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Abstract In this study, the quality characteristics of the representative domestic
garlic varieties in Korea (Namdo, Daeseo, Hongsan, and Uiseong garlic) were
compared and their changes according to the aging process of black garlic were
investigated. Each garlic sample was aged for 15 days according to the
manufacturing process of black garlic. The total phenolic compound contents were
85.2-109.7 mg GAE/100 g in raw garlic samples, which increased with the aging
period, and Hongsan garlic showed the highest content in both raw and aged black
garlic. The content of alliin was 848.3-1,087.5 mg/100 g in raw garlic samples,
and it decreased significantly on the 5th day (7.3-20.6 mg/100 g) in aged garlic.
The contents of GSAC (r-glutamyl-S-allyl-cysteine) and GSI1PC (y-glutamyl-S-
1-propenyl-l-cysteine) in raw garlic samples were 202.1-541.0 mg/100 g and
311.1-474.3 mg/100 g, respectively, but gradually decreased during the aging
process. On the other hand, the SAC (S-allyl-cysteine) and SI1PC (S-1-propenyl-
l-cysteine) contents of raw garlic were very low in all four varieties, but they were
highest on the 5th day of aging and tended to decrease thereafter. On the 5th day
of aging, the SAC content of Namdo garlic (208.0 mg/100 g) was highest (p<0.05),
and SI1PC content was significantly higher in Uiseong garlic (66.2 mg/100 g) than
the others.

Keywords black garlic, total phenolic compound, alliin, SAC, S1PC

1. M2

[ S

iy} mkdrof &6h= ubs(A/jlum sativum L) AW} Sho B&E Folo] YA R
HAEH(Lee 5, 2021), 23 Au) 7|7k} $H4of wheh 19} Q1o A7, HoF, Fofd] Wy
x5 FHHLE Y-S HehdthPooler®t Simon, 1993). hs & ®FoH7| A%
FEA, A2 - A (Hwang, 1993), AlZSH(Harn 5, 1996) 2 AJ2FH2(Etoh®} Ogura,
1981) HHo] A|xEg ol T4 02 HAGH: nfel tEE Aol IR A5
Soto] WHiE B3 EIUNEE T EUAE] Qsto] 2 EFo] SAEUHARnT Yoon,
2010).
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HErRs2 197649 S 7P veg TYsto] 1977-
19809 s, siid, A5 AGolA B4 A= AAlstH
1 £F52 Adoto] 19839 5E Hrr=E st
7t EFEAL, dArkE2 Fd A9 welol
Aufstd ARl vRsE BAAHEE F2XEHNA E5H|
I AFET Ag50] ot 19869 S 244 AR
AHAY S AX B8 F5°IthRDA, 2022). 4k
(H157025%) o SFrHsE 200349 $Fsto] 2011
| A AEAIES AA 71, B, AFollA 39zt A
o HIAFS AA 2016d=0] EFHSASAE A
63202)°] SEHAUHKimZ Ra, 2019; RDA, 2022). 5}
=2 AHPel met Y5 A - o] Ao] Ex= AoE XY
I} AP R FESH, GAFPS 2Tt FE AToA
A= AP tha = Aol A AefE o (Parkd}
Kang, 2000). 34182 I AHYF2=Z(Kim¥ Ra, 2019)
AL oA, & T SRATOIA A=l FH7IZke] 4
I 717 =2 TS AR viuto] Aok AR
Sthal d2A ATHRDA, 2022).

s Al A2t FFof vt fR8Ee] Zol7t =t
£3], g9l A 0.6-1.7%Y MI=E 2o]7}t lal(Lawson
5, 1991), & A oA Aejd vhe2 w3t 7|34
el vReEoh g9 kol o Erhal I A ekBlock
5. 1992). FHlME AP} A= 38 AR ok
O] AJEn|wof| A Auf A3t FFof| wet dAlY FSH=
SIFEY ol Aol7 lal(Hyun 5, 2008), 543t &
Solte Aul A Gof w2t A7 ol Apol7f vkl B
1%o] ti(Han, 2019).

