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Effect of Dietary Supplementation of Quercetin on Oxidative Stability of Chicken Thigh

Aera Jang*, Jung-Eun Park, Sang-Ho Kim, Hyun-Seok Chae, Jun-Sang Ham, Mi-Hwa Oh, Hyoun-Wook Kim,
Kuk-Hwan Seol, Soo-Hyun Cho and Dong-Hun Kim
National Institute of Animal Science, RDA, Republic of Korea

ABSTRACT This study was carried out to determine the effect of dietary supplementation of quercetin and methoxylated quercetin
extracted from onions on oxidation of chicken thigh during cold storage. For 35 days, 1-day-old 320 broiler chicks (Ross) were divided
into 8 groups and supplemented the diet; basal diet only (T1), T1 with antibiotics (T2), vitamin E 20 IU (T3), vitamin E 200 U
(T4), quercetin 20 ppm (T5), quercetin 200 ppm (T6), methoxylated quercetin 20 ppm (T7), methoxylated quercetin 200 ppm (T8).
After slaughtering the broilers, thigh meats were collected and analyzed the oxidation stability during storage at 4°C for 7 days. Volatile
basic nitrogen (VBN) was ranged from 10.98~15.37 mg% until day 3 and quercetin 20 ppm (T5) significantly reduced (p<0.05) the
VBN value of thigh as much as antibiotics treatment group (T2). The supplementation of quercetin at a 200 ppm level significantly
reduced 2-thiobarbituric acid reactive substances value when compared with the control. Supplementation of 20 ppm quercetin also
affected fatty acid composition of chicken thigh and resulted in increase of C18:1w9 and decrease of C18:2w6 on day 3. In microbes
of chicken thigh during storage, supplementation of 20 ppm quercetin significantly reduced total microbes compare to control on day
7 (p<0.05). There was no effect on the number of coliforms in thigh with quercetin diet. From these results, the dietary supple-
mentation of 20 ppm of quercetin may have effects on enhancing oxidation stability.
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60 ppm) 7KT2) 71 ALE4 vitamin E 20 1U 7} F(T3),
718 A}g 9l vitamin E 200 U 7} FI(T4), 713 ALZ ol quer-
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BH(mL), /= 34+ factoro|Th

VBN mg% = (a—b)xfx0.01x14.007/Sx100x100
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o)de] AdollA Ao A= SAS(1995)9] GLM(Ge-
neral linear model) WHOZ 2138} 31, Duncan®] multiple
range testS ©]-8-3t] AT 9438 95% A=A
HS A THp<0.05).

Znt 3 IE
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SA AlZol quercetin® methoxylated querceting 20, 200
ppme] FEZ Mt gl A% F A A71HE
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TS 22 10.98+0.27, 11.25£0.27 mg%S YERHo]
quercetin 20 ppm A 2]e] YA M2l AR Tl
A AA] &3 p<0.05)F YERHS Bk A7 3Ll
ZrR T A TH(T2), BIEF EXE]TH(T3, T4)9} querce-
tin 20 ppm ﬂE]?(TS)O]]/\-] o129l 7haE ehHo] quer-
cetin 20 ppm9] =2 Thld Wyl ox)] G35 B THp<0.05).
=4 FEet dF ZP(P 39 B2k VBN $H2 10.98~15.37
mg%e Bl g2y} AFa e AXAE 21459 1
Q1 20 mg% o] o2 AATS BY o, A 74
= EE ATl 20 me% 3Fste] Tho] W s 9l
S YepiATE A% 749 A= HIE EE AETolA @
Hﬂ;d W) s].;ﬂo] 20 mg¥% o]/ﬂ-& EE}Z]”]' 6’]—A§}“ X%E]?'(TZ)
7 HIEFY E 20 ppm A H(T3)elA o123 s B
THp<0.05). ¥HA, methoxylated quercetin< T2 Huj x|

Table 1. Volatile basic nitrogen (VBN, mg%) contents of legs of broilers fed quercetin and methoxylated quercetin for during cold storage

Treatments
Day
Tl ™ T3 T4 T5 T6 T7 T8
0 1217+0.16% 1098+027"° 11.43+0.16™ 10.84+036™ 1125+027"™ 1331+0.14* 12.53+£0.16~ 13.86+0.14"
3 12.81+0.16% 11.75+035™ 12.17+0.42” 11.80£0.27 12.03+£0.70™ 14.31+029% 14.04+0.08 1537027

7 26.62+048%" 2488+0.16™ 2232+0.16™

25.89+1.58™ 27.53£1.35"™ 2497027 28.13+0.14" 27.21£0.21*%*

Means with different superscripts in the same column are significantly different (P<0.05).

