing management also influence disease severity and
piglet survival (Katsuda et al., 2006). In hyperprolific herds, these stressors compound, leading to increased
morbidity and mortality. Consequently, improving intestinal barrier integrity and mucosal immunity during the
pre-weaning stage is essential to enhance piglet health and reduce the use of antibiotics. The restriction on
in-feed antibiotics has encouraged researchers to explore alternative natural feed additives that can promote
intestinal health, modulate immune responses and prevent gastrointestinal diseases. Among these, marine
sulfated polysaccharides (MSPs) have emerged as promising bioactive compounds. MSPs are complex
carbohydrates with sulfate groups attached to their sugar backbone, derived mainly from marine macroalgae.
These compounds possess diverse biological activities, including anti-inflammatory, antibacterial, antiviral,
antioxidant and immunomodulatory effects (Arokiarajan et al., 2022; Bhuyan et al., 2023; Miranda-Arizmendi et
al., 2024).

Marine algae are classified into three main groups; red (Rhodophyta), brown (Phaeophyta), and green
(Chlorophyta) which contain characteristic sulfated polysaccharides such as carrageenan, fucoidan, and ulvan
(Bleakley and Hayes, 2017). Among them, ulvan extracted from green seaweeds (Ulva spp.), has attracted
significant attention due to its complex structure and multifunctional properties. Ulvan is a polyanionic
heteropolysaccharide mainly composed of rhamnose, glucuronic acid, iduronic acid and xylose with sulfate
substitutions that enhance solubility and biological activity (Kidgell et al., 2019; Martins et al., 2023). Its
molecular configuration, including the presence of uronic acids and sulfate groups, plays a crucial role in
determining its biological activity, such as binding to proteins, modulating immune cells and stabilizing epithelial
tight junctions.

On previous studies have shown that ulvan and other MSPs can stimulate goblet-cell secretion and
increase the expression of mucin (MUC2), zonula occludens-1 (ZO-1) and occludin, thereby reinforcing the

intestinal barrier and reducing pathogen translocation (Barcelo et al., 2000; Zou et al., 2021; Malairaj et al.,
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2023). In weaned pigs, dietary supplementation with seaweed-derived polysaccharides improved average daily
gain (ADG), feed-to-gain ratio (F/G) and significantly decreased diarrhea incidence (Zou et al., 2021). Similarly,
supplementation in gestating sows improved piglet intestinal health and reduced fecal scores post-weaning,
demonstrating transgenerational benefits (Heim et al., 2014). Ulvan also exhibits immunomodulatory and anti-
inflammatory functions. It can enhance lymphocyte proliferation, macrophage phagocytosis and
immunoglobulin synthesis in immunocompromised animals (Cao et al., 2022), while suppressing pro-
inflammatory cytokines such as TNF-a, IL-6 and IFN-y (Mhadhebi et al., 2014; Cindana Mo'o et al., 2020).
Furthermore, ulvan’s antioxidant capacity mitigates oxidative stress by scavenging free radicals and protecting
epithelial cells (Pangestuti and Kurnianto, 2017; Barakat et al., 2022). Collectively, these properties highlight its
potential as a functional feed ingredient to improve gut health and growth performance in piglets. Given these
findings, marine sulfated polysaccharides, particularly ulvan from Ulva spp., represent a promising natural
additive to enhance intestinal function, reduce diarrhea and improve performance in piglets. However, limited
studies have focused on their effects during the pre-weaning stage, a critical period for establishing gut barrier
function and microbial colonization.

Therefore, the objective of this study was to investigate the effects of marine sulfated polysaccharides
extract on growth performance and fecal score of pre-weaning piglets. We hypothesize that supplementation
with ulvan extract can strengthen the intestinal barrier, improve nutrient utilization and reduce diarrhea

incidence providing a sustainable antibiotic-free approach to promoting piglet health and welfare.

Materials and Methods

Ethical approval and experimental design

The experimental protocol was approved by the Institutional Animal Care and Use Committee of
Kasetsart University, Thailand (Approval No. ACKU68-AGR-037). A total of 28 sows were included in this study,
with detailed information on sow parity, number of sows, and number of piglets per litter provided in Table 1.
On farrowing day, the sows were stratified randomly by parity allocated into two experimental groups: Control
(n = 14) and Treatment (n = 14). The piglets in the control group sows (n = 208) had no oral supplementation
and the piglets in the treatment group sows (n = 212) were orally supplemented by added on top on creep feed
with MSPs extract 50 grams/litter/day, a commercial product composed of the non-formulated Ulva fraction.
The piglets in the treatment group had access to MSPs extract in creep feed for the piglets. The creep feed
was manually provided daily from day 5 to 28 (weaning), in feeders, placed in the pen.

The sample size was determined by the number of sows available within a single batch of the
commercial farrowing system. Although a larger number of sows per treatment would be preferable, the present
study reflects realistic on-farm conditions. Importantly, the sow (pen) was considered the experimental unit, and

appropriate mixed-effects models were applied.
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Table 1 Sow parity distribution and litter characteristics of experimental groups
CON MSPs
Sow parity
Number of sows Number of piglets Number of sows Number of piglets
Parity 2 2 32 2 31
Parity 5 7 105 7 105
Parity 6 5 71 5 76
Total 14 208 14 212
Aver. parity 4.93+0.35 4.93+0.35
Aver. piglets/litter 14.86+0.48 15.14+0.22

CON: creep feed without supplement. MSPs: creep feed with MSPs. Aver. parity: average parity of sow

Aver. piglets/litter: average piglets per litter. Values are presented as meanztstandard error of mean (SEM)

Animal, Housing and Management

This study was carried out in a 250-sows commercial swine herd in the eastern part of Thailand
between August and October 2025. The breed of sows was crossbred (Large WhitexLandrace) female parities
between 2 to 6. During gestation, sows were fed a commercial gestation diet (14% crude protein, 3% fat, 10%
fiber and 13% moisture) that met or exceed their nutritional requirement estimates. Feed was provided twice a
day following a standardized feeding pattern, resulting in an average of 2.5 kg per sow per day. During lactation,
sows were fed twice a day with a commercial lactation diet (16% crude protein, 3% fat, 10% fiber and 13%
moisture), increasing the daily amount of feed offered, until ad libitum feed was reached after one week of
lactation. The animals were received water ad libitum in a continuous water channel. The gestating sows were
moved to the farrowing house approximately 1 week before the predicted farrowing date. The farrowing facilities
consisted of an evaporative cooling system housing provided with fans and individual water sprinklers to reduce
the impact of the high ambient temperature. Sows were kept in individual farrowing crates (1.57 m?) placed at
the centre of the pens with a space allowance of 4.05 m’. The pens were fully slatted with concrete at the center
for sows and steel on both sides of the farrowing crate for piglets. Each pen was provided with a creep area for
piglets (0.36 m?) placed on the floor on one side, covered by a wooden sheet and heating lamp during the first
week after farrowing. The heating lamp was usually turned on during the night or when the environment
temperature fell below 30°C. The temperature in the creep area was between 30'Cto 36 C.

The parturition process was carefully supervised. The sows and piglets were interfered with as little as
possible. No extra management was performed on the newborn piglets. Routine procedures performed on the
piglets included tail docking, tooth clipping and a 2 ml iron supplement administered intramuscularly on the
first day of life, orally administered suspension for coccidiosis on the third day of age. Piglets were
supplemented with commercial milk product from day 3 and fed commercial creep feed (20% crude protein,

4% fat, 3% fiber and 13% moisture) from day 5 until weaning (28 day). During the entire experiment the animals




e e e tier st oo
w2 == | The 64" Kasetsart University Annual Conference MSNIAUIHANIUNIAUSSENY

ANdmT

were checked daily for health or eating problems. An all-in/all-out swine production system with thorough

cleaning and disinfection in between lots was implemented routinely on this farm.

Growth performance and fecal score

The pigs were weighed on day 5 and 28 of the experiment by electronic scale (BW). Average Daily
Gain (ADG) were subsequently calculated. The fecal score was recorded twice a day (9.00 a.m. and 15.00
p.m.) on day 12, 19 and 26 of the experiment. Each fresh sample was given a fecal score according to the
consistency and appearance using the fecal consistency score system including 4 scale as reported by Pérez-
Calvo etal. (2019) where: 0 = normal, firm feces; 1 = soft feces, possible slightly diarrhea; 2 = formless, semifluid
feces, moderate diarrhea; 3 = very watery and frothy feces, severe diarrhea. The fecal scores 2 2 were defined

as diarrhea (Xue et al., 2024).

Blood Analysis

Whole blood was used for determination of white blood cells (WBC) differential counts within 24 hr after
collection using standard laboratory techniques from each treatment to calculate neutrophil to lymphocyte ratio
(NLR) by comparing the percentage of neutrophils to lymphocytes, the indicator of stress and inflammation
index. Piglet was selected one randomly per pen at day 26. Blood samples (5 ml) were collected via jugular
venipuncture into EDTA tube for NLR analysis. The numbers of neutrophil and lymphocyte cells were counted

using a light microscope and this data was used to calculate the NLR.

Statistical analysis

Statistical analyses were conducted using SAS® OnDemand for Academics, with a significance level
set at p < 0.05. Normality test was checked by the Shapiro-Wilk test. Growth performance data were analyzed
using mixed-effects models. For BW analysis, treatment, day, and their interaction were included as fixed
effects. Sow parity and litter size were included as covariates to account for maternal and litter-related effects.
Pen was considered the experimental unit and was included as a random effect. BW measured at day 5 and
day 28 was analyzed as repeated measures, with day as the repeated factor and pen as the subject, using a
compound symmetry covariance structure. ADG was analyzed using mixed-effects models with treatment as a
fixed effect and pen as a random effect. Sow parity and litter size were included as covariates in the model.
Least squares means were estimated and compared between treatments. Data were expressed as least
squares mean (LS-means)+tstandard error of mean (SEM). NLR was analyzed using independent t tests. Data
were expressed as mean+SEM. Fecal score data were analyzed as categorical variables, and differences in

frequency distributions between treatments were evaluated using Fisher’s exact test.
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Results and Discussion

Growth performance

Growth performance results are summarized in Table 2. BW did not differ between treatments at day
5 (p > 0.05), indicating comparable initial BW. At day 28, piglets receiving MSPs-supplemented creep feed
showed a numerically higher BW than the control group; however, this difference was not statistically significant
(p>0.05). Similarly, ADG from day 5 to 28 did not differ between treatments when analyzed using mixed-effects
models.