T2 8 7154 =4& f7] FIRMEC] v EA ¢t
£t o594 99.5%= Fol TFH cysteineH ofn|izAto]
o] AR vk 1.1-3.5%°1 sigthLee, 2010). "=l
S5 y-glutamyl-L-cysteine®] S=Al= A4 B= 71
=2 59 st sRtEE WskedY], y-glutamyl-S-
allyl-L-cysteine(GSAC)Z} y-glutamyl-S-1-propenyl-
L-cysteine(GS1PC)2 y-glutamyl transpeptidase©] 2]
3l S-allyl-cysteine(SAC)¥} S-1-propenyl-cysteine(S1PC)
o2 A=K Lancaster?}t Shaw, 1989; Lawson 5, 1991).
tRE9] tii 7R SRR 7hs B Sl AR o

Abo] v E A2 Z2uHkg-8 oA melanoidinse] B4 E I
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A FFE2 A9 2AEY, FHEYEY ESEE

E7F S7HRITAL BaEo] itkWang 5, 2012). E3
s 320l 4717 sA45hE o FelRkE A4
ot 484 SIgHEQl SACSE SIPC7t S7Fsked], S1PCE
543717 5 F7FIT BAshE Aoy SACE A0
A 24708 59t okt Lawson, 1996; Lawson, 1998).
SACE FAFSKNumagami®t Ohnishi, 2001), YA|Z9]
SA A (Welch &, 1992), 7H42HNakagawa &, 1989),
FA5(Tak 5, 2014) % A73A HeHNishiyama 5, 2001)
of &3/} itk BaE o] Qltt. SIPC SACY YAol4
AAZ 5449 vhs 58 (aged garlic extract)?] Fa&&
Aojn 18¢} 7iA(Matsutomo 5, 2017), Bzx£8k /44
(Ushijima &, 2020)3 HYg AN (Suzuki 5, 2020)°
a7E AL FHA Qe

T2 AulEe A9 F50) O FR4EY Bl &
A Ate o 7hgol wWE AR HEket faAdRY H|
o A= gk AAolth kA & AtoA= Sy
ook 5 5 9k A, B4R oA oA Ay
He AdS vty 4 S FFEY S vl
511, SHhEE /dotaA AR Y F 4 s 9 8
SIFE9] WslE ksl g A FA o] A&t o
At

}7

2. Mz % diH

2.1. A|29 X=X

ns2 9, g4, 34 2 94 vks 5 4719 £
uro] 2219l S Bt 55 &gt $ Fujisto]
Argstgch ujE mulsat 7ZlnsS 3o g AE gy
AL Fig. 13 2t

2.2 9/ Hlud

Aukze] 9F Hlie 74, AE 2 F1E S48
FAE AXA2(MB 45, OHAUS, Switzerland)= ©]-8-5}
of AlgxY 10719 Al=E SActe] BHOE ARSI
FEZ3 A= wyol ]| A(CD-15APX, Mitutoyo,
Kanagawa, Japan)g o]&5to] AlZ23 10719 Al&5
ZAoto] YHFOF A&t

o)
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Quality characteristics of domestic garlic during black garlic aging

Cultivar Daeseo

Whole garlic

Peeled garlic

Fresh garlic slice section

Fig. 1. Appearance comparison of garlic by cultivar.

2.3. B0i=9 HZE

Sk AZe 439 AvsE 500 g8 Hreo] Ao
of g3 235 7|(JSRH-500CPL, JS Research Inc.,
Gongju, Korea)ollAl 60-80C 9] 2L & % - oF2A|7|HA]
1597 &/35HeH], 39 52 258 AHo s &
80CE A} o] & RE& W50l 75T 004 3US §4
St o] 12¢7H4] 70TE At 1597H] 60TE
FASHAE. AR SYutth AlRE AFsto] £41& A=
= ARESHH

2.4 2 ey M Ha SF

T vk 4 9AHE ke FESHA HH
sto] HAH 2 547I(MB25, OHAUS, Zurich,
Switzerland)2 ZA3}3ich.

AT A (ultra scan VIS, Hunter Lab., USAS
ol &35t W& (L, light), AMX(a, redness), T Z(b,
yellowness)& S4otAtt. «dsHA vidd A=2E A&
4.5 cm®| £8&7|0)| Fo} Mg ZAs1glon ol HE
AT 1, a, b Z42F 99.4, -0.12 E 0.0491, ZF A=
£ 53] o]} §HE EAsto] HAEOE ARESIelith
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2.6 Sh=s/EE 513 55

S =33E2 Foiln-Denis(1915)9] ®yo] whe} ofay
gF vhsof| 54| tfH] 10819] SF4E 7Iste] g Sket
, o33t oY 1 mLof| Foline-Ciocalteau A|2F 0.5 mL
231 358 5 10% NaCOs €9 0.5 mLA<S 71t &
Sotsto], A9 QHAA TAIZE BA| e v 88T
2 760 nmolA FF=E St eH, EFEHE gallic
acid(Sigma-Aldrich Co., St. Louis, MO, USA)E AR&
sto] A28} Ut B o s HAste] A2 HgFHMorE
B IHEdE] S AAst] 55 100 g 59
mg gallic acid equivalents(GAE, fresh weight)Z A4t
shaict.

