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Effects of the Aging Conditions on the Quality Characteristics of Garlic
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Abstract

This study was performed to investigate the quality characteristics such as pH, total acidity, browning index, 5-hydro-
xymethylfurfural (5-HMF), fructose, S-allyl-L-cysteine (SAC), total polyphenol, and DPPH radical scavenging activity of
aged garlic at different aging temperatures and periods. Aging temperature and period had a significant (p<0.05) effect on
the quality characteristics of garlic. The pH in aged garlic significantly (p<0.05) decreased with increasing aging temperatures
and periods, while the total acidity, browning index, and 5-HMF levels increased. The 5-HMF levels in garlic aged at 60
and 70C increased from 0.08~3.30 and from 0.05~106.07 mg/100 g, respectively. The fructose content in garlic aged at
60°C gradually increased from 0.77 to 14.57%, while that of garlic aged at 70C increased from 1.07 to 19.75% until day
30, after which it decreased. The SAC level in raw garlic was 47.09 mg/100 g. The SAC contents of aged garlic differed
significantly according to aging temperature and period. The SAC levels in garlic aged at 60°C and 70°C were in the range
of 15.28~100.5 and 12.41~85.55 mg/100 g, respectively. The total polyphenol contents of garlic aged at 60°C and 70C
were 6.01 and 6.67 fold higher, respectively, than those in raw garlic. The DPPH radical scavenging activity of aged garlic
also showed a tendency to increase during aging.
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N = (Oh 5 2012). o] gt allicine A Lo 4] vj-$ Bebgat 22
= aeA glon, 2g sjei Ea BAHE7}F BolA allicin
o (Allium sativum )& 98T} 3] &3l A2, oF o] Aol nhy E40 S5 gtat g2 = AT

Aote FHOE 07 ANE 4§ B FGOR olgHo] 5 2010) tHs 599 FET %t FL vhse) ol gl AT
SheHChae SK 2007). Sejubeolq mHs F2 FARE A} o] YOHE o]F Asksl] 3 WHOR s S A7)
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of wet vhso] gt Aol F71SHA Urklung & Pak o) S4EHEE AoRsS 40-90T ) LRI S A

012). vhse] B5S ekl 20 4Re GaskiEel dlin,  7F SAATIE A0 TN Fao] BYYHE uf

allicin, S-allyl-L-cysteine(SAC), sulfides, dithiin, ajoene 5]t} = EG9] WA} gto] AEE 1, ebd vk Maillard WS-
(Amagase 5 2001). 1 Fo]| A alliinZ wl=x2 o] oaj=H I 22 vjEad 2T} S S ase] o a4 2
FEAE So] Aelo] YE B allinaser} 24310 allicin 8 WHE-02 s} Wsksto] nh vt Sz Wk

2 AT, OB vhse) S99 et F& Wk thBae & Kim 2002 Jang 5 2008). T3 SAHTYAA 3
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< fructose®] F7H2 Usf ©ute] F7hEM, A3o] ¥
AFEITHCho S 2011; You 5 2011). AdH0] thE2 Wste y-
glutamyl-S-alkenyl-L-cysteine©®] y-glutamyl transpeptidase®]] 2]
sfol 584 2 ofulieAkel SACTH AAEE Roldt. B4
o| AL AL & olRY, EELEE At WA A, A
GRS oo EIp7E Qokar d2Fth(Bae 5 2012; Cho &
2011).
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TS 1¢Yste] A B2 ARRSIITE 5-Hydroxymethylfuraldehyde
(5-HMF), SAC, fructose, Folin-Ciocalteu reagent, garlic acid,
L-ascorbic acid 52 Sigma-Aldrich(St. Louis, MO, USA), AccQ-
Fluor™ Reagent Kit®} AccQ-Tag Eleunt A % B Waters
(Miliford, MA, USA)ofl A F+ASFRIL, 1 HFo] AJ2F analytical
% HPLC Ahg-seich