The lack of statistical significance in growth parameters may be related to the relatively short
supplementation period, limited sample size and inter-individual variability in creep feed intake and colostrum
consumption among piglets. Nevertheless, the consistently higher numerical values for BW and ADG in the
MSPs group suggest a potential positive effect of MSPs on growth. This trend is in agreement with previous
findings showing that dietary seaweed-derived polysaccharides can improve intestinal morphology, including
increased villus height and villus height-to-crypt depth ratio, thereby enhancing nutrient absorption and feed

utilization efficiency (Zou et al., 2021).

Table 2 Growth performance of pre-weaning piglets fed creep feed with or without MSPs

Treatment p-value

Parameter
CON MSPs TX Day Tx*Day  Parity LS

BW D5 (initial), kg/pig ~ 1.701£0.072  1.702+0.052 0.99
BW D28 (final), kg/pig ~ 5.118+0.299  5.443+0.193 032 <005 031 0.27 0.55

ADG D5-28, kg/day 0.163£0.010  0.169+0.006  0.64 0.58 0.61

BW: body weight. ADG: average daily gain. CON: creep feed without supplement. MSPs: creep feed with MSPs.

Co-factor: Parity, LS = litter size. Values are LS-means+SEM obtained from mixed-effects models.

Neutrophil to lymphocyte ratio (NLR)

The effects of MSPs supplementation on hematological stress indicators at 26 days of age are
summarized in Table 3. No significant differences were detected between treatments for total white blood cell
count, neutrophil count, lymphocyte count or NLR (p > 0.05).

These results indicate that MSPs supplementation did not induce systemic inflammation or stress
responses in pre-weaning piglets. The numerically higher WBC and neutrophil counts observed in the MSPs
group may reflect a mild immunomodulatory stimulation, as sulfated polysaccharides have been reported to
enhance innate immune activity through macrophage and lymphocyte activation (Berri et al., 2016; Cao et al.,
2022). Overall, MSPs supplementation appeared to be safe and did not adversely affect hematological

parameters associated with stress or inflammation.
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Table 3 Effect of MSPs on stress index at 26 days of age
Parameter Treatment p-value
CON MSPs
White Blood Cells, cells/pL 8,5674+915 9,587+800 0.41
Neutrophil, cells/uL 4,059+645 4,509+608 0.61
Lymphocyte, cells/uL 4,233+362 4,716+£355 0.35
NLR 0.939+0.122 0.993+0.138 0.77

All values represent the mean+SEM of 14 pens. Statistical comparisons were conducted using independent t

tests.

Fecal score

The distribution of fecal scores is shown in Table 4. On day 12 of age, after 7 days of supplementation,
the fecal score distribution tended to differ between groups (p = 0.08) with piglets in the MSPs group showing
a higher proportion of normal feces (scores 0-1) and a lower proportion of diarrhea (scores 2-3) compared with
the control group. A similar tendency was observed on day 19 (p = 0.06), despite a slight increase in scores
2-3 in the MSPs group; the supplemented piglets still maintained a higher proportion of normal fecal scores
than the control.

At day 26, the fecal score distribution differed significantly between treatments (p < 0.05), the overall
diarrhea incidence (scores 2-3) was reduced from 28.9% in the control group to 19.3% in the MSPs group.
Piglets receiving MSPs-supplemented creep feed exhibited a markedly higher proportion of normal feces and
a lower incidence of diarrhea compared with the control group. These findings demonstrate a clear beneficial
effect of MSPs on fecal consistency during the late pre-weaning period. The significant improvement in fecal
score observed only on day 26, despite earlier numerical trends, may be explained by the time-dependent
effects of MSPs. These compounds require sufficient time to enhance gut barrier function, modulate immune
responses, and shift gut microbiota composition processes that typically become more effective after 2-3
weeks of supplementation (Zou et al., 2021; Malairaj et al., 2023). Moreover, piglet immune maturation and
increased creep feed intake around the third week likely contributed to more consistent exposure and response
to MSPs (Pérez-Calvo et al., 2019; Cao et al., 2022).

The improvement in fecal condition observed in this study may be attributed to the bioactive properties
of MSPs, particularly their roles in enhancing intestinal barrier function and modulating gut microbiota
composition (Liu et al., 2019; Malairaj et al., 2023). Previous studies have shown that MSPs can upregulate the
expression of tight junction proteins (zonula occludens-1, occludin, and claudin-1) and mucin genes such as
MUC?2, leading to enhanced mucus secretion from goblet cells and reduced intestinal permeability (Malairaj et
al., 2023; Wang et al., 2024). Strengthening of the mucosal barrier may limit the translocation and colonization
of enteric pathogens, including F4-Escherichia coli. (ETEC) and other diarrhea-causing bacteria. In addition,
MSPs possess antimicrobial and anti-inflammatory properties that may further contribute to improved gut health.

Berri et al. (2016) reported strong antimicrobial activity of MSPs extracted from Ulva armoricana. against
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pathogens such as E. coli., Streptococcus suis. and Pasteurella multocida. Moreover, MSPs have been shown
to reduce pro-inflammatory cytokines, including IL-6 and TNF-a and to modulate immune responses (Mhadhebi
et al., 2014; Cindana et al., 2020). These combined effects likely explain the reduced diarrhea incidence and

improved fecal scores observed in piglets fed MSPs.

Table 4 Fecal score distribution (%) of piglets from day 5 to day 26

Treatment
Observation Fecal score p-value
n CON (%) n MSPs (%)
0 34 40.5 43 43.4
1 21 25.0 30 30.3
Day 12 0.08
2 7 8.3 14 141
3 22 26.2 12 12.1
0 19 221 32 37.6
1 29 33.7 18 21.2
Day 19 0.06
2 17 19.8 11 12.9
3 21 24.4 24 28.2
0 21 27.6 48 57.8
1 33 43.4 19 22.9
Day 26 <0.05
2 3 3.9 4 4.8
3 19 25.0 12 14.5

CON: creep feed without supplement, MSPs: creep feed with MSPs, n: number of observations.

Statistical comparisons between Control and Treatment groups were conducted using Fisher's exact test.

Although MSPs supplementation did not result in statistically significant improvements in growth
performance, the significantimprovementin fecal consistency, suggest that MSPs can promote intestinal health
in pre-weaning piglets. These results are consistent with previous studies reporting reduced diarrhea incidence
and improved performance stability in piglets receiving seaweed-derived polysaccharides, particularly under
enteric challenge conditions (Heim et al., 2014). Overall, the present findings support the potential of MSPs as
a natural bioactive feed additive to enhance gut integrity and reduce diarrhea risk during the suckling period,
without inducing stress or inflammatory responses. While growth performance benefits were modest under the
conditions of this study, improved fecal consistency indicates better intestinal function and health.

Despite the promising outcomes observed in fecal score improvement, this study has several
limitations. First, the sample size was constrained by the number of sows available in a single commercial batch,
which may have limited the statistical power to detect differences in growth performance. Second, individual
creep feed intake was not recorded, which could have led to variation in the actual exposure to MSPs among
piglets. Additionally, the relatively short study period focused solely on the pre-weaning phase, preventing
assessment of any long-term benefits or carryover effects post-weaning. The study also lacked molecular and

microbial analyses, such as gut microbiota profiling or gene expression related to gut barrier function, which
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would have provided mechanistic insights into the effects of MSPs. Lastly, the commercial farm setting, while
enhancing real-world relevance, introduced environmental and management variability that could confound
results.

Further research with larger sample sizes, extended supplementation periods and additional biological
measurements (e.g., mucin and tight junction gene expression, serum cytokines and gut microbiota profiling)
is warranted to better elucidate the mechanisms underlying the beneficial effects of MSPs and to evaluate their
potential impact on post-weaning performance and antibiotic reduction strategies.

Dietary supplementation of marine sulfated polysaccharide at a dosage of 50 grams/litter/day in creep
feed for pre-weaning piglets tended to reduced diarrhea (score 3) in younger piglets (D12) and improve gut
health status (score 0) of nearly weaning piglets (D26). These findings indicate that MSPs supplementation can
stimulate intestinal functional balance by reducing the incidence of piglet diarrhea and promote gut health

status.
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Abstract

This study evaluated the effects of dietary supplementation with Bacillus subtilis C-3102 on growth
performance, intestinal morphology, and immune response in broiler chickens. A total of 120 one-day-old male
Ross 308 broilers were randomly allocated to two dietary treatments: a basal diet (control) and a basal diet
supplemented with 0.003% B. subtilis C-3102, with six replicates per treatment and ten birds per replicate, over
a 42 day period. Growth performance was assessed during the starter, grower, finisher |, finisher Il, and overall
phases. Serum immunoglobulin A (IgA) concentrations were measured at different stages, and intestinal
morphology of the duodenum, jejunum, and ileum was evaluated on day 42. Dietary supplementation with
B. subtilis C-3102 did not significantly affect body weight, body weight gain, average daily gain, mortality rate,
intestinal villus height, crypt depth, villus height to crypt depth ratio, or serum IgA concentrations (p > 0.05).
However, birds fed the C-3102-supplemented diet exhibited significantly lower feed intake during the starter
period and improved feed conversion ratio during the finisher | period compared with the control group
(p < 0.05). These results indicate that B. subtilis C-3102 can enhance feed utilization efficiency during specific
growth phases without adverse effects on health, intestinal structure, or systemic immunity, supporting its
potential use as a probiotic alternative to antibiotic growth promoters in broiler production systems.