AT Means with different superscripts in the same row are significantly different (P<0.05).
T1: Basal diet, T2: Tl+antibiotics, T3: Tl+vitamin E 20 U, T4: Tl+vitamin E 200 IU, T5: T1+quercetin 20 ppm, T6: Tl+quercetin 200
ppm, T7: Tl+methoxylated quercetin 20 ppm, T8: T1+methoxylated quercetin 200 ppm.
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2. X|2AHI = (TBARS)

I o7 259 AA 77 3t A5 EA5k= A
Wate] EaHHA AAEE A 7HA] 22 Foll A malo-
naldehyde$} 2-thiobarbituric acide} ZgHste] A7) BEA
EZ 9 = E UV-spectrophotometerol] 2J3l S Fho =
ol F45E APEErt ade RS oRstht 5,
2008). |4 Fol AFE W 20, 200 ppme] quercetin®] 7} F
o7} 7] galse] WA A3 o, 3, 79 F2te] Ak A
3 JAol] v FEL Table 20 YERAATE =4 F5
thejate] Ak s v Rk BlE E 200 IUFS] 3
T4ol A 71 whe gs JeEi o, o] ke A A
T2 T2, quercetin 200 ppm 71 TS5} 22?0 X}ol&
YehRA] ekol HIEN E 200 TUSF FrAFSE dbabe S Lhe)
WS BAFATHp<0.05). W7 AZH4T) 3979 Ao
oo Akl Ar s 2T YA 22 H(T12),
HIEMY E A 2]74(T3, T4), quercetin %] 2] (TS, T6)7Fe] }o]
© HolA| kol A E AA|SHA] 4% quercetin -
Z=AQ1 methoxylated quercetin *] 2]H(T7, T8)-2 T H.th
A 7 7HEsE EHAeS UER ATHp<0.05). A 7Y
Aoll= AN E7F FAS A F7Fste] ool A 0.482

mg malonaldehyde(MA)/kg©o] 1 21}, BIEN] E X 2]7(T3, T4)
< oA T A(p<0.05)F YERN IO, quercetin A 2]
< HE2zTH 2ol & 4 AT LY methoxylated quer-
cetin 200 ppm Ao B¢ ol Hls) FejHo=m A
Wk A 45 vehdo] BIERT E A3 fARE 5
3& WEMIATHp<0.05). 3+, FAA Agate AF 7Y
T txarn 23]y o] Ak S3EE 3
©.2 YePFtHp<0.05). @lli(1975)2 A2 =71 0.5 mg
MA/kg °)/doll A Al HE =2 4= Tkl 3131, Brewer et
al.(1992)2 A M)A S 0.20 mgMA/Kkg O 2 A3}, o]
I ol3te] Wt AlAdg A& MR 7hstar Qlo
£ AT A7 A7 3Y 9] -9 methoxylated quercetin A 2]
o] Aotk 238 fRTRD F2 A= S Yeh)
o] At Atgl Al EAo] gle-& HERHJTE Maraschiello
et al.(1999)2 B2 ALE U] 200 ppm 52| @ -tocopherol
FTHFL Ha7]9] TBARSE AaAIZIYkaL 31913, Young et
al.(2003) HollAl 1= EX3AARS FHrske A=A 7]
£33} A ascorbic acid 200 ppm3} a -tocopherol 200 ppm<]
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ot 5(2001)2 2o oFu} A2 5% HIF Fo Fol 7}
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2o §o] A A HAgoll At Z3l el o) 7}
TSl wistel m S thatel] o gk 4kstA syt Lo
UaA g4 B3E, ¢3E, AE, gustels Sl o
TBAZLe] S7Fsh= Ao® deA vk Iubd o g 7=t
FakslA 2 4 A butylated hydroxytoluene (BHT)Z} &=
2 5 W8S w89 OHYIE 7HRIaL 919 free radical ¥+
S JAISIA 4t} WAAZ o] &=, S U] o=F
ANSh= quercetine o] gk Aks) WA A 9} 2 WEAE 31

o OH71E 243 Qo] B4ke) E7E YehE Aoz Be

o

Table 2. 2-Thiobarbituric acid contents (TBARS, mg MA/g) of legs of broilers fed quercetin and methoxylated quercetin during cold storage