=0
oH=
2. =M A
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100 mL2 7-§3to] pH, FA4E, ¥ %=, S-HMF, 29 9
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pHE $AJnHs & 3552 pH meter(Orion 4 STAR, Thermo
Scientific, Beverly, MA, USA)Z &£4319 1, FAIEE & &
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AFL- acetonitrile:water=20:80(v/v%), A<&7]+= UV 280 nmZ
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water bathol] 4] 1057F WH2- & HPLC(Waters 2690, Milford,
MA, USA)E ©o]&sto] #4583t HPLC £427-2 CI8
column(Mightysil RP-18 GP column, 4.6x250 mm, Kanto Che-
mical, Tokyo, Japan)Z A28}, AZ7]= FLD(ExA: 250
nm, EmA\: 395 nm)& ARS8 o, o] 52 AE AccQ-Tag
A &1, BE AccQ-Tag B €12 3} AB 27] H]&< 90:10
© 2 AJZFsle] 3089 30:70, 31E-9] 0:100, 40E-9] 0:100, 41
2o 900:10 Z7] o} YO o] SORZF HAIFHE Hl&
gradient systemZ AF2-3}o] 0.6 mL/min®] §-&0 2 SajF4]
1, 10 uLE FYste] 245

8. & Ez|ml= &2k Y DPPH radical 2H&M 53

ks ¥ E299E 2 Folin-Denis®] W& o]-&
3te] 245} tHHwang S 2013b). 240Hs 70% ethanol 3
Z+ 100 pLefl 2% Na,CO; &4 2 mLE 7+t § 387F %4
3}o] 50% Folin-Ciocalteu reagent 100 nLE- 7}}th 302 &,
SN FFE FHS 750 nmollA SASHAL, EFEAR
garlic acid(Sigma-Aldrich)& AMESIRTH HAFAS 2443 &
% EE T2 AR g 59 mg gadic acid2 UERH ITh

<AJul59] DPPH radical 4~7&4]-& Hwang 5(2013b)2]
WS 0] 85t £tk DPPH radical o] £# 242 0.2
mM DPPH &N 520 nmoj|A] S4= Zro] 1.00] H==
metanol 2 3]43}th 3145 DPPH -89 1.0 mLoj| 70% ethanol
222 50 L2 A7kl Aol A 3087E W] 5 520 nmel
A &L= 9] AXE &243}e] AEAC(L-ascorbic acid equivalent
antioxidant capacity)2 YEF AT

9. EHEN

EAEAL SPSS £A4| = 2 7 H(Statistical Package for the
Social Science, Ver. 12.0, SPSS Inc., Chicago, USA)& ©]-&-3}
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FFE one-way ANOVA(Analysis of variation)2 243t
Duncan's multiple range testE ©]-83}] p<0.05 FFo|A -2
4= AAsAT
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H S AE &
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W2 pHE 94 0 2(p<0.05) 7HAEH ¥, ZAEL
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4522 70°ColA 402 24 Aol 6.60-4.217HK] 7HAsEo

el

o

Szl vk FEAEA A WA
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Table 1. Changes in pH and total acidity of garlic according
to the aging temperature and periods

pH Total acidity(%)

Aging ; - . o
days Aging temperature( C) Aging temperature(C)

60 70" 60 70
Raw garlic 6.60£0.05 6.60£0.05*  0.50£0.01°  0.50+£0.01°
5 6.30£0.11"  6.04£0.04>  0.70£0.07°  0.68+0.05°

0.78+0.11%  0.83+0.12%
0.8140.02%  0.93+0.02¢

10 6.15£0.06  5.90+0.17°
15 5.80+0.12°¢  5.29+0.10°

20 5.5440.11%°  4.71+0.22%  0.92+0.07%  1.18+0.15°
25 547+021%  430+0.24°  0.89+0.07% 1.61+0.21°
30 523+031%  421+0.12°  0.96£0.04°  1.70+0.04®
35 5.18+0.09%  4.23+0.09° 1.15+0.18°  1.76+0.05®
40 4724033%  421+0.02° 1.15+0.02°  1.81%0.11°
50 4.59+0.138 1.44+0.03*

60 4.52+0.308 1.5120.10%

D Garlics were aged at 70°C for 40 days.
P Any means in the same column followed by the same letter are
not significantly (p<0.05) different by Duncan's multiple range test.

