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The Efficacy of Dietary Dead Cell Lactobacillus ingluviei C37 on Carcass
Characteristics, Meat Quality and Gut Health in Broilers Subjected to
Heat Stress
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Abstract
Heat stress (HS) is a serious problem affecting the worldwide poultry industry,
including Thailand. The aim of this work was to evaluate the efficacy of dead cell L. ingluviei
C37 (DC-LIC37) on carcass characteristics, meat quality and gut health in broilers under HS.
Three hundred and sixty male broilers Ross 308 (1-d-old) were allocated into 6 groups with
6 replications each in a completely randomized design. 1) Control group, raised under

thermoneutral zone conditions at 21 + 1°C (TNZ) and received basal diets (control). While
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the 2-6 groups were exposed to chronic HS at 32 + 1°C for 5 h daily, it was started on day
15 until the end of the experiment and received one of the following 5 diets: 2) negative
control, received basal diet without any supplementation (NC); 3) positive control, received
basal diet + Zinc bacitracin 0.05 g/kg diet (PC); 4-6) treatment groups, received basal diet +
DC-LIC37 at levels 1 x 107, 1 x 108 and 1 x 109CFU/kg diet, respectively. The results revealed
that DC-LIC37 can improve live, carcass, breast, liver, spleen, and heart weight in the HS
condition. In addition, DC-LIC37 can also mitigate the negative effect on lipid oxidation
(decreased TBARS) and activate the antioxidant activity (increased DPPH) in the thigh meat,
improve gut morphology and cecal microbial population in HS groups. The results indicated
that DC-LIC37 supplementation at level of 1x10° CFU/kg diet has the potential to improve
carcass characteristics, meat quality and gut health in broilers under HS.
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Fanngfnanliuilidndifaanueisaanaudeutarainsendemesoszuugaamnssy
nandandn iUnduniie Tasmgegsdenisudnlidelugdniauaiouduetsusemalne
(Renaudeau et al,, 2012) AnaAIBaaInANLTounelineyyadassAinasuniussuugiquiy
wadanlduavaunavesqdunidludld dwalinnuaunsalunisgesuarlduselovilavedauy
pouUtzdndninanas anssauzn1siaigiiulnanas anvaslaresrUsznougninAuAaUNG
(Mujahid et al., 2007; Quinteiro-Filho et al., 2010) ‘iwﬁaﬂmmwﬁaLLaSﬂﬁLﬂi”lLﬁEJEJEJ'NimL%a
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uipgndlsfmunsllusiinunnuassseznanfiuashlmAansmnédudouasninfusiuas
Fainlidordun3siAnnnsiosn (Shazali et al,, 2014; Odore et al., 2015) Wlugn1susEnesa
TenuiTusvesamnmglsuuazdnvans q Ussinadoudd a.e. 2006 (Van Boeckel et al,, 2015)

aun3dnsluledn (live cell probiotics) Fuduasaiudnvianisfinaila osind
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1x10° Flavlg/nn. 8113 MUEIAY 1ﬂ'Lwiazﬂfjuiﬁé”ummmawfwaemLm"’mﬁ IngomnsiUIuIn
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Fausisdudiu on e azlwn Inuaztufindmidn \iuidodiuasinn dmsulinsgy TBARS way
DPPHGHM%%ﬂwsmaﬂ(kaneretaL(2018)%aga?ﬁmuﬂazgﬂﬁﬂmw3WﬁwsﬁﬂawuuUiUiau(ANOVA)
felUsuNTL SPSS software 16.0 LUTs UL s UL 853 19ng ue 2835 Tukey’s HSD uaz
WIBULTIEUAULANAT9TENINNENN1TNAGBIAIY Orthogonal contrasts AMMUAAINKANGNGDEN
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Table 1 Ingredient and nutrient composition of basal diets.

