Content List Available at Thailo UAuINENS

Khon Kaen Agriculture Journal

AsEsAUNERAS
Journal Home Page : https://li01.tci-thaijo.org/index.php/agkasetkaj
THAIJO sl e

wamiﬂnmLuamwaammamlm‘lviama (Multi-strain) #29n31N136338YsAULA
aflAuNY LLawamﬁ'lu'mmmaamlman’tuanans

v 9

A preliminary study on the effects of multi-strain probiotics supplementation
on growth rate, immunity and small intestinal morphology in piglets

74 f W L4 4 L4 o

Wans wnsaien), Wsugan du1u?, nua 2223300 3T Aagnde?, Insius InanAsuise’,
wae #1303 F9AnDugIu’*

Padsakorn Pootthachaya’, Premsuda Saman? Kamon Chaweewan?, Viwat Kalyalang®,
Jakkraphan Towitsirinaret® and Sawitree Wongtangtintharn®*

L g19130anIemans AQsNunsaIansT Un1Ine1agveauLn 40002

I Department of Animal Science, Faculty of Agriculture, Khon Kaen University, 40002

2 guenruvainyalgnginm ao1iuisemermansuazieluladuvieUssimalne 12120

? Biodiversity Research Center, Thailand Institute of Scientific and Technological Research, 12120

3 dndmiansniugand nsudgdnd 12000

3 Bureau of Animal Husbandry and Genetic Improvement, Department of Livestock Development, 12000

¢ ugITEuaLTALIGNT FUEITEUa TSR TUATI VAN NTuYRanT 30130

4 Swine Research and Development Center, Nakhon Ratchasima Animal Research and Breeding Center, Department of Livestock
Development, 30130

undnge: msdnuiiiTag gusvasAliousziiunanaduqdunidinslulefnduuuvansanssiug (Multi-strain probiotics) fie
fnsn1sasLaule o u“é’mﬁ’u LLauam%m’mmmaaaﬂaLarﬂ,uaﬂaﬂi Immmmumimaamwauamimmﬂuuaaﬂ
(randomized complete block design) Iﬂsfhjmﬂ (Huazile) uaganeug (WaunLsy (Landrace) mﬁaﬂqw (Large White) uag
anwa (Landrace x Large White)) iuudien satavn 28§ wiadu 2 naunaaes iun nauenuau (adiesuinslulednd) uas
ﬂqumimsuiwsluiamﬂa WU 14 fsenguvnaes IWSIUI@Wﬂﬁ%I%ﬂi%ﬂBUWJEJ Lactobacillus brevis, Lactobacillus reuteri,
Lactobacillus paraplantarum, Lactobacillus pentosus, Lactococcus lactis, Weissella cibaria Wai¢ Pediococcus pentosaceus
Imaﬁmmﬁﬁwﬁuﬁ 10° cfu/mL Imﬂa'uﬁLﬂ%ﬂwﬂﬂaaﬂﬁﬁﬂﬁ%’umiavmEJIWﬁ"L‘uIaaﬂéﬁhumsi’]aumamnﬁ 2 Jaddnsnam
Fausud 7 mmaamumumuwaw 4 e vidaannia anansagldisuemsdisagusiunsieiuansazatelnslulefind
5 1addn3ue01113 100 N3U AudeTy 8 dUAW nan1sAnwInu aﬂﬂﬂi‘ﬂiﬂi‘uﬂ’ﬁLﬂilliWilUI’e)GlﬂﬂilU’MUﬂ(ﬂ’JLLEﬂ‘”’eJG]S’]
mingmuimaaammulmmqmﬂnammwm (P>0.05) LLaulmaqmamuwumaimwaqammiﬂﬂauau (IgA, 1gG uag IgM) Tu
F5u (P>0.05) ogalsfinu ﬂauwlmsuiwsiuiamﬂaummawamaaduaﬂmaﬂmumiamml,av"l,maau RN E R U]
xmwmmamaaammmammmﬂﬂumiamumwuammuaamm (P<0.05) mﬂmamiﬂﬂmuuamﬂmmm QUETGEH
st"LuIamﬂmmwmamawuqmamLaﬁmﬁweumamgm'mm‘ummlmaﬂiuqﬂqﬂsimalummaﬂszwLﬁma‘umaamwms
WiniulauazilAuiy

