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Effect of Dietary-Liquid Resveratrol on Growth Performance, Meat Quality Traits,
and Ileum Morphology of Broiler Chickens under Moderate Heat Stress

Young-Joo Yi', Jachong Yoo®, S. Wickramasuriya Samiru’, Eunjoo Kim?, Bonjin Koo’ and Jung Min Heo®'
'Division of Biotechnology, College of Environmental and Bioresource Sciences, Chonbuk National University, Iksan 54596, Korea
“Division of Animal and Dairy Science, College of Agriculture and Life Sciences, Chungnam National University, Daejeon 34134, Korea

ABSTRACT A total of 144 one-day-old male broilers (ROSS x Ross 308) (42+0.1 g) were used in a completely randomized
design and allotted to one of three dietary treatments to give 6 replicates per treatment (8 birds per cage). The three watery
dietary treatments were 1) a corn-soybean meal-based relation [Negative control (NC); no antimicrobial compounds added]
with tab water, 2) 8 ppm liquid-alpha-lipoic acid [Positive control (PC)] or 3) 100 ppm liquid-resveratrol. All dietary
treatments were continuously provided as a liquid form. Birds were housed in a battery cage (n=48), and were offered liquid
dietary treatments at all times. The ambient temperature was maintained at 32+1C for the first 3 weeks and decreased

gradually to 28+1°C by the end of the experiment (d 35) to induce moderate heat stress. One bird

per pen (n=6) was

euthanized via cervical dislocation at day 21 to obtain terminal ileum to measure villous height and crypt depth, while another
bird per pen (n=6) was similarly euthanized at day 35 and used to harvest breast meat and drumsticks to evaluate meat quality

traits. Birds fed liquid-resveratrol did not improve (P>0.05) body weight and average daily gain compared

with those fed other

dietary treatments from day 1 to day 35. Birds fed liquid-resveratrol had no effect (P>0.05) on villous height compared with
birds were in other dietary treatments at day 21. Liquid-resveratrol had no effect (P>0.05) on thiobarbituric acid reactive
substance (TBARS) in drumsticks compared with other dietary treatments at day 35. Furthermore, birds fed liquid-resveratrol
had no effect (P>0.05) on DPPH radical scavenging activity both in breast meat and drumsticks compared with those fed
other dietary treatments at day 35. Morphological changes of ileum were not observed by immunofluorescence, and the level
of occludin protein from ileum extracts also did not differ among groups. Our results suggested that liquid form of antioxidant
compounds used in the current study such as alpha-lipoic acid (8 ppm) or resveratrol (100 ppm) did not improve growth
performance, meat quality traits and histology of terminal ileum compared with those fed negative control in broiler chickens

under moderate heat stress for 35 days.
(Key words : alpha-lipoic acid, broilers, growth performance, heat stress, intestinal morphology, meat

quality, resveratrol)
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Table 1. Composition of the experimental diets (as-fed basis)

Diets
Item
1~3 weeks 3~5 weeks
Corn 29.64 32.26
Wheat 30.00 30.00
Soybean meal 28.67 26.71
Canola meal 4.00 4.00
Vegetable oil 4.05 4.30
Salt 0.26 0.29
Ingredient
(%) Limestone 1.02 1.51
Choline 0.12 0.10
pDQSZEZ:: 1.04 0.88
Vit.-Min. premix' 0.26 0.26
L-Lysine 0.66 0.38
DL-Methionine 0.29 0.30
CP (%) 20.0 19.0
Calculated ME (kcal/kg) 3,200 3,200
analysis | ysine (%) 1.17 1.07
Methionine (%) 0.56 0.53

! Provided the following nutrients (per kg of air-dry diet): Vi-
tamins: A 12,000 IU, D 33,000 IU, E 15 mg, K 2 mg, thiamine
2 mg, riboflavin 6 mg, pyridoxine 2 mg, calcium pantothenate
0.03 mg, folic acid 0.2 mg, niacin 45 mg, biotin 0.15 pg. Mine-
rals: calcium 0.5%, Co 0.5 mg (as cobalt sulphate), Cu 10 mg (as
copper sulphate), iodine 0.9 mg (as potassium iodine), iron 80
mg (as ferrous sulphate), Mn 80 mg (as manganous oxide), Se
0.2 mg (as sodium selenite), Zn 80 mg (as zinc oxide).
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2) Western Blotting
Western blotting®l] ©]-8-2 @22 200 uL RIPA buffer
- , Intron, Seongnam, Gyeonggi-do)®l| phosphatase
#IBS-BR004, I S G i-do)°l] phosph:

