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Quality Characteristics of the Northern and Southern
Ecotype Black Garlic

Jeong-O Jong

Department of Food Industrial Engineering,
Graduate School of Industry,
Pukyoung National University

Abstract

This study was conducted to established a physicochemical
compounds between the 'Nothern and Southern ecotype black
galic. As a results of general compositions, the value of
Southern ecotype balck galic. was higher than one of Nothern
ecotype black galic in crude protein , total sugar.and moisture
contents. The Hunter L, a, b values of Southern ecotype black
galic was 24.78, 2.90, 3.29 and one of Nothern ecotype black
galic was 24.68, 2.89, 3.29. 6 kinds of free sugar was detected
and contents of arabinose and galactose was high. 10 kinds of
mineral was detected and contents of potassium was consisted

as 70% of total mineral. Contents of mineral in two ecotype



black galic was below 7 mg/100g.

Total phenolic and flavonoid contents of Southern ecotype
black galic was 1.51 mg/100g, 0.77mg/100g and two contents of
Nothern ecotype black galic was 1.87 mg/100g, 0.78mg/100g,
respectively. Glutamic acid and arginine were the major
composition amio acids in all regardless of processing
conditions. 20 kinds of free amino acids were detected in
Nothern and Southern ecotype black garlics, while five more
free amino acids, O-phosphoethanolamine and wurea were
additionally detected in twoecotype black- galics. The major
volatile compounds of = black garlic were sulfur ~compounds
such as diallyl disulfide, methyl-2-propenyl  trisulfide,
di-2-propenyl. After fermentation, the major volatile compounds
were allyl mercaptan, methyl pyrazine, 2,2-dimethyl-1-3-dithiane,
2-propenyl propyl disulfide, allyl methyl sulfide, allyl alcohol, and.

allyl sulfide.
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4. Hunter’s color value &4

Snlso FMEE =Asly] Y8 AMA(JCR01, Color techno
system Co., Japan)Z A}-&3le] Hunter's color value® =43}
t S, St AR89 E dd st 42 4 A% (1.0emx1.0cm
x1lem)E color meter® FA3t]  L#x(EXE), ax(Z M%), bx(F4

%) grow behiglth @ As 9 47 35 48 2439

A& 10gel ethanol 30mlE 7}ste] A sek $ ethanolZ FHF &
=7F 80%7F H=s A4skal ghFWlzs FARE 80T 84l A
2A1ZF 7hd the WY Sholnd A& e (8,000xg, 30min)dk St
8718 22 23] WEStY AAS § FTAESoHel AAEEd
the 320 Z=HFE ALESe] 25mLE WS B 04540 membrane
filter @ Sep-paK Cl8 cartridgeso] =d& E3}A7 AS
Bio-LC(DX-2500 system, Dionex, Sunnyvale, USA)Z =743}
t}. olw ZH L carbopac PA 104mmx250mm)<, AZ7]|= ED
40, pulsed amperometry detectorE AF&3F%3 2™ electode cell

Augs AFESEY. & vl = eluent generatorE AF-&3}le] arabinose,

_11_
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td

galactose, glucose= 3mM KOH/H, O& A}&35 o™

% 0.8mlL/min &2 §X 3%

F g BAL Balg Zgaao AR 2g8 FHshe xE g
AR ek AAbS ZE2E 10mLA &l 2 7FgE T hot plate’doll A
A o7 WM wj7hx] Bafsle] 100mLE g8, oJ¥ste] Inductively
Coupled Plasma(ICP, Optma 3300DV, Perkin-Elmer Co.,
Massachusetts, USA)Z #2433l th. o] w, RF generator=
27.12MHZRF power= 1300W, Plasma argon 15L/min, auxiliary

argon fiow rate 0.8L/min, sample up takei 1.5mL/min®. = 3}%

7. F s F 24

Z Y= e Folin-Ciocalte g o] &3] A3ty A=
10gell ethanol& 7}stol wt& st A7 v, F H3&5 100mL= TH
50 ARG S F A oEgEEoE SAHE FEEE AL
g3ttt F dHe FHF> FEFE 1 mLol Folin-Ciocalteu’] <F
(Sigma-Aldrich Co., St. Louis, USA)% 10% NaxCO3& < ImL*
2kE 2= 7heE vg Aol A 1AIZE A & 700nmel A SR EE
=A3slA ). Caffeic acid(Sigma-Aldrich Co., St. Louis, USA)E 0
~100t/mLe FEE AFdte] ARt LT PP om A5t