i ok

2.6. 72/5 g3 24

FEE2 Ahn 5(2019)9] S HEPsto] SAstt.
apafet vhs 2 gofl 3% /4 20 mLE 7h5te] 3087t
AeEstE=27](Power Sonic 420, Hwashintech, Seoul,
Korea)Z & & FEH4L2 Y4EF7](Combi-514R,
Hanil, Seoul, Korea)E ©]-&3}o] 3,000 rpmOlA 10&

7t AR5, AR F5to] 0.45 pm membrane
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filter2 o¥}sto] HPLC (Agilent 1260, Agilent, Santa
Clara, CA, USA)E EA5tgltt. £ AHEH column
Cosmosil Sugar-D(4.6x250 mm, Nacalai Tesque
Inc., Kyoto, Japan)g AMEsl1L, o5&+ water?t
acetonitrile® 30:709] ®H|Z2 FYston, AP
30CE FAISHAH. o649 &= 9 1.0 mLE 74
stglon, A& FAFL 10 pL, FE7]= ELSD(Agilent
LT-ELSD G4128A, Agilent)E AR&3}9th. Glucose,
sucrose ¥ fructose= Sigma-Aldrich(St. Louis, MO,
USA)OIA AlzxHE AES BEEYR sto] 2 FFoz

2e YL ABsnh

2.7. &2lalliin) 23F B4

& FF2 Kim 5(2015)9] s Wysto] 45k
ok Auks2 98T 9 &40 1083t SBA st
alliinases 284S & F&sHA ohfstdl, 4 5
Y o|%9] ns2 FHAEE M| il nhafsto] ARESHY
ot opdfst vk Al® 1 gof formic acid® pH7F 3.00]
He s 289 80% MeOH< 29 mL 7IRE & 3087t X%
F&3%t &, oJFA|(No. 2, Whatman Inc., Piscataway,
NJ, USA)Z 12} o35t AE 0.22 pum syringe filter2
Ajojz}stel HPLC-DAD(Agilent 1260)2 EA/5t9ict. £
Ao AFEE columne Agilent Zorbax SB-Cig(4.6%
250 mm, 5 pm, Agilent Technologies, Palo Alto, CA,
USA)S ARESIAL, o542 20 mMQ] sodium phosphate
monobasic dihydrate®} 10 mM sodium 1-heptane-
sulfonic acidg %% €82 85% orthophosphoric
acidg °]&sto] pH7} 2.00] H=% 2% A= o191
o} 81 A%l acetonitrileE FHOE ST AL |
BZ o}, €1 A} BE gradient® &-2|5to] E4I5}9tt.
o] o} o549 £ = 1.0 mL/min, A& FYFE 10 ul,
UV A&7] 32 210 nm= A5ttt E=(ChromaDex
Inc., Irvine, CA, USA)S EFEAZ ofo] A2 HFAo
2R g2 AAbstSi

2.8, GSAC, GSIPC, SAC 2 SIPC &l 24
GSAC, GSIPC, SAC ¥ S1PC TS Woo 5(2022)2
HHof| wal EA5tg o Auksy) 47170 vhs vt

https://www.ekosfop.or.kr

Hjsto] #H3et & AR & ARSI HRRt A& 5 gof
45 mL9| 3%} SRFE 7olo] #Astete] 3027t A7 +
E3 o3, AR ZE o3t o H-S 0.22 #m membrane
filter2 Ajojylste] HPLC-PDA-MS/MS(TSQ Quantum
LC-MS/MS, Thermo Scientific, Waltham, MA, USA)
2 BN, 48 AYL Agilent Zorbax SB-Cig
(4.6%x250 mm, 5 pm, Agilent Technologies, Palo
Alto, CA, USA)S A5l o]BAr &&= positive
mode°A 0.1% formic acid 8987 0.1% formic
acidZ7t &R4 acetonitrile& A7t ohet EFH|ES X
FotEA BA5Hth GSAC(VWR, Radnor, PA, USA),
GS1PC(MedChemExpress, Monmouth Junction, NJ,
USA), SAC(Sigma-Aldrich, St. Louis, MO, USA) ¥
S1PC(MedChemExpress, Monmouth Junction, NJ,
USA)Y] A=F2 429 #2282 AR 54 20A
A5t HEF AIZRE H|wote] REHFIFALHCEEE

FFe At

2.9. EAHxe

AYL 33 ol wHE A3t Ao dfste] SPSS
statistics 18(IBM, Armonk, NY, USA) 574 packageE
olgslo] W+ EFHAE HABIHL, A Fo4 HH

