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Effects of Cooking Methods with Different Heat Intensities on
Antioxidant Activity and Physicochemical Properties of Garlic

Hyeri Jo and Jeonghee Surh

Department of Food and Nutrition, Kangwon National University

ABSTRACT Garlic was subjected to eight different cooking methods (raw, boiling, steaming, microwave cooking,
deep-frying, oven-roasting, pan-frying, and pan-roasting) utilized for typical Korean cuisine. Garlic was analyzed for
antioxidant activities and physicochemical properties to elucidate effects of cooking. Garlic cooked at higher temper-
atures showed significantly lower lightness and higher yellowness (P<0.001). In particular, deep-frying and pan-frying
resulted in lowest lightness and soluble solid content, indicating that non-enzymatic browning reactions were more
facilitated. Compared with raw garlic, all cooked garlic tended to have lower thiosulfinates, presumably due to decom-
position into polysulfides and/or leaching into cooking water and oil. Microwave cooking retained organic acids, total
reducing capacity, and flavonoids, which can be attributed to low microwave intensity and shorter cooking time under
which heat-labile bioactive components might have undergone less decomposition. Cooking significantly increased
metal-chelating activity (P<0.001). In addition, oven-roasting and pan-roasting enhanced total reducing capacity and
flavonoid content, indicating that thermal treatments increased the extractability of bioactive components from garlic.
However, boiling, deep-frying, and pan-frying, in which garlic is in contact directly with a hot cooking medium,
reduced antioxidant activities. Deep-frying resulted in largest reduction in DPPH radical scavenging activity of garlic,
which correlated well with reduction of total reducing capacity and flavonoid content. The results show that the anti-
oxidant activity of garlic could be affected by cooking method, particularly heat intensity and/or direct contact of

the cooking medium.
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Al Aol g =4S wFuA 54

M2 H Al2f

2 Ago| A1gH vls2 201343 A& oAdako =z 2014
9 39 A5 &3 E(http://www.usnonghyup.com)®l
A FYhskd k. B4 AL8-% Folin-Ciocalteu's phenol
reagent, gallic acid, quercetin, cysteine, N-(2-hydrox-
yethyDpiperazine-N'-2-ethanesulfonic acid(HEPES),
5,5'=dithiobis(2-nitrobenzoic acid)(DTNB), sodium ni-
trite(NaNOz), aluminum chloride(AlICls), ferrous chlor-
ide(FeCly), 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-
p.p'—disulfonic acid monosodium salt hydrate(Ferro
Zine™ iron reagent), 2,2'-diphenyl-1-picrylhydrazyl
(DPPH)< Sigma-Aldrich Co.(St. Louis, MO, USA)ell A
TY3 21 sodium hydroxide(NaOH), sodium carbo-—
nate(Na2CO3), methanol, ethanol Showa Chemical
Industry Co.(Tokyo, Japan)®] 55 A & AF&-31SITh Al
oF A= @9 -gol 257 AHEH AT

7}
< vhE HollA 1 Y&ES o R kil 1 X H u

2] &2 o] AT E wol& SAUTH. s 27 212
gharQlo] mlsS AHE o T2 Agske 2 S VTS
2 3t AA(raw), 417](boiling), A 7| (steaming), X A}¢|
Q12 7}d38}7)(microwave cooking), §7171(Z2}), deep-
frying, frying), L2002 H7|(2E Z2¥ oven-roast-
ing), 7155 F& ddd Ml 7tEs7|(# Zet), pan-
frying), 715& FE2X &2 s oA 7ldsir|(@ =
2~¥) pan-roasting) & £ 871X & A5t} 2} 2
o] A4 7t Az 28 E ks #5d 5 (0]

Fasta vy] F& AU REANNS NEOE ol
dnAde B A4IA FAA 2 20e e
@geh.

A

= 500 7
G} npsS e B o] Ye AT Ho] 2= 82°CY
S ga 583 7kl A $elA 7 akg
5 25 AAskL A=(24°C)e] 2 w7t

2
WEE Zobre WEEZ 46 cmol 500 gol
M2 FAA A BAFIL, F7)7F 227 AR
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AR RJNA] 7142 vls A 500 g 7ew 8 &8 700

W, A3ta9- 5o 97t 845 = TDS(Triple Dis-
tribution System) 7F@wWAe] 714§ A= A (RE-
C230T, Samsung, Suwon, Korea) Stol|l A 247} 3EX %7
shalut.

