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A preliminary study on the effects of multi-strain probiotics supplementation
on growth rate, immunity and small intestinal morphology in piglets
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ﬂqumimsuiwsluiamﬂa WU 14 fsenguvnaes IWSIUI@Wﬂﬁ%I%ﬂi%ﬂBUWJEJ Lactobacillus brevis, Lactobacillus reuteri,
Lactobacillus paraplantarum, Lactobacillus pentosus, Lactococcus lactis, Weissella cibaria Wai¢ Pediococcus pentosaceus
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Fausud 7 mmaamumumuwaw 4 e vidaannia anansagldisuemsdusaguswiunsieiuansazatelnslulefind
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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 mlL 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 g 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, IgG, 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.
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WazNaNEnYawEns (Shin et al., 2019) lnglamzgnansludisssugnoulas A uunlaNEEEe WWewn FIsaings
fdnneliAnnueseafiihlugnisideundaduniiuazduginewesdldian wenaind anneanuesenddmali

gnansesuLekarderan1sAnelsarie Ndnnelviinein1svieuds Fwzdwmarilidninisasyivlnvepgngnsanas
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(Su et al,, 2022; Tang et al,, 2022)
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a

alddn (Microbiota modulation) vilsiqaun3efiduusslesu wu Lactobacillus spp. wae Bifidobacterium spp. F81uau

v '
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iy sumxm%'yariaiiﬂ WU Escherichia coli wag Clostridium spp. anad (Aiyegoro et al., 2017) E‘idwas[,ﬁfjsumwﬁﬂﬁa%u
anATmiuazANLULSwese MsTends Fulutaduddaronisdnasuusransamnisuanlugnansvgiuy veinisly
Tnslulefnduvunasfiofunadeniidvssansamlunisldiduasiduuddduemns Fsamsanaununisldenjimugluns
UTIMIANUATEAIINNITUE Y waztisduasulsednsamnisndnlugnanineuulaegnalivseavsua Inedindangiuain
miAseneunhildnenuissefuanudutuvedinslulefndnasaneiugiivszana 10° cfu/ml SuUszansnmgsgase
mmauaummna‘s‘ﬁwmmsqmmwmméﬂﬁluqﬂqm (Huting et al., 2023; Huang et al., 2024, Sahatsanon et al., 2025)
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wazguuuunisldtedudadud ”aﬁﬁmam'amiﬂalﬂv'mmuazﬂszaw%maﬁuaﬂwﬂu‘laaﬂéﬂuﬁmi (Gorzelanna et al., 2025)
wihnednAdeRetunslulefnddwaumnnlullagdy wideyaifefumsliinsluleAnduuuvanemeriuslugngnsdsdsida
vonant Sefiudndlumsinuqauridaneiudlaififianauifiduesduslond dewnuszavinmuednslulefind

fianuanzianzasreaieiug (Sahatsanon et al,, 2025) msfinwiilunisfnwseillemwesnsfnwneuniinlasunu
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afuauanantiifeinemansuazmaluladuisusemelneg (TISTR) Fsgahiluiinisdmdengdunisinsluledndiings
nspuanfin (Lactic acid bacteria) Aifidnan el flugnamnssunindesans Inelddadonuuaiidelunduiinannsauanin
7 @ngw uﬁ: 8w Lactobacillus brevis, Lactobacillus reuteri, Lactobacillus paraplantarum, Lactococcus lactis, Lactobacillus
pentosus, Weissella cibaria Wag Pedjococcus pentosaceus (Saman et al., 2022) IﬂaﬁgﬂwmLLUﬂlﬁﬂﬂﬂ@ﬂiﬁﬁqmﬂﬁwmu
Usznalng uazrumsdnidenmunastdimnzaudmiunaduuvadwsiulefind wu anuaansalunsuduslidl
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a1e1us (Muti-strain probiotics) iUsgnaumeLUATISeNRGANSALAARN 7 a1eiugiesnsinissayiule seauiiquiu

warnsiandnvasnsdgineludldidnvesgnans

ABmsAnen

vhmsanwuaziAvteyafiqudidouasianngns-drinfauniugdng nsudadnd sneuindes Smiaunssudun
Tnglanansiusuaudisy (Landrace; LR) 16 67 (e 8 67 uaziwaldle 8 ¢a) ansali (Large White; LW) 10 63 (wnieie] 6
wazineAlly 4 67) gnwas (Cross breed [LR x LW]; CB) 2 #3 (e 2 #2) Tavamn 28 (e 16 67 uazinaile 12 67)
1?wwﬁﬂqﬂqﬂnmﬂaama§8 1.50 + 0.05 Alansu