Treatments
Day
Tl ™ T3 T4 T5 T6 T7 T8
0 011+001™ 008+0.02" 008001 007+001™ 008+000" 0.11+0.03* 0.09+0.02°" 0.18+0.02*
3 017£003®  0.16+0.02° 0.17+0.04%  0.14+006" 0.13+£002% 0.16+£004% 030+007" 023+0.03%
7 048+0.07% 070+0.07* 026+0.05“ 031002 040+£0.11%® 047+0.16® 0.70+£022* 031+0.07"

*® Means with different superscripts in the same column are significantly different (P<0.05).

AP Means with different superscripts in the same row are significantly different (P<0.05).

T1: basal diet, T2: Tl+antibiotics, T3: Tl+vitamin E 20 IU, T4: Tl+vitamin E 200 IU, T5: Tl+quercetin 20 ppm, T6: T1+quercetin 200
ppm, T7: Tl+methoxylated quercetin 20 ppm, T8: T1+methoxylated quercetin 200 ppm.
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goE]Sol M= F2 palmitic acid(C16:0)9} oleic acid(C18:
1w9), linoleic acid(C18:2w6)7} F& X}A|3}aL low, %37
7t FoF EAARS 2542 ~30.03%S, BESAARY] B
FE 72.75~7458%S RATE £A4 Z59] xjg)d At
Z4S B C18:1w92] 73-F- quercetin 20 ppm&] =] 2]l A
HIEF] E AEriihs tha 22 5578 BYou, vz
apolE B & ek C182w6] %, thiETRe) HIE] E
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Aol fo8og 2 IFS BRSO, methoxylated
quercetin® tHZTRT =2 33 YER S S Y, quercetin
20 ppm A &F= HZ2TH 2pol7} YITh A7 3 ol< Hl
EFT 200 1U % 2]4(T4)2} quercetin 20 ppm(T5)] C18:1w9
gao] ol Bls) Ekon}, Cl82wes HIEFT 200 TU
A (T4 37 238 dxTEY Hastdes At
(p<0.05). A A E]H(T2)7F HIEFT] E 200 [U(T4) 2]+
S EXSAHAYESA RS Blgo] tiRTRT Q3]
228tk A 79 R0l = Cl18: w9 ETH BE A
Zke] o)At gI o™, C18:2wo= methoxylated quercetin

200 ppm (T&)A ol w2 ghe Bl As Alejstale

Table 3. Fatty acid composition of legs of broilers fed quercetin and methoxylated quercetin (cold storage day 1)

