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Abstract

This experiment was conducted to investigate the effects of dietary supplementation of grape seed
proanthocyanidin on growth performance, blood characteristics, immunomodulation, and meat quality
in broiler chicks. A total of two hundred forty two 1-d-old male broiler chicks (Ross 308) were
divided into 4 groups with 6 replicates of 10 birds each. The four dietary treatments fed for 6 weeks
were : NC (no antibiotics), PC (avilamycin 10 ppm and salinomycin 60 ppm), and grape seed
proanthocyanidin treated groups (10 ppm or 100 ppm). The final body weight and body weight gain
were significantly increased in PC and proanthocyanidin treated groups compared to NC (p<0.05),
and were linearly increased by increasing the level of proanthocyanidin (p<0.05). The feed conversion
ratio in all treated group was significantly improved as compared to that of NC (p<0.05). No
significant difference among the all groups were observed on blood leukocyte profile. But total white
blood cell (WBC), heterophil, lymphocyte, and stress indicator (heterophil : lymphocyte ratio) tended
to be decreased by increasing the level of supplemental proanthocyanidin. The levels of blood urea
nitrogen (BUN), creatinine, total protein, albumin, globlulin, aspatate aminotransferase (AST), and
alanine aminotransferase (ALT), which used as the blood biochemical parameters of liver and kidney
damages were significantly decreased or tended to be decreased in proanthocyanidin treated groups
than those of NC (p<0.05). No significant difference among the all groups were observed on chemical
composition of breast meat. Redness (a) and yellowness (b) among meat color were higher those
of control (p<0.05). Water holding capacity and cooking yield were significantly increased or tended
to be increased in proanthocyanicint treated groups than those of NC (p<0.05). And thiobarbituric
acid reactive substances (TBARS) values of chicken breast meat during storage period were linearly
decreased by increasing the level of supplemental turmeric extract (p<0.05). In conclusion, the dietary
supplementation of proanthocyanidin improved the growth performance and health states by
controling of reactive oxygen species toxicity. Furthermore, the grape seed proanthocyanidin
decreased the chicken breast meat deterioration in relation to storage period. These results suggest
the possibility that proanthocyanidin could be used as a functional feed additive for high quality
chicken meat production in broiler chicks.
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1. M 2

o5 5T g0 X315 o|FH 5 BAkS AE7FsIA sk BRI 5919 5840l
FZE et ol i wAkE AR - 5 TA0IA 9] H71E WS F TRt Alst
E7HSHA HAE FAtEe ARG Be AR =M S50 nAls G Faslstolof g,
E3] ‘1RY-14FE 9] Aok AR AE 0 2 BEASH E|uE 5 BT A esty 1
SUAAZY Hegto 24 P AE Hrh 88302 o]85l= o] FolEY £33 Aol
A FARE AL - 71 - 78 oA TASkE BAIERTARE R ffettE 62 TR AlHE
ZEEA Folal H7)Ee AFO0R ofet FANEO Alest 9 IREIIAMASLE B9l 71 AY4h]
A B2 S0 3 Hgs FAAE 4 Sl olof] wet M2 sAEE 9 fReihE
5 U FEAEE E8oto] 1EE P FARES kel S1et A o] APH T ok
(Chung et al., 2014; Lee et al., 2018; Park and Kim, 2013).