Item Starter (1-10 d) Grower (11-21 Finisher (22-42
d) d)

Ingredients (%)
Corn 56.28 58.10 62.30
Soybean meal 30.40 28.75 25.10
Corn gluten meal 6.21 5.30 3.70
Palm oil 1.80 3.16 4.25
Limestone 1.49 1.34 1.24
Monocalcium phosphate 1.62 1.45 1.31
Salt 0.50 0.49 0.50
DL-methionine 0.31 0.27 0.27
L-lysine 0.47 0.37 0.46
L-threonine 0.20 0.14 0.13
L-arginine 0.22 0.13 0.24
Vitamin-mineral premix 0.50 0.50 0.50
Calculated nutrients
Metabolizable energy (kcal 3,000 3,100 3,200
ME/kg)
Protein (%) 23.0 21.5 19.5
Fat (%) 4.31 5.69 6.86
Fiber (%) 3.37 3.29 3.12
Methionine + cysteine (%) 0.95 0.87 0.80
Lysine (%) 1.28 1.15 1.13
Calcium (%) 0.96 0.87 0.79

Available phosphorus (%) 0.48 0.44 0.40
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Table 2 The primer sequences of cecum targeting bacteria.

Target microbes Primer sequence 5 - 3’ Product size (bp)

Lactic acid bacteria F-GCAGCAGTAGGGAATCTTCCA 200
R-GCATTYCACCGCTACACATG

Bifidobacterium F-GGGTGGTAATGCCGGATG 278
R-TAAGCCATGGACTTTCACACC

Enterobacterium F-CATTGACGTTACCGCAGAAGAAGC 195
R-CTCTACGAGACTCAAGCTTGC

Escherichia coli F-GTGTGATATCTACCGCTTCGC 82

R-AGAACGCTTTGTGGTTAATCAGGA

HaN1SANYILAZIANTAl

KavesNsLEsH DC-LIC3T Tusmssednuaizenvaslideiléfuanuaisnainaanufou

KawaINELaT DC-LIC3T lupmssednunizannuesliidefiliunnuaionnneminon
(Table 3) Lﬁ,JEJL'lJ'ﬁEJ‘UL‘V]EJUmmwmmﬂi“mNﬂamm‘i‘wmaaﬂLLUU Orthogonal contrasts ‘W‘U’mlﬂ
nauiliassmelinnsaisnnnarudouiiimindiawasininendundmnifuinuni aoc
Hunan 24 Falus shndinguiliissnigldaniisiegegisauis wenanidsdidndunininiila
fu waziideduendianatuazdaduimindniiadud ewseudieuiutndng (p < 0.05)
ognslsfnnulinguiidssnieldnnganueisnnnanuioutasiaiude DC-LIC3T Sdwidnitin
Andinduaiuauuin (aluenUiiaug) warnquaiuauay (UnAnnanaiy) venandddinal
Fnannhminnanag é’mdawfmﬂ’ﬂGTULLaSLﬁadnuamﬁm%uLﬁaLﬁavﬁ’unﬁjmmmmau (p < 0.05)
N9k DC-LICST fisediu 1x107 uaw 1x10° Bowg/nn. o3 dwmalidadiudmiinduuasiiioon
WNNINFNAIUANTIN NGUAIUANAUAZANSIERLTTEAU 1x10° FLovig/nn. Hadawalirdnaaumin
Ynuageniisuwihiungumuay (p < 0.05)

