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ABSTRACT: The objective of this study was to investigate the effects of flavanone (FVA) supplementation in the
diet of weanling pigs on growth performance, oxidative stress, and inflammatory status. A total of 180 weanling pigs
(Landrace x Large White x Duroc) at 4 weeks of age with an initial body weight ranging from 6 to 7 kg were used
and randomly assigned into 3 dietary treatments with 6 replicates per treatment with 10 piglets each (5 castrated
males and 5 females). The experimental design was a completely randomized design (CRD). The 3 dietary treatments
were a basal diet (control) and a control supplemented with 0.25 and 0.5 g/kg FVA, respectively. Feed and water
were provided ad libitum throughout the experiment. The supplementation of FVA at 0.25 and 0.50 g/kg improved
BW, ADG, and FCR (P<0.05) of weanling pigs during the 4-6 weeks of age but not the 7-9 weeks of age (P>0.05).
Consequently, the supplementation of FVA improved BW, ADG, and FCR (P<0.05) throughout the experimental
period (4-9 weeks). In the serum of weanling pigs at 6 and 9 weeks, the supplementation of FVA significantly
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decreased the MDA and IL-6 levels (P<0.05) but had no significant effect (P>0.05) on SOD, GPx, TNF-QL and IL-10.
Therefore, the supplementation of FVA at 0.25 and 0.50 g/kg can alleviate oxidative stress and the inflammatory
response, which could lead to an improvement in the gut health and growth performance of weanling pigs.
Keyword: flavanone; weanling pigs; oxidative stress; inflammation
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Table 1 Ingredient composition of the experimental diets

Ingredient (%) 4-6 weeks 7-9 weeks

Broken rice 43.43 20.00
Soybean meal 48% CP 22.67 21.82
Wheat grain - 15.00
Corn 5.00 22.59
Sweet whey 10.00 5.00
Soybean oil 1.00 0.50
Full-fat soybean 12.50 10.00
L-lysine 0.29 0.23
DL-methionine 0.24 0.12
L-threonine 0.18 -
Choline chloride (60%) 0.004 0.008
Monocalcium phosphate 1.45 2.09
Calcium carbonate 2.23 1.48
Salt 0.31 0.48
Vitamin-Mineral premix’ 0.70 0.70
Total 100.00 100.00

Calculated nutrient composition (%)

ME for swine (kcal/kg) 3,350.00 3,250.00
Protein 21.05 20.00
Fat 6.63 4.12
Fiber 2.40 2.29
Calcium 1.00 1.00
Total phosphorus 0.74 0.78
Available phosphorus 0.45 0.45
Salt 0.50 0.64
Lysine 1.40 1.25
Methionine 0.55 0.43
Methionine + Cystine 0.87 0.76
Threonine 0.98 0.76
Choline (mg/kg) 1,500.00 1,500.00
Sodium 0.24 0.25

! The premix contains minerals and vitamins per kilogram of the vitamin-mineral premix as follows: vitamin A 4,000,000 IU, vitamin D3
500,000 IU, vitamin E 15,000 mg, vitamin K 500 mg, vitamin B1 500 mg, vitamin B2 2,000 mg, vitamin B3 8,000 mg, vitamin B5 4,000 mg,
vitamin B6 1,500 mg, vitamin B12 10,000 mg, folic acid 400 mg, biotin 10 mg, choline 50,000 mg, iron 3,000 mg, manganese 2,000 mg,

copper 2,000 mg, zinc 5,000 mg, iodine 100 mg, and selenium 10 mg.
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Table 2 Effect of flavanone supplementation on growth performance of weanling pigs

Treatments? P - value
Parameters' SEM
Control FVA 0.25 FVA 0.50 ANOVA Linear Quadratic

Initial weight (kg) 6.173 6.174 6.175 0.135 1.000 0.994 0.999
4-6 weeks

Final weight (kg) 12.840 13.512 13.519 0.149 0.098 0.060 0.268
BWG (kg/pig) 6.668" 7.338° 7.344° 0.101 0.001 0.001 0.039
ADFI (¢/pig) 399.457 399.448 400.065 1.729 0.988 0.895 0.937
ADG (g/day) 317.509" 349.439° 349.708° 4.800 0.001 0.001 0.039
FCR 1.261° 1.145° 1.145° 0.019 0.005 0.005 0.074
Mortality (%) 0.000 0.000 0.000 - - - -
7-9 weeks