SAERAE =, AAL ofn|ieAbt 2R 71 iAle] Hofehs 14 AR B AEA|
o] 22, 25 71 - §% 4, BEE 528 AESh= Hls (phenol), = (quinone), ST
(flavone), BHd (tannin) X F0} (coumarin) 50] &5 HisA| SighEat WS A9 HEH
o] (terpenoid)2} oA QYU (essential oil) 12|11 L= 0| (alkaloid) 59] 22} tJAMAREO] SRS
=]o] At (Cowan, 1999). TAf= & 22t tAMES SAHEHCIU FAYAARE FFst o,
FT o529 I, L FAT, T T E A 71 A, AEEA AR, WY 24, w9} WA,
T 3E, A7 HY 59 ot AH@Aavt Aot o AFEHA 177 7154 AE 3
OJokE A& E85hr]| ol W2 A7t KWL Ut (Jeong er al., 2004; Song et al., 2008;
Trevisanato and Kim, 2000). 54t EopoflA e tjefgt S/ A8 fd 88450 715 B4
S, YFAelEE M, A 1A E S4tE B F 59 FHOE o§Eo] gt AEA
) EAfshs B2 EEE thefolal Bdsto] Aeet 287142 W AR detol, 7159] A&
9 4ot S0, T Ul Beat S2 AAE S T QHEs) A Aol et A WY et
20t JH) £4 59 282 B9l 7159 A 9 diAt E50f 37841 FF= vIE o okl
HET Ut} (Acamovic et al., 2005; Guo et al., 2004; Wang et al., 1998).

EE (Viri vinifera. LY A 3423 AIE0] 30% 71S A8 A A AAR R sl
A A= Q= I F SR, FUHoAE gEt 7ML B8 28 9 75 7ol o8
I T, A 5 Ee7keRAREo] wijd dig TSt Qlom, o] 59| E7IAMS}of TRt THAlo]
Al AR At (Yook et al., 2010). 53], Zxo] FHEHEE T Shl ZEQFEAOIUH
(proanthocyanidins)}2 Z2]H& (polyphenol) A2 0 & tF Q] FAkstE2l0] HlEM EQ] 204, H]E}
71 €] 50ufjof] Yok et HARlsEE W ok= 2R YA Qlol, olF 7154 AR AAE
ZE57] 915k ofF] At fREQleH, SA B 9 A A 59 axprh Bar B ]k
(Hou et al., 2000; Nyamambi et al., 2000; Rajput et al., 2019; Wang et al., 2008; Yang et al., 2017).

TEbA 2 As AR 0 R S T} 5 RIS RARE § ZEAoA 35T TEQHEA]
ofde] Alm | 7} goi7t $A i, @Y B4, Wxds 2 i F49 vXe %=
Tk BAlol 1FE P FALE ARS 213t 7154 ARAAEAY ol TR ERIje
BN FAEANEY] Almst 3 IR7PARASH RElS AAJstarA} = Qi

1|, X2 2 diH

SAx=z
A% - BHE ZEHE o EE2A} (70.0:29.5:0.5, viviv) B3t -0 A] 72A17F B HR|5lo]
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ARiSE 32 AMEEA

198 84 $=ol] (Ross 308) 24055 ZA|50] 43]g], 6¥HE, ¥RET; 10424 wj]sla, 657t
< ARl A 7 (NC)eE F3A 7 (PC, avilamycin 10ppm)E HHRE

otom, 712ARR 10 SF %2 ZEAEA Y 3y AlRH7ME 2AES 0.1% E= 1.0%

H7rsto] ZE=QFEAIORY 10ppm 3 100ppm AJETE FUT-

AlgAtz 2 AR

7|ZA18A = NRC (1994) 2 S7aAS#E (2012)00] EAsHe] Z0] (0~7%, HiAIHA]
3,050kcal/kg, ZTHHA 22%), A7) (8~21Y, THAHA] 3,100 kealkg, ZHHRA 20%), T7] (22~
429, SAOI7] 3,150 keallg, ZEH 19%) AL TRk 12AZ ) @ ok 24
2 Table 10] AAIGIOT, 712AR0] 10 5% %0] HEEAORIH 6 AB/ke 245
A7} - iEslol AR § ZEQEAOIIE ST} 10 ppm T 100 pproo] HES: slsick. Ak
A 71 52 87 28 BAAIA (12 Tsem AR Slmcko] Ssempell A ALIHEOT, Aol
71 9 g7] e Aol SUSHA HiAIsIIth Aleet T2 ARRAA 9 AR2AIR o,

AT 32 244 FUHTE AABIAAL olF A[EFTRAIA 234 H5& AASIAH.