ol V)& 1.8 LE 2.5 L &% HA7](DF 520,
Huiyang Allan Plastic & Electric Industries Co., Huiz-
hou, China)oll ¥i1 150°C7H#4] 225 &3 o] F =nlg
ks A 500 g& WOl 227 o] 150°CR Aed Ao
2HE 5 <t 7tEstsith

2E Z2EL 200°CE 448 #19d 92 (CKF-P5,
Zhongshan Guanglong Gas & Electrical Appliance Co.,
Zhongshan, China)ell £8]¥€ vl& 3 500 g2 288 o
AAA @A BHA & F 10w <t 7HEeqlt

W Zed S FNES FEIL 7MLt 200°CE g%
el v 1 500 g& BAA FIL FoFEOlA BHA A
A7k F 158 St 7HEElth

22| g3 212°CE Et #o| vl
ofE-ol A B4 A Fl {7

25H AA" F d2(24
°C)e] 2 “H”V] ‘@7”‘] o}, ]f‘r T2 7127](FDU-1200,
Eyela, Tokyo leaklkal Co., Ltd., Tokyo, Japan)el ¥ ¢f
Fos AAT T FE7 %@.91 84S 98 AT
UAE ARgEte] 2 JER e T ke EEES
A 7HAE v YolF A= g
polyethylene, LDPE) o] ©A F& A 7}A
HAEHJTH

Al (Low-density
-20°Coll A

OS2l ME

x7 & Heto g #AE vts9 HAA MFS i
T e vhE HES 93] dYste Age
ness), 4ME(a, redness), FAE (b, yellowness)E A2k
A(CR400, Konica Minolta Sensing, Osaka, Japan)®
AT TF WAFS 0] 83lo] MAA S calibration 3
T L oe 032l 1003 7R, agh(H A )
-80(=A)e A1 100(A ) 71A], bak (B &) -70(3 Ao
A 70 7R o] M9 e A ZA8lth A 93] A
H gEe] Wy xFAEAE YERSIT

¢

il

a1 homogenizer(Wise Mix HG-15, Daihan
Scientific, Seoul, Korea)2 °F 30% A% A 3}A FH

o AAE2]7](5810R, Eppendorf, Hamburg, Germany)
2 3,061xgollA 154 &<k Al shar oS Fske]

o5

%ﬂ"‘(refractometer PR201, Atago, Tokyo, Japan)<
=g}, 2ol oa NBE FHE ARSE 450l

=%
=
OPLJ T s 3ste] 2dES S8 784

aYE e o] mi(degrees Brix, °Brix)® WEFS]
o ZHF 93 s MuFE S ol HEE vk
A ekt

Oh= HIEES FE8 ZH|

2 A A8d vl FEES Kim 5(8)9 ATt o
2t FH E AT ZH7be] e wbRle] wet dofR mis B
0.2 goll 70%(v/v) Wete 5 mLE #7}3le] shaking water
bath(BS21, Jeio Tech, Daejeon, Korea)oll A 70°C, 150
rpme &£EZ 308 Tt =%3qr) o] & Bex =S
AA3E7] 9131 D42 71(5810R, Eppendord)Z 3,061<g
oA 15% &<t % 132 3] F5dS vt AAE
70%(v/v) Hl&-& 5 mLE F71E 78] sdg Ao s
23] o e —%%f?} F 70%W/v) WE=E F 15 mL7} ¥
2 Aastgc)

)

l=2| EAtE (titratable acidity, TA)

HES 55 2 mLol S75 8 mLE H7lshe] 5u) 34
3 % 0.001 N NaOH(F=0.8423)2 %3} 2433t} 45
® NaOH HF-HZ2HH A5 & FA4ke] =S FAk citric
acid, 64.04 g/molar equivalent)®] 3t&Fo 2 AF=31%)

Thiosulfinates H2f

Thiosulfinate g% thiosulfinate 184}¢} cysteine 2
FEA}7F ¥k-$-8le] S-alkenyl =2 S-alkylmercaptocys—
teines PFAAst= A E H}%‘f&i SFATH13). & A=Al
=83 9 cystemee H7}8ke] A& £ thiosulfinate 9}
A7 3 W2 cysteineS DTNBS} #H-8-A] 7] w1 &S
FAANF 0B FAT cysteined] FFS Fa HETA
2 Al59 thiosulfinate 3&F& A= qth vgE &
& 0.1 mLel| 2 mM cysteine(in 50mM HEPES) &< 0.5

