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Effects of Dietary Supplementation of Garlic by—products on Total
Phenol Contents, DPPH Radical Scavenging Activity,
and Physicochemical Properties of Chicken Meat
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Abstract

This study was conducted to investigate the effects of dietary supplementation of garlic by-products on TBARS, WHC
(water holding capacity), shear force, pH, total phenol content, DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging
activity, meat color, sensory evaluation, and fatty acid composition of chicken meat. Broiler chicks were fed for 5 wk with
experimental diets of 0% garlic by-product (Control), 1% garlic by-product (T1), 2% garlic by-product (T2), and 5% garlic
by-product (T3). TBARS and pH were significantly decreased by the supplementation of garlic by-products compared to
the control (p<0.05). Compared to the control diet, the total phenol content and DPPH radical scavenging activity were sig-
nificantly increased by the supplementation of garlic by-products (p<0.05). The total phenol content and DPPH radical
scavenging activity of treatment groups were higher than the control; in particular, T3 was significantly (p<0.05) more
effective in improving freshness compared to other treatment groups. CIE a* value of treatment groups (especially T3)
showed significantly higher values compared to the control; however, no difference in the CIE L* and b* values were
observed among treatments. In its fatty acid composition, amounts of linoleic acid and linolenic acid in chicken meat was
increased by the supplementation of garlic by-products, but amounts palmitic acid were decreased. In conclusion, supple-
mentation with garlic by-products was effective in decreasing TBARS, pH, and saturated fatty acids, and in increasing total
phenol content, DPPH radical scavenging activity, and unsaturated fatty acids.
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of &5 Atk GHAEA B A7 &I ot
(Amagase ef al., 2001; 1984; Wu and Sheen,
2001). vl=9] fFEAECE Hud allicin vl Ef/-2
SR o7 nfs ZZo] uaE o XA &2 allinase
o] 2J&) allino] £3l= o] AWAAEHFenelli er al, 1998). &
AZ o] g3t A3oA Qureshi 5(1983) mls EES &
Al AFBol H7}8FH HMG-CoA reductase, cholesterol 7a-
hydroxylase} fatty acid synthetase®] 42 7AAIA EF
LDL-cholesterol2- 7F4~A]7]31 HDL-cholesterolol| &= %3 3kS-
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ARFSIATE 7] 35 Bt AlE W] 9 e 2o
Wz 21.5%%2 MEE 3,100 keal/kg 5402 F9381901L,
Z7)ol e Z=E 19%, ME 3,100 keal/kg 508 F<
St vl FAHES vleES el ¢ 39 ks

2 el 7 9 nistEA S5 10X & Esko
ARSI AElTE rls S 398k S tix
T(Control), U5 FAFE 1% H7FH(TI), vk A 2%
HA7HHT2) B vls FAHE 5% H7FH(TI)E RSk
JstRon, duxte 7171 A 1592 AlFAEE F
o3kA] gkom, 27 RHE FoASATh B4 A4S =
A7l 918l ZF AR Algol] vlssd A 10578
dojz diste] Aew Ao oz &gk & gelat
< o] &3] B4
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TBARS(Thiobarbituric Acid Reactive Substance)

TBARSE Witte 5(1970)9] WHHol wha} A|E 20 gl
20% Trichloroacetic acid 50 mLE o] 23 5 =75
2 100 mLE Z7%3}] Whatman No.1 &J3}x|of] o3}31 5
ol 5mLE F3l] 5mM 2-TBA &9 5mLE Yo &
€ F A Wdae] et § 530mmollA 3%
(Sequoia Tumer Co., USA)E =73} t}.