AdALY: Iwﬂuiamﬂa nswsagAule; iiauiy; duguinen; anans

<3

* Corresponding author: sawiwo@kku.ac.th
Received: date; June 9, 2025 Revised: date; October 2, 2025
Accepted: date; October 16, 2025 Published: date; February 6, 2026



https://map.longdo.com/p/A00007928

U s 56 atufl 1: 39-53 (2569)./doi:10.14456/kaj.2026.4. 40

ABSTRACT: This study aimed to evaluate the effects of multi-strain probiotic supplementation on growth rate,
immunity, and small intestinal morphology in piglets. The experiment was arranged in a randomized complete block
design, with sex (Male and Female) and breed (Landrace, Large White, and Landrace x Large White crossbreds)
considered as blocking factors. A total of 28 piglets were used and divided into two treatment groups: a control
group (Without probiotics) and a probiotic group, with 14 piglets per group. The probiotics used consisted of
Lactobacillus brevis, Lactobacillus reuteri, Lactobacillus paraplantarum, Lactobacillus pentosus, Lactococcus
lactis, Weissella cibaria, and Pediococcus pentosaceus, at a concentration of 10° cfu/mL. Piglets in the probiotic
group received 2 mL of the probiotic solution orally from day 7 after birth until weaning at 4 weeks of age.
Subsequently, from weaning to 8 weeks of age, they were fed a commercial diet supplemented with 5 mL of the
probiotic solution per 100 ¢ of feed. The results showed that probiotic supplementation had no significant effect
on body weight or average daily gain (P>0.05), and it also did not affect serum immunoglobulin levels (IgA, 1gG, and
IgM; P>0.05). However, the probiotic group exhibited significantly increased villus height in the duodenum and ileum,
as well as a higher villus height-to-crypt depth ratio in the duodenum (P<0.05), compared to the control group.
These preliminary findings suggest that multi-strain probiotic supplementation may enhance the development of
small intestinal morphology in piglets without negatively affecting srowth performance and immunity.

Keywords: probiotics; growth; immunity; histomorphology; piglet
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Table 1 The composition of muti-strain probiotics'

Microbial composition Concentration
Lactobacillus brevis 1.0 x 10’ cfu/mL
Lactobacillus reuteri 1.0 x 10° cfu/mL
Weissella cibaria 1.0 x 10° cfu/mL
Lactobacillus paraplantarum 1.0 x 10° cfu/mL
Lactococcus lactis 1.0 x 10° cfu/mL
Lactobacillus pentosus 1.0 x 10° cfu/mL
Pedliococcus pentosaceus 1.0 x 10° cfu/mL

! Probiotics from the Thailand Institute of Scientific and Technological Research (TISTR)

Inglutiszezeuuiagngnivniazlisuunainudansdunan 6 Ju a1ntu gnanslunguaiuauaglasuemis

o
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Wigsegnaifieafiedsliesuuunan (Round feeder) AfitdusinuAudnans 25 lwufiung wagdn 6 iwufuns vaziingui
§sulnslulefndarldsuemadessimfunmaasuasarans Inslulefind 2 Seaans kiunstleunnaingng 3 Su faus
Yuil 7 wdmaen ulmeuuitony 28 Tu Tneidedunenaaonuuin 2 x 2.2 1w (0.6 x 2.2 RS FWSULLANT ua 14 x 2.2
wns dmiugnans) wa”qmﬂmhuuqﬂqﬂiLwiasnaq'umaawzgﬂ5’1aﬁ’flfdLé’ymimﬁue[,uﬂaﬂaﬂgmamum 2.5x 2.5 x0.95 103
(F1wau 14 fasienen Uszneudiemer 8 71 uazineidle 6 67) Taegnanstunquaiuauagldsuemsdnsazy (Usiu 20%
uaEnEIU 3,200 keal/kg) vuziinguiildsulnslulefndazldsuemmadifaguimfumaaiulnslulefnd adgnansaglfsu
ownstuarastes fio Tuthadiine 7.00 u. gnansarldfuennetaiunaaiulnslulefind lasensiinasinslulofindasgn
wieslmivnushensansdansazanelnslulednduiun 5 Sadanssonimns 100 niu wailvinszaneegrsasinaneseilo
outhlUlflussemsmeudmn fuileninuiidinvesduvisinslulofindnadBnisues Sahatsanon et al. (2025) way
Tuthafuien 16.00 u. gnansagldsuomsunafliesulnslulofind SunlvAunas e (Ad libitum) wazideanieli
anwnadenlsndeunuudn (@amnfiads 28 + 4°C uazAuTuiads 77 + 5%) wudisony 56 Tu