Tl ™ T3 T4 T5 T6 T7 T8
Cl14:0 0.44+0.02"  038+000° 034+0.13°  041+£022"® 044+011° 043+002" 039+024° 039+0.01°
C16:0 21.82+0.03*  20.13+0.04* 19.58+0.04"® 19.60+0.01"® 21.61+£001* 21.27+0.10* 18.85+0.25° 19.92+0.52"%
Cl6:ln7  3.93+0.01"® 416+005" 2.66+023°  3.19+001"® 421+0.03" 343+001"  331+023"®  252+0.18°
C18:0 777+0.03®  673+0.01°  739+0.14"® 736+0.15*® 737+001"® 7.59+001"® 8.05+0.01"  7.52+024*"
Cl8&1n9 37.70+£0.02 36.68+001 3122+0.12 31.96+0.11 3672+0.01 31.89+0.15 34.03+022 3234+022
Cl18:2n6  24.44+021% 29.12+0.02° 34.90+0.01* 3330+0.01* 2672+0.11° 3225+0.12* 31.64+0.26* 33.18+0.36"
C18:3n6 030+0.02"  022+001° 029+027° 030+0.01" 020+0.10° 023+001° 025+042° 023+027°
Cl18:3n3 213+£032%  1.54+£0.02° 2.18+026* 1.84+0.12*%  154+001° 1.79+0.15*® 1.52+0.11®  2.05+029*
C20:1n9 040+033*  0.17+0.10°  025+0.05® 025+0.01"® 040+001* 023+0.12*® 020+0.19*® 038+033"
C20:4n6 1.08+0.01®  086+0.02°¢ 1.19+0.06° 1.79+001" 0.80+0.01° 089+024" 1.76+026"  147+047""
C22:4n6  0.00+0.00 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00 0.00 =+ 0.00 0.00 £ 0.00 0.00 = 0.00 0.00 =+ 0.00
SFA 30.03+£045" 2725+022° 2731+023% 2737+£025° 29.42+027° 2929+033" 27.28+0.64° 27.83+035°
USFA 69.97+£034°  72.75+026" 72.69+025" 72.63+037% 70.58+029"% 70.71+£029° 72.72+037* 72.17+0.28"
Mono  42.03+044" 41.01+052"® 34.13+034° 3539+029° 4133+026" 3554+033° 37.54+026° 3524+045°
Poly 27.94+021%  31.74+035"® 3856+026% 37.23+0.54% 2925+037° 3517+021*"° 3518+0.64"® 36.93+0.25
n3 213+022%  154+021°  2.18+041"  1.84+056° 154+035° 1.79+0.64° 1.52+026°  2.05+0.19"
n6 25.82+036°  30.19+0.01*" 3638+042% 3540+051% 27.72+046° 3338+029"" 33.65+0.74° 34.87+027"
n6/n3 1215+0.32°  19.55+043"® 16.66+026° 19.27+0.53*® 18.05+037"" 18.64+001"® 22.07+0.55* 1697+0.41°
MUFA/SFA  1.40£025°  450+023*  125+034°® 1294034  140+£026° 121+024® 138+038® 127+023°
PUFA/SFA  0.93+026°  1.16+0.11*® 141+033* 136036 099+001"® 120+036" 129+041*® 133+047"

A€ Means with different superscripts in the same row are significantly different (P<0.05).
T1: basal diet, T2: Tl+antibiotics, T3: T1+vitamin E 20 IU, T4: Tl1+vitamin E 200 IU, TS: Tl+quercetin 20 ppm, T6: T1+quercetin 200
ppm, T7: Tl+methoxylated quercetin 20 ppm, T8: Tl+methoxylated quercetin 200 ppm.
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Table 4. Fatty acid composition of legs of broilers fed quercetin and methoxylated quercetin (cold storage day 3)