Keywords: Bacillus subtilis C-3102, Broiler chickens, Growth performance, Intestinal morphology, Serum IgA
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Introduction

The global poultry industry has faced substantial challenges following increasing restrictions and bans
on the use of antibiotic growth promoters (AGPs) in animal feeds. These regulations were implemented in
response to concerns regarding the development and spread of antimicrobial-resistant bacteria, which pose
significant risks to both animal and public health. Consequently, the poultry industry has sought effective
alternatives capable of maintaining growth performance, feed efficiency, and intestinal health under intensive
production systems (Fritts et al., 2000; Hooge et al., 2004).

Among the proposed alternatives, probiotics have gained considerable attention. Probiotics are
defined as live microorganisms that, when administered in adequate amounts, confer beneficial effects on the
host by improving the balance of intestinal microbiota. In broiler chickens, probiotic supplementation has been
associated with improved nutrient utilization, enhanced gut health, and increased resistance to enteric
pathogens (Meurer et al., 2010).

Spore-forming probiotics, particularly Bacillus species, present several advantages over conventional
lactic acid bacteria due to their high resistance to heat, pressure, and adverse feed processing conditions.
Bacillus subtilis C-3102 is one of the most extensively studied probiotic strains used in poultry nutrition.
Numerous studies have demonstrated that dietary supplementation with Bacillus subtilis C-3102 at levels of
approximately 3x10° to 5x10° CFU/kg feed improves body weight gain and feed conversion ratio in broiler
chickens, supporting its efficacy as an alternative to antibiotic growth promoters under various rearing
conditions (Fritts et al., 2000; Hooge et al., 2004; Marubashi et al., 2013).

In addition to growth performance, Bacillus subtilis C-3102 has been shown to beneficially modulate
intestinal microbiota when supplemented at dietary levels of approximately 3x10% to 1x10° CFU/kg feed, by
promoting the proliferation of beneficial bacteria and suppressing pathogenic microorganisms such as
Salmonella spp. and Escherichia coli. These microbial changes are closely associated with improvements in
intestinal morphology, including increased villus height and reduced crypt depth, which enhance nutrient
absorption and contribute to improved gut integrity (Jeong and Kim, 2014; Manafi et al., 2016).

Moreover, probiotic supplementation with Bacillus subtilis C-3102 has been shown to enhance immune
responses in broiler chickens, including improved humoral immunity, higher antibody titers following
vaccination, and increased resistance to pathogenic challenges, thereby contributing to immune competence
and food safety (Manafi et al., 2016; Nishiyama et al., 2021). In line with these findings, dietary supplementation
with other B. subtilis strains at 3.0x10°-5.0x10° CFU/kg feed significantly enhanced gut immunity by increasing
intestinal IgA levels and upregulating tight junction—related genes such as occludin, while higher inclusion levels
up to 1.8x10° CFU/kg feed elicited dose-dependent improvements in immunoglobulin production and intestinal
morphology (Mohamed et al., 2022; Cai et al., 2024; Chen et al., 2024).

It was hypothesized that dietary supplementation with Bacillus subtilis C-3102 would improve growth
performance and feed utilization efficiency in broiler chickens by modulating intestinal microbiota, enhancing

intestinal morphology, and supporting gut immune function, without exerting adverse effects on overall health.
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Materials and Methods

The experiment was approved by the Institutional Animal Care and Use Committee, Faculty of
Agriculture, Kasetsart University (Approval No. ACKU67-AGR-031). A total of 120 one-day-old male Ross 308
broiler chicks were randomly assigned to two dietary treatments in a completely randomized design with six
replicates per treatment and 10 birds per pen. Birds were vaccinated against Infectious Bursal Disease (IBD)
at hatch and against Newcastle Disease (ND) and Infectious Bronchitis (IB) at hatch and 10 days of age. Feed
and water were provided ad libitum for 42 days.

Dietary treatments included a basal diet (control) and a basal diet supplemented with Bacillus subtilis
C-3102 at 0.003% (C-3102), equivalent to 3.0x10° CFU/kg of feed. Diets were formulated to meet or exceed
Ross 308 nutrient requirements (Aviagen, 2022) and were provided in four phases: starter (1-10 d), grower
(11-24 d), finisher 1 (25-35 d), and finisher 2 (36-42 d). The probiotic product contained spray-dried spores of
B. subtilis C-3102 at 1.0x10"® CFU/g.

Body weight and feed intake were recorded on days 1, 10, 24, 35, and 42 to calculate BWG, ADG, Fl,
and FCR. Mortality was recorded daily. Blood samples were collected from two birds per pen on days 10, 24,
35, and 42 for serum immunoglobulin A (IgA) analysis using a commercial ELISA kit.

On day 42, three birds per pen were selected for intestinal morphology analysis. Duodenum, jejunum,
and ileum samples were fixed in 10% buffered formalin, sectioned, and stained with hematoxylin and eosin.
Villus height (VH), crypt depth (CD), and VH/CD ratio were measured following standard histological procedures
(Jeong and Kim, 2014).

Data were analyzed using the f-test in SAS software (SAS Institute, 1985). The pen was the
experimental unit for growth performance, while individual birds were used for IgA and intestinal morphology.

Differences were considered significant at p < 0.05.

Table 1 Composition and nutritional contents of experimental diets

Starter Grower Finisher | Finisher Il

Ingredients (%)
(0-10 days) (11-24 days) (25-35days) (3642 days)

Corn 32.51 36.55 42.18 46.42
Broken rice 20.00 20.00 20.00 20.00
Soybean meal (dehulled; 48% crude

orotein) 38.30 34.80 29.71 25.82
Crude rice bran ol 4.03 4.39 4.22 3.94
Calcium carbonate 1.24 0.91 0.81 0.74
Monocalciumphosphate 1.93 1.54 1.28 1.21
Salt 0.50 0.50 0.32 0.21
Sodium bicarbonate 0.10 0.10 0.28 0.45
DL-Methionine 0.41 0.35 0.33 0.32
L-Lysine 0.28 0.21 0.23 0.26
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Table 1 Composition and nutritional contents of experimental diets (Continued)

Starter Grower Finisher | Finisher Il

Ingredients (%)
(0-10 days) (11-24 days)  (25-35 days) (3642 days)

L-Threonine 0.19 0.14 0.13 0.14
Choline chloride 60% 0.06 0.06 0.06 0.06
Vitamin & Mineral Premix’ 0.24 0.24 0.24 0.24
Antioxidant & toxin binder 0.10 0.10 0.10 0.10
Anticoccidial 0.05 0.05 0.05 -
Probiotics (C-3102) 0.003 0.003 0.003 0.003
total 100.00 100.00 100.00 100.00

Nutrients by calculation

Metabolizable Energy (kcal/kg) 2,975 3,050 3,100 3,125
Dry matter % 88.48 88.36 88.21 88.11
Protein % 23.00 21.50 19.50 18.00
Fat % 5.76 6.23 6.22 6.08
Fiber % 2.40 2.37 2.33 2.29
Lysine % 1.47 1.31 1.20 1.13
Dig. Lys % 1.32 1.18 1.08 1.02
Met + Cys % 112 1.04 0.97 0.92
Dig.Met + Cys % 1.00 0.92 0.86 0.82
Methionine % 0.75 0.68 0.64 0.61
Dig.Met % 0.71 0.64 0.6 0.58
Threonine % 1.02 0.92 0.84 0.79
Dig.Thr % 0.88 0.79 0.72 0.68
Calcium % 0.95 0.75 0.65 0.6
Tot.Phos.% 0.82 0.72 0.64 0.61
Avail.Phos% 0.50 0.42 0.36 0.34
Sodium % 0.23 0.23 0.21 0.21

Note: 'Vitamin and mineral premix per kilogram of diet: vitamin A, 4,800,000 1U; vitamin D3, 1,200,000 IU; vitamin
E, 6,000 IU; vitamin K3, 0.6 g.; vitamin B1, 0.6 g.; vitamin B2, 2.2 g.; vitamin B6, 0.8 g.; vitamin B12, 0.004 g.;
pantothenic acid, 10 g.; folic acid, 0.2 g.; biotin, 0.048 g.; Mn, 32 g.; Zn, 24 g.; Fe, 16 g.; Cu, 3.2 g.; 1, 0.2 g;;
Co, 0.04 g.; Selenite, 0.04 g.

Results and Discussion

Growth performance
The effects of dietary supplementation with Bacillus subtilis C-3102 on growth performance of broilers

are presented in Table 2. Dietary treatment did not significantly affect body weight, body weight gain, or average
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daily gain during the starter, grower, finisher I, finisher I, and overall periods (p > 0.05). Mortality rate was also
not influenced by C-3102 supplementation throughout the experimental period (p > 0.05).

However, broilers fed the diet supplemented with B. subtilis C-3102 exhibited significantly lower feed
intake during the starter period compared with the control group (p < 0.05). In addition, feed conversion ratio
(FCR) during the finisher | period was significantly improved in the C-3102 group (p < 0.05), whereas overall
FCR was not affected by dietary treatment (p > 0.05).

The reduced feed intake observed during the starter period without a corresponding reduction in
growth performance suggests an improvementin feed utilization efficiency in birds receiving C-3102. This effect
may be associated with early modulation of gut microbiota and enhancement of digestive function by B. subtilis,
which has been reported to produce extracellular enzymes and improve nutrient digestibility in young broilers
(Lee et al., 2014; Jeong and Kim, 2014). Improved digestive efficiency during early life may allow chicks to

meet their nutrient requirements with lower feed consumption.

The significantly improved FCR observed during the finisher | period indicates that the beneficial
effects of B. subtilis C-3102 on feed efficiency may become more pronounced during phases of rapid growth
and high nutrient demand. During this stage, broilers are particularly sensitive to changes in intestinal function
and microbial balance. Probiotic supplementation with B. subtilis has been shown to enhance nutrient
absorption efficiency, stabilize gut microbiota, and reduce the energy cost associated with subclinical immune
activation, thereby improving feed conversion even in the absence of significant changes in body weight gain

(Mountzouris et al., 2010; Bai et al., 2017).