LﬁUﬁuﬁﬂ%@%aﬂg’mﬂﬂﬁ’J (Body weight) ¥esqnansiteny 4 uag 8 dUami lilednamsninaesyiulandssioty
(Average daily gain) iamﬁaﬂuﬁﬂLLaszsLﬁiﬂﬁﬂmmummaﬁmmamaaaﬂa (Feces score) Nniu MU3EN15v04 Lu et al. (2018)
Fesryinaeimslirsuuuesya 5 sedurslutl 1 = ganssufeudouuifthmady 2 = gavnudufoudefuitimam

3 = gansuiludlefuveniidn 4 = geansuluiowanilidmesu was 5 = geasulwlhwannniiddinadeu (Figure 1)

Score 1 2 3 4 5
Description | Firm and dark brown | Slightly soft and dark gray Pasty and gray Loose and light gray | Watery and light brown

Figure 1 A proposal of a fecal scoring system (Lu et al,, 2018)
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(Immunoglobulin; Ig) ﬁam;m‘wmaa‘u Elisa test kit lauA IgA (ab190536, Pig, Abcam, Wuhan, China), IgG (MBS746924, Pig,
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é’wﬂﬁamﬂﬂmw:mmgm (Wang et al., 2021a)
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E600, Nikon Corp., Tokyo, Japan) fifdsaens 40x saufundesdle (XCTTE, Sony Corp., Tokyo, Japan) Litetufinain
wazIndnwasnsduguinevesaldandielusunsu Axio vision version 2018 (Carl Zeiss Co., Ltd., Seoul, Korea) Ing
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wuukaw (Linear Mixed Model) Taglalusunsu SAS (Version 9.4, SAS Institute Inc., Cary, NC, USA) ALANNSHaE
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edi T, fio DYENAVRIIINLUUA (Main fixed effect)
B; fo dnsNavesudean (Additional fixed effect: Sex and Breed)
BWO Ao twitinusniin (Covariate)
P, fo vswavesaon (Random effect)
€« Ao munanndeu (Residual error)

HaN1TMap9T1891UduAn Least squares means + Standard error (LSMeans + SE) Ingfia1sanaiuuanmnemi
adAf P<0.05 iadl leivinnisesavaevaunfgiuvesiuea (muduunfveamundenasanuiniuresnunususiu) uas
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nalmuanigisannsadeuaruivaugaresadunislussuumaiuoims uslildfualnenssodunisnismuany
W& MsdaaTeillsiuendnie wionsiiudnsnsasaiulalaense Galli et al, 2024) msAnwlutagtulving
AdEU Huang et al. (2024) issaudn maedulnslulefndvansanesius (L. plantarum, S. thermophilus Wag B. subtilis)
frrndiudu 2 x 10° cfu/mL Tuensgnansvgnunileny 4-8 dUaw lidmalidminduassnsmaasauiulaunnsiann
NANAIUAL LuAEINU Lahteinen et al. (2015) fasulnslulefind (Multistrain Lactobacillus: L. amylovorus, L. mucosae,
L. salivarius, L. johnsonii wa L. reuteri) firnandiudu 1 x 10%° cfu/mlL Tuonstldnwuransenul@sninsedninisasyiule
YBINANSIIUNU

sgdlsfmunmiddednlngsenud maadudunidnslulefndindwansenudauinsenisiesydulavesgn
qﬂsﬁgﬂuﬁmﬁmﬁﬂﬁaLLasé’mwmsLﬁzyLﬁUImLa?{m{aﬁ’u (Laskowska et al., 2019; Blavi et al., 2021; Sarkar et al., 2023)
uenINi MnMsAnRarA RN (Meta-analysis) fansussidiunavesnsiasulnslulefind Lactobacillus spp.
ﬁﬂiamquwas{aamiausmm%zytﬁuimLLasﬁmgmﬁmmmaaﬁﬂﬁmmiﬂ 190 99017 WUI1 N5LESY Lactobacillus spp.
anunsaUsuTsgdvsnmnssydulavesgnansidegradifudfny (Zhu et al, 2022) Humsusudssnstosuagn1snads
A13871913 sauﬂgqﬁm’i‘mEJwamSu‘vﬁ'éﬁdata‘%uqmmwhiswmaLﬁummi Fauandlsiiiufmansgnuideanuednslulefnd
NIBoNARANTIIUENITRTYAULAYEIGNANS (Wang et al., 2019a) il m’mLmﬂﬁhmwamiﬁﬂmmﬁuagﬁwmaﬂﬁa

q

W wiauazaneiuguoiunidnliduumawednslulefind Usinauasszeziailunmsasy Sudanmuindeuwasguang
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Table 2 The effects of using multi-strain probiotics on growth performance in piglets (Mean+SEM) n=14"