1) S ik

SANPAE AN (193), W71 QL) F7] @29%) FRAC] BRI P R A
S 27gste] BAE FAF 2 ARHHFS T oA 2R FAF ABHAFS 59
AT AESHE

W97 24 9 W) Aslet 242 2] stel A9 FRA ALl 1294 Adelol
ATt W8 242 K3-EDTAZE A=jd @ FHof| ¥ 1 mLAE got

3 24417} o|Yjo]] AEFEA7] (HEMAVET® HV950PS, Drew Scientific, Inc.)2 245}
o B} Agslet 24 SarEl WS WEE 2000 pm, SHE B BHS B 7, A5EY
E47] (COBAS MIRA plus, ROCHE diagnostics)E ©]-&5} blood urea nitrogen (BUN), creatinine,
total protein, albumin, globulin, aspartate aminotransferase (AST), alanine aminotransferase (ALT)&
2AE%

3t

ol ngh 19
32 12

i
=

3) AU ND % IB %7}

G ND ¥ B JAG7HE 2ABE] A3l 2730 ND/IB S3t A= w4l 75 HEshL, 459
of F7H o= APEAE WA FF T 74, 14970l AEE 1254 FHS AF|cto] Ao
0|85t ND A I71+= HI test (haemagglutination inhibition test)Z £330, 1B A 7}
+ IB ELISA kit (Synbiotics Co., USA)S o]-8&3}o] EA513tt.
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Table 1. Formula and calculated nutritional values of the basal diet

Ingredients Starter (0~7d) Grower (8~21d) Finisher (22~42d)
%

Corn 51.50 60.35 64.16
Wheat grain 4.50 1.65 0.60
Soybean meal 31.65 25.82 23.04
Corn gluten meal 5.00 5.00 5.00
Soybean oil 2.95 3.12 3.41
L-Lysine (99.0%) 0.45 0.39 0.31
DL-Methionine (99.0%) 0.32 0.22 0.21
Threonine (98.5%) 0.03 0.04 0.05
Tricalcuium phosphate 1.75 1.52 1.32
Limstone 0.90 0.89 0.95
Salt 0.45 0.45 0.45
Vitamin-mineral mixture" 0.50 0.55 0.50
Total 100.00 100.0 100.0

Chemical composition”

ME (kcal/kg) 3,047.70 3,100.9 3,150.6
Dry matter (%) 84.45 84.40 84.50
Crude protein (%) 22.73 20.24 19.04
Crude fat (%) 6.63 5.89 6.27
Crude fiber (%) 3.35 2.89 2.81
Crude ash (%) 3.05 2.43 2.28
Lysine (%) 1.46 1.25 1.10
Methionine (%) 0.65 0.54 0.50
Methioninetcystine (%) 1.05 0.92 0.77
Threonine (%) 0.96 0.86 0.81
Calcium (%) 1.00 0.90 0.85
Available phosphorus (%) 0.45 0.40 0.35

D Vitamin-mineral mixture provided following nutrients per kg of diet: vitamin A, 15,000 IU; vitamin D3, 1,500 IU; vitamin E, 20.0 mg;
vitamin K3, 0.70 mg; vitamin Bj,, 0.02 mg; niacin, 22.5 mg; thiamin, 5.0 mg; folic acid, 0.70 mg; pyridoxin, 1.3 mg; riboflavin, 5 mg;
pantothenic acid, 25 mg; choline chloride, 175 mg; Mn, 60 mg; Zn, 45 mg; I, 1.25 mg; Cu, 10.0 mg; Fe, 72 mg; Co, 2.5 mg.