H42(Water Holding Capacity)
BEge AdS 10gS YR T ¥ 70°C 3
Z\_Oﬂfﬂ 3087 7rdst hgske] 1,000 rpmoﬂ A1

F AR & AR sl BelE S5
R, F SRS S5l okl Tl hdstel

Arekaint.
By )=d]d 72

¢

x Jm ri’r

H(mL)x0.95 155122 (g)x 100

0.951 70°CollA 8¥ S5 oo o5 g+
veRdth,

ek

AGHL ge|ite 2x2x2 cm AR Adsta 75°C &

2 FxA 7HE F st A ek Hegsh
ABAFH7Z2 #Hst Z2Z=47](CR-311, Sun Scientific
Co, Japan)= Z73}.0H, 355 5 kg, 7I1F91A] 40 mm,
AEEE 30 mm/minl 2 SF T}

pH

pHE A&5 10g0] =7 90mLE 7}38)aL, wEH7|(NS-
50, Japan)Z 10,000 rpmol|A] 1323t #4s}gk & pH 574
71(691 pH meter, Metrohm, Swiss)® =743}H T}
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o=
80% ok &< 100 mLE 7}5l 37 Y
24717} B2E 74l A 80°CE 247 B¢t v 2=

2}
3l & Whatman No. 5% 0%-14-6]- o). o3} H-S hexanel.
s
)]

el

= A AT T2 40°CE AF 5=3F & 80% &k
2 89 s5mLE AZSYCE % Ek"“ 1 mL9} Folin-Denis
AloF 3 mLE E3H8l] 3057F WS TR 10% Na,Co,
& 3mLE 7hste] £9star 1 ]7J AXA1Z] £ 760 nm
MM FREE S5t ol FFHFFTL garlic

acidS ol8a}e] 4453k

HXIB0S(DPPH 2lC|Z AHS)

DPPH(1,1-diphenyl-2-picrylhydrazyl) 2}t]Z AAS S
Blois(1958)2] WHol] F31o] =439t} DPPH 16 mgS
100 mL ogh&e] =21 & AR 2 ojHsiar @Wwﬂ
qo}giq ZAg DPPH &9 0.8 mLe] of|gh&S 2-3mL

£ 718l 102 &<t skl 2"9ste] §3% ghol 0.95-
0997} HEE oflehgo] S 23T A58 0.2mL
£ Fote] oA 2H-3g olee 1 mL9} DPPH £
0.8 mLE 713t 10% St Al &ste] 108 F¢t
WA 8k, 517 nmoll A FFEE S5 g2
1 mM Ascorbic AcidE AFES}T TRS ]2 o] 831
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Al5-2] ZHF 218 Foleh 5(1957)2) el what Al
BE AEste] A]& 25 gl Folch £-9(CHCl,: CH,OH =
2:1) 180 mL¢} BHT 0.5 mLS 231 72 7](2,500 rpm)=
A3E 0.08% NaCl 50 mLE 7} £315F % 3,000 rpm
A 1087 YAEYSAY. 2 & F59 AE 50 mge
Azl €3l 4% H,S0,(in methanol) 3 mLE %7}5}<]
90°C 244 2087t methylation A]%] ¥ hexane
3mLe} SHT 2mLE ¥ 42 o AES #’6‘}04
GC(GC 14A, Shimadzu, Japan)Z 243150, o] W G
o] BXzHog AY U|eEE 140°C°ﬂ/\1 Al 4‘3}04
2°C/ming] &5 2 230°C7HA] &5 AA1A 2870 &
AsAet. olu F9719F A&7 2= 240°C9} 250°C
=2 3o
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TBARS, WHC & &™EHY

s FAHES] 7RO, 1, 2, 5%)°l e AR Al
<] TBARS, WHC B! A3 Table 13} 2T} TBARS
= WEZTHEY TI, T2 2 T304 ¥tow, 137} 7P &
< @S UERoI(p<0.05), vle FhHES] Fole A
BEE AT ok RHES FoIF] Fhers
TBARSE WolA|le AFoltt. 2159 Ai=rt =
ol A= AL ARt aiet vjAE it 2 A-5ks 5
of ofaf Ato] FeEoR FAHE FalEE g A
old|(Brewer et al., 1992), v}=ol= flavonoidsS} sulfur-
containing compounds?- polyphenols E20] T} -7
o] O™ (Gorinstein et al., 2005; Nuutila er al., 2002;

Table 1. Effect of dietary supplementation garlic by-products on TBARS, WHC, and shear force of chicken meat