5 7¥sbal, 50 mM HEPES &9 0 & F whg-golo] 53
S 5 mLZ A3 ¥ shaking water bath(BS21, Jeio
Tech)& 27°ColA] 10% F<t WA AT o] Ao o
o]zl Wk-g-& A& 1 mL F3 5 7]l 0.4 mM DTNB(in
50 mM HEPES)E 7}3&}aL vortexing 8Fo] 27°Coll A 10&
o HESAIFTE o] % Spectrophotometer(UV—1650,
Shimadzu, Kyoto, Japan)® 412 nmolA S3 =& =
Attt CysteineS ¥ LHE ZAete] A& & A4
2HE F thiosulfinates $HFS A& o Ao gk
allicin @ (allicin equivalents, AE)2. 2 YERHATE.
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lybdic phosphotungstic acid complexes)el]l AAE A
sto] HMEAS FAste 4 E RS2 3 Folin-Cio-
calteu's reagent H(14)2.2 #4813t} HEetE 55 1
mLell Folin-Ciocalteu's reagent$} 10% Na.COs& Z+Z}
1 mLA o] vortexing dFaL Ao X 1A]7F FoF A XA
71 ¥ spectrophotometer(UV-1650, Shimadzu)Z 700
nmol X FFEE S48t vis & FAEH FHS
ZAH(gallic acid)S FFEEAE dto] 24 Yk (gallic acid
equivalents, GAE)o. 2 et}

EctEL0|E Sk
%E}Eioli s ZetR o=t e el A
aluminum¥@} 52 9] complex(flavonoid—-aluminum com-—

plex)E A O}t Y E Ao R FAFTH15). MEkE
FEE 100 uLOﬂ 10%(w/v) NaNOz 60 uL, 20% AICls 120
F 1N NaOH &9 400 Lt F7< 900 uLs
TA YR ?§7}0}57—, 5% % spectrophotometer(UV-1650,
Shimadzu)® 510 nmol A FFEE SHA Y. Querce-
tin—% SRR 2AElY] e XFE AFTHORRE vl

ZolH o) ekS quercetin W (quercetin equiv—

alents, QE)o. 2 e

ol

< Fe2+7} ferrozine¥ complex® &4 3}
“’Pa FEEO A= AR

%% 500 plol 2 mM FeCls 20
pLE Qo] 4L & 2.4 mM ferrozine 1 mLE ¥o] shaking
3o 2 A WSS MAA AT AL A 10F ok bk &
562 nmoll Al FFEE S48 tHUV-1650, Shimadzu).
Blankil“: Uﬂ%% | 2822 Aleste] B3

o ox all I

AN oz
it
102
=
M of

i)
lo

=
=
}04 Dﬂ B %%-%OH o] FAadldd &
A= AeE 38 3.5 mM gallic acid®] 4 47 %& =2
6}04 9 s 5% 2A% Y vas
% 35 mMe uls &5 2449 %g%g A3 A
ﬂ—% AR ste] A AT

DPPH 2iC|Z AHs
zZ8 % ns9] AAFlEe DPPH &HZ 2ATo =
SAHAGA7). &S 5% 200 ulel 0.2 mM DPPH
(in ethanol) 1 mLE A7}3le] 5% Bt AHE A wutdlS
ch Hhg NS AR o] of T 3ol BstHA 5 ZEZ‘.QE
T

=4 }Oﬂv} DPPH #}t]Z &
How AEEHAoH, Ade FEE JJr E}Elﬁ 7re] wkg
AlZboll W& 2]z A5 WSt YER ST 3.5 mM
gallic acid®] DPPH &tZ 27A%5& S43te] 2old nhs
o] gtz 2A% ¥ vlusith

whs ol

oo

pabst 2

o,

1787

2o EAIME

zg 7o) v 8F nh=9 olshetA 5 ksl &
3L 33 o) WM SA Ao, FAAY ZEIH SAS
(ver. 9.1, SAS Institute Inc., Cary, NC, USA)E ©|-&3}¢]
Ax2 Fa3y TEALE YU ANOVA, Dun-
can's multiple range test2 2zt EAlo] thafl §-2F
ztol7t EAE HAFs T

At 9 o
X2| z70| oHsol A SHoll 0j3 ¥

nlse] WR(L)E 2@ A 82.33004 %e] ¥ 58.60~
71.34% 214 (X0.001) #2E JehNScHFig. 1A). 4
e F AT G} gohs Ade agel ) A4t
doups el sheba

A= AE 5 01\:}
5T} A% 2ABAE]

I
Z
&,
QT
-
(o
r-iE
ol
‘..
oo
nZi
2
o
2
X

. = o L=
Fitstg s Ados Ade qu}uﬂ((s 7 xE F vk
ol s 58 wet) 8% vhE 5 ZeI(1L=58.60)
I3 Ze(L=59.65)0.2 7t Agd vhesol 7P B