], 60T 44 Aol 40UXHE 70T 44 Aol 2535
B pH Wajgo] A& Ao et 44 5 SAE Ws)
L 60T o A= 0.50~1.51%=2, 70 Coll A= 0.50~1.81%7}A] =
7Vl AFS HATh ol AT Shin 5(2008)9] AT
N &4 LE7t TSR, £47710] LolASE pHA A
2 AR Er, G LERTIE 2o 2w 9] AYE A
w7} 2A Wsksths Agel x|t

= ZH2 0.26401031, 60 CoA 60U7E <=4 A] 0.43~1.34 %,
70CoAA 4047k 4 Aloll= 051~1912 %4 =71 11,
=74 713ke] Aojd s F3(p<0.05)L 2 S5 °]
23 diks A 2&9 AlRte] $7HE 5 nhe(Kim &
Kim 1990), 214K (Hwang 5 2013a), oFZ(Hwang 5 2013b) 5
o] ZHE} Z7heis A7ATeh SABHL ok 07T
A] polyphenol oxidase7} EAS Y= AL A o vjlgsh
2 ZWdk-gol o3t Aol F7hEicka B EtBae &
Lim 2002). E3+ 20} pHO| Bl A 2 o] 4
gl F7Fd45 pH7t Wolxith= Shine 5(2008)3} Lee
S(1998)9] Bt dA)het.
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Table 2. Changes in browning indexs and 5-HMF contents
of garlic according to the aging temperature and periods

=4 EFIYEIA

Table 3. Changes in fructose contents of garlic according
to the aging temperature and periods

Browning index 5-HMF(mg/100 g)

Aging temperature( C)

Agi - - - - Aging days
dilynsg Aging temperature( C) Aging temperature(C) gihe 60 70"
60 709 60 70 Raw garlic 1.4620.082 1.46+0.08¢
Raw garlic 0.2620.01" 0.26+0.012 ND” ND 5 0.77+0.02¢ 1.07+0.04¢
5 0.4340.042  0.5120.03" ND 0.05+0.01¢ 10 1.07+0.05% 3.73+0.13"
10 0.49+0.05%  0.49+0.03" ND 0.10:£0.02¢ 15 1.3620.04 6.59+0.18°
15 0.54+0.02°"  0.65+0.05°  0.08+0.01%  0.46+0.09¢ 20 3.5340.06° 11.32+0.43¢
20 0.63+0.03%  0.86+0.00° 0.07+0.01% 1.52+0.15¢ 25 3.58+0.08° 18.29+0.59°
25 0.57+0.03%  1.2240.01° 0.10+0.02%  6.83+1.57 30 6.81+0.39¢ 19.75+0.24*
30 0.66+0.03¢  1.750.04°  0.20+0.01¢ 29.48+0.20° 35 7.60+0.23° 18.68+0.79°
35 0.88+0.08°  1.81+0.05° 0.21+0.02¢ 59.73+20.96° 40 9.98+0.40° 15.1140.60°
40 1.20£0.10°  1.91+0.09*  0.45+0.08° 106.07+14.40" 50 10.35+0.27°
50 1.3120.06 0.77+0.07° 60 14.57+0.39*
60 1.34£0.11° 3.30+0.27° D Garlics were aged at 70°C for 40 days.

D Garlics were aged at 70°C for 40 days.

2 Any means in the same column followed by the same letter are
not significantly (p<0.05) different by Duncan's multiple range test.

