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Physicochemical characteristics of black garlic from ‘Hongsan’ variety
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Namhae Garlic Research Institute, Namhae 52430, Korea

Abstract

The present study aimed to confirm the quality characteristics of black garlic aged from ‘Hongsan’ variety developed
by the National Institute of Horticultural and Herbal Science and the ‘Namdo® variety cultivated mainly in Namhae-gun.
The total phenolic compounds of aged Hongsan and Namdo garlic increased 1.3- and 1.7-fold, respectively, and
total flavonoid contents increased 8.6- and 11.2-flod, respectively. The content of pyruvate and thiosulfinate decreased
with aging in both garlic varieties. The S-allyl cysteine (SAC) contents of Hongsan and Namdo garlic were maximal
on day 6 and 2 of aging, respectively, before decreasing. The abundance of y-glutamyl S-allyl cysteine (y-GSAC)
was -2.2-fold higher in fresh Hongsan, than fresh Namdo garlic, and increased to -6-fold after aging. The moisture,
pH, acidity, reducing sugar, total sugar, pyruvate, and thiosulfinate contents of aged black garlic did not significantly
differ between the two garlic varieties, but the total phenolic compounds and total flavonoids were higher in aged
Namdo garlic, whereas hardness, SAC, and y-GSAC contents were higher in aged Hongsan garlic. The contents
of fresh garlic are assumed to be responsible for these difference between the two varieties of aged black garlic.

Key words : black garlic, hongsan, namdo garlic, S-allyl cysteine, y-glutamyl S-allyl cysteine
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Fig. 1. Changes in L (A), a (B) and b (C) color values according to the aging period of black garlic from ‘Hongsan’ and ‘Namdo’ varieties.

All data are showed as mean+SD (n=10). Different lower case letters indicate the significant differences between aging dates by Duncan’s multiple
range test p<0.05. Marks indicate the significant differences between the same aging days by Student’s t-test p<0.05 and " p<0.01.
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Fig. 2. Changes in hardness according to the aging period of black
garlic from ‘Hongsan’ and ‘Namdo’ varieties.

All data are showed as meantSD (n=10). Different lower case letters
indicate the significant differences between aging dates by Duncan’s

multiple range test p<0.05. "Marks indicate the _significant differences
between same aging days by Student’s t-test “p<0.05 and “~p<0.01.
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Table 1. Changes in moisture, pH and acidity according to the aging period of black garlic from ‘Hongsan’ and ‘Namdo’ varieties

Species of garlic Agh(lga}?sri()d (l\g/[/(ilg(t)u fge) pH (é}%gg)
0 58.14+0.20"2 6.74+0.038" 0.06+0.00°
51.03+0.46° 6.5020.08" 0.07+0.00°
4 43 .40+0.55¢ 5.82+0.04°" 0.11=0.00°
‘Hongsan’ 6 45.11+0.57 5.48+0.06" 0.12+0.01™
8 44.86+0.36" 5.39+0.02°" 0.1340.01°
10 37.08+0.65° 5.12+0.01°" 0.15+0.01¢
12 34.35+0.25° 4.65+0.02*" 0.24+0.01°
0 59.68+0.05¢ 6.260.028 0.10+0.00°
2 53.27+0.05 6.22+0.00" 0.10+0.00°
4 54.86+0.22" 5.46+0.02° 0.15+0.00°
‘Namdo’ 6 50.47+0.35"" 5.2020.01¢ 0.18+0.01°™
8 44.37+0.68° 4.75+0.01° 0.25+0.01"
10 43.39+0.20°" 4.5140.01° 0.31£0.01°"
12 39.84+0.68"" 4.2240.02° 0.34+0.01™

YAIl data are showed as meantSD (n=3).

2)Pifferent lower case letters indicate the significant differences between aging dates by Duncan's multiple range test p<0.05.
9"Marks indicate the significant differences between same aging days by Student’s t-test “p<0.05 and ~p<0.01.
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gfo|& 9l thRo] Eoflof] FFE HA= A= Hilko]
QItk(Liang 5, 2015).
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Fig. 3. Changes in reducing sugar and total sugar according to the
aging period of black garlic from ‘Hongsan’ and ‘Namdo’ varieties.