Treatments"
Items
Control T2 T3
TBARS (mg MA/kg) 0.046+0.004*> 0.039+0.002° 0.039+0.003° 0.033+0.003°¢
WHC (%) 56.89 +0.41° 57.08 +0.81° 58.07 +0.43° 58.19 +0.25°
Shear force (kg) 3.73 +£0.21 3.76 +0.07 3.56 +0.14 3.67 +£0.26

*bMeans within row with different superscripts are significantly different (p<0.05).
DControl, Basal diet; T1, Basal diet with 1% garlic by-products; T2, Basal diet with 2% garlic by-products; T3, Basal diet with 5% garlic

by-products.
YMeansSD.
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Ly ef al., 2005), vl=ol] &% allicin, diallyl disulphide
9} diallyl trisulphide & PFE2] 34 EZo] §ks} 7]
55 zhethal SFYTHKIm ef al., 1997). vls A&
vls §283 vlR7ER| 2 polyphenols, flavonoid & &+213}
HIER 59 kst Aol wol d+r=el o, nks
4ol F polyphenols®] FHgo] SR wor gtz
2750l SARY s Baste v 4] it
3} 7V AS RSO (Nuria et al., 1999; Nuutila er
al., 2002), Kim 5(2009)2 vl 283 A4S SA 9 &
oJ319L ) vl SART Ao TBARS Fho] wrold
= Haste nks FLHE9] st 71sS Bargk vt lo

RI=ge o)z} Tio vls] T29} T304 =4 vek
ol rhs FLHES] Fofko] Skl wet Baigdo] &
oAle Aol ATHL vl Yk Fofige] St
G5 Yolxs AAARE A2 Fke] 7F943e /it

pH, b= &2 ¥ MXS0is

s FAHES Aol wet Jog Al pH, &
s 3 2 AAFASS Table 29+ 2t} pHE 2T
Hop ks FhHE Folgroll A Biekar, T3ollA #olde s
A ATHp<0.05).

dukE o g AFo] glojx pHO Wslel] we A%,
BeE, sS4 gl 227 5o FANs] s vX|e
t|(Miller e al., 1986), Chen 5(2008)% wls HoHs
g kg9 1gS 9319 w pH7t ZOMAIARE, 2 ¢S
oA folle wolrltial Baste] 2 A3 AR 7
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21}, Holden 5(1998)2 w=|oA vleS F35}
pH7} Zdssta ZE|iao] HAditial sl £
I Zite A9E Baskal ok AF7HA] wg- o
A AYPSY AEA AAlE] AvlE i, o]

2 955 Gt S oo RS A
A= Ao E BET ik Amella et al., 1985; Hsieh
and Yen, 2000).

ZH e 2TRD TL, T2 2 T3 59 s ¥
g FolqtalA] frelHog E9om, 53] T3olA 71
ro S Uehlo] v AR Fojiko] Frlese
S S Holi JYrh(p<0.05). Ax}FAS F
T FARBH 2 TET vl FAHE Fof el A
=2 S Holx TIY T2& F934<l Wy} glov
vhE BAbE 5% FoFQ T30A 2 ko] #okth
(p<0.05). Tl=9l= A8 F72| flavonoids, phenol’d 4t
3} 54 5] Bol il S B st (Gorinstein
et al., 2005; Nuutila et al., 2002; Kim et al., 1997), & 2
d Ay v PAEE G AlSdA FEsdE A
A Fo] PIEe vE FARES Fod ASe A%
d Aol =go] =gl BHE Il Table 29] TBARSZ}
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W78 JeERE= CIE L3k 55.68-57.008] Y= A

Table 2. Effect of dietary supplementation garlic by-products on the pH, total phenol contents, and DPPH radical scavenging

activity of chicken meat

Treatments"
Items
Control T1 T2 T3
pH 6.05+0.07 5.99+0.05% 5.89+0.04° 5.68+0.06°
Total phenol contents(mg GAE/100 g) 73.54%1.13¢ 75.731£0.61°¢ 78.03+0.82" 80.72+0.68"
DPPH radical scavenging activity (%) 27.04+0.62°¢ 29.43+0.54° 29.68+0.21° 32.09+0.80"

“*Means within row with different superscripts are significantly different (p<0.05).
UControl, Basal diet; T1, Basal diet with 1% garlic by-products; T2, Basal diet with 2% garlic by-products; T3, Basal diet with 5% garlic

by-products.
YMeans+SD.