Intestinal Morphology

The results on intestinal morphology are shown in Table 3. No significant differences were detected in
villus height, crypt depth, or villus height to crypt depth (V:C) ratio in the duodenum, jejunum, or ileum between
treatments (p > 0.05). The lack of significant morphological changes may be attributed to optimal rearing
conditions and good overall gut health in both groups, as probiotics often exert more pronounced effects under

conditions of environmental or pathogenic challenge (Mountzouris et al., 2010; Bai et al., 2017).




AsUSEEUNINIEINNSUKISNENEBINBASANES ASVA 64
w22 = | The 64™ Kasetsart University Annual Conference

A1SUNEUaHavIUNIAUSSENE

ANdmT

Table 2 Growth performance of broiler chickens fed diets with or without Bacillus subtilis C-3102 during different

growth phases

Control C-3012 SEM p-value
Starter (Day 1-10)
Initial body weight (g) 44.41+0.20 44.42+0.19 0.05 0.89
Body weight (g) 351.55+7.30 349.22+9.61 2.37 0.65
Body weight gain (g) 307.14+7.42 304.79+9.52 2.38 0.64
Average daily gain (g/d) 30.71+£0.74 30.48+0.95 0.24 0.64
Feed intake (g) 320.77+13.80 306.17+6.22 3.68 0.04
Feed conversion ratio, FCR 1.04£0.04 1.01£0.03 0.01 0.09
Mortality (%) 0 0
Grower (Day 11-24)
Body weight (g) 1606.93+46.33  1587.87+27.16 10.84 0.41
Body weight gain (g) 1255.38450.80  1238.66+25.47 11.34 0.49
Average daily gain (g/d) 89.67+3.63 88.48+1.82 0.81 0.49
Feed intake (Q) 1,463.74+56.39 1,407.20+39.68 15.90 0.07
Feed conversion ratio 1.17+0.03 1.14+0.03 0.01 0.16
Mortality (%) 5.00+8.37 3.33+8.16 2.29 0.73
Finisher 1 (Day 25-35)
Body weight (g) 2,985.46+£89.48  2,971.74+50.75 20.13 0.75
Body weight gain (g) 1,378.53+58.64 1,383.86+36.86 13.50 0.85
Average daily gain (g/d) 125.32+5.33 125.81+3.35 1.23 0.85
Feed intake (g) 1,946.80+80.16 1,878.41+37.49 20.07 0.09
Feed conversion ratio 1.41+0.03 1.36+0.05 0.01 0.04
Mortality (%) 1.67+4.08 1.67+4.08 1.12 1.00
Finisher 2 (Day 36-42)
Body weight (g) 3,845.71£137.44  3,778.29+130.24 38.23 0.40
Body weight gain (g) 860.24+51.25 806.55+115.60 25.91 0.32
Average daily gain (g/d) 122.89+7.32 115.22+16.51 3.70 0.32
Feed intake (g) 1,445.96+79.34 1,429.33+50.77 18.50 0.67
Feed conversion ratio 1.68+0.08 1.80+0.24 0.05 0.29
Mortality (%) 2.38+5.83 0.00+0.00 1.19 0.34
Overall (Day 1-42)
Body weight gain (g) 3,801.30£137.51  3,733.87+130.12 38.22 0.40
Average daily gain (g/d) 90.51+3.27 88.90£3.10 0.91 0.40
Feed intake (g) 5,177.27£180.02  5,021.12+90.19 45.71 0.09
Feed conversion ratio 1.36+0.03 1.35+0.05 0.01 0.48
Mortality (%) 0.08+0.09 0.05+0.08 0.02 0.54
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Table 3 Intestinal morphology in broiler chickens fed diets with or without Bacillus subtilis C-3102 on day 42

Control C-3012 SEM p-value
Duodenum  Villus height (um) 604.21+64.13 649.01+£79.34 20.97 0.31
Crypt depth (um) 89.97+18.95 90.88+15.44 4.76 0.93
V:C ration 6.97+1.67 7.30£1.49 0.44 0.73
Jejunum Villus height (um) 606.75+61.74 603.73+105.85 23.85 0.95
Crypt depth (um) 72.39+12.96 80.79+12.02 3.67 0.27
V:C ration 8.66+2.04 7.57+1.48 0.52 0.31
lleum Villus height (um) 317.43+57.33 341.31+54.61 15.83 0.48
Crypt depth (um) 48.33+5.99 45.94+4.38 1.49 0.45
V:C ration 6.60+1.22 7.51+1.48 0.40 0.27

Serum IgA Concentration

Serum IgA concentrations at different growth phases are presented in Table 4. Dietary
supplementation with Bacillus subtilis C-3102 did not significantly affect serum IgA levels across all growth
phases (p > 0.05), despite the hypothesis that probiotic supplementation would enhance immune responses.
Higher serum IgA concentrations were observed during the starter and finisher Il phases in both the control
and C-3102 groups, indicating a growth phase-related rather than treatment-related effect. The elevated IgA
levels during the starter phase may be attributed to rapid development of gut-associated lymphoid tissue and
early antigen exposure, whereas the increase observed during the finisher |l phase may reflect age-related
immune maturation and stabilization of gut microbiota (Bar-Shira et al., 2003; Friedman and Bar-Shira, 2005;
Oakley et al., 2014). Under optimal rearing conditions, probiotic effects on systemic immune parameters such

as serum IgA may be limited due to a ceiling effect (Haghighi et al., 2006; Kogut and Arsenault, 2016).

Table 4 Serum immunoglobulin A (IgA) concentrations of broiler chickens fed diets with or without Bacillus

subtilis C-3102 at different growth phases

IgA (ng/mL) Control C-3012 SEM p-value
Starter 5,010.92+3,531.26 5,975.17+3,689.28 1,022.86 0.81
Grower 288.16+£101.60 273.304£91.63 212.03 0.14
Finisher 1 230.93+103.45 233.79+99.90 25.87 0.14
Finisher 2 3,843.27+2,685.39 2,748.53+2,623.05 864.79 0.71

In conclusion, dietary supplementation with Bacillus subtilis C-3102 did not adversely affect growth
performance, intestinal morphology, or health status of broilers. Phase-specific differences in feed intake and

FCR were observed but were not consistent across growth phases and did not influence overall performance.

100
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Further studies focusing on gut microbiota, local intestinal immunity, and gut barrier function under challenge

conditions are warranted.
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Abstract

This study evaluated the effects of multispecies probiotic supplementation on growth performance,
fecal consistency, and diarrhea incidence in weaned piglets. A total of 396 crossbred piglets
(DurocxLandracexYorkshire; 28+3 days of age; initial body weight 5.46+0.93 kg) were randomly assigned to
two dietary treatments in a completely randomized design. The treatments consisted of a control group fed a
commercial diet containing in-feed antibiotics and a probiotic group fed the same diet supplemented with
multispecies probiotics at 1><1O1°CFU/kg feed. Each treatment included six pens with 33 piglets per pen, and
the experimental period lasted 42 days. Growth performance parameters and fecal scores were evaluated, with
diarrhea defined as a fecal score greater than 2. The results showed that probiotic supplementation did not
significantly affect final body weight, average daily gain, or average daily feed intake (p > 0.05). However,
piglets receiving probiotics exhibited a numerically improved feed conversion ratio compared with the control
group (1.575 vs. 1.668; p = 0.11). In addition, fecal score distribution tended to improve during the first week
post-weaning in the probiotic-supplemented group (o = 0.07). In conclusion, multispecies probiotic
supplementation demonstrated potential to support intestinal health and improve feed efficiency without
compromising growth performance in weaned piglets.

Keywords: Diarrhea incidence, Feed efficiency, Multispecies probiotics, Weaned piglets
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Introduction

Weaning is a critical period in swine production and is commonly associated with post-weaning
diarrhea (PWD), primarily due to physiological stress, reduced feed intake, and intestinal dysfunction. These
changes often involve microbial dysbiosis and impaired mucosal immunity, which collectively compromise gut
health and increase susceptibility to enteric disorders (Huaman et al., 2024; Wang et al., 2025). Such
disturbances negatively affect growth performance and may lead to increased mortality, resulting in substantial
economic losses in swine production systems. Traditionally, in-feed antibiotics have been widely used to control
PWD; however, growing concerns regarding antimicrobial resistance and drug residues in animal products
have led to restrictions on their use, thereby accelerating the search for effective non-antibiotic alternatives.

After weaning, piglets are exposed to considerable physiological and environmental stress caused by
abrupt dietary changes, separation from the sow, and adaptation to new housing conditions. These stressors
frequently disrupt the intestinal ecosystem, leading to intestinal dysbiosis, which is characterized by an
imbalance between beneficial and pathogenic microorganisms (Gresse et al., 2017; Pluske et al., 2018).
Intestinal dysbiosis is widely recognized as a major underlying cause of post-weaning diarrhea syndrome
(PWDS), a multifactorial condition associated with impaired nutrient absorption, reduced growth performance,
compromised immune function, and increased mortality (Lallés et al., 2007; Heo et al., 2013).

Before weaning, the gut microbiota of piglets is typically dominated by beneficial lactic acid—producing
bacteria, particularly Lactobacillus spp., which contribute to intestinal barrier integrity, competitive exclusion of
pathogens, and modulation of mucosal immune responses (Konstantinov et al., 2006). However, following
weaning, the abundance of these beneficial bacteria markedly declines, creating favorable conditions for the
proliferation of enteric pathogens such as Escherichia coli and Clostridium perfringens (Fouhse et al., 2016;
Gresse et al., 2017). The overgrowth of these pathogens is closely associated with increased incidence of
diarrhea, intestinal inflammation, and disruption of epithelial tight junctions, further aggravating intestinal
dysfunction during the post-weaning period.