2 Calculated value.

4) 57| 22 - ol313tx £

Bh7] B2 - ofsita S48 2ARP] 915 AlE SBA| AES) B Eelel ek e
A2 654 SAA 7Kg S Aatslol B olglsict Bra] YRS AOAC W
(Q007/S 7122 slo] BT 5 TS 105C 4RI AZH, Zehbd SIS Kildahl O
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2 2739 ool 4o 6258 Bjo] AEIOT], ZAT THS Sorhlet $FY, 232
qRe A4 SlshoR 2Asloith Sy phi 7Kg 1p8 AElol S5 omLo] ol s}
St &, pH meter (Orion 410A, USA)E o]-&3lo] 24313t} |42 AX}A| (Chromameter CR-400,

Minolta, Japan)& ©o|-8sfo] Wx (LZh), ZMZ (agh), FN= (bFhol gt CIE (Commision
International de Leclairage) 3f2 74519t} ol ARESH HEAML Y=93.5, X=0.3132, y=0.3198%]
S S ol 7K) HENIS, 1R TR 25 om FAR B YA
AF2E7E 70T E2S d7HA] 7Hgsta, Wl & S S40k0] 71 A - 3 S A WEe
= Asisic), AEEE Wheler SC000)2] Wil v} AT H8 Azto] K2
AR 7155S F22e A2 70071 7198t & s2= &8 skl gt A=l
A AA 1.27cm Fo]2 BAAREE AF5}2 Instron (Model 4465, Instron Corp., USA)E 0]-8-5}0]
ActgS ke 2451900}, Hage paper presstHS -3-8510] E<= A2 plexiglass plate 4]
MRS 2T Yo YA T S0 2 S8 UAE planimeer 2410} Aokt

5) |:r—|7| I‘I’“’ O|-I1A-I

Al FRA| AAAF] Bt 9ol sigsis AE AT 674 SN 2, 7R AFlet
o] 4C YARIE S19ct 0Y, 7€ A T g3 U AHERISHES} (TBARS, thiobarbituric acid
reactive substances) 2 THHZAHA T (VBN, volatile basic nitrogen)S E-A1519ict. AT ALSIE =
Beuge®} Aust (1978)9] BPHE HE5to] x4 3pABIA] FAE= malondialdehyde (MDA) Tk
279510] MDA mginL2 ERJSOP], ThiAMsEE FH (1978)0] HS o}831o] volaile
basic nitrogen (VBN)S <4313t}

SHz
RE RS9 SAEAL Statistical Analysis System (SAS release ver 9.1, 2002)2] General
Linear Model procedureE- 0]-&5}0] HARLAS ”A]ﬁ}cﬂ_ﬂ A7) 59432 Duncan's multiple
range-test (Duncan, 1955)% o]85}o] QAP 5% =04 HASITk
0. Za 2 o
ALY
EEA 23 ERQEACRIES] AR Y 27 Foirt 874 Aol Bl e Table 20]

Table 2. Effects of dietary supplementation of grape seed proanthocyanidin on growth performance in broiler chicks"?

Proanthocyanidin
NC PC SEM p-value
10ppm 100ppm
Initial body weight (g/bird) 425 423 42.4 423 0.03 0.19
Final body weight (g/bird) 2,236.3° 2,417.9° 2,398.3° 2,405.6 437 <0.05
Body weight gain (g/bird/d) 62.7° 67.8% 67.3 67.5% 0.35 <0.05
Feed intake (g/bird/d) 109.0 110.6 111.1 112.1 0.78 0.34
Feed conversion ratio 1.74° 1.63¢ 1.66° 1.65™ 0.01 <0.01

Y Data are least squares means of 6 observations per treatment.
? NC, antibiotic-free diet; PC, basal diet with avilamycin+salinomycin.
#¢ Means within the same row with no common superscripts differ significantly (p<0.05).
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Table 3. Effects of dietary supplementation of grape seed proanthocyanidin on leukocytes profile in broiler chicks

AASHEE ZE2/MEA MY Alm W M7} FojA] TEAIS 2 dF5AlTS YA 17 (NC)
o s folstA S7Fst o™, 100 ppm M7 FEAFE 2,405.6 g0 = FAA| H7H (PO)
24179 g3} RAYE ATE B (p-005). AHEATE QA PAA THAFNOM Mo $j0
& /MEe 238 WERo, A 7R (POl HIRA] S5 (p<0.05).