? Not detected

HEEol ol B EE SHILER 2RSS A A=
dotslis 2R 2 ARSE ANl 5 1990; Cho 5 2011). &
228} 7|7t WE v ] S-HMF g BAT A
Table 33} Zo] Aupzoi= HEHA FUTh 60CAAE
<7 1SAH5E S-HMEZE HE 5 0] 4 71t 5 0.08~3.30 mg/
100 g2 F7Fgo] A& ¥, 70CoflAl+= 0.05~106.07 mg/
100 g7HA] 3A 2715+t B3] 70°C 25U 5-HMF §F
ol §43] F7Fhe Aoz eyttt 02|13 A= Kwon
5(2006)9] Wz, Hwang 5(2011)9] Hg B =2kx] 9] 7o
= EAE 229 AZte] F71a% S-HMF 32§93
o2 F7RIths A7 2T FARBHIT E3 60T %/4dvhs
oA 5-HMF&] B8E 79 dojuhA] g2 whd, 75°C </dwh
EollA 5-HMF] 442 §43] S71eth= Cho 5(2011)¢]
AT AT whEkA] 548 mhsollA] S-HMFE] A of
He 4 227t $a3 alojgis o2 wudHn

il

il
=
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3. Fructose &2t 2

S/ 229 7|7t wWE nhEY fructose S EAIREH
Z 3= Table 33 2ok AJub=9] fructose TF2 1.46%0] %
31, 60Coll A 6047F &4 Al 0.77~14.57%7HA] F7Fshe 73
< B4t 70T &4 A7 Alodl= 3042714 1.07-19.75%7k
A FA3] S7FE &, S4 0GRl 5.11%E Fadhe A
° 2 Yyepgth ol#fdt Ai= 60 T4 359 F<t 449 b
9 fiuctose FegFo] 23] F7HeE BHH, 70 CoflA] HAAIZL

-

2 Any means in the same column followed by the same letter are
not significantly (p<0.05) different by Duncan's multiple range test.

nH59] fructose FrF 140 49.59%714] F7Fstckzt 1 o]
Fof) Zagtth= Cho 5(2011)9] B9} YA}, E3F Hwang
(201002 EA 2] 2&=of TE fructan¥} fructose 7 M3}
£ 4% 23 fructan®] 39 EA 2 2&(100~140C)7F 5
7kghel] wat 240.5~2.0 mg/g © 2 Ha| =0 7431, fructose
o] 9 100~130°C7HA| = 17.1~189.9 mg/g @ 2 Z7}3c} 140°C
oA 724 mggo 2 FAdhs Aoz B vf ek £4
=9 fructose §5F Z7H= ths fructano] 44 & fructose
2 FafEo] vehd @/dolw], 10°Cellx 8717t %43 Al fiuctose
g At YA HE fuctose FeFRot 7hetd ¥R A npo]
O WhST} e u]EAA ZWNESO] 7| AR RS fiuctose
ol o B7] fiel ez dddc

4. S-Allyl-L-cysteine(SAC) &zt 24

/4 vhse 2 SAEEARE 48X SACE =84 F3t
ER AL F, A9, FeuAEs, FEH, FuE
¢t 5o &%) 9= AeZ HuxEo] ¢t Amagase 2006;
Bae S 2012; Cho 5 2011). 24 €=} 7]7tel] w2 nlze)
SAC 3 HAI3E A= Table 40 Yeh it Anks9
SAC L 48.11 mg/100 go] L, 60°Col A SAA7] uhs
2 <A 1542714] 100.50 mg/100 g& 2 Z7}18lc} 71.32~26.27
mg/100 go. 2 Z4sh= A3 Btk E3 70T 54 A2
X SAC FaFL 24 52x}o]| 85.55 mg/100 g0 2 Z7}at &
56.40~12.42 mg/100 gO2 &4 7|7to] ATFLE A3
Hashe Aoz Uehgth Bae 5(2012)9] AolA= €A
g 2E(40-857)¢}t 7|17H459)ol W SAC s 24T
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Table 4. Changes in SAC contents of garlic according to
the aging temperature and periods

Aging temperature( C)

Aging days 0 P

Raw garlic 48.11+1.33%? 48.11+1.33¢
5 69.70+5.43° 85.86+0.12°
10 87.96+3.73" 56.40+1.00°
15 100.50:£8.37° 40.31+1.474
20 71.32+5.87° 33.49+2.69°
25 64.88+8.85" 21.89+0.29"
30 49.95+2.11° 16.46+0.45¢
35 48.69+1.77° 17.360.49¢
40 37.92+0.25% 12.42+0.94"
50 25.47+2.66°
60 26.27+0.69%

D Garlics were aged at 70°C for 40 days.
2 Any means in the same column followed by the same letter are
not significantly (»p<0.05) different by Duncan's multiple range test.