sanuuuNIsAaBwuUgNanysalngluuden (Randomized Complete Block Design) lneldina ({uavile) uaz
awﬁ’uﬁ: (Landrace, Large White wag Landrace x Large White crossbreds) L‘ﬁuuﬁaﬂLﬁamUQM’nmLﬂiﬂﬂu mﬂﬁ?u?jm
anansneluusazufendingunsmaass 2 naue az 14 faeesauna (WeR: LR-4 & LW-3 §; CB-1 ¢ waziwendle: LR4 #;
LW-2 #2) Usznaudienguaiunu (Control) uazngud lesunisiaiulnslulefndnangaesiug (Muti-strain probiotics;
Table 1)I®aﬂiznaué’awﬁyasluaqa Lactobacillus, Lactococcus, Weissella wag Pediococcu %dg}ﬂm?aﬂﬁaﬂugﬂ

'3

A1saraeNANUTNTY 1.0 x 10° cfu/mL Tngs1989a1ns1eauUnsanwnaurtnfsenuInsasulnsiulafndvalsansnug

]

fanududy 10° cfu/ml fusgdnsamgerenisduasuguamalduazn1sasaiulanvedgnans (Huang et al, 2024;

Sahatsanon et al., 2025)
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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
Pediococcus pentosaceus 1.0 x 10° cfu/mL

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

Inglutiszereuuiagngnimniagldfuunanudansiluna 6 Ju a1ntu gnanslunguaiuguazlasuemis

@

188579 (Creep feed- TUSAY 22% wagwasau 3,400 kcalzkg; HI-GRO 550 LAC, Us#w @tew (Uszimelne) 9189 (un1ww)

Wigsegnaifieafiedsliesuuunan (Round feeder) Afitdusinuaudnans 25 lwufiuns wagdn 6 wufuns aiziingui
¢sulnslulefndarldsuemadessimfunmaasuasaras Inslulefind 2 Seaans kiunstleunainyng 3 Su faus
Yuil 7 wdmaen ulmeuuitony 28 Tu Tneidedunenaaonuuin 2 x 2.2 ms (0.6 x 2.2 AT FWSULLaNT uay 14 x 2.2
wns d1msugnans) wé’nmﬂwjmugﬂqﬂiLwiaxﬂfjwmaaa%gﬂéTwaﬁﬂﬂL?ﬁumﬁ'mﬁusluﬂaﬂaumasuum 2.5x 2.5 x 0.95 11A5
(Fruau 14 dseaen Usenausmewmed 8 i wazineille 6 67) lnsgnanslunguaiuauazlisuenmsdnsagy (Ushu 20%
LaENEL 3,200 keal/kg) vaufinguitldsulnslulefndagldsuomsdniagusmifunaedlnslulofnd vatlgnansazlasy
ownsTuarastes fio Tuthadiine 7.00 u. gnansarldfuenmnetaiunaeiulnslulefind lasensiinasinslulofindasgn
wieslmivnushensansdansazanelnslulednduiun 5 Sadanssonims 100 niu wailvinszaneegisasinaneseilo
routhllflussemsmeudmn fuilensnuiidinuesdurdsinslulofindnadgnisues Sahatsanon et al. (2025) way
Tughadunan 16,00 u. gnansagldsuenmsunafliasalnglulefingd SunlAunae aan (Ad libitum) wosidssaeld
anmiandeslsedouuuudn (Quugiiade 28 + 4°C uagauiuade 77 + 5%) ity 56 Tu

Lﬁuﬁ’uﬁﬂﬁ'agaﬂfﬂwﬁ’ﬂﬁ’a (Body weight) vesgnansiieny 4 uag 8 dUami e namdnmnaadiulnedorotu
(Average daily gain) iauﬁaﬂuﬁﬂLLaszsLﬁiﬂ,ﬁﬂmmummaﬁmmamaaaﬂa (Feces score) Niniu ML3EN15v04 Lu et al. (2018)
Fesryinaeimslirsuuuesya 5 sedurslutl 1 = ganssufeudouiuifthmady 2 = gavmudufoudefuitimam