protease cocktail inhibitor(#1861281, Thermo Scientific, Seoul)
£ Y3 187 ¥27](400 Lab blender, Seward, England)S
o]-g-3toy A 3IA|7] a1, Y4lE-2]7](Hanil model Union Skr,
Korea)Z ©]-&-3to] 5271 13,000 rpmell A ¢4 Eejsle]
=31t 2 =52 10% SDS-PAGE gelell loading3t %
(20 pg/lane), poly vinylidene fluoride membrane(Hybond-PVDF;
#RPN303F, Amersham, Bucks, UK)°l o] A Z Tk Al -2
TBS-5% skim milkel] A 1 A]ZF E<F blocking A17]32, 0.05%
Tween-20(TBST)®l| rabbit polyclonal anti-occludin antibody
(#40-6100, Thermo scientific) T+ mouse monoclonal anti-
actin antibody(#ab3280, Abcam, Cambridge, MA, USA)E Z}
7} 1:1,000 343 5 4TolA 12417 B wHIAIZEE A
& TBSTE 53] o] A% gk ¥ anti-rabbit %=+ anti-mouse-
HRP conjugated secondary antibody(#31402 & #62-6520, Ther-
mo scientific)Z 1:10,000Z 3]A3}o] W2 TBSTA] 1A]1ZE
Fot Ao witst Tl SuperSignal West Femto Maxi-
mum Sensitivity Substrate kit(#1862890, Thermo Scientific)&
713k &, LAS-4000(Fuji film, Tokyo, Japan)< ©|&3}o] A}

& AL F &A bandsE RISk

3) Immunofluorescence

22 AWZ-L paraffindl] 243}, 5-umz A3 5 &
ol B-ZA)F)31, amino silane(APS)C.2 FH S TE 1
2]l xylene ©- 2 deparaffind} A|Z1 F, of|g-&of X5} 4=
3}x7]13, PBSE AlH 3Gt} &Elo]| =& citric acid buffer
(pH 6.0)°ll 4] 207t boiling Al# antigen retrieval 3+ 5, PBS-
0.1% Triton X(PBS-TX)°ll4 3043t incubationdt & 5%
normal goat serum(NGS)©| ¥3hd PBS-TXolA 30&3H
blocking A17]13L, 1% NGS PBS-TX®l| rabbit polyclonal anti-
occludin antibody £} mouse monoclonal anti-actin antibody =
247} 1:100% 3]t 71%E & o] =of] 243 H 4T
oA 12413t Bk X217t} PBSE A2 3F 3 goat anti-
rabbit IgG secondary antibody Alexa Fluor” 488, anti-mouse
IgG secondary antibody TRITC conjugate(Thermo Scientific),
2.5 mg/mL DAPI(Molecular Probes, Eugene, OR, USA)7} &
gHEl PBS-TXZ 147t <t incubationdt ¥, THA] PBSE Al
2 & coverslips S my o] 2 AP sealingshe] &
ol=E it d% dAE Ao BEe JFArA
(Nikon Eclipse Ci microscope, Nikon Instruments Inc., Seoul,
Korea)stol|l 4 #Zs}3l o, o|n|x= dnlAdl &t 7
2K(Nikon DSFi2)E o]-83}o] 7433t & imaging software(NIS-
Elements BR, version 4.3, Nikon)ollA] A& &<ls}ith
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Table 2. Effect of dietary antioxidant on growth performance and mortality rate of broiler chickens for 1 to 35 days of age

Item NC PC Resveratrol SEM! P-value

d1~7 182.2 185.7 186.0 0.940 NS2

d 8~14 481.4 482.9 495.3 4.940 NS

Body weight d 15~21 898.8 912.7 894.9 6.340 NS

(g/bird) d 22~28 1,485.6 1,528.7 1,497.9 11.520 NS

d 29~35 1,912.7 1,964.6 1,900.8 12.360 NS

d 1~35 992.1 1,014.9 997.4 5.950 NS

d1~7 26.0 26.5 26.6 0.150 NS

d 8~14 68.8 69.0 725 0.760 NS

Average d 15~21 128.4 130.4 127.8 1.120 NS
daily gain

(e/bird) d 22~28 2122 2184 214.0 1.580 NS

d 29~35 2732 280.7 271.5 1.580 NS

d 1~35 141.7 145.0 142.5 0.670 NS

d1~7 232 23 235 0.250 NS

d8~14 67.1 63.6 68.8 1.520 NS
Average

daily feed d 15~21 82.0 77.1 78.8 4.480 NS

intake d 22~28 128.5 127.9 125.1 1.640 NS
(¢/bird)

d 29~35 150.8 151.6 151.5 3.580 NS

d 1~35 90.3 88.5 88.3 1.880 NS

d1~7 1.13 1.19 113 0.012 NS

d 8~14 1.04 1.10 1.05 0.018 NS

Feed d 15~21 1.68 1.72 1.78 0.089 NS
conversion

(@) d 22~28 1.66 1.71 1.72 0.021 NS

d 29~35 1.82 1.89 1.79 0.041 NS

d1~35 1.44 1.52 1.50 0.018 NS

NC; Negative control, PC; positive control.
! Pooled standard error of mean.
2 NS: Not significant.