2, EA4Y =71 Wil 7|7ko] A& SAC ¥ 5
Jhehe Ao® BISHEI, Kim S(2012)€ 60~70C-S 94
SHHA nhES 54 Alole SAC gegol Avksol Hls) oF 2
Hlj, 4CoflA] 171 A7 Alell= oF ovfl 7hE S7Fshe A2

Hustey B3 v A 220 A% 717 H =32
o] w2 allyl sulfide, total sulphur 53} Z-& S33FEEL

ol 02T A& A% Alodli= F718tL, 24~30TC Y] A2
A% Alolls FaFThal Singh 5(1959)0] Hargt vl Qlrt. o]
g3 21 AHE o, vhsd AN AFsHE Fole
SAC o] FH =, w2 xolA A7 =& Aol &
38 7rAsts Aoz AZEL T3 SACE
alkenyl-L-cysteine©] transpeptidation®]] 2]3}| A4 =] 12, oxidation
of 2J3] S-alkenyl-L-cysteine sulfoxideZ AF &= Zoz H
2=]o] lthJones 5 2004). wh2hA] transpeptidation} oxidation
of Hxo] we} SACS] o] MstEt), L7} 3 44
717ko] A718HE 4% trasnpeptidiation©] 7+AE] A oxidation

o] Z7}Elo] SACS] Feo] ZHaFickn AZFEI, 2% hop
g 7ha 27| wE SAC o W] Rt 9‘];:%9} M
SACE] AEZ I y-glutamyl-S-allyl cysteine T=F H y-glutamyl
transpeptidase &7 H3}o] Tt A7t T o= 7t
e}

y-glutamyl-S-

5. & Ezg|ml= &2 2 DPPH radical A& éJH

Polyphenol SIBIEEL $AV|E E3F 4309} H&=
2] 29 3 3ol o QA [Tt free radical <k
A7 St PSS THRE AeR dEA Ao
(Rice-Evans 5 1997). 4 29} 7|7t w2 nh=9] & &
Yol S 2% AT Table 59} Zo] £4 2271 &=
I 54 7I7e] AREFE 3o (p<0.05) 02 FUSHAT
Aul=9] & Z8|vE T2 9838 mg garlic acid/100 go] ¢4
a1, 60T A 6047 <A A] 116.67~591.82 mg garlic acid/

Table 5. Changes in total polyphenol contents and DPPH radical scavenging activity of garlic according to the aging

temperature and periods

Total polyphenol contents(mg garlic acid/100 g)

DPPH radical scavenging activity(AEAC)

Aging days Aging temperature( C) Aging temperature( C)
60 70V 60 70
Raw garlic 98.38+4.34" 98.38+4.34! 5.68+0.37" 5.68+0.37¢
5 116.67+1.79¢ 139.38+7.93" 9.08+1.27" 24.55+1.51¢
10 144.63+7.25 187.88+8.238 26.17+2.008 65.52+3.43"
15 144.12:6.98" 275.34+7.55" 28.59+1.19¢ 131.83+6.34°
20 173.00+4.25° 331.51+6.28° 54.89+2.67° 190.42+13.58¢
25 176.4849.45° 508.54+18.57 63.23+2.96 252.23+12.14°
30 201.41+7.96° 576.25+14.13° 98.31+2.19° 344.94+16.55
35 298.414+4.25° 621.54+10.32° 137.69+5.52¢ 332.14424.89®
40 301.34+5.62° 665.22+11.73 159.57+6.17° 314.02+25.33
50 425.07+3.03° 209.91+10.77°
60 591.82+14.31° 226.60:£22.49°

Y Garlics were aged at 70°C for 40 days.