2 AYufR] BAHEAE 3 & p0.05 °=°l4] Duncan’s
multiple range test® AREAXE oA

3. 21 ¥ 1%

3.1. 0f=9 9/g blu

439 ks 919 vlat suks, Zvks, Bue A
Stof ARlO R vereickFig. 1). B SIYolA deks
2tk Ago] Mol uhso] o 9lglw, 1 9] ke
912 Higto] Mol vhso] A9 Qi Zvks HlmlA

TS 954R 8] Ad o] 2542 e 54

L

E

[]
S A 4 AT GYvHse Avkso] Az T Fo]
23 B4t 4 A9,

vhsol B A, %

, JEZ 9 A= Table 13 2t} 4%
o] oz FAE= /ARl Ael7k gl dEvReat o
RS 747 452 g W 44.8 g0 7 T AR 7o) §A7L
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Quality characteristics of domestic garlic during black garlic aging

Table 1. Weight, width and height of garlic by cultivar

Garlic cultivar Bulb weight (g)

Bulb width (mm) Bulb height (mm)

Namdo 452458
Daeseo 72.743.6°
Hongsan 66.0+8.0°
Uiseong 44 8+1.9°

53.143.6° 35.441.6°
62.9+1.8° 35.311.8°
60.143.6% 36.6£2.8°
51.241.4° 35.843.6°

All data are showed as meanSD (n=10).

*®Mean in the same column with different superscripts are significantly different at p¢0.05 by Duncan’s multiple range test.

AN HArRES 72.7 g2 7P =T AZoAE o
Aulso] 62.9 mmZE 7 o o4ul=0] 51.2 mmE
71 Aokt ZilE 35.3-36.3 mmE AL it

32 Ofs9 B st

A 540 e Sksd & 9% Hokes
Table 29 2t} $4 A Ak 57.7-63.9 /100 g9
MOIE FARFSL T B3] vle) ROl oR Wokw o
Auopso] Soldo =g 71 1;_0}1—,} AL, 94, g, T
A oA YATE A=) B SRS 62-68%2] HYQl
o, "hso] & o Aol &5t A AR o d He
o] #polof 7]RlstH o A2 st ;& AFS 64% ©l
St Sh= Aol Htof BiAlgt 2o A=A Utk(Shin
5, 1999).

B F59 e /4717l et - o] 44st
L Aol grd v FE FFS 48.5-52.7
g/100 go.& Ajupzof H|sf| 2-16%7F #4Aott. Xiong
5(2018)9] Aol 95%] FE=oF 70T 2 L&oflA A%
H Suks9] o I Avksdl His) 2312 S7I5HRe

U, 80TSH 90TOIN AZE Sekre Aukse] ul) o
S0} AL, 700 SEAH R 252
F7RE A 4949 g7t Azete] 20 wt o
9l S7HE 4 T e Sokse] e 448
E9 $47170) met 9L e, Skse] kol
50-70% $E0E §48 1) RSYT HeH9l go] Wy

1 BiEo] ti(Zhang 5, 2016).

33 0159 4=

uhs0] Aol M5k= Table 33 Zth. AubsolA H=
(D= #3500 wet Zo)7t YA, Frrke2 61.42 &
ojH o 7 Eoky YA 2E2 52.8-56.89 WA
o e B35S SA7|7t0] 37| whet ZAo] dofA
HE7t AR FaotGet 4 A AR Hls) 54 5Y0l
30.8-39.5%7F A5 AL o] F &4 15U+ 31.1-31.2
T 4FF BT AR - AAE(a)= 0F A A=
A -1.3--0.3019 Zl°o] &4 5%U0l= 5.9-6.60% 7P =
olt}7} o] % Mz} 7HAst] &4 150 2.5-3.09] H2]
2 dopxlt $4 593 102 Aol SARsED denks

Table 2. Moisture content changes according to aging of black garlic by cultivar (g/100 g FW)

Garlic cultivar Aging period (days)

0 5 10 15
Namdo 59.30.2° 58.410.1°%® 59.3+0.7 54.9+0.1%
Daeseo 63.910.3% 62.60.6% 62.8+0.2% 62.7+0.2%
Hongsan 57.740.1% 53.6£0.7° 54.740.9° 48.50.4%
Uiseong 61.10.1° 55.240.4% 58.4£0.7% 53.140.5%

All data are shown as fresh weight (FW) meantSD (n=3).