Performance Period Control Probiotics P-value
Birth weight (kilograms/pig) 1.47 + 0.04 1.53 £ 0.05 0.38
Body weight (kilograms/pig) 28 days 7.41 + 0.36 7.41 + 0.31 1.00
56 days 18.63 + 1.38 19.29 £ 0.71 0.68
Average daily gain (grams/pig) 28 days 212.24 + 12.20 210.20 + 11.49 0.91
56 days 306.38 + 24.52 317.09 £ 11.93 0.70

A Values within the same row having different superscript letters are significantly different (P<0.05)
navesmsiaiulnslulofndsemazuuuvesa Tagldssuuazuuu 5 v wui nquildsulnsluledndfidadswini
3.64 vuzdinguaruAuiiAndowiniy 343 Welms1eside Linear mixed model lawumnuunniegildoddynisada
(P=0.68, Figure 2 uaz Figure 3) 13t Azuuugansrlugnansgninulfiiiovssifiuruashianevesgansssanunsntsuen
feguanizuesszUUeEeIMS UarAAzLULYesyaTiguinywenfsginisalvesdnsmsiineinisiesssiigs denslulednd
\HuuvaiiSeidulsslowifiansodmairorazuuugaassinunsuiuugquamdilduazanensiiosas (Lu et al, 2018)
#9AAdDafUT1897U89 Wang and Kim (2021) Lag Konieczka et al. (2023) fis141u91 msiaiuqaunisinsluledndlu
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Figure 2 The effects of using multi-strain probiotics on feces score in piglets (Mean+SEM) n=14

Control group Probiotics group

Figure 3 Representative feces characteristics of piglets observed in control and probiotics groups
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Figure 4 The mean concentration (+SEM) of immunoglobulins in serum. A) IgA; B) IgG; C) IgM concentration
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(1.73 vs 1.45) vauzfianuninvesiada anudnvessu wasiiuiifvedadalunndiuvesdldidnlinuanuuansmisada

(P>0.05) nan1vnasndlandlu Table 3 uag Figure 5

Table 3 The effects of using multi-strain probiotics on small intestine histomorphology in piglets (Mean+SEM) n=14"

¥

a7

Histomorphology Part Control Probiotics P-value
Villus height (um) Duodenum 359.25 + 24.35 429.33 + 21.80 0.05
Jejunum 350.72 + 10.34 382.21 + 14.61 0.10
Ileum 317.11 £ 12.40 365.25 + 19.52 0.05
Villus width (um) Duodenum 15131 +£9.24 156.81 + 6.71 0.64
Jejunum 167.53 + 6.96 148.49 + 6.90 0.07
Ileum 144.53 + 5.96 147.09 + 7.27 0.79
Crypt depth (um) Duodenum 24799 + 11.36 253.46 + 16.88 0.79
Jejunum 208.60 £ 9.73 23199 + 15.72 0.22
lleum 203.52 + 11.49 238.23 + 14.89 0.08
Villus height/Crypt depth ratio Duodenum 1.45 + 0.08 1.73 £ 0.11 0.05
Jejunum 1.70 £ 0.07 1.72 £ 0.15 0.91
lleum 1.58 + 0.08 1.57 £ 0.10 0.91
Villus surface area (mm?) Duodenum 0.19 + 0.02 0.21 + 0.01 0.48
Jejunum 0.18 £ 0.01 0.17 £ 0.01 0.66
lleum 0.14 + 0.01 0.17 £ 0.01 0.06

A Values within the same row having different superscript letters are significantly different (P<0.05)
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Figure 5 Histological structure of small intestinal (Duodenum) mucosa in 56-day old of piglets. A) Control group;