Probiotics, defined as live microorganisms that confer health benefits on the host when administered
in adequate amounts, have gained increasing attention as nutritional strategies to stabilize gut microbiota in
weaned piglets (FAO/WHO, 2002). The main probiotic groups used in swine production include lactic acid
bacteria (e.g., Lactobacillus, Bifidobacterium, Streptococcus thermophilus), spore-forming Bacillus spp. (e.g.,
B. subtilis, B. licheniformis), and yeasts such as Saccharomyces cerevisiae and Candida sake. These
microorganisms act synergistically to improve intestinal health through enhancing microbial balance, producing
digestive enzymes, inhibiting pathogenic bacteria, and stimulating host immune responses (Nguyen et al.,
2018; Zhao et al., 2020).

Recent studies have demonstrated that multispecies probiotics and synbiotics can effectively reduce
diarrhea incidence, improve feed efficiency, and enhance immune function by restoring gut microbial balance

in weaned piglets (Huaman et al., 2024; Wang et al., 2025).
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Therefore, multispecies probiotic supplementation represents a promising, safe, and sustainable non-
antibiotic approach for improving intestinal health and reducing post-weaning diarrhea in modern swine
production systems. Accordingly, the objective of this study was to evaluate the effects of multispecies

probiotics supplementation on growth performance and diarrhea incidence in weaned pigs.

Materials and Methods

Ethical approval
The experimental procedures were approved by the Institutional Animal Care and Use Committee
(IACUC) of Kasetsart University, Thailand (Approval No. ACKU68-AGR-038) and were conducted in strict

accordance with the ARRIVE guidelines.

Study period and location
The study was conducted from August to October 2025 at a commercial swine farm located in

Chachoengsao Province, Thailand.

Animals, housing and experimental design

A total of 396 crossbred piglets (DurocxLandracexYorkshire), consisting of 198 castrated males and
198 females, were weaned at 28+3 days of age with an average initial body weight of 5.46+0.93 kg. Piglets
were randomly allocated to two experimental treatments, with six pens per treatment and 33 piglets per pen.
Allocation was stratified according to body weight and sex. The experiment was conducted using a completely
randomized design (CRD). The trial was carried out from 28 to 70 days of age, corresponding to a 42-day
experimental period. Piglets had ad libitum access to feed and drinking water throughout the study. The dietary
treatments consisted of: (1) a control group fed a commercial nursery diet containing 3,450 kcal/kg
metabolizable energy and 20% crude protein, supplemented with in-feed antibiotics (amoxicillin 300 g/ton,
tiamulin 150 g/ton, and colistin 180 g/ton); and (2) a probiotic group fed the same basal diet as the control,
supplemented with a multispecies probiotic at a level of 1x10' CFU/kg feed, equivalent to 500 g of probiotic
product per metric ton of feed. The multispecies probiotic blend consisted of Streptococcus thermophilus,
Bacillus licheniformis, Lactobacillus acidophilus, L. rhamnosus, L. plantarum, L. bulgaricus, Bifidobacterium
lactis, Saccharomyces cerevisiae, and Candida sake. For practical feed preparation in the probiotic group,
15 g of the probiotic product was top-dressed and mixed with 30 kg of pelleted feed. The feed was mixed by
shaking and blending in two sequential portions (half a bag at a time) to ensure uniform distribution of the

probiotic throughout the feed.
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Growth performance
Piglets were weighed at the start and end of the trial. Feed intake was recorded per pen throughout
the trial. Body weight gain, Average Daily Gain, Average Daily Feed Intake and Feed Conversion Ratio were

calculated (Equation 1-3).

Average Daily Gain (ADG kg/day) Final body weight (kg) - Initial body weight (kg) (1)

Number of experimental days

Average Daily Feed Intake (ADFI kg/day) = Total feed intake (kg) 2)
Number of experimental days

Feed Conversion Ratio = Total body weight gain (kg) (3)
Total feed intake (kg)

Fecal scoring and diarrhea incidence

Fecal scores were evaluated on days 29, 34, 39, 44, 49, 54, and 62 at 09:00 h by the same evaluator
throughout the experimental period. Fresh feces were scored as follows: 0 = normal, 1 = soft, 2 = semi-liquid,
and 3 = watery. Piglets with fecal scores greater than 2 were considered to have diarrhea (Zou et al., 2021). In
addition, caretakers were instructed to photograph fecal samples within each pen, with four fecal piles randomly
selected per pen at each sampling time. All images were subsequently evaluated and scored simultaneously

to ensure consistency in fecal score assessment.

Statistical analysis

Growth performance and immune parameters were analyzed using an independent-group t test. The
distribution of fecal scores was analyzed using a chi-square test by period. All statistical analyses were
performed using SAS® OnDemand for Academics. For reporting purposes, p values and sample sizes (n) were

presented in italic format in accordance with the journal manuscript template.

Results and Discussion

The effects of dietary probiotic supplementation on feed intake in weaned piglets are summarized in
Table 1. During the first 2 weeks after weaning, average daily feed intake (ADFI) did not differ significantly
between the control and probiotic groups (359.49 vs. 354.44 g/day; p = 0.797), indicating that probiotic
supplementation did not affect feed acceptance during the early post-weaning period. Similarly, no significant
difference was observed between treatments during weeks 3—4 (p = 0.589), although piglets fed the probiotic
diet showed a numerically higher feed intake (692.60 vs. 668.25 g/day). In contrast, during weeks 5-6, feed
intake was significantly lower in the probiotic group compared with the control group (1074.07 vs. 1187.46

g/day; p = 0.003). When the overall experimental period (weeks 1-6) was considered, no significant difference
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in average feed intake was observed between the two groups (707.04 vs. 738.40 g/day; p = 0.244). These
results indicate that although probiotic supplementation reduced feed intake during the later phase of the trial,

it did not negatively affect overall feed consumption throughout the experimental period.

Table 1 Effect of probiotic supplementation on average daily feed intake (g/day) of weaned piglets

Period Control Probiotic SEM p-value
Week 1-2 359.49 354.44 8.34 0.797
Week 3-4 668.25 692.60 21.14 0.589
Week 5-6 1,187.46 1,074.07 22.05 0.003
Overall (Week 1-6) 738.40 707.04 12.97 0.244

SEM = standard error of the mean

Table 2 Comparison of fecal score distribution between control and probiotic groups during the experimental

period
Period Group Fecal score No. of pigs % Chi-square p-value
Start of experiment Control 0 19 79.17 4.333 0.228
1 1 417
2 3 12.50
3 1 417
Probiotic 0 19 7917
1 3 12.50
2 0 0.00
3 2 8.33
Week 1 Control 0 8 33.33 6.888 0.070
1 5 20.83
2 6 25.00
3 5 20.83
Probiotic 0 15 62.50
1 6 25.00
2 2 8.33
3 1 417
Week 2 Control 0 11 45.83 1.733 0.630
1 7 29.17
2 5 20.83
3 1 417
Probiotic 0 13 5417
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Table 2 Comparison of fecal score distribution between control and probiotic groups during the experimental

period (Continued)

Period Group Fecal score No. of pigs % Chi-square p-value
1 8 33.33
2 3 12.50
3 0 0.00
Week 3 Control 0 18 75.00 2.120 0.346
1 6 25.00
2 0 0.00
3 0 0.00
Probiotic 0 17 70.83
1 5 20.83
2 2 8.33
3 0 0.00
Week 4 Control 0 18 75.00 1.427 0.490
1 6 25.00
2 0 0.00
3 0 0.00
Probiotic 0 19 79.17
1 4 16.67
2 1 417
3 0 0.00
Week 5 Control 0 7 29.17 0.820 0.663
1 11 45.83
2 6 25.00
3 0 0.00
Probiotic 0 10 41.67
1 9 37.50
2 5 20.83
3 0 0.00
Overall period Control 0 81 56.25 3.926 0.269
1 36 25.00
2 20 13.89
3 7 4.86
Probiotic 0 93 64.58
1 35 24.31
2 13 9.03
3 3 2.08
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Data are presented as number and percentage of piglets in each fecal score category. A chi-square test was
used to determine differences between treatments within each period.

Table 2, no significant difference in fecal score distribution was observed between the two groups at
the start of the experiment (p = 0.228). During the first week after weaning, piglets receiving probiotic
supplementation tended to have lower fecal scores compared with those in the control group (p = 0.07).
Specifically, the proportion of piglets with normal feces (score 0) was higher in the probiotic group (62.50%)
than in the control group (33.33%). From week 2 onward, no significant differences in fecal score distribution
were observed between treatments (p > 0.05). However, the probiotic group consistently showed a numerically
higher proportion of piglets with normal feces and a lower proportion of piglets with mild to moderate diarrhea
(scores 2-3). Over the entire 5-week experimental period, the overall chi-square test revealed no significant

difference in fecal score distribution between the two groups (p = 0.269).

Table 3 Growth performance of weaned piglets fed diets with or without probiotic supplementation

Parameter Control Probiotic SEM p-value
Initial BW (kg) 5.47 £0.95 5.45 +1.00 0.56 0.98
Final BW (kg) 2414 £ 2.52 24.38 £ 2.80 1.54 0.88
ADG (g/day) 444.60 + 40.50 450.60 + 43.49 24.26 0.81
ADFI (g/day) 738.30 + 44.88 706.80 +43.02 25.38 0.24
FCR 1.668 £ 0.10 1.575 + 0.09 0.05 0.11

BW = body weight; ADG = average daily gain; ADFI = average daily feed intake; FCR = feed conversion ratio;

SEM = standard error of the mean.

Table 3, initial and final body weights did not differ significantly between treatments (p > 0.05).
Likewise, no significant differences were observed in ADG or ADFI between groups. However, piglets receiving
probiotic supplementation exhibited numerically lower ADFI and FCR values. Although the difference in FCR
did not reach statistical significance (p = 0.11), the numerically improved FCR suggests enhanced feed
utilization in the probiotic group.