“dMean in the same column with different superscripts are significantly different at p¢0.05 by Duncan’s multiple range test.
ADMean in the same row with different superscripts are significantly different at p¢0.05 by Duncan’s multiple range test.
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Table 3. Color changes according to aging of black garlic by cultivar

Parameter  Aging period  Garlic cultivar
(days) -
Namdo Daeseo Hongsan Uiseong
L 0 61.4+0.1° 56.3+0.3%° 52.8+0.2%° 56.8+0.4°P
5 37.140.1%¢ 38.8£0.1¢ 36.5+0.3% 37.5+0.0°¢
10 34.0+0.0°® 34.3+0.1% 32.240.2% 33.2+¢0.1%
15 31.240.1% 31.140.1% 31.140.1% 31.240.1%
a 0 -0.440.3* -1.3£0.2% -0.3£0.2* -1.140.1°4
5 6.6+0.2°° 6.4+0.2°° 5.940.1%° 6.3+0.1%°
10 5.240.1¢ 4.8+0.1<C 3.6:0.1%¢ 4.30.0*°
15 2.9+0.2%® 3.0£0.3*® 2.5+0.1% 2.540.2%®
b 0 15.5+0.7°° 19.241.9%° 15.140.7%° 15.4+0.8%°
5 9.840.1%¢ 10.00.75C 7.9+0.2°¢ 9.1+0.2¢
10 5.840.15 6.0£0.2 3.4+0.1% 4.7+0.1%8
15 1.840.4%A 2.3+0.0° 1.8+0.0% 1.8+0.0%4

L, lightness; a, redness; b, yellowness.
All data are shown as meanzSD (n=5).

“dMean in the same row with different superscripts are significantly different at p(0.05 by Duncan’s multiple range test.
ADMean in the same column with different superscripts are significantly different at p<0.05 by Duncan’s multiple range test.

o] A7t foAoR Elou, 4 T 15990=
FYA7L oAtk FHE(b)e AR F tAuRsEo] 19.2
E FYHoRE 8 ymA] F52 15.1-15.59] HeRE
A& 7H Fo)h= flSith ol &4 5%ole FHET}
F49] Zactgde, A2 7.98 7Pg wol tE uf
S YA7E Aoy &4 1093} 159 Aol &% 7t
o %A Aol §loltt.

hE2 40-80C 9] /432%0A maillard ¥E80] S5 2
Sp7h 718l Suksa wsked) ol 5-hydroxymethyl
furfural(5-HMF)9] /42 vhk=2] M A st &4do]
=9 u 5-HMFO] 72 oF 5 g/kgoletal F4ste=
g, ol &2 ALt =04 5-HMFY] A ¢
7RIl oFith(Zhang 5, 2016). W= </42HgollA]
Al AHELS A} FAF, AZES 3t Qo
I 4¥A Qtk(Karina 5, 2019). & o)A 50| tf
2 visg $A451HA Mg T 23 &4 593 102
tollis £5 7l K940 ZJol7t AUAAT 159 o] Foll=
OxF7E QIE SR Hop Suks &40 e ZHER
Sz 7i&stE & gEEE 2og FHHrt

Wi

flo do

https://www.ekosfop.or.kr

34. 0f=9 ZFh=3/sE 515

thz9] SHE3EES] Wsh= Table 49 2t} Auks
9] 2 E93HE-2 85.2-109.7 mg GAE/100 g9 HH=
Aubso] 7MW RhE SAhso] 7H E9tth Kim
7} Ra(2019)9] B0 oot Ao A Aule ghika} 3
Abz9) FHEsRME2 2447 57.67 mg GAE/100 g@t
122.85 mg GAE/100 g& YEtHo] &+ &% 7+ 2.141¢]
T3 2ol & Bt 51991, Hyun $5(2008)% "H=
o] FH =3RS g Al $49] zfol et AulEEol
o2 Zpol7h Urkal Bl s

&0 2 FHE3RHEY] Wshe 54717 wet &
9oz F7IetHE, &4 5Y° HEve2 54 A A
uhsof s 1.94¥17} 573t 182.2 mg GAE/100 go&
o2 £330 Hldl foFog =0k o]F #4 15%+=
354.1 mg GAE/100 g@ & FA &7}ttt AL
%4 15¢ Ao 255.6 mg GAE/100 gO.2 ThE E30
Ha o8 og Wotar Frel SAtnks e 9 72-73%
SZo|Qlth. AuEL YEol SaulsRT &It
£9| geFo] Wotouy AnksEt= ¥ o s =Sl
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Quality characteristics of domestic garlic during black garlic aging

Table 4. Total phenol content changes according to aging of black garlic by cultivar (mg GAE/100 g FW)

Garlic cultivar Aging period (days)

0 5 10 15
Namdo 92.9£3.4% 182.243.5% 235.0+4.8% 354.145.8%°
Daeseo 85.2+2.1% 154.141.2% 210.242.6 255.6+2.3°
Hongsan 109.74.8" 173.0£1.7%8 247.3%1.6% 356.2+1.5°
Uiseong 98.9+2.9% 164.6+1.1%8 230.4+1.9% 310.6+11.9%°

All data are shown as fresh weight (FW) meantSD (n=3).