All data are showed as meantSD (n=3). Different lower case letters
indicate the significant differences between aging dates by Duncan's
multiple range test p<0.05. Marks indicate the significant differences
between same aging days by Student’s t-test p<0.05 and ~p<0.01.

2 ZAOlIA] 23.42-28.23 /100 g, HEHs0
A& 24.40-27.49 ¢/100 g2] HLIoA £A43717te] e} o
=01 =73t She Bt kst 4 gwd S0t
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SollA S FAQl Zpol7t gigich

Suks 4 § 3R o Halel wdsie] oo &
S AT 2 2AASIlA dofuh=t, AlaEo] v
7b EolEHA 2A]o] REHYIR| 1L, Snks9] Axto] At
Zo] WislksHA =w, dAe] F<2t pHY Ask= sucrose”}
glucosel} fructose® E3f|El= AS &30 24 Zuls &
d B olg FFY Tl IR EiEo]
(Liang &, 2015).

oM, Shlge] A £ket WHsto] sk 4 5 ¢
A T2 vhs W R BoliEo] BAEE I
Maillard ¥ &<t AH]E= QFof o8] P vh=t|, 70T
oJsto] 2Loflxf= SHAEe] BHE5=7} Maillard BHS- 5
AH| B SR EEbA T o] &40 FSHANE
80T olollM= &4 271= ST S480] v
s7Fote] 11 gFgo] S7FsHAIRE 120 & QIH Maillard BF
S SZ7b dERd] wet 4 $7)ols L gl 29]9
Atk g} Jth(Zhang 5, 2015).

nls Zo ABgZo g oF 75%9] thdirt $-8Eo] 9l
omn, o]59] FAEL fructan O F(Baumgartner 5, 2000),
fructose®} glucose”} 14:1 AHE9] HIER =] Qi
(Chen %, 2013). Fructan SWHE2 AXEE A 54
2 770 o 84.79%7} 7430, ook APEA fructose
A 500% o1 571k, glucose@} sucrose TFoll= &
2tol7} gtk Ba7h dtk(Yuan 5., 2018).

ool HirEi} Hlwsto] & wf 2 A+L9] Axjofx= 4
fHog 4 Rurt w2 27]0 9] BAEe] 57t
ST, o]F &4 =7t WoRAHA ZHERSO] AH|E=
She] SR thdRe] Eol= Qls) A== dol T
obd A BUGY FFe Z/IE AFS Hel Aow A
2}, £, thRe] Bt SRR Aoz 92
S 7184 9Ro] W T3t S/REoR ol Suo] Wk
wslole 27 9ee HlAR] ke Ao Ak,

S0z 4o o2 FE2hsE ¥ SE2UE 0= HEl

SHks &4 I F SusRRE 2 SES olEe
/g 717+9] e} tlEo] HAF S7Ishe A0l itk Table
2). SvEsRMEY] I S4h Hrnkse] ¥ist Aol
A& Zol7} Q. &, BAbolM= Auksat </d 29 A wt
7ol 7oAl o I ISl <4 1097 2 o
F9] 717t glof Auksel Hisf °F 9% S7Istt <4
1240 4.87 GAE mg/go|3lH}. Hierks2] 73, Aukso] H]
3 &4 6Yol= oF 16%7} Z7151] 4.24 GAE mg/go|]la,
<4 12%00= °F 1.8H17}F 571519] 6.53 GAE mg/go] 3l

FTEHE rolt g FHlEIRIEY AR Age R

Table 2. Changes in total phenolics and flavonoid contents
according to the aging period of black garlic from ‘Hongsan’ and
‘Namdo’ varieties

Total phenolic

Species of  Aging Flavonoid

garlic days ((C}(.XI}}:p(r)nug/(;) (QE mg/100 g)
0 3.66+0.01"% 1.62+0.48"
2 3.68+0.01° 2.73+0.27°
4 3.76+0.04° 7.1740.25
‘Hongsan’ 6 3.85+0.02° 8.29+1.72°
8 3.92+0.02¢ 8.29+0.83"
10 3.98+0.01° 10.98+0.73°
12 4.87+0.02° 14.00+0.82°
0 3.65+0.05° 3.05+0.48"
2 3.76+0.04° 7.17+0.73%
4 3.83+0.04° 9.87+0.27°"
‘Namdo’ 6 4.24+0.01%" 13.68+1.45%"
8 5.1740.01°™ 16.54+2.44%"
10 5.18+0.01°" 22.7342.42%
12 6.53+0.02™" 34.16+1.98°"

DAIl data are showed as meantSD (n=3).