R RANE B 9 225 B TRQIEAPYS SA o] AR W 7t Foigt a7t o
H =0 4 Aidel 37840 FFE I & IHkal BASHSIT (Hou er al., 2019; Yang
et al., 2016). Yang 5 (2016)2 A0 & {3 TZAEAOFYHS 7.5 ppm, 15.0 ppm FE= 30.0
ppm O 2 ALE Wi F7F 3ot AlEE B9l ZEQMEAIOMMY Ale W A7 FojA g I
220 90 A BT 21 59 H8L B 4 BALIE AT Hnach How
(2019) HA| LM F:5 Z2QFEAORYH 100 ppm, 200 ppm X 400 ppm H7} FoIgt SAAFAI
A AR A}, ZEFEAJORUH 400 ppm 7N R4S 9 7155 S50 7Y =4 YEt
Skl E5H9c) ESH Rajput 5 (2017)2 ofZ8kEA] B (Alfatoxins B))o]| =Z% SAoA T
A F% DEQIEAI UL =4 A3t 835 RARE AoA ZEX 25 ZEQHEAoRHo]
oREE}EAl] of3t B4 R0 R Asfslo] AGFAH B AE 80| FoH R JRAIZIA
ThiL H SIS o] ok AU 9 o FollA] 53 TERIEAOP Y-S SAAE H7F 39
S AP T Astas o] E P e £X 528 SA AAHIo] ATk B alskylc
(Nyamambi et al., 2000; Park et al., 2010).

2 AFoME 7|E APATET FASH ZeX 5 ZEQMEAIOIYH] Alm W 7t
97t AT, AT € AARERTE 5 SAPLMI AR TS A= AL gl
A,

TS

SA] tigt T S5 TEQEA O] AR W 37 Folof mE WdT 24 HSk= Table
30| YERA vl 2t} White blood cell (WBC), heterophil, lymphocyte 2! heterophil/lymphocyte X5
PAA E Z2EA oY 7oA Fashs B Holou, SA8oE Fo4dE A=A
oret

SAE WSo= g TeR4hE B ZEQFEAoRHof ofgt Mg+t 24 HSlE AR A4
719] %ol vt Qlof M9 Bl ol in viro W AVFES o Sobd A
A Akekd AEF A0 o AL DNA &4 o 23S ¥ 113t v Qlt} (Huang ef al., 2016;
et al., 2019). T3} Abbas S (2017)T} Park S (2010)2 ZEOFERORT] $9 AUFE 2] 2250
A0l H7F Foigt Aol ZEQMEAIOMMY 3k AUF FEE0] lymphocyte 5 HIA| 2]

1.2)

Proanthocyanidin
NC PC SEM p-value
10ppm 100ppm
White blood cell (K/uL) 31.24 26.99 27.32 26.35 0.85 0.33
Heterophil (K/uL) 11.07 9.77 10.08 9.16 0.23 0.33
Lymphocyte (K/pL) 16.93 15.52 15.94 15.13 0.40 0.21
Heterophil/lymphocyte 0.65 0.63 0.63 0.61 0.03 0.08

Y Data are least squares means of 12 observations per treatment.
2 NC, antibiotic-free diet; PC, basal diet with avilamycin+salinomycin.
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L 348 $elHoR ST Brsg

B Q7 A3, BeA 32 TeolEAlohlHe] A7t Holo] T WET 24| fojHel B
BRI Qoon, 35 AR kF % WO H5 SIS TE 2} e 2 98 A0
A,

ot szt x4

EE) 25 BRAEAORIEY] SANE B 27 Holrt 2ol S Az AL g
Table 40] AAIE B} ef. SL2oHEAOR e A7} FolA] B vf 7F @ AV 443 A3 ASTS}
ALT7} tjz=of Hls)] oo r 7445l 2 (p<0.05), BUN, creatinine, total protein, albumin,
loblulin ] T4 PABRE ATE HEOU BAH SO S el