Total phenol contests analyzed as gallic acid equivalent (GAE) mg/100 g.

“dMean in the same column with different superscripts are significantly different at p¢0.05 by Duncan’s multiple range test.
ADMean in the same row with different superscripts are significantly different at p¢0.05 by Duncan’s multiple range test.

Choi 5(2008)°] 9Jstd mhzo] AAE G412 =
ANHA vk Y SHkE9] #2324 Agt 9 HE9 &5
Bolof AL 59 FrAo] wEt fRAE] F5E o] g
o] F7KRIHAL st em, vHsZ 60-90TollA %/dst
) S8 w2os SHEIEEY T2 9 W
I 5HR o 90T H k= 80T A4 <4513 o Sul=st
SHE o] § =0 319 1(Zhang 5, 2016), Toledano
5(2010) "HeY FHEIFES 2L} 4717
w2} 2o]7h Qlar 72T Het 75T oY 2ZojA H 7k
3tE|31 &/3717k0] AojdaE SV sigith & A+t
AL FHESRIES 427 75-80C 9 2ZoA &
5] S7It 208 Hol A2k S T2 o=
o, BE 559 vhso] $4717t9] 7t et &
o= F7Ist o AulsoAl gfel =dE A&7t
Ao = H ol Znks9 FHlEdetE g 9E
e ACE FSEC

Lo off

o]
fo]
A
o)
AR

N do 1o v 1
1o o

rS
ol
rir

I

3.5. EZE 0f59 RE/5 &3

E54H vk fEg TR Table 59 2t £471%
o ©et fructoser T 07 F71IH L glucose:s 4
3 5900 ot ol F7181H 21 sucroses FEUF
o} 7ol xfol7k AdTt. AuHs2] fructose TEF TiA
o] 591.7 mg/100 g2 & 7 &9ty thgog di
uH=o] 333.0 mg/100 goltt. A= o duks2
7H =9kd tiAubsol Hs) 27.2% % 31.9%7F WUt
o|% &/dof Wt fructose ¥F AA F7FsI=T, =

ol &= 2T Sk Auks HiY| oF 23.1-127.54
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7HA S7FHAAL 3] BAHEE 20,561.9 mg/100 g&
= 7MY 3A STk

ks 4%F:9] glucose T2 108.9-231.6 mg/100 g
9] HeJold Aol &4 159 Folli= 686.3-789.9 mg/100
go = I F7ItR oY FoAt= gt Sucrose &F
< F35°) w2t Zol7t lgled], FerkEs &4 1599
Aupzof vlsf 2.2817F S71ek BHA, tiAnkES 109714
7P o] % A A4S, FARES 54 1097t
A ZHasto] 4 15900l Arks i 22%71 A4steith

9] fEE2 2 8t ks A vkl ot
Fe3e g Awe] Ael7t A &4 ol FF
o)k d#A QokPark 5, 1988; Shin &, 2001). |t
59| Fog Hak= Auksel Bls) SuksolA 2o 16417t
Z7ketckal B Eo] Q11(Kang 5, 2016), Choi 5(2008)
T ZuksdA {2 dEol ¥ w2 A HER7E A
9 1227004 Ei=]7] dzel2tal stk vhes 3
8 A E7t AEo] ofd o] FAQl Zegke] JH
2 EAsl=], t& 4]E9f Blsto] fructooligosaccharide
9] ghgo] B2 Ao E I YrKShin &, 1999). & A
TFolHE Sk /30 Tt fructose?t A S716k=
ol o= Anksel v FE Zgeo] JhgEoEHA
fructose go] S7Iet AL & FE5EH F5o w2t f
T dFole FAQl Aol7h AU

3.6. 0f=9 22Nalliin) &3

1H59] 49 3§k Table 63 2t Aupso] 4 gl
S4H=(1,087.5 mg/100 g)3 F&=rh(1,074.8 mg/100
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Table 5. Free sugar content changes according to aging of black garlic by cultivar (mg/100 g FW)

Free sugar Aging period  Garlic cultivars

(deys) Namdo Daeseo Hongsan Uliseong
Fructose 0 333.0£93.4% 591.7+130.5 161.2425.4% 189.1£36.3%

5 4,438.788.6 4,429.9+115 .48 4,214.7+267 58 4,008.4+257.7%

10 10,269.5+153.2 9,982.1486.4 13,321.8+198.6% 9,329.5+22 3¢

15 16,673.3£310.6° 13,707.3£121.1%° 20,561.94528.1%° 15,166.7£223.6%°
Glucose 0 231.616.3* 132.9£221% 108.9¢7.11% 130.5+14.6