3 = gansuludlefuveniidn 4 = geansuluiowaniidmesu 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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dlognsengasu 8 dUami easmsanynmeeios 4 dalus vhmaifiudegiadenananslunsagngunismaaes
$1uau 5 1 nnaeaidendiuiiaune Uugular vein) Usinal 3 faddns i@ sululiesgimnududuredululnaydu
(Immunoglobulin; Ig) ﬁfgsﬁqmmaau Elisa test kit lown IgA (ab190536, Pig, Abcam, Wuhan, China), IsG (MBS746924, Pig,
MyBioSource, California, USA) uag IgM (ab190537, Pig, Abcam, Wuhan, China) Inglea1szaun1sideans (Dilution factor)
Funnsafudetoluil 1ga:2x10%, 16G:5 ua IgM:2x10° musuuzthwesinan nsmarududuvesduyulnayausuiniag
é’wﬂﬁamﬂﬂmw:mmgm (Wang et al., 2021a)

i vhnnsnigasnegnanndlasnisialnlomuiia (Sodium pentothal) U3 1 Sadans mavaeaidons
ilevhlsignansvunad amsensdnansasasuuniifoudams (MgsO,) dudmnanasaidonsuiieviiliiilangasuny
38n15we9 AVMA Guidelines for the Euthanasia of Animals (2020) wagvhmssindusagifiefuiaegisdldidnis 3 dou

Iiun gleftu 1wyt uarledeon inusnwdiegnslunesindudvies (4% Neutral buffered formalin) uagvinn1sinses

U

dlagdroganldlaeisn1sdondnieduimendaunazdlodu (Hematoxylin & Eosin) m1u35n15089 Cheng et al. (2023)
iy shnsenenmvesiadauazaiuioanlaivesauitiun 3 garoaladvilausiu lagldndesanssmiuuuliuas (Eclipse
E600, Nikon Corp., Tokyo, Japan) it §wene 40x saufundesinle (XCTTE, Sony Corp., Tokyo, Japan) evufinam
wazIndnwasnsduguinevesaldandielusunsy Axio vision version 2018 (Carl Zeiss Co., Ltd., Seoul, Korea) Ing
Tanugeuariada (Villus height) AUNTevediads (Villus width) Wagad1udnvesrsun (Crypt depth) eI
dndrunnuaivesiadareniudnueasun (Villus height/Crypt depth ratio) wagiuiifavesiada (Villus surface area)
30 Marchewka et al. (2021) fai:

Villus surface area (mm?) = 2TT x {Villus width (um)/2} x Villus height (um)
nsRseideyanieata

Tugasnounguumiienaaes (Experimental unit) Aoansseda mez%’wshuuLﬁaqﬂigmﬁmiamﬂuﬂaﬂaz 14 ¢
pumstanismaaesnenanesisiaduren lnedeyarimungniemesinclussiuaonuarseiuned fouuuaoadudu

Wuuwa (Linear Mixed Model) Tnalglusunss SAS (Version 9.4, SAS Institute Inc., Cary, NC, USA) snsasinsaail
Yi = W+ T+ B + B (BWO) + P + &

edi T, fio DYENAVRIVIINLUUA (Main fixed effect)
B; fo dnsNavesudean (Additional fixed effect: Sex and Breed)
BWO e twitinusniiin (Covariate)
P, fio BvidwavesAen (Random effect)
€« Ao munanndeu (Residual error)

Han15vMae9T1891UduAn Least squares means + Standard error (LSMeans + SE) Ingfia1sanainuuanmnemis
adaf P<0.05 iadl leivinisasavaevauuigiureduna (Anudulnfveaawmndouasanuindurewnunlsusiu) way
AasrziglagltaadussAuaAsnNie g USUALEDAAR DIUBINANITILATIZY (Pen-averaged sensitivity analysis) Lazan

DARNDNINNIINNITLAYITIUABNLAYIRDNIFLUUA

nan1sANEIaLIATal
nansiasuinslulefindluemsgnansluseznoungiuuauiagieeny 8 dUav wuin gnansnguitlasunisiasy
Inslulefndduminuazdnsinissgivlaedevntety 4 uaz 8 dUanv laduanAsainnguaiuny (P>0.05; Table 2)

el nsluledndfiunummanlunisusuaunadunidluald lnensuwustuiuienelsaiiontsiiuiiinizfndoyanlduay
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v
o