IDifferent lower case letters indicate the significant differences between
aging dates by Duncan’s multiple range test p<0.05.

3"Marks indicate the significant differences between same aging days
by Student’s t-test p<0.05 and p<0.01.

7oA, SAR 54 4] Auksol Bg) oF 45417}
5713t 7.17 QE mg/100 go]AL, <4 8U7HA]= F2J2]<l
Z}o]7} Itk %4 1020]] 10.98 QE mg/100 g2 & &7}
9lom, &4 120 14.00 QE mg/100 go]Jt}. HEnks
o] FEeE ro|E A FAbo] HIs) FHORE T &Sk
o, Pukso] H|s &4 4%of| oF 3.3u F7I5t] 9.87 QE
mg/100 go]L, %73 10¥olE 22.73 QE mg/100 g, %73
1290l 34.16 QE mg/100 g0 2 HF &4 ¢=s Fol=
BAtol Hlef oF 2.44u T =T

712 nksdt Gyt vheE 247t Suhes S4% & 3
EIRMET SESE wolE RS ST ARoME 2 A
Tt fAblA dE Arkselils SHlEsRiEY] Tl &
OJHQl o7} giFloH, &4 Foli= 72| ksl 1
o] fojF oz o &, Tt olEE Yulso] 74
- 3712 vhgolA folF o JRgo] o w3loH, 4 &
oL olgt Aol FAFUTL EirEo] IrhKim F,
2019).

Siks &4 5 SUESREY e gntHoR 37t
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SHAIRE, 71 37 E2 Suse] &4 240 wEkA A= A
oJsto] 78COAl 1447t &3 wjEct 75CoA 2197t <
A W S71ol § woH, ks o] SuEE 5495131
= W= oF 3u), 7= 4% B9 oF o A= S71%t
ot H1Eo] It Angeles 5, 2016).

=9 FERlehEelu HiEsltE 9 St ot
< T BRES 5 ofd Al 24 5ol IS TAY,
Al 2AE = 0] B 7241 Y2 HIZITH= Martins
52016/°] H1T uo] ¥ 1) & Q7 AsjolN Sepue
o|=e] T Aol EES] SHol YL vlAE Aow 4
2t BolasiaEe) A9t B50] ne gk Ajolntt
+ AlEH 9] mof wE wlEtRiEY 78 Hret AT
of @ H=Y £ &= Ao] 5] B & IF= "A]
ol <4 ot At wet gk ZJolrt fieH AL

E0ks M0 o2 pyruvate ¥ thiosulfinate 3}

A Herks F508 717 Suss AlXoke 5%t
pyruvate®} thiosulfinate $=F9] HSl= Fig. 49} ZHo] ARSH
BECE A4S Pyruvate g 1hs2] F500 TE
FolZQl Ao] glo] AJuksol A ZAR 10.07 me/g, H=rt
E-2 9.83 mg/go[d Zlo] &4 7|71 tlEo] fojHoE 7
4310 44 1299 22} 3.66 mg/gT} 3.69 mg/gC & X}
o7} igiet.

Thiosulfinate= &4 A ZAH} HuksoA 212; 5.53
mg/g} 5.14 mg/gO 2 FAA [oJH 0= =2 Fefolql

--¢-- Hongsan-pyruvate
12 ¢ —&— Hongsan-thiosulfinate

-{3- Namdo-pyruvate
—O—Namdo-thiosulfinate

Content (mg/g)

0 2 4 [§ 8 10 12
Aging period (days)

Fig. 4. Changes in pyruvate and thiosulfinate contents according
to the aging period of black garlic from ‘Hongsan’ and ‘Namdo’
varieies.