5 138.8t71.6* 90.3125.7% 86.0£29.0° 64.5+16.4%

10 363.8£37.7% 396.282 5% 443 6186 5% 362.746.13%

15 693.9+109.3 789.9161.7%¢ 719.7141.7% 686.3150.4%
Sucrose 0 4141428 8% 894.2+17.0% 999.9+14.4° 957.4+28 9°¢

5 822.3:11.5% 925.951.4% 778.249.1% 831.1£30.9%

10 919.0¢41.2°¢ 943.2£36.9" 749.0£17 4% 898.3120.7%

15 940.1420.3°¢ 892.5+31.3% 775.8+11.3% 1,001.9451.2

All data are shown as fresh weight (FW) meantSD (n=3).

“dMean in the same row with different superscripts are significantly different at p(0.05 by Duncan’s multiple range test.
ADMean in the same column with different superscripts are significantly different at p<0.05 by Duncan’s multiple range test.

Table 6. Alliin content changes according to aging of black garlic by cultivar (mg/100 g FW)

Garlic cultivars

Aging period (days)

0 5 10 15
Namao 1,074,844 4® 18.4+0.6 ND ND
Daeseo 878.3+12.2°® 17.3+0.3% ND ND
Hongsan 1,087.5£9.1°® 7.30.5a™ ND ND
Uiseong 984.242.8" 20.6£0.7% ND ND

ND, not detected.
All data are showed as fresh weight (FW) meantSD (n=3).

“dMean in the same column with different superscripts are significantly different at p¢0.05 by Duncan’s multiple range test.
ABMean in the same row with different superscripts are significantly different at p¢0.05 by Duncan’s multiple range test.

g)o] T ZEHT 99807 &9y, T A& 749 $9
A= Go A uHE(848.3 mg/100 g)2 thE &350
H3| F-o]4og ot

Lee 5(2008)9] AFoA vh=9] 49l FFS EYY &
A AAEEAZE okl sh3l oy, Shaykewich(1995)9]
Aol oot A= Al = A5 S 83 3
Bojlor g5t Eukgo] & = nxIthal Hil
wof Qlth. Aok} EF52 A4 Aeid BF &
F2 9.44 mg/g, FollolA AuistlE = 6.41 mg/g,

[
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HFoll A Aufsts o 4.28 mg/gC & AJol7} Slrkal B
%o} 9l=dl(Kimt Ra, 2019), & AtollAE 4 o=F
< thed] 500 et 7oAl Aozt Uik dd2
alliinase°l o3 LejAlo2 Wt e, IAESAA
Yk, FASF aAE Wl A=A SAtk(Se 5, 2009).

ks Al 340 e &Y dFe =4 599 7.3-
20.6 mg/100 go= Avkso] ¥ls] F43] FastAaL, o
T 5/ 10€0A = dEHA Fodth BrksolA <=
Fol 7MY & FAtvke2 &4 5201
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Trs2 £4 5¢9 208.0 mg/100 gl & thE E30
HIg] folAo s &9k tiAHRE(86.2 mg/100 g} H=
URs R e oF 58% 50] Bttt $40] g

(B)

250

-~ 200 |

g

o150 |

]

EIOO N

%

50
0 ]
o 5 10 15
Aging period (days)
‘ —4+—hamdo ——Daeseoc  =—#—Hongsan —&— Jizeong
(D)
B0
70

(<]
(=]
T

wn
(=]
T

w
(=]
T

S1PC (mgf100 g FW)
[ £

=] =]

T T

10

Aging period (days)

| —t—lamdo =—f—Daeseo =—se=Hongsan ==l iseong

Fig. 2. Changes in GSAC (A), SAC (B), GS1PC (C) and S1PC (D) content according to aging of black garlic by cultivar. All data
are showed as fresh weight (FW) meantSD (n=3). **Mean in the same column with different superscripts are significantly different
at p<0.05 by Duncan’s multiple range test. “°Mean in the same row with different superscripts are significantly different at p¢0.05

by Duncan’s multiple range test.
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1599 SAC 32 52.7-155.2 mg/100 g9 HAARL,
M =49 54 590 Hlsl derksdt SAES 47
25.3% % 23.8%7F AAast A A rkst 9/nkeS ¢
FaEay Sl