B) Probiotics group
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usnannalnuasinsluleAndfitrsuunmaniyveseadideyialudldud Suduiinswuiuidinnslulefndamsondn
wulasivangusznyn a1y arabinose, alpha-amylase, maltase, cellulase, levansucrase, dextranase, alkaline protease,
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Tunsfnwdfnisléasuuuyeansuardnvurmednguinevesdldiiudsdnedouvesguaindlduay
Useavduanadinslulefnd dedtamariinedimenuiansoasioufvaussnugmahauresszuumaiuems
auysalvendeydld uazmnuaunaueaqduv3sludldlsl (Zhang et al, 2019; Song et al,, 2025) oe1slsAnu nsdilaile
ATIVIATIBYRIAUTENOUVDIREUYSEIUANLE (Gut microbiota profile) 11 N15¥N 165 rRNA sequencing ¥38 N153LATIEY
3unv999aUNIE (Metagenomic analysis) foldudesin lesaninslulefndinesnguitiunisuivaunavesqgaunisiu
@& msilifideyadsnandsdidanisinruidsdnveanadng dsuideluouanmsiiunisiinssvissdlsznauves
QAuvIsid Ui ugunmdldBug Wy madsuuwamesansiumuelad (Vetabolomics) Insiamensalasuansdy
warAanssunsdueyyadasy (Oxidative activity) iteasamuidrlafinsudiunasidednunduisadunalnnsvhy

s

saufuraanstulefndwuunangaenug

]

G

9

@ Y

nswsulnsluledndvateaneiuslugnansdrneungiuuiiveny 8 dUanvi dawansenuidsuinidrAgysedugiu

o o«

v
I3 =<

Inewesdldidn netfinnnugaesiadaludldidnduglotiuuaslodon uazdmalisnsduveadaronduvigeiulu
alddnduglofiiy FsUsdfednenmlumstosuargaduansomsiinau Taslidwansenudednaninaiyidulnuay
piRufuvesgnans egdlsinu mstiAnueideduszeren swimsussdiunasieaussanmmssdsluszezyu uaynsan
wansznudeassUsznavvadlilasluleslugldotvanden Wensinuiiaseuaguistuinfuumumednslulefnduuy

vanganeiugreau Az UsEaNSAMNISHERYRENS

nseuInIdeludnd

nmneaestilasveugnlidniiienunisivetmans anuenaiseygy1nauil DLDO36/64

AUBUAN

a ¢

VOUDUANANIAIUNAINUAENTINN a1 dneremansuazmalulaguvisseinalnenlininueyasie

3 v & o

megralnsluledndfldlunismaaes suunsgudidowasinwnans-drdnimuiuddad nsudadnd sunetindes Jwmia

q q

uAsEN Ailienueyaszianuivazdninaasdunsiiudeyaideluadsl

LONA1581999
Aiyegoro, O., Z. Dlamini, A. Okoh, and R. Langa. 2017. Effects of probiotics on growth performance, blood

parameters, and antibody stimulation in piglets. South African Journal of Animal Science. 47: 766-775.


https://www.sciencedirect.com/science/article/pii/S2405654524000477#bib32
https://www.sciencedirect.com/science/article/pii/S2405654524000477#bib39

U s 56 atufl 1: 39-53 (2569)./doi:10.14456/kaj.2026.4. 50

American Veterinary Medical Association (AVMA). 2020. AVMA Guidelines for the Euthanasia of Animals: 2020
Edition. Schaumburg, IL: American Veterinary Medical Association. Available: https://www.avma.org.
Accessed Jul.31, 2024.

Barba-Vidal, E., S. M. Martin-Orue, and L. Castillejos. 2018. Review: Are we using probiotics correctly in post-
weaning piglets? Animal: An International Journal of Animal Bioscience. 12: 2489-2498.

Blavi, L., D. Sola-Oriol, P. Llonch, S. Lopez-Verge, S. M. Martin-Orue, and J. F. Perez. 2021. Management and
feeding strategies in early life to increase piglet performance and welfare around weaning: A review.
Animals. 11: 302.

Bromfield, J. I., S. Niknafs, X. Chen, J. von Hellens, D. Horyanto, B. Sun, L. Yu, V. H. Tran, M. Navarro, and E.
Roura. 2024. The evaluation of next-generation probiotics on broiler growth performance, gut
morphology, gut microbiome, nutrient digestibility, in addition to enzyme production of Bacillus spp. in
vitro. Animal Nutrition. 18: 133-144,

Cheng, Y., S. Ding, M. A. K. Azad, B. Song, and X. Kong. 2023. Comparison of the pig breeds in the small intestinal
morphology and digestive functions at different ages. Metabolites. 13: 132.

Czyzewska-Dors, E., K. Kwit, E. Stasiak, J. Rachubik, K. Slizewska, and M. Pomorska-Mol. 2018. Effects of newly
developed synbiotic and commercial probiotic products on the haematological indices, serum
cytokines, acute phase proteins concentration, and serum immunoglobulins amount in sows and
growing pigs — A pilot study. Journal of Veterinary Research. 62: 317-328.

de Lange, C. F. M,, J. Pluske, J. Gong, and C. M. Nyachoti. 2010. Strategic use of feed ingredients and feed
additives to stimulate gut health and development in young pigs. Livestock Science. 134: 124-134.