All data are showed as mean+SD (n=3). Different lower case letters
indicate the significant differences between aging dates by Duncan's

multiple range test p<0.05. "Marks indicate the significant differences
between same aging days by Student’s t-test p<0.05 and p<0.01.

om, 24 2900] 27k 32.3%9} 22.6%H) Zaste] 1 2
Fo] 7Fg Ztt. olFo= 1.7-18.5% oA Hilzo=
WASke AYoIglon] 44§ Fol B 217 mg,
"= 2.29 mg/ge| 3t

Kang(2016)2 S0z &4 SHARE o] F thiosul-
finates?} pyruvate S-S E435F A3}, thiosulfinates= <34
27] % F AN gaokE ol Mailard W33
SAC Y S-allylmercapto-cystein(SAMC)o| L} tf2 B2 F ¥
Slol7] o R FHoFH o, pyruvate:= &4 7] A
713t 0| Tradhe ATFE Hof SuksolA ks WAl T
40f 7]ofRitar B it vl Ql=d], o & Aol Axe}
TARRE 733kl

olel= AREA AolAE vzt gyl v ZHtos &
TS =S o Auksel HIs) pyruvate 32 S71S)H
RO, AolAE WRsE A|X3 SHRsoA Fejdos ¢
2o| ¢ &=QItHe B 1(Kim 5, 2015)% Jrh Al# Suls
Z9] pyruvate@} thiosulfinate TTH A2 H|FFOoZ £
5}, uR=0] % thiosulfinate $FS 44 L5o] whE 2 2}
ol Ho|= o= HiEo] QItKCha 5, 2012). SHks 5
9] pyruvate®} thiosulfinate Tgof] Tt & A-Axt & 7]&
ATATE 7+o] zjojQ} TEdH] Lee 5201002 <54 2
o} 7|7k, I=AL Ao wE E o WslkE Qlsf A
Q1 1P o] Ao, 120 ofgt Fo] EsjikE 5ol F
FE vE AoR Yo

E0ks 40 o2 SAC ¥ r-GSAC H3}

A} Hienkso] Sk 54 F SAC 9 y-GSAC 9o
<= AR A¥k= Table 33t Atk §4k9] SAC R A
=Y 1] 49.57 mg/100 gold Zlo] <4 20| °F 3.8H[7} 5
7¥5to] 188.54 mg/100 go|Qith 44 4YUol= 236.62
mg/100 g0 = F7RtE & &4 67 = F-2J4Q W} ¢l
o] FAIE U7} 1L o] HE= A FAt Aaste] 4 12
Yol 142.18 mg/100 go| Yt YEnks9] SAC R A
IRsoA] 51.17 mg/100 g & AL -F-212]Q1 2fo]7} giR
=4, 54 2901= 157.94 mg/100 gO &2 °F 3uj7} Z715}0]
FIAPAL, 11 oS HE = £/47IL HEe] Aaste] &
/g 10%09]] 77.75 mg/100 go= Z31A| TjH] ZhE&2 oF
49%°] BT, 4 49FEl= 49 SAC ool o
Tokso] Bl foAog F3=tl, 4 129 Hrks
9] SAC FHFL 60.79 mg/100 gO & FALO] 42.8%0] x5t
Rt

2 A9 A, Auks diH 2F <4 gRE SHkse
A SAC e SARE oF 2,94, Hienks2 oF 1.24] H &
Ut ol= s 54 A9 SAC g HEste] Anks
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Table 3. Changes in SAC and y-GSAC contents according to the
aging period of black garlic from ‘Hongsan’ and ‘Namdo’ varieties