dlolldsumnuessnnanufeugamniivessameaifiniu Fednfasdinalnlumsdnm
samgiishensveumela annisiuemsiiieanaudeuainnszuIumsunuedTuvestavuy
wariuthinniy dwalidssavanmnisldemsuardnsimaasadvlndninnsideduanigi
9¢0g19au" (Lara & Rostagno, 2013) mManeassinuinluanzemadeuiinaviliimiinle
fhauaziedenans uasdmindnifisdu edrlsfnudminieieduiianasilianmsoesue
waraldegnauidn winaindunaunannisuiusiiinaunanmsivemsianasuazaeslay
poRweafiiinadud s vete fnpiwdesiiieatostussuugiduiu (Quinteiro-Filho et al,,
2010) dwiinUnfiiiutueradusauanmsidgaineneunssfetniossuimudou wasthwin
onflanasarndunsziiodiuondsznavdedulonduiofivadiuardadldnglaa (fast
slycolytic fibers) ¥ldpsondendsnulnalmauiiinanemmsunldlunmstmuniiuinnindile
gy q ufuliinamsiuldiianas dwalindsenliifismouazannisadraifodiuen (Weng
et al, 2022) Feaonndostun1TBUYRY Zeferino et al. (2016) ABsuianzemadouiing
silsimingy silanasiiledimonanas uazdhwidndndiuty udlifinadedminasinnuazies
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dindu SeaenndostunisTenures Ahmed et al. (2019) Meswinisiasuinslulefin PROBAC
olus luanmzemafeuiinalunisifiaimingn sfile duwezdu dhvinUnfianaseradunan
21NN15NITAUNMIABUAUBINILNALN Hypothalamic-pituitary-adrenal axis fianas (Mohammed
et al,, 2018)
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(Table 4) 1 aLUTsULiBUANULANAINTENININGUN1TIARBALUY Orthogonal contrasts 1udnla
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axlnnanas (An1sinaUneendndu TBARS iiady uavA DPPH anaq) (p < 0.05) N5La5y DC-
LIC37 annsaiiunmantilunisdiueuyadassvedlinguiidsanislinnzauaioaaina
$ouldAu (A1 TBARS anas uaA1 DPPH @) (p < 0.05) iewdsuifisufungumunsuinuas
nauAUANAy Tngnnsiady DC-LIC37 fisgfu 1x107 - 1x10° Slovg/nn. 81915 dawalvien TBARS
WAz DPPH Wiguwiniunguaiuay uaﬂmﬂﬁlﬁadauaﬂmmldﬂ&jmﬁiﬁ%’mma%m DC-LIC37 daglein
ALEINS (L) aRAd LagA1ANLAS (@%) qqs’fgj}uﬂdmﬁjmmuquau (p < 0.05)
delalduauaisnanannudeuy (Tauuuidsundunaziiods) wadene 9 lusheane
wdosmandinuiivtu lnesameadinalanisususilunsaiadamiifemetueiudens
KunsrUILNITILdBiEnaTeuLareandiaturesdlafindu udedrlsinmuasinnsilvaves
TusnounazdeliAnaussdndsewiaderneadifiutu dsalvinszuiumsuuddidnasoulad
UsgdvBnmuazneliiineyyadassuniiuniinnuaunsnressenigasidnls (Akbarian et al,,
2016) wazimieuhliiinadneondnduluiedons q dmaliusuna MDA Sudundndasives
TBARS 1finanndy (Azad et al, 2010) uaﬂmﬂﬁa%aﬁaszﬁaﬁwaiﬁl,ﬁmmsaaﬂ%msi'fwuadl,ﬁula
TusAvlundmile uazan proteolytic susceptibility {unalhidafau@auazidui (Zaboli et
al, 2019) unstay DC-LIC37 ansadfiumnuanunsalunsinuouyadasy ilannisiinade
oondinduuarlusiuoondintuanandunalidrnuainwendoanawuazanuunaindy d9
aonAdoItuNUNAABIYeY Cramer et al. (2018) Tiviin1siadu Bacillus subtilis uldfignnszdusie
ANuFeuamIsaLiunsFuoyyadasy annsiinadnoandindunazanauainsvoniels
wBNNT Kim et al,, (2016) 51891 sEsulnsluladn ausasisannisiinatneendnduluy
osgwienmaiusnulfiguiy
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Table 3 The effect of dietary DC-LIC37 on carcass characteristics in broilers subjected to heat stress.
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DC-LIC37 Orthogonal contrasts
Parameters Control NC PC SEM p-Value
Level 1 Level 2 Level 3 2 3 q
Live weight (g) 3305.04° 3106.65° 3108.38° 3179.07*  3137.51™  3250.12°° = 15.21 0.0001  0.0001 0002 002 002
Cold carcass weight (§)  2464.41°  2353.97° 2348.63° 2399.99%°  2388.21°°  2409.01®°  11.06 0.03 0.004 0.03 NS NS
Visceral organs (% of live weight)
Heart 0.48° 0.4 0.43% 0.43% 0.42° 0.44%° 0.006 0.01 0.001 0.003 NS NS
Spleen 0.10° 0.08° 0.09%° 0.1%° 0.08%° 0.01%° 0.003 0.01 0.02 NS NS NS
Liver 1.56™ 1.47° 1.54% 1.65° 1.58% 1.62° 0.01 0.003 NS NS NS 0.0001
Gizzard 1.07 1.08 1.13 1.11 1.13 1.11 0.01 0.54 NS NS NS NS
Bursa of fabricius 0.06 0.05 0.06 0.06 0.07 0.06 0.002 0.22 NS NS NS NS
Abdominal fat 1.27 1.28 1.22 1.33 1.21 1.20 0.02 0.46 NS NS NS NS
Body composition (% of cold carcass weight)
Thigh 16.90 17.82 17.35 17.25 17.46 17.83 0.11 0.18 NS NS NS NS
Drumstick 13.73 13.90 13.90 13.96 13.98 14.04 0.06 0.78 NS NS NS NS
Wing 9.64° 10.28° 9.92% 9.90% 9.88% 9.81° 0.05 0.01 0.01 NS NS 0.01
Breast 36.32° 32.86° 3458 35.77° 34.69% 35.06° 0.24 0.0001 0.002 0.045 NS  0.0001