N13a519a38UgaAUNTe 1 Lactic acid, Bacteriocins wag Hydrogen peroxide (Ismael et al., 2024) naanaun1snIzaw

'
v A o

srvugilAuiudeudlditunisiiuniswinduylulnayau (gA) wagnisnseiunisnevaussesialalail (Liang et al., 2022)

q
v v

nalnwaniigivannisineuarUsuaunavesafunidlussuumaiuemis wildldfinalnensamaidunianisiwinaisy
Wi mMsdaaseRlusiuvend e ‘vﬁamsLﬁ'uﬁmwmm%zyLﬁ‘uimiﬂamiﬂ (Galli et al., 2024) nsAnwlutagtulving
AdEU Huang et al. (2024) issaudn maedulnslulefndvansanesiug (L. plantarum, S. thermophilus Wag B. subtilis)
Fenadudu 2 x 10° cfu/mLTummiqﬂqﬂwémuﬁmq 4-8 U "szaiqmaiﬁifwﬁfﬂﬁ’gLLazé’mwmiLﬁszaUImLLmﬁhqﬁ]’m
naNAIUAN WA Lahteinen et al. (2015) fasulnslulefnd (Multistrain Lactobacillus: L. amylovorus, L. mucosae, L.
salivarius, L. johnsonii wa L. reuter) fieandudiu 1 x 10 cfu/mL Tuemsilinunanssnudsuindesasnisasyiiule
YaagNgNILYUiY

sgdlsfimuamAdedinlngsenuit maddudunidinslulefndindwmansenuduindenisasyiulnvesgn
qﬂsﬁgﬂuﬁmﬁmﬁﬂﬁaLLasé’mwmsLﬁzyLﬁUImLa?{m{aﬁ’u (Laskowska et al., 2019; Blavi et al., 2021; Sarkar et al., 2023)
uenani MnMsFnwuariAsieiuu (Meta-analysis) fan1sUssidiunavesnsiasulnslulefind Lactobacillus spp. 71
ATBUARUNAREANTIIUTNISIIS Y AUlaLasdug UINeIvesa lduINNdn 190 $98n15 WU NSLESY Lactobacillus spp.
anansaUTulsslseansamnsasyiulavesgnansisegrsditduddny (Zhu et al, 2022) Humsysuusnsdesuasnisnads
503 Mg wenaurEsiidustguamluszuumaduomns Suandiiuisansemudaanvednslulefind
ysdenroausInurnnadyiulnvesgnans (Wang et al, 2019a) il euusnAsvasHanIsAnweatuegfunatstiade
i siauazaneiiuguesaduvidililuuvasmodnslulefind Vinauasszoziailumsiady mufanimndenuazaune
¥9gnAns (Huang et al, 2024; Sahatsanon et al, 2025) fidsuasioUszansamuedwslulefndsensneuaussviomsnsydu

nsiasAulnvesgnansegetniay (Wang et al., 2019b)

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)

'
' d v

Havasmaasulnslulefndrorrvuuuves Ingldssuuasuuu 5 seau nud nquitlasulnslulefndlidamiewiniu

a o o

3.64 vuzdinguaUAuiAedowiniy 3.43 HoliaT1gside Linear mixed model lawumnuunndegiitoddynseda
(P=0.68, Figure 2 ua¥ Figure 3) Vi1l AziuugInsrlugnansgminnldifievssifiuanuaiianevesgansydsansatven
fequanizuesszULeEeNS UarAAzuuLYesyaTiguinywuenisginisalvesdnsmsiineinisviesssiigs denslulednd
\HuuveiiGeidulselovifiansodmairorazuuugaassinunsuiulgquamdilduazanensviosas (Lu et al, 2018)
aeand0etUIIBILYBY Wang and Kim (2021) uay Konieczka et al. (2023) 151891131 nstasuqdunidinsluledndly
nNAuYes Lactobacillus spp. wag Bacillus spp. anansaUiulssAnzuuugIasylugnansialaenisasaunavedlilasiulen
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Figure 2 The effects of using multi-strain probiotics on feces score in piglets (Mean+SEM) n=14
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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) IsM concentration
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A Values within the same row having different superscript letters are significantly different (P<0.05)
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