ILEQFEAO Y-S 7Rt A8t 282 B3l AU EA5k= 72171 (free radical)E AE24 02
AAIo] 9% B 9 W80l O 7k AV B FR 249] £4L ASRIGT A - 21 EE
A EES o835t thr9] AtolA] % QIth (Yun ef al., 2020; Zhang et al., 2010). ESE A
FY% 4 ol ZekEAl0f Ed SAof tigh ZERIEAORHY] ¥ - B4 st aviE AR AT
SolA ZEFEAIORYH L] X7} FofA] AST, ALT 5 B Uf 7t - A &4 A7 {oJsHA 4
SFithy ® gk vt QIthRajput et al., 2017; Wang et al., 2008).
A AT ZEH 25 T2QIEAOPY UL 7]t Ak} Z-gof| oJ5ff 11, A 5 24
d= oslo]l 84 A7 fA0l 38AA FFS HX Ao HeEQIth

ra

2

9

¢

2 ND ¥ IB SH|H7}t

S| 4550]| FEH (ND, newcastle disease) I HHFA7|HA|Y (IB, infectious bronchits) Bl
A& F7F B ZEsla, 71 A (7%, 149)0] e EA A7t HelE RARE Ak
Table 501 AAIH v} ATk ND @4 Q7= ZEH 5 ZEJFEA|oRY H7|tollA] TR+
I8l f-2JstA S7F5I 2 (p<0.05), IB FAIG7H= A 2F WAL A $AA 2= STkl Y
& wgou, BAH g0l WA YTk

IERIEAOFUH] Alm W H7F Fof7h SA] FA| 7o) mXe ks 2ARE 9= glo,

Table 4. Effects of dietary supplementation of grape seed proanthocyanidin on blood biochemical parameters in broiler chicks"?

Proanthocyanidin
NC PC SEM p-value
10ppm 100ppm

BUN (mg/dL) 3.22 3.30 3.05 3.23 0.25 0.17
Creatinine (mg/dL) 0.35 0.31 0.24 0.25 0.03 0.11
Total protein (mg/dL) 5.70 5.54 5.48 5.13 0.11 0.09
Albumin (mg/dL) 2.46 2.34 2.37 2.15 0.25 0.07
Globlulin (mg/dL) 3.24 3.20 3.21 2.98 0.14 0.08
Albumin/globlulin 0.76 0.73 0.74 0.72 0.01 <0.05
AST (U/L) 288.35° 270.54° 265.12° 257.97° 3.25 <0.01
ALT (UL) 10.52° 8.75° 8.69° 8.51° 0.34 <0.01

Y Data are least squares means of 6 observations per treatment.
2 NC, antibiotic-free diet; PC, basal diet with avilamycin+salinomycin.
*¢ Means within the same row with no common superscripts differ significantly (p<0.05)
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Table 5. Effects of dietary supplementation of grape seed proanthocyanidin on antibody titres against ND and IB vaccines in broiler chicks

D.2)

Proanthocyanidin
NC PC SEM p-value
10ppm 100ppm

ND titre (logl0)

0d 2.13 1.88 1.80 1.83 0.11 0.17
7d 2.38° 275 4.25° 4.50° 0.16 <0.05
14d 5.50° 5.50° 5.88° 7.00° 0.16 <0.05
IB titre (logl0)

0d 0.00 0.00 0.50 0.50 0.05 0.18
7d 0.50 1.25 1.65 1.63 0.06 0.15
14d 0.75 1.13 1.73 1.85 0.11 0.21

D Data are least squares means of 6 observations per treatment.
2 NC, antibiotic-free diet; PC, basal diet with avilamycin+salinomycin.
*¢ Means within the same row with no common superscripts differ significantly (p<0.05)