Dlamini, Z. C,, R. L. S. Langa, O. A. Aiyegoro, and A. I. Okoh. 2017. Effects of probiotics on growth performance,
blood parameters, and antibody stimulation in piglets. South African Journal of Animal Science. 47:
766-775.

Dowarah, R., A. K. Verma, N. Agarwal, P. Singh, and B. R. Singh. 2018. Selection and characterization of probiotic
lactic acid bacteria and its impact on growth, nutrient digestibility, health and antioxidant status in
weaned piglets. Plos One. 13: e0192978.

Galli, G. M., I. Andretta, C. Levesque, T. Stefanello, C. L. Carvalho, J. Y. Perez Pelencia, G. B. Bueno Martins, B.
Souza de Lima Cony, C. Romeiro de Oliveira, C. H. Franceschi, and M. Kipper. 2024. Using probiotics to
improve nutrient digestibility and gut-health of weaned pigs: a comparison of maternal and nursery
supplementation strategies. Frontiers in Veterinary Science. 11: 1356455.

Gorzelanna, Z., A. Mamrot, D. Bedkowska, J. Bubak, and M. Miszczak. 2025. Exploring the potential of novel
animal-origin probiotics as key players in one health: opportunities and challenges. International Journal
of Molecular Sciences. 26: 5143.

Haupenthal, L. A., J. G. Caramori Junior, G. S. S. Corréa, and B. A. N. Silva. 2020. Oral supplementation of probiotics
on the performance and intestinal histo-morphology of suckling piglets. Ciéncia Rural. 50: €20190602.

Huang, C. W., S. Y. Liu, B. P. Bhattarai, T. Y. Lee, H. T. Chang, H. C. Lin, H. M. Weng, H. H. Huang, J. S. Lin, and J.
W. Lee. 2024. Live multi-strain probiotics enhance growth performance by regulating intestinal

morphology and microbiome population in weaning piglets. Microorganisms. 12: 2334.


https://www.avma.org/

KHON KAEN AGRICULTURE JOURNAL 54 (1): 39-53 (2026)./d0i:10.14456/kaj.2026.4. 51

Ismael, M., M. Huang, and Q. Zhong. 2024. The bacteriocins produced by lactic acid bacteria and the promising
applications in promoting gastrointestinal health. Foods. 13: 3887.

Jha, R, R. Das, S. Oak, and P. Mishra. 2020. Probiotics (direct-fed microbials) in poultry nutrition and their effects
on nutrient utilization, gsrowth and laying performance, and gut health: a systematic review. Animals. 10:
1863.

Jiang, Z., M. Yang, W. Su, L. Mei, Y. Li, Y. Guo, Y. Li, W. Liang, B. Yang, Z. Huang, and Y. Wang. 2024. Probiotics in
piglet: from gut health to pathogen defense mechanisms. Frontiers in Immunology. 15: 1468873.

Jorgensen, J. N, J. S. Laguna, C. Millan, O. Casabuena, and M. I. Gracia. 2016. Effects of a Bacillus-based
probiotic and dietary energy content on the performance and nutrient digestibility of wean to finish
pigs. Animal Feed Science and Technology. 221: 54-61.

Konieczka, P., K. Ferenc, J. N. Jorgensen, L. H. B. Hansen, R. Zabielski, J. Olszewski, Z. Gajewski, M. Mazur-
Kusnirek, D. Szkopek, N. Szyrynska, and K. Lipinski. 2023. Feeding Bacillus-based probiotics to gestating
and lactating sows is an efficient method for improving immunity, gut functional status and biofilm
formation by probiotic bacteria in piglets at weaning. Animal Nutrition. 13: 361-372.

Lahteinen, T., T. Rinttila, J. M. K. Koort, R. Kant, K. Levonen, M. Jakava-Viljanen, J. Bjorkroth, and A. Palva. 2015.
Effect of a multispecies Lactobacillus formulation as a feeding supplement on the performance and
immune function of piglets. Livestock Science. 180: 164-171.