Table 3. Effect of dietary supplementation garlic by-products on the meat color of chicken meat

Treatments"
Items
Control T2 T3
CIE L* 56.4840.70? 55.99+0.91 55.68+0.56 57.00+£0.89
CIE a* 10.79+0.58° 12.15+0.43¢% 12.20+0.58* 12.22+0.38%
CIE b* 9.424+0.17 9.55+0.17 9.62+0.17 9.70+0.21

**Means within row with different superscripts are significantly different (p<0.05).
UControl, Basal diet; T1, Basal diet with 1% garlic by-products; T2, Basal diet with 2% garlic by-products; T3, Basal diet with 5% garlic

by-products.
YMeans+SD.
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Table 4. Effect of dietary supplementation garlic by-products on the sensory evaluation of chicken meat

Treatments"
Items
Control T1 T2 T3
Tenderness 4.19+0.07%? 4.34+0.06° 4.554+0.05% 4.55+0.03%
Juiciness 4.46+0.14 4.45+0.09 4.46+0.06 4.47+0.07
Flavor 4.38+0.07 4.38+0.02 4.41+0.06 4.66+0.29

“bMeans within row with different superscripts are significantly different (p<0.05).

DControl, Basal diet; T1, Basal diet with 1% garlic by-products; T2, Basal diet with 2% garlic by-products; T3, Basal diet with 5% garlic
by-products.

2MeansSD.

273kl 43 Aol7t IRlem Fode ITh A LS AAlste] L'gko] WolAlL, a'gho] Eopiths B
S5 UeiE CIE a'@te tix27RT v Folgela a9 & A3 da= fARISITH
F& AFE Holal jlow, UF: T Zpololl &gt A

77k FolZQl Wel glo] vl FAHE 1% oY 39 Z=ZA}

E HUEE ol A7ollthp<0.035). FA=E vehy v PAHEE ARl wet AR Al%e] e

€ CIE b'gke vl M Fofwo] Boldas F71st Al A= Table 49 2t}

= ZAgoly Aggghell Fo4de gidith A8 o] Hrlsk OJE—E B EAR] u}h LCPNE=]
SAo G Ao] myoglome] SALY O] 2HAF-Fo Lo SoJHo T =oly TFEAT SIS FolT

A 9 vy S2AY Y §4 8%, AFeT 1 Fol &1 APl & _H;_o] A &4t} Birrenkott 5-(2002)

AT Q9% pH SOl wef k2R ALR] QS Bol £ vh RUL 1A HolHdE K43 SIIE
W=rty Sl THDugan et al, 1999). Oxymyoglobin FS W AR et Hael B Aol Ayl fAERS:
(OxyMB)°] MetMbE HEHE= o]f= APikslel 23 HRlo g SAKIE rls FAEY o 87FsAo] AT
2o feo] glom s} Adelol] oJEF o]l (Yin er

ol rlo r\l mp

al., 1993), AHkel7E dojy= Feto] AAE = free X|dob=N HS)
radical®] FMAE AFSIA] 7] W (Faustman and Cassens, s BAHES] HUlrEel wEl golgh Al At

1990), aL7]e)| &Aksl E2S H71sPH MetMb dAlo] o ZAL Table 59 2t} A9 AW 2L oleic acid,
AE} 39 THGreene et al,, 1971). Fernandez-Lopez 5 palmitic acid, linoleic acid, palmitoleic acids=©] T}, T =
(2005) vl=2] 733t dHAkelH S ZH= AJEl| o8] MetMb TR} vl BARE FoTolA] linoleic acid®} linolenic

Table S. Effect of dietary supplementation garlic by-products on the fatty acid composition (%) of chicken meat

Treatments"