t=9] SACE ¥EY Ao mEt y-glutamyl-S-
alkenyl-L-cysteine®] transpeptidation®o] A% 1,
oxidation®] 98 S-alkenyl-L-cysteine sulfoxide® &
st Aoz I#A A (Fujii &, 2018), 2=7F &1L
&AJ7]17k0] A715FE4E transpeptidation®] HAE AL
oxidation®] ¥7t=o] SACY] dgo| AAaHT AHA
Att(Jeong &, 2015). EAE =& 40-85C 2] WLl
A 4597t /93 vHs9] SAC §E B4 23 257t
w1 717to] AkeE SAC T2 S7Ioke ACE Hily
o] JthBae 5, 2012). Jeong 5(2015)2] AF-ollA] 60T
A 60Y7E HA4%E A9 SAC TR 15¥9 100.5
mg/100 g@ & 7Fg &7} o|% AAs| Fasto] 609 &
o= 26.27 mg/100 g@ & RSk, 70T £/4% o <
4 540 85.86 mg/100 g2 Xt gFoltir} o] F A4
| AAsHAHaL shleh. wEbA & AFolA T SAC o
< &4 590 2A F7IeITL o] % AAS] AAatt AL
& o 47179 $71 ¥ ABAl= otyr &4
25of et 1 2 Adoldt Ao HoEh SACE &
€ mhsol o SREI A A FES ABES
9 ot 59 ot AYd &4 a3t ol A Sl
HLiu 5, 2012).

Arks9] GSIPC - 94dukso] 474.3 mg/100 g
O {oAOR EYI FAREE 450.4mg/100 g, th
MuFs-S 382.7 mg/100 g & Yrnbso] 7 Wttt
Aubso] GSACSE GSIPC $hF HlmoA dhoks
GS1PCHET GSACZF oF 1.7417} B =il thAvs2 o<}
£ W2 GSACETE GSI1PC7F 1.84) o &34ch oguks
< GSACHY GSIPC7t ¥ &1L A2 F A& &
o] FARE A& m|RolE o F5 wEk FRAES
o] Apol7t Sl AL wtdY SuksE 4 ¢
GSIPCY] &2 A&H 0= FHasto] 44 15%0)+= 50.0-
67.5 mg/100 g9 M At ¥ S1PC(Fig. 2(D)) T

ol

Aukso]A] 0.08-0.25 mg/100 gold 7ol &4 520
52.0-66.2 mg/100 g8 A Z7Ilthr} o] % 7Hadto]
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%4 15900 33.2-44.8 mg/100 g9 HAH=dl, 9dut
E0] 7MY =2 W UmA] 352 fAKI EErke
GSIPC o] oyt &/4do] &md SHks2 36.6
mg/100 gO 2 tixupsrct &9ttt

s g0 §1H 3 TRt obm|iAlRl SAC 2
SIPC o] F7ketedl ol mhsol T8 GSACS
GS1PC7} y-glutamylpeptidaes©l] 3l 7}E5E £3
A= (Lawson, 1996), AAu=S -3C, 4T 9 23T
oA 150¢ &<t BHshHA GSIPC ¥FE 4T 23
1093 60 Ateloll 271 {Fe] F 80%, 34%, 75%7t 7
A5F9HIchikawa £, 2006). ©&hA vHs9] 7154 2
Ql SAC®} SIPC ¥ ¥= uhso] 7]dske AAd
GSAC ¥ GS1PCY] & Ato|e} &40 T 2% 9 7|3t
of osf BAFel g Sk Q& ZAoE FHHrh

4. Qo
SuEt EARl T, A, S4kt 94 vkl &4

F49

= 1 270 vs SHsE SASHHA 1R
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1547 4014 5Y SR ARE FHollth FSH=3t
FE2 ArhsollA 85.2-109.7 mg GAE/100 gold Zio]
&/44717t0] F71etol| wet Skl L, Arkedt ARE 5
s 25 SAEso] 7HY w0t o9l g Anksol
A 848.3-1,087.5 mg/100 gold Zo] &4 59 7.3-
20.6 mg/100 go & [FoJstA At & ¥ ZHisisith
Au=9] GSAC(r-glutamyl-S-allyl-cysteine)@t GS1PC
(r-glutamyl-S-1-Propenyl-1-Cysteine) T2 202.1-
541.0 mg/100 g, 311.1-474.3 mg/100 go|}oH &4 &
oF A2} ZrAstdet. oHH, SAC(S-allyl-cysteine) & S1PC
(S-1-Propenyl-1-Cysteine) TF 45 25 AHulsd o
Q- ot oy &4 5U Aol A VIR & FAast= A
IS HIAoh $4 594 SAC FF2 Frrhso] 208.0
mg/100 g2 = HE Alme] Hs) o8z #9kal, SIPC
+ 9Auk=0] 66.2 mg/100 gl & FojF oz =qkth o]
= AuksolA SAC ¥ S1PCY ATEZQ GSACS
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