The results of the present study demonstrated that multispecies probiotic supplementation did not
significantly affect body weight, average daily gain (ADG) or average daily feed intake (ADFI) in weaned piglets.
These findings are consistent with previous reports indicating that probiotic supplementation does not always
directly enhance growth performance during the nursery phase, particularly when basal diets are nutritionally
adequate (Huaman et al., 2024; Wang et al., 2025). Comparable body weights observed between the control
and probiotic groups throughout the experimental period suggest that probiotic inclusion did not negatively
influence feed palatability or nutrient availability. Although no statistically significant differences were observed
in feed intake, piglets receiving probiotics exhibited a numerically lower ADFI, which may reflect improved

nutrient utilization efficiency rather than reduced appetite. Probiotics have been reported to enhance nutrient
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digestibility by modulating intestinal microbiota, stimulating digestive enzyme activity, and improving intestinal
morphology, such as increased villus height and optimized crypt structure (Li et al., 2019). These mechanisms
facilitate more efficient nutrient absorption without the need for increased feed consumption.

Notably, the probiotic group showed a numerically improved feed conversion ratio (FCR), which
corresponded with the fecal score assessment results. Piglets supplemented with probiotics tended to exhibit
improved fecal consistency, particularly during the first week post-weaning, a period when the gastrointestinal
tract is highly susceptible to stress and dysfunction. Early reduction in the severity and incidence of diarrhea is
critical, as post-weaning diarrhea is known to impair nutrient absorption, increase energy losses, and negatively
affect feed efficiency in subsequent growth phases. The tendency toward improved fecal scores in the probiotic
group suggests enhanced stabilization of intestinal function and reduced microbial dysbiosis during the early
post-weaning period. This observation aligns with previous studies reporting that probiotics can suppress the
proliferation of enteric pathogens such as Escherichia coli. and Clostridium perfringens., while increasing
populations of beneficial bacteria, including Lactobacillus spp. and Bifidobacterium spp., and reducing
intestinal inflammation (Miao et al., 2024; Wang et al., 2025). These changes help minimize nutrient loss
associated with diarrhea and redirect metabolic energy toward growth rather than stress responses.

Therefore, although multispecies probiotic supplementation did not result in statistically significant
improvements in growth performance parameters, the numerical improvement in FCR combined with the
tendency to reduce diarrhea incidence particularly during the early post-weaning phase, highlights the
important role of probiotics in supporting intestinal health and gastrointestinal stability. These findings support
the use of multispecies probiotics as a promising non-antibiotic strategy to enhance production efficiency and
promote sustainable swine production systems.

Multispecies probiotic supplementation did not result in statistically significant improvements in growth
performance parameters of weaned piglets, including body weight, average daily gain, and feed intake.
Nevertheless, piglets receiving probiotics exhibited a numerically improved feed conversion ratio (FCR),
indicating enhanced feed utilization efficiency despite comparable growth rates to the control group. These
findings suggest that probiotics may primarily improve nutrient utilization rather than directly stimulating growth.

Regarding diarrhea incidence, probiotic supplementation tended to reduce the occurrence of diarrhea
and improve fecal consistency, particularly during the early post-weaning period. This phase represents a
critical stage during which piglets are highly susceptible to gastrointestinal stress and microbial imbalance. The
observed improvements therefore indicate enhanced intestinal stabilization at a time when the gastrointestinal
tract is still functionally immature. Although immune responses were not directly evaluated in the present study,
the observed improvements in intestinal stability and feed efficiency suggest a potential immunomodulatory
role of multispecies probiotics. Such effects may be associated with the regulation of inflammatory processes
and enhancement of intestinal barrier function, thereby contributing to improved overall gut health.

Overall, multispecies probiotics represent a promising non-antibiotic nutritional strategy to support
feed efficiency and intestinal stability in weaned piglets without adversely affecting growth performance,
thereby contributing to more sustainable swine production systems. To further elucidate the mechanisms
underlying the beneficial effects of multispecies probiotics, future studies should include more comprehensive
immunological assessments, such as cytokine profiling (e.g., IL-2, IL-6, IL-10, and TNF-a), lymphocyte
proliferation assays, and gene expression analysis of immune-related markers in intestinal tissues. Moreover,

integrating immune response data with gut microbiota profiling and intestinal morphology analysis would
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provide deeper insights into the interactions among probiotics, host immunity, and gut health, ultimately
clarifying the role of multispecies probiotics in enhancing resilience of weaned piglets during the post-weaning

transition.
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Abstract

This study investigated the effects of a 1% (w/w) tri-herbal mixture on metabolic biomarkers in finishing
pigs, with a specific focus on potential sex-dependent responses. Twelve crossbred finishing pigs (Landrace
xLarge WhitexDuroc; initial BW ~100 kg) were randomly assigned to two groups (n = 6/group): a Control group
fed a basal diet, and a Treatment group fed a basal diet supplemented with the tri-herbal mixture. The
intervention lasted 30 days. The treatment induced a significant reduction in serum total cholesterol (91.68+2.41
mg/dL vs. 101.18+2.95 mg/dL; p = 0.03). Notably, sex-specific analysis revealed male pigs in the treatment
exhibited a significantly larger Loin Eye Area compared to controls (50.87+1.38 cm? vs. 47.47+0.90 cm?; p =
0.02), suggesting repartitioning of nutrients toward lean muscle accretion in males. These findings suggest the
mixture's potential as a functional feed additive for lipid management and lean tissue promotion, though further
research is needed to shed light on the mechanisms behind the observed effects.

Keywords: Bitter melon, Black ginger, Cholesterol, Swine model, Turmeric
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Introduction

Overweight and obesity cases have surged worldwide: in 2022, 2.5 billion adults were overweight and
890 million were obese (43% and 16%), up from 25% overweight in 1990 (World Health Organization, 2025).
Obesity drives noncommunicable disease risk; in 2021, high BMI contributed to 3.7 million NCD deaths, with
rising cases in low- and middle-income countries, calling for urgent action (World Health Organization, 2025).
Thailand’s cultural practice of blending herbs enables testing recipes targeting metabolic outcomes: turmeric
(Curcuma longa), bitter melon (Momordica charantia), and black ginger (Kaempferia parviflora) show
suggestive effects on glycemia, triglycerides, cholesterol, leptin, and adiposity. (Shih et al., 2009; Navekar et
al., 2017; Lee et al., 2023)

Curcuma longa rhizome has phenolics with metabolic effects (Li et al., 2011; Liu et al., 2022). In
rodents, curcumin reduces diet-induced hyperlipidemia, hepatic steatosis, and insulin resistance by
suppressing hepatic lipogenesis and adipose inflammatory signaling (Shehzad et al., 2011; Shao et al., 2012;
Maithilikarpagaselvi et al., 2016; Yue et al., 2021; Zhong et al., 2022). Clinical studies report improvements in
hepatic fat and metabolic markers, although bioavailability is a constraint (Hellmann et al., 2022; Liu et al.,
2022). Curcumin improved LDL receptor abundance at hepatocyte surfaces by downregulating proprotein
convertase subtilisin/kexin type 9 (PCSK9), improving LDL clearance and lowering cholesterol (Tai et al., 2014;
Seidah and Prat, 2021). Momordica charantia contains cucurbitane-type triterpenoids, charantin, and insulin-
like peptides that improve insulin sensitivity, reduce adiposity, and modulate lipid metabolism (Eddouks, 2014;
Devaki et al., 2015; Cigek, 2022). In high-fat diet models, weight gain, adipocyte size, and serum triglycerides
and cholesterol are reduced (Alam et al., 2015). Meta-analyses of randomized controlled trials report significant
improvements in glycemia and blood lipids, although dose and preparation vary (Phimarn et al., 2018; Cicek,
2022). Kaempferia parviflora promotes lipolysis and energy expenditure in liver, adipose tissue, and skeletal
muscle (Park et al., 2023; Yoshida et al., 2023). In obese mouse models, extracts reduce body fat and preserve
muscle (Lee et al., 2023). Clinical trials in overweight and pre-obese adults show less abdominal and visceral
fat after daily extract intake. (Yoshino et al., 2021).

Pigs share anatomical and physiological features with humans, including comparable lipoprotein
profiles and adipose tissue distribution, making them ideal models for cardiometabolic and atherosclerotic
disease (Yuan et al., 2018; Lunney et al., 2021). Genetic and dietary manipulation of lipid pathways in pigs,
including PCSK9 gain-of-function models and high-fat, high-cholesterol diets show human-like dyslipidemia
and coronary lesions (Yuan et al., 2018), making pigs suitable for testing nutraceutical strategies that may have
lipid effects.

Despite extensive data on single-herb preparations, there is limited research on tri-herbal mixtures of
Curcuma longa, Momordica charantia, and Kaempferia parviflora, and almost none in swine. In Thai practice,
herbs are often prescribed mixed, with possible synergistic effects on glycemia, lipid metabolism, adiposity,
and muscle mass that may not be seen in isolated tests (Devaki et al., 2015). We developed a 1% (w/w) tri-

herbal mixture of Curcuma longa, Momordica charantia, and Kaempferia parviflora, incorporated into a
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standard finishing pig diet. The objective of this study was to determine the effects of the tri-herbal mixture on

productive performance, ultrasound-assessed carcass quality, and lipid metabolism in an obese swine model.
Materials and Methods

Ethical approval
All procedures were approved by the Institutional Animal Care and Use Committee of Kasetsart

University, Thailand prior to study initiation. (Approval No. ACKU68-AGR-044)

Animal, housing, and Experimental design

Twelve crossbred finishing pigs (LandracexLarge WhitexDuroc), approximately 5 months of age or at
~100 kg body weight at enroliment, were individually housed in open-housing pens (one pig per pen). To ensure
group comparability at baseline, pigs were assigned to one of two dietary groups (n = 6 per group) using a
stratified randomization approach. Specifically, animals were allocated to the Control or Treatment group such
that both groups were balanced for sex (3 males and 3 females per group), initial body weight, and ultrasound-
measured backfat thickness:

1. Control: basal diet
2. Herbal Mixture: basal diet with 1% (w/w) tri-herbal mixture: Curcuma longa, Momordica charantia, and

Kaempferia parviflora

The basal diet was formulated to be iso-nutritive and meet the nutritional requirements for finishing
pigs, according to the National Research Council (NRC). The tri-herbal mixture was supplied by the National
Nanotechnology Center (NANOTEC), National Science and Technology Development Agency (NSTDA). The
specific formulation was withheld by the provider to ensure the integrity of a blinded study. The tri-herbal mixture
(Treatment) and control diets matched macronutrient profiles. Feed and water were provided ad libitum
throughout the study. Upon entry, pigs underwent a 7-day acclimation period to housing. On Day 0 (end of
acclimation), baseline data were collected for each animal: body weight (BW); carcass composition indices by
real-time ultrasound (backfat thickness and loin eye) cross-sectional area; and estimated percent lean, and
blood sampling for baseline serum biochemistry and hormone measurements.