Final weight (kg) 24.634 25.334 25.370 0.197 0.239 0.136 0.425
BWG (kg/pig) 11.794 11.822 11.851 0.123 0.984 0.860 0.998
ADFI (¢/pig) 802.129 803.962 797.400 3.542 0.761 0.610 0.601
ADG (g/day) 561.601 562.941 564.349 5.868 0.984 0.860 0.998
FCR 1.430 1.431 1.415 0.014 0.884 0.688 0.781
Mortality (%) 0.000 0.000 0.000 - - - -
4-9 weeks

Final weight (kg) 24.634 25.334 25.370 0.197 0.239 0.136 0.425
BWG (kg/pig) 18.461° 19.160° 19.195° 0.149 0.068 0.040 0.258
ADFI (¢/pig) 1201.586 1203.410 1197.465 4.342 0.864 0.718 0.695
ADG (g/day) 879.110° 912.380° 914.057° 7.117 0.068 0.040 0.258
FCR 1.368° 1.320° 1.311° 0.012 0.098 0.047 0.398
Mortality (%) 0.000 0.000 0.000 - - - -

'BWG = body weight gain; ADFI = average daily feed intake; ADG = average daily gain; FCR = feed conversion ratio
“CON = basal diet; FAV 0.25 = basal diet with 0.25 g/kg FVA; FAV 0.50 = basal diet with 0.50 g/kg FVA
SEM, standard error of means.

2° Means in the same row with different superscripts differ (P<0.05)
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Table 3 Effect of flavanone supplementation on oxidative stress and inflammatory status of weanling pigs

Treatment? P-value
Parameters' SEM
Control FVA 0.25 FVA 0.50 ANOVA Linear Quadratic

6 weeks

MDA (nmol/mL) 7.656 6.906" 6.513° 0.152 0.010 0.003 0.577
SOD (IU/ml) 1366.833 1412.356 1453.066 111.050 0.798 0.509 0.998
GPx (IU/ml) 25.107 29.092 32.647 2.240 0.465 0.230 0.857
TNF-OL (pg/ml) 91.216 75.583 63.967 12.007 0.392 0.197 0.745
IL-6 (pg/ml) 441.493° 298.397% 182.830° 38.789 0.011 0.003 0.694
IL-10 (pg/ml) 17.783 18.468 20.462 3.984 0.992 0.927 0.930
9 weeks

MDA (nmol/mL) 7.388° 6.263° 6.188" 0.195 0.029 0.020 0.187
SOD (IU/ml) 1049.275 1132.793 1164.731 92.687 0.856 0.602 0.862
GPx (IU/ml) 32.735 33.061 39.427 2.369 0.617 0.379 0.690
TNF-QL (pg/ml) 84.891 67.093 55.376 8.353 0.556 0.318 0.799
IL-6 (pg/ml) 429.326° 261.420™ 210.836° 36.271 0.049 0.021 0.380
IL-10 (pg/ml) 14.944 16.560 18.668 2.540 0.895 0.644 0.970

' MDA = malondialdehyde; SOD = superoxide dismutase; GPx = glutathione peroxidase; TNF-OL = tumor necrosis
factor alpha; IL-6 = interleukin-6; IL-10 = interleukin-10

“CON = basal diet; FAV 0.25 = basal diet with 0.25 g/kg FVA; FAV 0.50 = basal diet with 0.50 g/kg FVA

SEM, standard error of means.