Table 3. Effect of dietary antioxidant on villous height and crypt depth of broiler chickens on day 35

Item NC PC Resveratrol SEM' P-value
Villous height (uM) 439.9 463.6 4823 5.57 N§?
Crypt depth (uM) 99.8 110.2 113.0 243 NS
Villous height : Crypt depth 4.5 43 43 0.09 NS

NC; Negative control, PC; positive control.
! pooled standard error of mean.
> NS: Not significant.
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DL2EYAE W 579 A AEd s H S At
= L2 AFE-E 2 ItHLin et al., 2006). ¥ A3 A
T-oF t=73ke] Ak ee] oA Apol= yERA
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4. Immunofluorescenced| 2[st Occludin®| Lo-
calization

Tight junctions(TJs)2 Al 2ol Exsl= &
AZA ey Y M 2504 A Al xS 3t
Hodsta, ANEA Aol & 2-ste v A
Aehe 23 Tl A o]t Cummins, 2012), Occludine TJs
Tl 3 3 JER 2 A A ZZEe] AF o FHe] Sl trans-
membrane linker T A 2 7 W2ke] e {2 Hojst=
tl, < occludin®] EXE 7 ] Fejehs] WistE AEed 5
PE Aoz HuEJTHSong et al,, 2014; Chen et al., 2015).
Fig. 13} 20] 2} NC, ALA, 2t 2tEZ(Fig. 1, A~C) 1
w9 ileum 242 137 ARG S AR 5 FFAA
sloll A B2 ATk (nucleus)S blue 3 HDAPI; Fig. 1, A
~C0)2 YERNY occludin green 3 (Fig. 1, A’~C) 2
BEAHACE ZF 229 actin red FF(Fig. 1, A”~C)o2
FA o] kel AAnkAQl FEE UERAUT
< actind} A EE 3te] A3 F9lol] F BEF e A
2 #E $ Tt Merge; Fig. 1, A’ ~C”). £ 2
oA immunofluorescence®l] 2]3F Z} & & occludin}
actin®] H|%/3A 329} x| ] Aol ¥HEE]A] gk
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5. Western Blottingdll 2|gt Occludin tHH&! =tol
Attt FEol A AAE I Al A T3] (intestinal per-

Table 4. Effect of dietary antioxidant on meat quality traits of broiler chickens on day 35

Item NC PC Resveratrol SEM! P-value

L-pH 6.61 6.60 6.57 0.150 N§?

B-pH 6.24 6.24 6.22 0.032 NS
L-DPPH 0.57 0.58 0.59 0.030 NS
B-DPPH 0.63 0.64 0.67 0.024 NS
L-TBARS 0.49 0.49 0.50 0.021 NS
B-TBARS 0.29 0.33 0.36 0.036 NS

NC; Negative control, PC; positive control, L; leg, B; breast.
! Pooled standard error of mean.
2 NS: Not significant.
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Nucleus Occludin

Actin

Merge

Fig. 1. Verification of occludin localization with immunofluorescence. Each group (A~C) showed in nucleic (blue; A~C), occludin
(green, arrow; A’~C’), actin (red; A”~C”), and merged (merge; A ~C”).

meability)°] S715= Ao Z d#f#] =l (Smecuol et al.,
1997; Sturniolo et al., 2002), ©]-F ¥ }A](post-weaning pig-
lets)e] AA} T Ao A HAIAA|A|(ZnO T tetrabasic
zinc chloride)E Holol3l& Al, A gl T3] s
1, occludin A =Fo] F7tE= Ao 2 F1% U th(Zhang
and Guo, 2009). ] AAJAA 7} &4 w= okstd 2 Ul
TS s EA 2R A Ul Al ARl occludin®] -

EIHE S Ao 2 & 4 Atk (Zhang and Guo, 2009).
2 A9 *}7]-4 A3} occludine ileum Wol] A3 ]
AYE A 5 AT wEA FE3 27 HES wes-
tern blotting WS ©]-83l] occludin T2 A HZ A8t
Qe t(Fig. 2). =L A=}, Z A, B, C 15<9] 2 llA occlu-

din®] bandE°] 65 kDa F-toll A E5F I} Actins
o] &3] A BA3 A}, 42 kDaollA LA W= HES
YeEMII Y 25 3T occludin®] ¥l ol TEER] sk
o™ occludine ileum Wol EAete LS & 5
Art

ABH oz B Ao 128H

AollA SANA At
g2 EZT ALAZS 2H2} 100 ppm, 8 ppmS Fol3t 2

A B C

Occludin |<—65 kDa

Actin
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