¥ Means with different superscripts in the same row indicate significant difference (p < 0.05). Control = Thermoneutral zone condition (TNZ) +
basal diet, NC = Heat stress (HS) + basal diet, PC = HS + basal diet + zinc bacitracin 0.05 g/kg diet, Level 1 = HS + basal diet + DC-LIC37 1x10’
CFU/kg diet, Level 2 = HS + basal diet + DC-LIC37 1x10° CFU/kg diet, Level 3 = HS + basal diet + DC-LIC37 1x10° CFU/kg diet. SEM = standard
error of means. NS = non-significant difference. Orthogonal contrasts: 1 = TNZ vs HS, 2 = Control vs DC-LIC37, 3 = PC vs DC-LIC37, 4 = NC vs

DC-LIC37.
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Table 4 The effect of dietary DC-LIC37 on meat quality in broilers subjected to heat stress.
DC-LIC37 p- Orthogonal contrasts
Parameters Control NC PC SEM
Level 1 Level 2 Level 3 Value 1 2 3 4

pH 24 h 5.78 5.75 5.77 5.73 5.74 5.73 0.02 0.77 NS NS NS NS
L* 51.14 52.69 51.04 50.08 51.12 51.43 0.31 0.29 NS NS NS 0.04
a* -1.21 -1.57 -1.21 -1.32 -1.09 -1.12 0.07 0.27 NS NS NS 0.03
b* 5.15 4.03 5.22 5.1 a.77 4.66 0.18 0.40 NS NS NS NS
TBARS (nmol/ml) 0.5° 0.94° 0.92° 0.55° 0.51° 0.54° 0.05 0.001 0.04 NS 0.001  0.0001
DPPH (%) 80.76° 55.13° 55.98% 68.35% 71.74% 79.16™ 2.80 0.01 0.01 NS 002 002