Items
Control T1 T2 T3
Myristic acid 0.730.01 0.7240.01 0.73+0.03 0.71£0.01
Palmitic acid 24.13+0.45* 23.95+0.58% 23.2240.29° 23.1340.33°
Palmitoleic acid 6.13+0.04 6.1240.02 6.08+0.10 6.12+0.03
Stearic acid 8.5340.19 8.35+0.23 8.5240.24 8.4240.34
Oleic acid 40.78+0.36 40.42+0.54 41.09+0.33 40.93+0.74
Linoleic acid 17.5240.31° 18.23+0.22% 18.18+0.08* 18.4610.04*
Linolenic acid 1.15+0.01° 1.19+0.01° 1.16+0.02° 1.2240.02*
Arachidonic acid 1.04+0.01 1.03+0.01 1.06+0.03 1.03+0.02
SFA? 33.3740.67 33.010.34 32.4610.55 32.2540.67
UFAY 66.64+0.67 66.99+0.34 67.54%0.55 67.75+0.67
UFA/SFA 2.00+0.06 2.03+0.03 2.07+0.04 2.09+0.66

“bMeans within row with different superscripts are significantly different (p<0.05).

DControl, Basal diet; T1, Basal diet with 1% garlic by-products; T2, Basal diet with 2% garlic by-products; T3, Basal diet with 5% garlic
by-products.

DSFA: saturated fatty acid.

9UFA: saturated fatty acids.
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acid’} FroJ3 o2 71819901, palmitic acide vl &
2He FoTFellA sk AEFoE T29F T304 9%
o2 HAEIATE 1Al vis Fiks gojo] S
wret ESALE ShRe ThAetal BSR4 Fheo)
F7Fee ZdEkolu o2 glich 3, UFA/SFAZL U
ZT= 2.00, T1S 2.03, T2 2.07, T3+ 2.092 =+
Hot nls AR FoTolA =3%a, goEe] BeTE
S71Hs Hola ANE BAA e glith
BoiEEe] 2% U APE 238 FolfEE B
Hske 4= Avar sll=tl, Pascual 5(2007)2 Fo A
o] FR7E AEEAC 93-S vHIth 81%1al, Hansen
52006y HZAMEZF AEERALS WAzt Ba
st ub Qi 2 AF 23 vls FLHES 7 ARE 3
7FebH Atk 2o 3RS x| Aol YRky
2 BXSA ] BEE Abstol| wizkstar AFEAkst
o] Hlgo] Ea1, xejd oA wWEA FH|E ASA]
thal B 13} =H| (Pearson et al., 1983), & oA &
AA oS JAGEHA GFUAR vls S FHE
735 B3} Apike] gtefo] molitke A Al
s

l:’_
I AP ABkE WASR=E GEe Folok & Row
AZERT Kim 520056y vhs 222 Sl Fofahn

flo

S|
palmitic acid®} stearic acid®] = 7AZ ESIALH
o151, BRI stk Skqit

o OfF
) =

2 AFL SA vhs S Foste] 557 A
g AlS-2] TBARS, WHC, A9, pH, F3l=3), ©z}
To%T, A, A B ARERAGS AT A
e vks S 37 FosiA &2 AETE dix
T, vk A 1% 399< T1, vk 4 2% 99
T T2 28a vk FHE 5% J9Te T3 5 a1 A
T2 o] ARRFSHATE AlS-9] TBARS, pHe Vs §
2He FoFdlA diETRT folFoR Uty goi#
o] ZVIEGE 4% SolA= 2YE HYo = vis H4t
9 gode AlSY A N =] =g A4E
ot RS ti2T RO T29F T3oA H34th(p<0.05). &
Ay Ao s g2 TEY ks gl =
ollom mls Fiks goio] F7Kgl wel 53] T3
oA o] thi FTFeIATE §4 T ANEE YEh
€ CIE a'g& tx27HT vks go7dA =%, vis
gogFol ofgt XFze] A<l We) glo] v A
E 1% 5975H JAEE Fole ATo|AaL(p<0.05),
CIE L'} CIE b3k A1kl f24do] giich A
HFAL ZA) = linoleic acid®} linolenic acide vls FARE-
FATNA F71FE oY palmitic acide FAsFA T
(p<0.05). Z2A S = vls FLHE9] Foi= pHe} TBARS

7F oA AL, FHlEehEo] moAaL HAkgelsel Y
3 70

Ho= Ao #7443
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