? Any means in the same column followed by the same letter are not significantly (p<0.05) different by Duncan's multiple range test.
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100 g& 2 Aupzof vlaf oF 6.018], 70ToflA 409 <4 Al
o= 139.38~665.22 mg garlic acid/100 g 2 Ajuls oju] oF
6.674] =715kt Shin 5(2008)2] AP = &4 =7}
EI 77to] F7VERE 4 vy § EPHE e 5
7Fh= Ao 2 B3} A1, Choi 5(2006), Dewanto 5(2002),
Jeong 5(2004) % Ju 5(2010)9] AFoM= AT = F &
g FFE 7k Ae=2 UeEET, ol L&A
H=4 SEol A4 Hed dER ASEHUAAW,
233 HsdEel €A o FEFem HAEFH &
Zo] golsizl7] el AL Hugy ok

DPPH radical-2 ©]-&3%F 3AFs 842 L-ascorbic acidS &
FEFZ o] 83}to] AEAC FH(mg ascorbic acid equivalent/100 g)
O 2 A&, 4 2 A0 WE ulE2] DPPH radical &4
SAE A3 A3t= Table 59} Zth Aul=2] DPPH radical
AAZAL 5,68 AEACO|31T, 60Tl A 6047E <54 Al 9.08~
226.60 AEAC7HA] F7Fsh= A= Bt 70C %744 A=
A= 30U 7HA] 24.55~314.02 AEACTHA] F2 3] Z7}3t
T 24 40U 314.02 AEACE ZHAsSHs Ao 2 Uehyt
o oo Ak HAO) BE ke F EelvE W
Z7HTable 59} &4 ] A AE AL zH= dalo)
a2 ZuvkeEo] Aol ot Aow AZErthKim
= 2008).

? o

2 dFoME 4 229 7|13t BE neY FE54
WSS A E 7] 915t FubsE 60 T4 6097, 70T
A 4047t 4 A 2ste] pH, SAHE, ZHE, S-HMF o
fructose $H=F, SAC &, & Z|9= $%F 9 DPPH radical
2A8Y SASAT 54 2271 =3 &4 7|3l dojE
222 nps9] pHE 743511, & As, Z9E U 5-HMF 3
< F7ke A¥%S Hth 53], S-HMF &2 60T 4
22 A] 0.08~3.30 mg/100 gO & Z7}eFo] 2wk, 70°C <&
A AE] Al 0.05~106.07 mg/100 gO 2 44 ZSO‘X}-,—E] 22
3] Z715H= A2 YeRgth Fructose IS 60T &4
LEAE 0.77~14.57%2 2 N &H o2 Fﬂ?& qid, 70T
24 LEOAE 30URTHA] 1.07~19.75%7F] 27} F 15.11%
E Hashs Aoz YEkth SAC dF2 AvsY A¢
48.11 mg/100 go|2m, 60T A 202 <4 A] 100.50 mg/
100 g2 2, 70CollA 5Q 24 A] 85.55 mg/100 g71A] Z7}3t
T &4 717to] AHTFE SAC FF2 7PA—3}931:} Auls
o] & Zolvls FHEES 98.38 mg/100 go] YL, 60T &4 A
2] A] 591.82 mg/100 g7HA], 70T &4 A Aldle 66522
mg/100 g7HA] Aulso] vl 242} 6.018) X 6.678 S5+

=4 EFIYEIA

t}. DPPH radical 2A&A 2] AL <A 2271 =11 &4 7]
7ro] AojA4E F71eHe AT BT Wet ks 47
7 golal gHAkst B0l 9aat 4 ks A2E A
= 70CoA 30Y, 4 "H=9 Fa/d7< SACY o= At

2 YJBHE 0TI 15A7F 44 Helshs sk Ro] A
3 Aoz BorE, ol4be] Ak kel AT 2t @
SAC §% 271 5 AEAR) 44 thgo] Azl 8o] b
¥ o= slgsc,
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