Table 6. Effects of dietary supplementation of grape seed proanthocyanidin on chemical composition of breast meat in broiler chicks

AEA W EAok:s H=3E 5 23 AMEEY HARE7 52 ofd AYAT+E B9 45H
v} QJc} (Xue and Meng, 1996; Zhang et al., 2005). Abbas 5 (20172 SAIE ¥ G SA4
ot TEQMEAIOIUHL] HARE S-S FARE AtoA] ZEQFEAIofUHo] Al w7} HARES
< £ AN "REgo] thxo] Hlg) foHoR Frleilrtal Harslylom, Park 5(2010)
A ZEQFEAIYY S AT $3] FEF 1.25~10.00 ppm H7F FoIA] DRI HTEHA L
(peripheral blood mononuclear cell), BN E (splenocyte), F-4A|ZE (thymocyte) 5 H T A|X
o] B4} F4]0] _n__,]xqi S7Fetlttal Harsigich
2 AFE 5ol Z=H F5 ZEAEAIMMUY Alm W FH7F Foi7t WAl A 97 34 F
Aol 3R FFE v A IIT 5= USiH:
H17| 2] - 0zt £
A2 ) ERQHEAORE Bt ot Biay] B40] TR RS Table 6 % Table 79] Lk
Aot Bar] 8, 2o, 2 RolE oRF 5 GRbgEo] QlojAle dIRTE HIRS A A
TollA FAA Felde] YAl ggkout, i 3 2R S _EOJE’\]OM‘H H7EolA

1).2)

Proanthocyanidin
NC PC SEM p-value
10ppm 100ppm
__________ L
Moisture 75.59 74.68 75.12 74.32 0.18 0.09
Crude protein 1.31 1.56 1.34 1.56 0.09 0.11
Crude fat 21.35 22.16 22.04 22.39 0.17 0.08
Crude ash 1.04 1.07 1.08 1.05 0.01 0.21

D Data are least squares means of 6 observations per treatment.
2 NC, antibiotic-free diet; PC, basal diet with avilamycin+salinomycin.
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Table 7. Effects of dietary supplementation of grape seed proanthocyanidin on breast meat quality in broiler chicks"?”

Proanthocyanidin
NC PC SEM p-value
10ppm 100ppm

pH 5.89 5.99 5.90 5.93 0.13 0.11
CIE

L 45.53 45.20 46.99 44.79 0.55 0.11

a 3.77° 3.90° 4.13* 4.50° 0.21 <0.05

b 8.69° 8.78° 9.18° 9.70° 0.25 <0.05

Cooking yield (%) 74.85° 76.90° 75.80° 71.07° 0.42 <0.05

Shear force (kg/0.5inch?) 3.00 2.90 2.81 2.77 0.12 0.07

Water holding capacity (%) 59.09° 60.35° 61.19° 61.68" 0.38 <0.05

Y Data are least squares means of 6 observations per treatment.
2 NC, antibiotic-free diet; PC, basal diet with avilamycin+salinomycin.
*¢ Means within the same row with no common superscripts differ significantly (p<0.05)
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Table 8. Effects of dietary supplementation of grape seed proanthocyanidin on meat storage stability in broiler chicks"?

Proanthocyanidin
NC PC SEM p-value
10ppm 100ppm

TBARS (MDA mg/L)

0d 0.35 0.34 0.31 0.30 0.01 0.12
7d 0.63" 0.65" 0.51° 0.47° 0.02 0.09
VBN (mg %)

0d 2.71 2.70 2.68 2.64 0.36 0.12
7d 8.52 8.65 8.25 8.12 0.48 0.10

D Data are least squares means of 6 observations per treatment.
? NC, antibiotic-free diet; PC, basal diet with avilamycin+salinomycin.
*¢ Means within the same row with no common superscripts differ significantly (p<0.05)
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