** Means with different superscripts in the same row indicate significant difference (p < 0.05). Control = Thermoneutral zone condition (TNZ) +
basal diet, NC = Heat stress (HS) + basal diet, PC = HS + basal diet + zinc bacitracin 0.05 g/kg diet, Level 1 = HS + basal diet + DC-LIC37 1x10’
CFU/kg diet, Level 2 = HS + basal diet + DC-LIC37 1x10® CFU/kg diet, Level 3 = HS + basal diet + DC-LIC37 1x10° CFU/kg diet. SEM = standard
error of means. NS = non-significant difference. Orthogonal contrast: 1 = TNZ vs HS, 2 = Control vs DC-LIC37, 3 = PC vs DC-LIC37, 4 = NC vs DC-

LIC37.
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Figure 1 The effect of dietary DC-LIC37 on gut morphology in broilers subjected to heat stress (A-C).

*® Means in different letters on standard error bars indicate significant difference (p < 0.05). Control = Thermoneutral zone condition (TNZ) +
basal diet, NC = Heat stress (HS) + basal diet, PC = HS + basal diet + zinc bacitracin 0.05 g/kg diet, Level 1 = HS + basal diet + DC-LIC37 1x10’
CFU/kg diet, Level 2 = HS + basal diet + DC-LIC37 1x10° CFU/kg diet, Level 3 = HS + basal diet + DC-LIC37 1x10° CFU/kg diet.
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KavesnTsLaSH DC-LIC3T Tuomnssednunzdygiuinevesdldlidedlisuanueieaan
GRRRGN

KavesNSIETY DC-LIC3T luownssednuazdgiinewesdldlidenlisuanuiaion
31nANTU (Figure 1A-10) wudIn1stasu DC-LIC37 anunsnusuusanuaenadygnuing1ves
sldlmdendoanielinnzarnaisnanaufeuld Tasnisiasy DC-LIC3T fisedu 1x107-
1x10° Hovlg/nn. 91913 anusauiinanugeeialaiiuinadldidndiusiu ananudnvessada
Fudivnadldidndunaniuazdining sudafindndiuanugesialasonnudniuadaiudi
Uinudlddndunansldiniinguaiuauay uenainiinisiaiu DC-LIC3T fisedu 1x10°- 1x10°
lovlg/nn. 9115 SransaananudnveswadasudfiuTnadldidndrunarsldifisuritiungy
AIUALLAENENAIUANUIN

mundidelaifinnnzanuieieaaneuiousznensmssusauieusonaINI e
Taefiunisivaioudonludwinafovis anmsinadendenlufivinndld wagnseduliiing
ndsgesluunefivea (cortisol) Mndemvnlafisnnniu SedualiiAneyyadastlusamonasing
luihaedodlonwaduiisdlduasnelmAnmssniay (Quinteiro-Filho et al, 2012) dwaliluns
dovlduaznsgadulavusfesUszansaimas (Rostagno, 2020) DC-LIC37 LHuqdum3diignvinly
mefenufou dsanufeusynaeniusaduaznszduliiinisanUdesesdusznourends
\wad LU Peptidoglycans, Lipoteichoic acids wag Surface-layer protein (Piqué et al., 2019) N
fnmautilunsduiunlsdld nszduliinsasadedonwazdudinimdslalalauseansii
nelAnnsdnLau (Konstantinov et al., 2008; Wu et al., 2015) a8 L. ingluviei C37 JULUUas
meluwaduualasrhavemydignaszduliiAanissniausie LPS anunsnannisndsansiingssu
NTLUIUMTONAU (TNFa Uag 1L-6) LLagﬂizﬁuﬂﬂiﬁgﬂaﬂiﬁaﬂﬂ’]‘iEq]JﬂLaU (IL-10) 161 (Tsukagoshi et
al,, 2020) uwareralunalidyguivevesdildgnihansaneyyadaszlunnzanuaienainaiu
Souflanas Fadenndoaiuaiuvaaesues Danladi et al. (2022) As18suinnsiaia L. plantarum
RIT1 uay RG14 UMUUIwAdRsaIsaLiunwgwesiala annnudnvoawadaiuduaziiiudndiu
mugeesialadernudnieadaiudls wazn1smaassves Humam et al. (2019) fis18amuiinig
\@3u L. plantarum RI11 Iuamazmm%aummsaLﬁmmmqwaﬁala anANANYOUTAAAIUA
waziindndiumnugwedialasernudniwadaiudludldlisuiy
KAvBINITIERY DC-LIC37 Tuanadasuaulszensduadludfuliidedilsuanuaionann
GRQHEGYY