T1 V) T3 T5 T6 T7 T8
Cl14:0 044+0.00"  044+0.02"®  046+0.05" 045+0.00" 040+003°  041+0.02*® 040+0.00°  042+0.08"
C16:0°  1845+028° 1923+320° 21.07+0.75"® 21.60+137" 2036+021°% 19.70+ 120" 19.45+245"C 18.96+0.68C
Cl6:In7  3.00+£025° 409+ 171"  4.09+039"®  4.00+036" 442+081" 3.60+035"® 378+143"® 327+007""
C18:0° 754+ 025" 8058 +2.50" 7.02+0.15° 7.80+128" 637+0.14°  650+1.04°  643+052°  643+0.06"
C18:1n9" 32.67+2.08 3870+2.67" 3454+591% 3973+£1.99" 3632+4.29"C 3586+ 121" 3542+527*%C 31.93+1.29°
C18:1n7"  000+000° 073+1.02*  0.00+0.00° 0.00+0.00°  0.00+0.00°  0.00+0.00°  0.00+0.00°  0.00+0.00°
C18:2n6" 33.87+1.92"% 2477+£024° 2955+534"%C 2291+530° 29.17+4.81° 30204248 31.04+7.62°% 3521+2.17"
C18:3n6 027005 024+005* 030+0.03" 029+0.00" 0224000  025+0.01°° 025+0.06> 027+0.00"
C18:3n3  231+0.03"  1.79+0.56™  1.76+0.48" 1.79+032*®  1.73+£040°  2.10+036"® 190+048"® 22410.01*"
C20:1n9  036+0.02*  029+0.17*  024+0.11* 027+0.15*  033+£0.14*  039+0.00*  040+003*  027+0.13*
C20:4n6  1.10+£0.06"  1.14+024"  098+003"®  1.11+£045" 070+0.08°  099+025*® 091+043"®  1.01+0.00""
C22:4n6°  0.00+0.00°  0.00+0.00°  0.00+0.00° 0.06+0.08*  0.00+0.00°  0.00+0.000° 0.03+0.04*>  0.00+0.000°
SFA™  2642+053P 2825+0.72%%C 2855+0.65"" 2085+2.66" 27.12+0.04°P 26.62+227°P 2627+ 1.92% 2581 +0.84°
USFA™  7358+0.53"® 71.7520.72°P 7145+065" 70.15+2.66° 72.88+0.04"% 7338227 73.73+1.92*® 74.19+0.84"
Mono  36.03+230°C 4381+£0.10" 3887641 4401+1.78" 41.06+525"" 39.85+0.84% 3960+ 6.74"% 3546+136°
Poly 3755+1.76™ 2794061 3258+576"C 26.15+4.44° 31.82+530°P 33.54+3.11"° 34.13+8.66™ 38.73+220"
n3 231+003*  1.79+056"  1.76+0.48" 1794032 173+040°  2.10+036™ 190+048"  224+0.01""
n6" 3524+ 1.80" 26.16+0.05° 30.82+5.28°% 2436+4.77° 30.09+4.89°C 31.44+275%C 3222+8.17"" 3649+2.18"
n6m3 1529+ 1.02% 1538+£481" 17.75+£187%  14.06+£522" 17.51+£129" 1508+128" 1692+003"® 1628+0.84"
MUFA/SFA  136+0.11*  1.55+0.04"  136+025" 148+0.07" 1514019  1.50+0.09"  1.50+0.14*® 137+0.00"
PUFA/SFA™ 142+003"® 099004 1.14£0.17°" 089022 1.17+0.19°" 127+022°% 131+042"® 150+0.13"

*PMeans with different superscripts in the same row are significantly different (P<0.05).
T1: basal diet, T2: Tl+antibiotics, T3: Tl+vitamin E 20 IU, T4: Tl+vitamin E 200 IU, T5: Tl+quercetin 20 ppm, T6: Tl-+quercetin 200
ppm, T7: T1+methoxylated quercetin 20 ppm, T8: T1l+methoxylated quercetin 200 ppm.
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ppm A2 HT7)= HET2} 7921 2o]& HolA] 233
ot} AR 399 A% JA] T3, T5, T7x1 oA &<l
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Table 5. Fatty acid composition of legs of broilers fed quercetin and methoxylated quercetin (cold storage day 7)

T1 o) T3 T5 T6 T7 T8

Cl14:0° 045+0.04"%  047+0.03"  042+0.03°  043+001** 045+0.01"® 040+0.02°  041+0.00°  0.44+0.04"*

C16:0°  1831+101° 2089+1.84" 19.86+2.01"" 20.78+130" 19.79+122"® 20.12+0.79*® 20.83+1.83" 21.40+0.04"
Cl6:1n"7  345+£003°  373+072*® 323+058®  470+039" 344+097°  324+056°  4.17+123*"  448+090"
C18:0™ 666063 754+000" 773:x064%  633£022°  7.08+0.11°7 685+045 654041 728 £0.614C
Cl18:1n9  35.65+0.17° 3637+2.10" 3489+030" 3621+£323" 33.96+1.08" 3439+132" 3642+4.10" 36.63+057*
C18:2n6° 31.55+138% 27.52+3.97°% 3045+ 1.85"% 2828+1.97*" 31.51+258% 3145+£226" 2839+6.12°% 2638+0.65°
C18:3n6°  029+005"° 030+£001" 021+001° 024+£001"" 030+008"  027+0.06" 023+£005 027001
C18:3n3"  223+020" 1.74+033®  185+009° 1.73+0.19°  195+0.13"® 198+0.10"® 1.73+038® 1.75+0.12°
C20:1n9"  0.36+0.02°% 037+000"® 037+0.06™ 030£0.10 035+001° 036+0.04** 038+£004"® 0424004
C20:4n6 1.05+£0.19*  1.07+041*  098+033*  1.01+£000" 1.14+031*  094+0.00" 091+023*  095+027*
C22:4n6°  0.00£0.00°  0.00+0.00°  0.00+0.00°  0.00+£0.00°  003+0.04*  000+£0.00°  0.00+0.00°  0.00+0.00°