From Day 1, pigs received their assigned diets once the 1% herbal inclusion was thoroughly
incorporated into the basal feed. Diets were offered daily for 30 consecutive days with free access to water.
General health status and welfare checks recorded daily by trained staff, and individual BW and pen-level feed
intake were measured weekly to compute weekly body weight change and feed intake.

On Day 30, all baseline measurements were repeated on every pig for analyses.
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Nutritional Component Value
Usable Energy (kcal/kg) 3,300.00
Moisture (%) 11.54
Protein (%) 15.30
Fat (%) 4.00
Fiber (%) 3.00

Minerals (%)

Calcium 0.52
Total Phosphorus 0.60
Usable Phosphorus 0.24
Sodium 0.20
Chloride 0.22
Amino Acids (%)
Lysine 0.85
Methionine 0.27
Methionine + Cysteine 0.51
Tryptophan 0.21
Threonine 0.56
Isoleucine 0.66
Valine 0.76

Blood collection and laboratory analysis

A total of 24 blood samples (12 pigsx2 time points) were obtained and submitted for biochemical

analysis. Venous blood was collected at baseline (Day 0) and at study end (Day 30) from all pigs (total 24

samples across two time points). To ensure analyte-appropriate handling:
1.
2.
3.

Glucose: Whole blood was drawn into tubes pre-lined with sodium fluoride (NaF).

Triglycerides and total cholesterol: Whole blood was drawn into tubes pre-lined with heparin.

Leptin: Whole blood was drawn into plain (additive-free) tubes.

Following collection, specimens were processed in accordance with assay-specific requirements and

laboratory standard operating procedures. Samples for glucose, triglycerides, and total cholesterol were

submitted to Thai Vet Lab Co., LTD. Leptin was quantified at the Kasetsart University Research and

Development Institute (KURDI) after centrifugation at 4,000 rpm for 5 minutes using a Spectrafuge 6¢ compact

centrifuge (Labnet International, Inc., Edison, NJ, USA), with measurement via Quantitative Sandwich ELISA kit

(Cat. No. MBS042810; MyBioSource, Inc., San Diego, CA, USA).
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Statistical analysis

All statistical data analysis was performed using the Python programming language in conjunction with
the SciPy library. Group differences were evaluated using Unpaired t test to compare means among the two
dietary treatments. Statistical significance was set at p < 0.05. Data are presented as mean+SD error of the

mean.
Results and Discussion

Effect of the tri-herbal mixture on blood chemistry

At the end of 30 days, fasting glucose was similar between groups. The control group averaged
80.77+3.28 mg/dL, and the tri-herbal group averaged 81.72+2.56 mg/dL, with a p-value of 0.82, indicating that
the tri-herbal diet did not change fasting glucose in this timeframe. Fasting triglycerides were comparable. The
control group measured 48.72+6.79 mg/dL, and the tri-herbal group measured 49.42+6.44 mg/dL, p = 0.94.
Triglycerides showed the largest spread of values among biomarkers. Within this variation, there was no

evidence that the tri-herbal diet affected fasting triglycerides over 30 days.

Table 2 Effect of tri-herbal supplement in pig diet on blood chemistry at day 30

Control Treat Standard Range p-value

Total (n = 6)

Glucose (mg/dL) 80.77+3.28 81.72+2.56 85-150" 0.82
Triglyceride (mg/dL) 48.7246.79 49.42+6.44 30-80° 0.94
Cholesterol (mg/dL) 101.18+2.95 91.68+2.41* 36-54' 0.03
Leptin (ng/mL) 0.77+0.28 0.59+0.14 1.5-4.5° 0.60
Male (n = 3)

Glucose (mg/dL) 78.67+3.01 85.87+3.24 85-150" 0.18
Triglyceride (mg/dL) 49.1318.54 43.3046.35 30-80° 0.61
Cholesterol (mg/dL) 103.37+3.32 87.67+1.93* 36-54' 0.02
Leptin (ng/mL) 0.71+0.29 0.73+0.27 1.5-4.5° 0.95
Female (n = 3)

Glucose (mg/dL) 82.87+6.36 77.57+2.23 85-150" 0.48
Triglyceride (mg/dL) 48.30+£12.55 55.53+11.37 30-80° 0.69
Cholesterol (mg/dL) 99.00+5.26 95.70+3.01 36-54' 0.62
Leptin (ng/mL) 0.84+0.55 0.44+0.1 1.5-4.5° 0.52

*Significant differences with p < 0.05

'Data taken from Merck & Co., Inc. (2026)

“Data taken from Friendship et al. (1984)

*Data taken from Alberti et al. (2009)
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Total cholesterol showed a clear difference. The control group averaged 101.18+2.95 mg/dL, while the
tri-herbal group averaged 91.68+2.41 mg/dL The between-group separation was statistically significant with
p = 0.03 and the direction favored the tri-herbal diet. A sex-stratified analysis (Table 2) pinpointed that the lower
total cholesterol with the tri herbal diet was driven by males (87.67+1.93 vs 103.37+3.32 mg/dL, p = 0.02), and
all other differences in glucose, triglycerides, and leptin in both males and females were small and did not reach

statistical significance.

Effects of the tri-herbal mixture on predicted carcass quality

All twelve pigs completed the 30-day study without health issues, and growth metrics remained
statistically comparable between the two groups. Ultrasound and carcass measurements shown in Table 3
revealed specific physiological responses to the diet. In terms of general composition, there were no significant
differences in meat percentage between groups. The percentage of meat was 45.68+1.25% for the control and
45.17+1.05% for the treatment (p = 0.46). However, the male treatment showed significantly larger loin eye area

of 50.87+1.38 cm’ compared to 47.47+0.90 cm’ in the control (p = 0.02).

Fig 1. Ultrasound image from living pigs at the Longissimus Dorsi muscle, indicating measurements of loin eye
area (L) and back fat (D1). A) female pig in the control. (B) male pig in the control. (C) female pig in the

treatment. (D) male pig in the treatment. (Scale bars: 10 mm)

Table 3 Effect of tri-herbal supplement in pig diet on predicted swine carcass quality at day 30

Control Treat p-value
Total (n = 6)
%meat 45.68+1.25 45.17£1.05 0.46
Back Fat (mm.) 13.42+2.92 14.87+2.52 0.37
Loin Eye (cm?) 47.85+1.06 49.93+2.87 0.13
Male (n = 3)
%meat 45.56+1.19 44.70+1.27 0.44
Back Fat (mm.) 13.67+£2.83 16.07+£3.07 0.38
Loin Eye (cm?) 47.47£0.90 50.87+1.38* 0.02
Female (n = 3)
%meat 45.81+1.57 45.63+0.69 0.86
Back Fat (mm.) 13.17£3.62 13.67+£1.43 0.83
Loin Eye (cm?) 48.23+£1.25 49.00£4.01 0.77

*Significant differences with p < 0.05
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Discussion

The tri-herbal mixture significantly reduced serum total cholesterol (91.68+2.41 mg/dL vs. 101.18+2.95
mg/dL; p = 0.03), particularly in males (87.67+1.93 mg/dL vs. 103.37+3.32 mg/dL; p = 0.02), without altering
triglycerides, glucose, or leptin. This targeted hypocholesterolemia effect aligns with swine studies in which
Curcuma longa powder lowers serum cholesterol, likely due to its phenolic compounds at the physiologically
relevant inclusion level used here. Concurrently, male pigs exhibited greater loin eye area (50.87+1.38 cm? vs.
47.47+0.90 cm?, p = 0.02), indicating nutrient repartitioning toward lean tissue despite unchanged overall
carcass composition.

Sex-specific cholesterol reduction may stem from disrupted PCSK9-LDLR dynamics in castrated
males, as castration elevates PCSK9 and impairs LDL clearance (Cai et al., 2015), while curcumin counters this
by downregulating PCSK9 expression, enhancing hepatocyte LDL receptor abundance and uptake (Tai et al.,
2014; Seidah and Prat, 2021). Each herb contributes: Curcuma longa suppresses hepatic lipogenesis and
inflammation in high-fat models (Shehzad et al., 2011; Shao et al., 2012; Maithilikarpagaselvi et al., 2016);
Momordica charantia reduces cholesterol via triterpenoids and insulin-like peptides (Alam et al., 2015; Devaki
et al., 2015; Phimarn et al., 2018; Cicek et al., 2022); Kaempferia parviflora promotes lipolysis and energy
expenditure (Lee et al., 2023; Park et al., 2023). Synergy likely amplifies hepatic cholesterol handling, with
Momordica charantia and Kaempferia parviflora upregulating AMPK via PPARy (Alam et al., 2015; Yuan et al.,
2018; Lee et al., 2023; Park et al., 2023).

The enlarged loin eye area in treatment males aligns with Kaempferia parviflora’s muscle-preserving
effects in rodent models and fat reduction in overweight humans, potentially redirecting lipolysis-derived
substrates to protein accretion (Yoshino et al., 2021; Park et al., 2023; Yoshida et al., 2023; Lee et al., 2023).
Lack of broader changes in productive performance or biomarkers over 30 days reflects the short duration and
low dose (1% w/w), consistent with rodent/human trials requiring longer exposure for weight loss (Hellmann et
al., 2022; Liu et al., 2022).

Study limitations include small sample size (n = 6/group), absence of mechanistic assays (e.g.,
PCSKO9/LDLR levels, body composition imaging), and curcumin's bioavailability constraints (Liu et al., 2022).
Future research should employ larger cohorts, extended interventions, higher doses, and targeted endpoints

to validate synergy in swine models of obesity.