(mg/100 g)
szgﬁisc of /fgynsg SAC 7-GSAC
0 49.57+7.612 230.86+71.19%
2 188.54427.25° 274.64428.67%
4 236.62+35.324" 184.84+14.79""
‘Hongsan’ 6 236.76+24.25%" 151.98+11.20™"
8 204.93+29.10°" 130.29+8.09%"
10 190.94+15.49°" 129.7148.53%"
12 142.18+13.94°" 947241242
0 51.17+6.23 106.92+5.60%
2 157.94+13.89 145.78+7.34°
4 116.00+19.01° 60.21+15.84°
Namdo™ ¢ 103.94+18.22% 55.21410.23°
8 80.35+14.76™ 40.76+1.87°
10 77.7549.75" 35.29+1.38°
12 60.79+6.06° 15.81+1.61°

YAIl data are showed as meantSD (n=3).
IDifferent lower case letters indicate the significant differences between
aging dates by Duncan's multiple range test p<0.05.
Marks indicate the significant differences between same aging days
by Student’s t-test p<0.05 and p<0.01.

o] AZgog oF 5687 260 H1(Bae S,
2014)°F <4 &= & oF 67} S715k3Ithe Eal(Hanum
5, 1995), Az 25 tib] Suks AFHoAE oF 3.3
H|7} Z715H3tk= B a(Kim 5, 2017) @ AYuls tj¥] So}
EollAl oF 227} Stk Ea(Kim &, 2012) 53
vl &  S7koks A2 DAt oy 1 Azt At
of7} ATt ol=gt Apol= 7 Attt Suhso] &4 24
o] A& Aolsla, Y& uHs £9] SAC 3F 9 By
5ol Aololr] HiEo® A==t Kim 5(2012)> Fnt
E= 4C9 A4 1714 AFstls o SAC T oF
8 A= S7Fols2 Hargh vl Qi

V-GSAC ke Ak} FEnhso] fARE W3] Bk
Hol Aupzof Hisf foj2 o= Friste] 4 29 Aol 1L
A0, 1 o] FHRE = T A4S &/ A vk
Al y-GSAC 3RS ZAH} HiulsolA] 22} 230.86 mg/100
g7 106.92 mg/100 gO= FAtofA oF 228 H &2 o]
Qal, &4o] dEE 12¢ o=z} 94.72 mg/100 gt
15.81 mg/100 g0 & HEEL2 717} 41%%} 14.8%% Tt

Suz9] &4 B2t y-GSACE y-GTPO] 5] Eafj=]o]
SACE He=|=d], vz 2 22 y-GTPof| 93t 7l
& =250 y-GSACEHE] SACS] S T7HAIZIA]4L,
204 vRsg 7FEsH A 89 &4o] UojuA
y-GTPO] Z/J & RolA|A| HE= y-GSACEHRE SACS] A
’d Hhg2 o2 A A|A] gk of2] QRlEo] Tofght=
Bae 5(2014)2] ® 117} Qlch

[e] OF
= =

YAt 5 vEESoE JEE T
AP3 doftol A = AEiEL s HEUREE sYtt
Z700A Sukes s/d5tHA FE54E vl EA5I3I
ST} dEoiso] SHESRIES 44 97 7 Aok
ol 212 1389} 179 Z/1E9AT, BEeta oS He
Z¥Z¥ 8.6819} 11.2817} S715199 k. Pyruvate@} thiosulfinate
A S4h Hevhs B 4] 7|7t we dasks A
Fololtt. SAC TR FAR 44 6o 236.76 mg/100 g
0= M w7t o]F AASHIN HrkeS 4 2¢0
157.94 mg/100 g2 71 =T} o] % Zhaste] 24 129
o= 60.79 mg/100 gch. AYul=2] SAC RS Uhnls
o] oF 3% T =SoU %R o= SAIA HrkE
Hr} oF 238 o #3Uth ABrkE9] v-GSAC g2 Skl
A ErrksRo oF 2.28) B E9kom, E5 TAgle] &
d 29 Aol HIAF ERl o] FRE= 47|71 HEC]
Aasiginh vhel 52 £4%E S99 &, pH, 4%,
P 59, pyruvate, thiosulfinate FFoll= 2 IFS
H|Z]A] ekton, SHlEsltE SETE ot 2
TrRsoflA B EUAL, A=, SACS} y-GSACY] otk B4t
0= A|F3F SHhsolA § &30 Al
s 5 ol w9 oFdol ¥ W AoE AZE
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