SFA™ 2542+1.60° 2890+ 1.88°"C 28.02+ 134" 27.54+1.54% 2733+1.12°P 2737+0.36°P 2778+ 1.42°° 29.12+0.61°

USFA™  74.58+ 1.60"®

71.10+ 1.88%P 71.98 +1.34°  72.46 + 1.54°

72,67+ 1.12°5¢ 72,63 036" 72.22+1.42*® 70.88+0.61"

Mono  39.46+0.11° 4047+282% 3849095 4120+3.72% 37.75+204" 37.99+1.93"C 40.96+538"" 41.53+037"
Poly”  3513+1.72"% 30.63+471° 33.50+229™ 31.26+2.18° 34.92+3.16°" 34.64+2.29"% 31.26+680" 29.35+0.24"

n3 223+020%  1.74+033"®  185+009°  1.73+0.19"® 195+0.13°  1.98+0.10"® 1.73+038" 1.75+0.12"®
n6” 3290+ 1.52* 28904377 31.64+220" 2953+199° 3297+3.03% 32.66+2.18" 2953+642" 27.60+0.36"
n6/n3 1479+£0.67  1669+0.67" 17.05£030" 17.15+£0.75* 1691+041" 1645+023" 17.13+0.11* 1585+1.30"
MUFA/SFA  1.56+0.09"  140+0.00"  137+003"  1.50+022"  138+£001* 139+005" 147+0.11*  143+004"
PUFA/SFA” 139+0.15* 1074023 120+0.14°® 1.13+001°  128+0.16"" 127+0.10"* 1.13+030"® 1.01+0.03"

APMeans with different superscripts in the same row are significantly different (P<0.05).
T1: basal diet, T2: Tl+antibiotics, T3: Tl+vitamin E 20 IU, T4: Tl+vitamin E 200 IU, T5: Tl+quercetin 20 ppm, T6: T1+quercetin 200
ppm, T7: Tl+methoxylated quercetin 20 ppm, T8: T1+methoxylated quercetin 200 ppm.
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Table 6. Microbial characteristics of legs of broilers fed quercetin and methoxylated quercetin during cold storage (Log CFU/g)

Treatments

Days
T1 T2 T3 T4

TS5 T6 T7 T8

Total microbes

0 336°+£0.046  3.99°+0.115 3.35°+0.109 449" £0.065 347°£0.038 4.16°£0.127 3410071 4.15°+0.109

3 328940135 2.86°+0.106 3.29°+0.145 4230012 3.10°£0.13 3.10°£0.10 3.14P+020 3.67°+0.045

7 7834 +0.024 7.13°£0.074 6.14°+£0.057 745°+£0.04 6.01°£0.049 6.14°£0.079 8.02"+0.161 6.42°+0.042
Coliforms

0 278P+009 3.16°£021 2.58°+£0.183 339*+001 2.85°P+0.17 3.05"°°+£0.03 280C+0.09 323*°+0.04

3 295+0.07  3.00£003  286+006  3.07£006  298+0.13  3.02+£0.17  281+£007  2.90+0.02

7 357740202 4128002 3152004  3.62°£0.07 336°°£003 345°+005 357°+0.11  3.50°+0.07

*F Means with different superscripts in the same row are significantly different (P<0.05).
T1: basal diet, T2: T1+antibiotics, T3: T1+vitamin E 20 U, T4: Tl+vitamin E 200 IU, T5: Tl+quercetin 20 ppm, T6: Tl+quercetin 200
ppm, T7: T1+methoxylated quercetin 20 ppm, T8: T1+methoxylated quercetin 200 ppm.
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