2 Means in the same row with different superscripts differ (P<0.05)
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wsniiauazimuIauaysaifieny 7 dUansi (Wong, 2021) 8nviegngnsvgrunagldiianussanu 2 dam lunisiumseuy

Y 9

MALANDIMITANENEIAIULATEAIINNTEUIUAITNY N (St-Pierre et al,, 2023) LilearnnszvIuNM U uNdalvilin
AMIAsEAlugNANT NNsfignansheaudsuesnniiuaddilusiu ludu wasuaalnafigeslddieunduamsiuls
wazgaelientu dwalinisuslanemnsanadlutiausnvdmeuy gnansiasuanisemslidiisans anupseadanaliiin

nssnavluanlduasdnalidgiuineraldianiswisuwdas lneanuadialassnaduasuazaudnvesnsuriiiug
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(Yang et al, 2013) gnansivenusiieny 21 Ju mugewesialaanasognesiniiuseun 25-35% nelu 24 Faluausnnds
veLLazdnduacUsyinn 5 Yundmenuy (Campbell et al., 2013) Lalles et al. (2004) $7897UIAINTIUYDILAALNE
wazezilumuiinalumaiuemsvesgnansazanas 2-15 Yundmetuy Tuvaziiueaiaanas 2 Ju ndmeuy vazfinng
ndvoulesivesiusouaranasiansiiung 15 Sundmeiuy uenindanuiaieaainmameundsdenaliisadidoyin
wazdubedonludlddadumuusnlunistesiuadunis amsfwidoueufiauiidusunsededldgnansidunuanasuayd
nsuanilonanas dwalvinisvinnuveadeyiagndauans annsuanseenveslusiulmidetuiinaneideasie nsindild

3 (gut-leaking) waztinAulilsalugngnsveguu (Xiong et ai., 2019) Matlilosnnnaliueeadgnslunisiueyyadasy

v o

wazn15eNLAUTUTZUUNIUAUDINIS ImaﬁmmmLﬁumi%’ﬁuﬁuasgﬁgqmsﬁLi'amil,ﬁmﬂﬁﬁ%‘maaﬂ%mﬁu ann1siiA
oyyadaszuarnsSEUTiintuUInaIadEaydld (Terra et al, 2017) Tsamnsndreuiulsiialaligatu uazuiulss
Snsnduarugmesialasiemiudnueseiuviatu fieuiusmshaueseuluinstesuaznisgaduansomsliaauls
(Terra et al,, 2017; Cui et al.,, 2020; Chang et al., 2022) v‘iﬂﬁqﬂqﬂﬂﬁ%"umiawmiiﬁﬁ-ﬁuﬁamaiﬁamsﬂmwmm’%@ylﬁu‘lm
Ay MedumaEsy FVA fiong 7-9 dUasi dunuiildinaliiAeauunndsesaussanmnsaiyivlnsswinngu
naaea Liesanlutiergeny a-6 davituindudisiignansldiunansenuananziaienainnisveuugsiian dewals
sTUUMAAUE WM SgNINEMTPeBIargATUAN TN TBIgNANTAoE sEANE A agdlsfimugnansansaiuysruy
yafuemsldvdmeiuuuszana 2 §Ua fadu n1siadu FVA lugnansvgiuutiseny 7-9 dUnsidsliuanmalunis
Usuupsanssanmnnaigdulaldosndno iesmnssuumafuewsiimstanuasUsuanmituud Jeerandnld
FINTETU FVA ansagisUTulssssuumaivensvesgnansng1uul Yamdmeiua fe 4-6 dUav dwalviaussonim