Laskowska, E., L. Jarosz, and Z. Gradzki. 2019. Effect of multi-microbial probiotic formulation Bokashi on pro-
and anti-inflammatory cytokines profile in the serum, colostrum and milk of sows, and in a culture of
polymorphonuclear cells isolated from colostrum. Probiotics and Antimicrobial Protein. 11: 220-232.

Liang, H., Y. Zhang, Z. Miao, R. Cheng, F. Jiang, X. Ze, X. Shen, and F. He. 2022. Anti-allergic effects of two potential
probiotic strains isolated from infant feces in China. Journal of Functional Foods. 92: 105070.

Liao, S. F., and M. Nyachoti. 2017. Using probiotics to improve swine gut health and nutrient utilization. Animal
Nutrition. 3: 331-343.

Lu, X., M. Zhang, L. Zhao, K. Ge, Z. Wang, L. Jun, and F. Ren. 2018. Growth performance and post-weaning
diarrhea in piglets fed a diet supplemented with probiotic complexes. Journal of Microbiology and
Biotechnology. 28: 1791-1799.

Marchewka, J., P. Sztandarski, Z. Zdanowska-Sasiadek, D. Adamek-Urbanska, K. Damaziak, F. Wojciechowski, A. B.
Riber, and S. Gunnarsson. 2021. Gastrointestinal tract morphometrics and content of commercial and
indigenous chicken breeds with differing ranging profiles. Animals. 11: 1881.

Park, J. H., S. I. Lee, and I. H. Kim. 2020. The effect of protease on growth performance, nutrient digestibility, and
expression of growth-related genes and amino acid transporters in broilers. Journal of Animal Science
and Technology. 62: 614-627.

Saha, S., F. Namai, K. Nishiyama, J. Villena, and H. Kitazawa. 2024. Role of immunomodulatory probiotics in
alleviating bacterial diarrhea in piglets: a systematic review. Journal of Animal Science and

Biotechnology. 15: 112.



U s 56 atufl 1: 39-53 (2569)./doi:10.14456/kaj.2026.4. 52

Sahatsanon, K., P. Sivapirunthep, K. Sringarm, C. Arjin, P. Hnokaew, K. Chaweewan, and C. Chaosap. 2025.
Influence of host-specific and locally isolated multi-strain probiotics on piglet performance, mortality,
inflamlnmatory response, and gut microbiome. Animal Bioscience. 38: 717-727.

Saman, P., A. Chaiongkarn, S. Moonmangmee, S. Singhtho, P. Kornngam, and N. Yongkit. 2022. Research and
development of effective mixed microorganism for piglet production. Thailand Institute of Scientific and
Technological Research (TISTR).

Sarkar, G., S. Mondal, D. Bhattacharya, P. Ponraj, S. Sawhney, P. Bala, D. Chakraborty, J. Sunder, and A. K. De.
2023. Effect of a multi-strain probiotic on growth performance, lipid panel, antioxidant profile, and
immune response in Andaman local piglets at weaning. Fermentation. 9: 970.

SAS Institute Inc. 2019. SAS/STAT User’s Guide, Version 9.4. SAS Institute Inc., Cary, NC, USA.

Shin, D., S. Y. Chang, P. Bogere, K. Won, J. Y. Choi, Y. J. Choi, H. K. Lee, J. Hur, B. Y. Park, Y. Kim, and J. Heo. 2019.
Beneficial roles of probiotics on the modulation of gut microbiota and immune response in pigs. Plos
One. 14: e0220843.

Song, D., J. Lee, Y. Yoo, H. Oh, S. Chang, J. An, S. Park, K. Jeon, Y. Cho, Y. Yoon, and J. Cho. 2025. Effects of
probiotics on growth performance, intestinal morphology, intestinal microbiota in weaning pig¢ challenged
with Escherichia coli and Salmonella enterica. Journal of Animal Science and Technology. 67: 106-136.

Su, W., T. Gong, Z. Jiang, Z. Lu, and Y. Wang. 2022. The role of probiotics in alleviating postweaning diarrhea in
piglets from the perspective of intestinal barriers. Frontiers in Cellular and Infection Microbiology. 12:
883107.

Sun, W., W. Chen, K. Meng, L. Cai, G. Li, X. Li, and X. Jiang. 2023. Dietary supplementation with probiotic Bacillus
licheniformis S6 improves intestinal integrity via modulating intestinal barrier function and microbial
diversity in weaned piglets. Biology. 12: 238.

Tang, X., K. Xiong, R. Fang, and M. Li. 2022. Weaning stress and intestinal health of piglets: a review. Frontiers in
Immunology. 13: 1042778.