KaveINIIaTL DC-LIC3T luemnsdesuaulszansgdunisludduvedliidedlasy
AINNLATBAR1INAITNT BY (Figure 2) Wud1dn13z01n1Asaudnavinliadunidnelsa
Enterobacterium uae E. coli intu Tnsmaiasu DC-LIC3T luaameiniafouannanandiuau
Uszgnanguqdunidnelsamanild maaiu DC-LIC3T fisedu 1x107- 1x10°  uoslg/nn.
913 anusaanqauvdnelsa IdliflsuinfungumuauuaznguauaNUIniifinsesueU Ty
wsiogdlsfimu DC-LIC37 laifinalunislumsuiuasudwaulssansqduviddiiuselowd Lactic

acid bacteria Wag Bifidobacterium
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nsasunassynssdunidluanzeniafeusaiiiennainnaln Hypothalamic-
pituitary-adrenal axis (HPA) 6’?5@L‘fluﬂavl,ﬂmimuﬂuLLasU%'Um”’mauauawiamil,ﬁmmmLﬂ%'ammﬂ
anudeu Weliegluniizanunieniinaiuiou aueadiu Hypothalamus azneneusny
oamgiisnne lngannisiuemsifieananuouannszuiunsuumueaduvestnvus uaz i
msfuantu shldemmafanislnariuluienafuemaiifuiasdsdesiamumiaunniy
danaliianinundesludléiinnisidsunlauasnasuniuaunavesgdunis Atunuimdrdglu
N13AUAN Gut brain axis (Cao et al., 2021; Kers et al,, 2018; Metzler-Zebeli et al., 2019) N7
31 DC-LIC37 anansaiUAsuniasssennsqaunidielsaldiu oradunaunain DC-LIC3T fins
UanUaasoinUsenaureIniigad laza@sne ¢ 1 Surface-layer protein uag EPS (Nguyen et
al., 2020; Piqué et al,, 2019) Ing) EPS anunsaugaduiunadlduazdudinsatsliulefduvonde
felsa safduiuntuaduondenslsauuunay 9 wazdusen (Fanning et al, 2012) naln
fnamoradunaliideqdunidnelsangy Enterobacterium waz E. coli ludiulafidnanield
AmzANIATENIINALTBULARIAS LAY DC-LIC3T fdnuanas Fidenndeaiunisseanuues
Liu et al. (2017) finui ESP amnsnannisduiuuasnsadslulefiduende £ coli, Salmonella,

Staphylococcus aureus 161
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Figure 2 The effect of dietary DC-LIC37 on cecal microbial population in broilers subjected
to heat stress.

* Means in different letters on standard error bars indicate significant difference (p < 0.05).
Control = Thermoneutral zone condition (TNZ) + basal diet, NC = Heat stress (HS) + basal
diet, PC = HS + basal diet + zinc bacitracin 0.05 g/kg diet, Level 1 = HS + basal diet + DC-
LIC37 1x10" CFU/kg diet, Level 2 = HS + basal diet + DC-LIC37 1x10° CFU/kg diet, Level 3 =
HS + basal diet + DC-LIC37 1x10° CFU/kg diet.

=
agunan1sAne
nsiasuRAUNIg DC-LIC3T Nsedu 1x10° Gony/nn. emnslulnilenidesnieldnig
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