[

nsasyiulnvengnInaenYis 4-9 dUnviavula

o a Y

AraioaanUiisensendinduiiing unielusneniednd nnanizeyyadassiiiuanaa annsnialdan
s¥uves MDA dadumsiildannsiinfiseeseendiniuveinsalufiulidusuinaderiuwad (ipid peroxidation)
(Del Rio et al., 2005; Mansouri et al., 2018) Iﬂaﬂl’ﬂﬂLLé’ai"mma%ﬁﬂalfﬂ,umiamLLam’]aqﬁumilﬁma%aéaszhamwé"a
LEJlﬂ‘UﬁLﬁEJU%’UﬁM}@ WY SOD way GPx Wusy (Del Rio et al., 2005; Pomarede and Chandramouli, 2009; Mansouri et
al, 2018) 91nNsANwIASI WU N191a%H FVA danaliszdures MDA anandledsuifisufunguaiuay denndosiu
nsfnwIves Liu et al. (2022) finuinmsaiuanswalaussdanlumiouluemsgnansvetunissiu 0, 0.2, 0.4, 0.8 uaz
1.6 n./nn.Fwansysu MDA Wagtieliiusefuues SOD uay GPx dadululuiimmafieaiunmsfinuives Hao et al. (2015) i
wuhmsesuasiathussdnnudasiuluevisgnansugundiszdu 0.15 n/nn.avansiu MDA uazteifiusedu SOD
uay GPx ludsulddninguitliiaiunas nguilieueitoue wagnuiseduves SOD uas GPx fnsaaialuiudl 28 vesns
naaeaiiAngandtiuil 14 uaasitmsfignansngnaldsuratluessiduszssnanuazannsatieiiinszduveansiy
oyyadasldAs sy dwmalieuesnanufiseesentinduanasmiulude Inewatlussdasrmind dndveyyadasy
waziduansiidiemlelasauliudoyyadass ueninivaliuesd uduasianiiviuihiidusvlossuveslavewind
Judisefiseinisnesiveseyyadase (Tsanova-Savova et al., 2019) 5 nivanlaTusedsalusudvinnuvesoulei
nszg uliiinnszuruniseandiatu Wy teuledusufiusandina (xanthine oxidase; XO) toulaylaiond§us
(lipoxygenase; LOX) waylunsneanlanduma (nitric oxide synthase; NOS) Wusdu (Pei et al., 2020)

lalwlail (cytokine) Lﬂuiﬂiﬁuﬁgﬂwgaaaﬂma'mL%aéLﬁamuauaw{amiﬁmau Faidhddalaun L1011,
IL-6, waw TNF-OLiusu enuia3eaarnniaveuansedulisesueslelnladdneliiinnissnaulugnansug uadindu
(Lalles et al. 2004) 2nAsAnWIAS S WudinIsiaTuans FVA deuarosedunes L6 anaud awSeuiisudunguaiuny

donARBdiuNsANYIvaY Y8 Chang et al. (2022) Aivhnmsiasuasainaniivluemisgnansvguuilasuie £.coli wui
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wSunalussdsiulnuoanazailinea dwaliszdu TNF-OL anasléiuinniingudu q wazlunguiadunaliuesd
Safulvueauazarinaseadisansziures IL-6 Anuludsy iesnnailiuesdiAvidestunsdsdyyinmaznis
uanseonvedusniau lneusun1svinuueninegsIAladn (arachidonic acid) laun phospholipase A2, cyclooxygenase,
lipoxygenase ImEJmié’ugﬁeﬂmlﬂﬁﬁﬂiw’jumié’mau (Ballard and Junior, 2019) warnsuanieanves woulusiineliAnnis
oniav 1y touleddun@idaluninesnlanduina (inducible nitric oxide synthase; iNOS) wazlalanoondiiua-2 (cyclo-
oxygenase-2; COX-2) 1ufu (Terra et al., 2017) LLaSWmhuaaﬁé’ammmé’ué’hﬁuwﬂqnﬁdqﬁiyzymmié’mau WU NF-KB,
MAPK tdusiu (Ysrafil et al., 2023)

G

nmsfinwadail agulddnisaiu FVA 0.25 wag 0.50 n/nn lummsgnansvenuutiBusTnMAI0AnDEA Y
aussnnnmnaavdmeuy Insdsmalmininganiefisiu sanniaadyivlneioroie Tuitu wasuiulgedan
nadsugmsidumdnglugaseny 4-6 dUailiaTu esndmatisananuiaionnuiiseeenduatuuas
AMEMsSniEuNMIansziU MDA Tuduay IL-6 Ssaguldiinisiadu FVA Tuesgnansvenuuaansadnueyyadased
Aatulunssurumsvenuunazannaiianiiznissnaudsannsatilugnisusulssquainvesssuumaiuemsuas
amiam‘wm‘amﬁz:g@uimaqqmjﬂiﬁLN%mmwmmm’%ammﬂmiwémﬂﬁﬁ%ﬂﬁ Tunsinwndsi] wuinananseld FVA 7

szav 0.25 n/nnlugnsemsiivseansamiiisanesianisusuupaussaninnseandaila

AvBUAN
YoUaUANUIYN 9nlluead d1in Nlviuaduayunuide uasdeyanlilunisfine SnviwweveunmaudnIsiSeu]
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