& WEE Vehglth o) 7159) Haaste] og A

100 35
A a oL @b S
b b
% b . c 130
r b
{25
60 I 1{ 20
L b
40 | 11
A 4 10
20 |
15
0 0
Q
YO P
A2 © P P
2 © N <
¢ <%
B 10

Fig. 1. Lightness (L), yellowness (b), and redness (a) of raw
and cooked garlics. Values are expressed as the meantstandard
deviation. Different small letters and large letters above the bars
indicate significant differences at P<0.001 in L and b, respec-
tively, depending on the cooking method (A). In the same way,
different small letters were used for a (B). Here, frying means
deep-frying.
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ol o F7ha AdE = 5 Avk1e). ke F b))
T et nhs(b=27.88)elA FolAow 7 Eohon
(£40.001), AN DA E 74 vhE(b=21.58)2 Arks
(b=21.23)3} frel#ow b=~ FkthFig. 1A). 85 v}
= 7He e AviH s oy 28k (150°C, 58),

B 22¥(200°C, 10&), A Ja}ol(zoow 15%), A 2
B(212°C, 10i) o2 xEd vlsEo] tE wERHT Y
T WA gAEE 52 ATS L}E}LHOiOUi o] A&
S oA Wl A3 &
T 913}(12) fz %] A gk 2o] gk Ve
o 2 (Fig. 1B) Avks B zeld nhso] F8 A 540

ohd Aoz ey,

fo K1 | fo rur

=
N
)
Hr
]
)
g

=
45
Rl

X8| Z740| Ok=9| $& zl

e *ﬁu} ﬂ T TS 63.1%% AFAR
F e At vkl i 3E63.1%)7 F skt
(19) u}é% ia] T dA e zxol wet 27.6~71.7%]
(Table 1). 5 =2¥

’ﬂé
411
L
),
S
USL
SE
0
L
o
=
32
o'

R e o5 ARSI, o)t nedA 4
7 34 F vhs U)e] sRol Fusln 1 kel
frm ANAE 523 1E 7be] wEg Aoz 4 g
Atk 2 ii%’(ZOO"C 10%), 9 =249 (200°C, 15
H D

o
\:
r_>¢
>
é

Xli Zalﬂ w}gf A o
OJ 2 e E 35.8%9 w*o

Table 1. Moisture, soluble solid content, and titratable acidity
(TA) of the garlic prepared from different cooking methods

Moisture Soluble solid TA (% as

Cooking method

(%)" (°Brix) citric acid)
Raw 63.1  23.07£0.92"  2.1+0.2°
Boiling 717 22334042 2.1£0.1°
Steaming 627  21.60+0.53*  1.8+0.4°
Microwave cooking 35.8 21.33+0.23° 2.140.1°
Deep-frying (frying)  27.6  17.87£0.42°  1.9+0.0"
Oven-roasting 48.8  20.13+0.23%  1.9+0.0™
Pan-frying 33.6  19.40£035%  1.7+0.0°
Pan-roasting 422 21.60+0.40™  1.740.1°
Significance P<0.001 P<0.05

"Moisture content was calculated as the difference in weight

before and after freeze-drying the garlic prepared from each
cooking method. Each cooked garlic was prepared from three
individual cooking within the same day, pooled together, and
then subjected to freeze-drying.
?Data for soluble solid content and TA are expressed as the
meantstandard deviation of triplicate experiments. Values in
a column with different superscripts are significantly different
depending on cooking methods.

%k-% JERITE o) AE yirel B ¥AES deow
AR A z2)o] BAA ]d Ao A

oo
r1r

Antsa 2EE ke 84 1¥E e 794 A
°o]& ®3ow(/X0.001), 53] BE=7F 7P AT
o @ =z o s xEd nheEolA 1 o] 7t
(Fig. 1, Table 1). o] A¥}+= vl ¥
5 Atole] shehikgo] JHE X7t 2E4E 4SS £
1(20) =2 A3 APEES 289 vs9 23 &
Aol S F F J5S BT F on| |} 2R
4715 7Hd 225 Alol 9] 3}etut-e-¢] Maillard 2 wk-$-
F =3

=Y mtsol A g% 713k wet 3}

o] 2LV B
HoRe 784 AvA SRR TH 284 LA $3=
Aol S T7HAA 84 1P F e TS A
(Table 1), B A o2& nhzo M EAME )] A&