Vieco-Saiz, N., Y. Belguesmia, R. Raspoet, E. Auclair, F. Gancel, I. Kempf, and D. Drider. 2019. Benefits and inputs
from lactic acid bacteria and their bacteriocins as alternatives to antibiotic srowth promoters during
food-animal production. Frontiers in Microbiology. 10: 57.

Wang, H., and I. H. Kim. 2021a. Evaluation of dietary probiotic (Lactobacillus plantarum BG0001)
supplementation on the growth performance, nutrient digestibility, blood profile, fecal gas emission,
and fecal microbiota in weaning pigs. Animals. 11: 2232.

Wang, K., C. Hu, W. Tang, M. A. K. Azad, Q. Zhu, Q. He, and X. Kong. 2021b. The enhancement of intestinal
immunity in offspring piglets by maternal probiotic or synbiotic supplementation is associated with the
alteration of gut microbiota. Frontiers in Nutrition. 8: 686053.

Wang, S., B. Yao, H. Gao, J. Zang, S. Tao, S. Zhang, S. Huang, B. He, and J. Wang. 2019a. Combined
supplementation of Lactobacillus fermentum and Pediococcus acidilactici promoted growth
performance, alleviated inflammation, and modulated intestinal microbiota in weaned pigs. BMC

Veterinary Research. 15: 239.



KHON KAEN AGRICULTURE JOURNAL 54 (1): 39-53 (2026)./d0i:10.14456/kaj.2026.4. 53

Wang, S., M. Bai, K. Xu, Y. Shao, Z. Yang, X. Xiong, R. Huang, Y. Li, and H. Liu. 2021. Effects of coated cysteamine
on oxidative stress and inflammation in weaned pigs. Animals. 11: 2217.

Wang, T., K. Teng, Y. Liu, W. Shi, J. Zhang, E. Dong, X. Zhang, Y. Tao, and J. Zhong. 2019b. Lactobacillus
plantarum PFM 105 promotes intestinal development through modulation of gut microbiota in weaning
piglets. Frontiers in Microbiology. 10: 90.

Xie, Q., M. Yang, Q. Duanmu, M. Kang, J. Wang, and B. E. Tan. 2025. Ningxiang pig-derived Lactobacillus reuteri
improves the gut health of weaned piglets by regulating intestinal barrier function and cytokine profiles.
Scientific Report. 15: 3993.

Xue, L., S. Long, B. Cheng, Q. Song, C. Zhang, L. H. B. Hansen, Y. Sheng, J. Zang, and X. Piao. 2024. Dietary triple-
strain Bacillus-based probiotic supplementation improves performance, immune function, intestinal
morphology, and microbial community in weaned pigs. Microorganisms. 12: 1536.

Yi, R., Y. Pan, X. Long, F. Tan, and X. Zhao. 2020. Enzyme producing activity of probiotics and preparation of
compound enzyme. Journal of Chemistry. 2020: 9140281.

Zhang, S., D. H. Yoo, X. Ao, and I. H. Kim. 2020. Effects of dietary probiotic, liquid feed and nutritional
concentration on the growth performance, nutrient digestibility and fecal score of weaning piglets. Asian-
Australasian Journal of Animal Sciences. 33: 1617-1623.

Zhang, Y., Y. Zhang, F. Liu, Y. Mao, Y. Zhang, H. Zeng, S. Ren, L. Guo, Z. Chen, N. Hrabchenko, J. Wu, and J. Yu.
2023. Mechanisms and applications of probiotics in prevention and treatment of swine diseases. Porcine
Health Management. 9: 5.

Zhao, J., Z. Xie, M. Zheng, W. Tang, H. Diao, and H. Yin. 2024. Dietary complex probiotic supplementation
changed the composition of intestinal short-chain fatty acids and improved the average daily gain of
weaned piglets. Frontiers in Veterinary Science. 11: 1424855.

Zhu, C, J. Yao, M. Zhu, C. Zhu, L. Yuan, Z. Li, D. Cai, S. Chen, P. Hu, and H. Y. Liu. 2022. A meta-analysis of
Lactobacillus-based probiotics for growth performance and intestinal morphology in piglets. Frontiers in
Veterinary Science. 9: 1045965.

Zou, Y., Q. Xiang, J. Wang, J. Peng, and H. Wei. 2016. Oregano essential oil improves intestinal morphology and
expression of tight junction proteins associated with modulation of selected intestinal bacteria and

immune status in a pig model. BioMed Research International. 2016: 11.