Conclusion

The tri-herbal mixture of Curcuma longa, Momordica charantia, and Kaempferia parviflora produced
a significant reduction in total cholesterol. This aligns with human studies where curcumin downregulates
PCSK9 and enhances LDL receptor-mediated clearance of circulating cholesterol without affecting
triglycerides or body weight, and with evidence that Kaempferia parviflora lowers blood cholesterol in pigs;
moreover, sex-stratified analysis showed a significant increase in loin eye area in males, consistent with

Momordica charantia’s reported promotion of protein accretion in lean tissue. The mixture did not affect body
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weight or other measured biomarkers in this 30-day study, and absence of weight loss may reflect the relatively
low dose or short duration, suggesting that future work should examine higher doses, longer treatment periods,
and larger sample sizes, with particular attention to the mechanisms underlying the sex-specific cholesterol

reduction.
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The study of antibody titers against Avian Metapneumovirus in layer pullets using Indirect
Enzyme-Linked Immunosorbent Assay
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Abstract

Avian rhinotracheitis, caused by infection with Avian Metapneumovirus (aMPV), is an acute respiratory disease
affecting poultry. Infected chickens exhibit symptoms such as swelling of the face and head, nasal discharge, tearing,
reduced egg production and egg quality. This disease significantly impacts the global poultry production industry.
The objective of this study was to measure antibody levels against aMPV infection using an indirect enzyme-linked
immunosorbent assay (Indirect ELISA). A total of 220 blood samples from layer pullets in farms without vaccination
against aMPV were collected at front, middle, and rear part of the poultry house at 2 day and 4, 6, 8,20, 22 and 24
weeks of age, with 30 samples per age group. The percentage of seropositive against aMPV infection was 68%.
Moreover, the percentage of positive antibody against aMPV at 2 day and 4, 6, 8, 20, 22, and 24 weeks of age were
200%, 23.33%, 6.67%, 63.33%, 93.33%, 200%, and 200%, respectively. Furthermore, seropositivity to aMPV
antibodies was detected in chickens reared in the front, middle, and rear sections of the poultry house, with rates of
52.66%, 62.66%, and 75.00%, respectively. The results of this study provide an overview of the flock’s antibody levels
as a serological antibody profile against aMPV, which is an important information for determining appropriate aMPV
vaccination plans.

Keywords: Antibody titer, Avian Metapneumovirus, Indirect ELISA, Layer pullets
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Q
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madungla wu tyniva veudunuela e wazana uds dedaansenureamnwltuaznsWnananld T
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= 1

sl rTuselmeIenewunnialulefa Aqeas indirect enzyme-linked immunosorbent assay (Indirect-ELISA)

lulnldeng 2 44 ua 4, 6, 8,20,22 uay 24 dlaif dallunisfinninlunguanetnuANaNRRUINIIIB98Y
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Faus 2 Ju D9 24 dlanif gaavinudadanisAnenaialiazinimaugiinisainisfiame luvnsi uaziudeyaiin
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Anenmans e luiuseenseysii ACKUG7-VET-022 vl auaulnildlunisfinmaenadesniuuuoniel s
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U3zannl 20,000 #9) 1 package “pwr” Tultlsunsu R saeA14s pwr.anova.test WALAIMUAAINIINRLABTHN ]

o A

AN (Equation 1):

f«ﬁﬁmuﬂ@:uﬁﬁ (k) = 3 UF90U (M1 nan9 wazinalsaizen) (1)
Effect size (f) = 0.4

Significant level = 0.05

C=95%
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- o @ A el Ay = Y e iy s No v A . =
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manzaauasnIulaNasEAL)AANIusaN1sAn eI R Me T In T05a

q

o v o

nsamaszAuniANAusamaleRauaia i afamagansoaaauidanitigsmiia Indirect ELISA (ID
Screen® Avian Metapneumovirus Indirect) Inaidunauiulilaunussnduanuuzi aaunsodiunulananis

NAZAUANNAN S/P ratio A9 Equation 2:

S/P ratio = (OD 0D, ) / (0D, — OD,) 2)

sample —

v
o

1994 A1 OD MNNeDeANA NN wHLLEaLAY (optical density) @91 NC way PC umﬂﬁqﬂziumuqm%q
AL (negative control) LAZNANAILANIINLIAN (positive control) AMNAIAL Nsutlananisnagauniviualinaii
ALLHAAN S/P ratio YasndNudawindy 0.2 WAHAIUUINHAAN S/P ratio 11ANT1 0.2 WaNanH a1kl agA0

S/P ratio WuAnlnwmas Equation 3:
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x|0g20(S/P rati b
Titer =gl 210920(S/P ratio) +b] (3)

e a = 2.09 uaz b = 3.360 Lﬂuﬂ"]mﬁmmmm% ID Screen® Avian Metapneumovirus Indirect
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Q
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aniAn g lulseFaudmduded Ay iniafuacsanfiun1sliiunnzannIug0991g189n191Aa8e AINNIT
\WaAEWUUAIL9IENNEINIA WENANTNANIIANHIUAPININIINTBITTALUAURLDR LUETInaLALIFaNIIFALTE

= a o X o o o o o o ° Yo o & o a o
53] LQﬂuLNWWUQINl’LQ?@ EING] mﬂu"ﬂ'ﬂﬁ;lj@mﬂmw@’mj?‘]_lﬂ’]ﬁ‘ﬂ’mummuﬂ’]ﬂﬁq ﬁéﬁum@m'ﬂL@mﬂummunhvhim

npAnssuNlsznA

we20uAnd1 789N TN It ludandaniyanysnlmdalenalidn i usnetraiann 14l

nsAn luaiall seunmunasuativayulasan1daaniassnudneaanslulsaiey lnanisniiuguanes

WUNINENRLLNHATIAIAAT INLNAANNILAY (TA29N17 219, NN.) NTENINInenAIdnThazinalulat

LANA19D19DY

Ali, M.Z., Park, J., Shin, H. 2019. Serological survey of avian metapneumovirus infection in chickens in
Bangladesh. J. Appl. Poult. Res. 28: 2330-2334.

Bayon-Auboyer, M.H., Arnauld, C., Toquin, D., Eterradossi, N. 2000. Nucleotide sequences of the F, L and G
protein genes of two non-A/non-B avian pneumoviruses (APV) reveal a novel APV subgroup. J. Gen.
Virol. 82: 2723-2733.

Cecchinato, M., Lupini, C., Ricchizzi, E., Falchieri, M., Meini, A., Richard, C.J., Catelli, E. 2022. Italian field
survey reveals a high diffusion of avian metapneumovirus subtype b in layers and weaknesses in the

vaccination strategy applied. Avian Dis. 56: 720-724.

127



e ey s cotrncs
20 == | The 64 Kasetsart University Annual Conference MSAUDHAVIUMAUSSENE

ANUNEARWNNEANGRT

Ganapathy, K., Todd, V., Cargill, P., Montiel, E., Jones, R.C. 2006. Interaction between a live avian
pneumovirus vaccine and two different Newcastle disease virus vaccines in broiler chickens with
maternal antibodies to Newcastle disease virus. Avian Pathol. 35: 429-434.
doi.org/10.1080/03079450601007518

Goraichuk, I.V., Torchetti, M.K., Killian, M.L., Kapczynski, D.R., Sary, K., Kulkarni, A., Suarez, D.L. 2024.
Introduction of avian metapneumovirus subtype a to the United States: Molecular insights and
implications. Front. Microbiol. 25: 2428248. doi.org/10.3389/fmicb.2024.1428248

Kaboudi, K., Lachheb, J. 2022. Avian metapneumovirus infection in turkeys: A review on turkey rhinotracheitis.
J. Appl. Poult. Res. 30: 200222.

McMullin, P.F. 2020. Diseases of poultry, 24" ed. John Wiley & Sons. Hoboken, NJ, USA.

Nguyen, V.G., Chung, H.C., Do, H.Q., et al. 2022. Serological and molecular characterization of avian
metapneumovirus in chickens in Northern Vietnam. Vet. Sci. 8: 20.

Oni, O.0., Adedipe, 0.D. 2025. Role of maternally derived antibody in Newcastle disease vaccination. Niger.
Vet. J. 33: 499-504.

Park, J.E., Lee, D.W., Shin, H.J. 2022. Serological survey of antibodies against avian metapneumovirus in
Korean chicken flocks. J. Appl. Poult. Res. 20: 573-576.

Salles, G., Pilati, G., Muniz, E.,et al. 2023. Trends and challenges in the surveillance and control of avian
metapneumovirus. Viruses. 25: 2960.

Swelum, A.A., EI-Saadony, M.T., Abd El-Hack, M.E., et al. 2022. Ammonia emissions in poultry houses and
microbial nitrification as a promising reduction strategy. Sci. Total Environ. 776: 246978.

Wanarat, S., Sukmak, M., Witoonsatian, K. 2022. Molecular characterization of avian metapneumovirus
isolated from turkey in Thailand. In: Proceedings of the 29th Kasetsart University Annual Conference.
Nakhon Pathom, Thailand. 228-233.

World Organisation for Animal Health (WOAH). 2023. Terrestrial animal health code. WOAH. Paris, France.

128



	00 - Part-0 Cover
	00 - Part-1 คำนำ
	00 - Part-2 สารบัญ
	01 - สาขาพืช Oral
	02 - สาขาสัตว์ Oral
	เอกสารอ้างอิง
	Abstract
	Introduction
	Materials and Methods
	Ethical approval and experimental design
	Animal, Housing and Management
	Growth performance and fecal score
	Blood Analysis
	Statistical analysis

	Results and Discussion
	Growth performance
	Neutrophil to lymphocyte ratio (NLR)
	Fecal score

	Acknowledgements
	References
	Abstract
	Introduction
	Materials and Methods
	Ethical approval
	Study period and location
	Animals, housing and experimental design
	Fecal scoring and diarrhea incidence
	Statistical analysis

	Results and Discussion
	References

	03 - สาสัตวแพทยศาสตร์ Oral