& 7+ AoR AN + ArkFig. D).
e SAE nbso 714 E(Table 1S A=
oz Anbsd 2.1%% 3, 229 vhe2 1.7~
£ YeRGth 8% vhs 5 A71eF dAEIIA
oA 714 Bg A7t Aoz 7H4
Ao AAelaA HY oA op e 5
f ¥ =4 (phenolic acids) 59 &4
3, AR A EE e FH R
1 UHEF/‘*iPrEi o]5¢] &40l o o= Ao
= oA Ark®). 22y & AFeA s 7hE 27 Fa
|3te] A5 fr71nke] ghgo]l freAom v AES U
EFATH(/X0.05). o]+ v 2 EA7 2702 F7]
Abo] B EAAY F-2 oAl (dimer)tt L#AHpolymer)
Fe= F3rE 22 AT 5 Aok 2l). el vie 9
% 7 37 dHol A g mlo]| AR TE ARESF= WAL
A 7MEE 71 FERA R ol A 9f mEA|fro] R Ut
onma(22) g T §7)4HS AUA o7 o] B &3
Ao HAATH AaFoAA F7AES B2 Frldd 7]

:?‘:’r-{‘n:&kll-rm.fom
N 9 K{ o ofu
&%ﬁ”§w>ﬁ
2o 9o oz AN
:;I—& (oo M|
o 55
WTTF
zirlr
S
W

il

N

W olue}, pARTE S pH 26N Sx15kE ol 24
HA7)A old o7 9Fo]Lo] HolFE£ES AYoE o F

o o= gakskA| o] s Al(synergist) "4@% 4 ot
3] whsel EAslE duxd #Hed {714k
cinnamic acid =€} hydroxybenzoic acid =&

WAl aEjol] #-& FAab7lel o8 HAFol s 7 ¢
RomZ(8) = o vk {74 sk ksl )
AdE 5 QU

oA xo ol F

1 hydroxy-

1

e

Thiosulfinates:® A E & &A= 3 3}gEe &
(alliin, S-allylcysteine sulfoxide)™} H3E £o] <gjifo
A (alliinase)?} vlg ZA o] vty o) wa} 2 v} &
ol o)) FAH vl vl Lt el T ol rh23)
2 AF oA vlES H(slicing) G2 AA = 3F

Z2| ZZ0| OH=9| thiosulfinates &2kl 0|21 HSk
?__ [e)
T

-

P)

=
3



AulEE thiosulfinates?7} 1% £ 7|02 12.16 AE
mg/g BN, 22ld vhs2 5
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Table 2. Thiosulfinates content and antioxidant activities of the garlic prepared from different cooking method

Thiosulfiantes Total reducing capacity Flavonoids M . .
. e . . . . etal-chelating activity
Cooking method (mg allicin equivalents/ ‘(pg gallic acid .(ug quercetin (% inhibition)”
g dry wt.) equivalents/g dry wt.)  equivalents/g dry wt.)

Raw 12.16+5.14 (100)"? 8002 (100) 2,469+1,134% (100) 43.4%1.3° (100)
Boiling 8.21+4.83 (66) 72143° (90) 2,175+287° (88) 49.3+6.8% (114)
Steaming 5.2043.15 (42) 781£20™ (98) 3,756+337" (152) 53.041.1°° (122)
Microwave cooking 9.05+3.20 (73) 817+60% (102) 3,032::498™ (123) 61.3+7.6™ (141)
Deep-frying (frying) 5.19+1.92 (42) 75748 (95) 2,068+143° (84) 71.4+6.9™ (165)
Oven-roasting 7.58+2.39 (61) 86416 (108) 3,326+526™ (135) 73.5+8.1° (169)
Pan-frying 7.96+0.00 (64) 767+24™ (96) 2,235+390° (91) 59.7+5.3"¢ (138)
Pan-roasting 6.55+5.69 (53) 872:+51° (109) 3,032+613™ (123) 63.8+£10.1° (147)
Significance NS P<0.01 P<0.05 P<0.001

"Data are expressed as the meantstandard deviation of triplicate experiments (dry basis). Values in a column with different superscripts
are significantly different depending on cooking methods. NS means not significant.

Raw=100, value in parenthesis is calculated by the following equation: %=(cooked/raw) X 100.

The activity of 3.5 mM gallic acid used for comparison was 13.0+0.9%.
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Fig. 2. Effect of cooking method on the kinetics of DPPH radical
scavenging activity of raw and cooked garlics. Graphs for raw
or cooked garlics are assigned to the left y axis, while that for
3.5 mM gallic acid used for comparison is associated with the
right y axis.
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