_12_



P AT AP o® FH AR FEEY T ds FHFS AE
sttt

8. F EF¥HxoE &F 4

& FoH ol=% Morenod Wil wet F%& 0.5mLel 10%
aluminum nitrate 0.1mL, 1M potassium acetate o.lmL % ethanol
43mLE Az 7hete] Egetal A2oA 40w3F FAT o
415nmol A FFEE =AU Quercetin(Sigma-Aldrich  Co.,
St. Louis, USA)S X F+EZZE 319 0~100xl/mL &= 1ol A

2ozl FEHFH o2 JHE FEEY T EPHNCE FEFS

Al oot

9. TAotux it D f kel FF B

A8 bgs AES] FHslo] 75% ethanol 2omlS Y # 43} st
o] 3,000rpm, 15%7k Hd4lie] st w5571 Aeols BT
i, 75% ethanol 25mle-thAl H7tske] A3t st A&
gt o] HAHES s o] FAlol H w7t 3H BE WHESIG O
 7hetis=3lo] 5-sulfosaicylic acids 21 &£33te] #A3 A
A Akl Al A} Lithium citrate buffer(pH2.2)2 d A= 3] A 3}

% 02um membrane filter® o #}3dle] ofm|=AF AFEHE A7

(Pharmacia Bioteck Biochrom 20, UK)® ®A3dct. A8 9

_13_



2mle] A5 E purge&trap concentrator(Tekmar 3000, Automatic
sampler 2016, Cincinnati, OH, US.A)¢] A5 3ol Y3 40C=Z F4]
3AA  helium gas(30ml/min)Z 20%7F purgedte] ©]Z Tenax
TA(Chrompack, Inc., Raritan, NJ., US.A)Z =X 4¥ columne| &%
SFETE ©] columne 225TCE 7FE3stal ©]& cryofocusing modue
(Tekmar, Cincinnati, OH, US.A)S AF&3ke]l  GC/MS(Shimadzu
QP-5000, Tokyo, Japan)oll s=3stel A3kt GC/MSe 4%
Aoz FuAE EMHE columne Supelcowax. 10 capillary
column(60m longx0.25mm i.d.x0.25 ¢ film thickness)2 A}-&3F
o WA= Hel = AHEE+= 225 em/sec, column pressure
469 kPaz AA3AY. Oven &%+ 3BCAA 573 X3
, 175C7HA] 2C/min 225 3t 1083 FA 8k MS

[

dr

MM Z7A 0% capillary direct interface &%+ 230C, ion source

T

T+ 230C, mass rangew -457350 am:u., electron multiplier

rfo

voltage™ 1500V 1¥]3l scan rate= lcm/sec® Z4 3
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Table 1. Proximate composition of black garlic.

(mg/100g)
Extraction method
AY B?
Moisture(%) 58.48+0.21 65.01+0.24
Crude protein(%) 0.98+0.06 0.93+£0.02
Crude lipid (%) 0.84+0.23 0.90+0.01
Ash(%) 0.43+0.03 0.4510.01
Carbohydrate(%) 6.53+0.02 9.12+0.02

A"’ Euisung Black 'garlic, B? Namhae Black garlic
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Table 2. Colorimetric characterisics of

black garlic

Color AY B?
L 24.68+0.12 24.78+0.14
a 2.90+0.33 2.89+0.53
b 3.29+0.84 3.29+0.72

A" Euisung Black garlic, B? ‘Namhae Black garlic
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Table 3. Contents of free sugars of black garlic

(mg/100g)
AY B

Arabinose 1.61+0.17 1.6410.33
Galactose 15.21+1.45 15.34+1.89
Glucose 158.34+1.79 161.74+3.83
Fructose 1884+1.62 1921+2.11
Sucrose 98.74+1.09 109.12+2.08
Maltose 6.94+0.09 7.11+0.06

A" Euisung Black garlic, B?‘Namhae Black garlic

_18_



A E Srks
7} 15.34+1.89mg/100g, 15.01+1.45mg H=
52 B=s A F sucrose, maltose2t
o™, glucose®} fructoses

1=t ©] < arabinose®} galactoset™
77} 1644033 mg/100g, 151+
=5 AT o= Arks

1
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oM =
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Table 4. Contents of minerals of black garlic

(mg/100g)
Minerals A B?
Al 23.57 25.37
Ca 16.21 15.01
Cu 1.79 1.95
Fe 420 4.25
K 671.33 73219
Mg 25.07 2717
Mn 0.70 0.61
Na 11.23 12.00
Zn 1.38 1.46
P 137.26 140.26
Total 892.74 960.27

A"’ Euisung Black garlic, B?‘Namhae Black garlic
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Table 5. Contents of total phenol and flavonoids of black garlic

(mg/100g)
Total phenol Flavonoids
A 1.51+0.23 0.77+0.11
B? 1.87+0.10 0.78+0.01

A" Euisung Black garlic, B?*Namhae Black garlic
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Table 6. Contents of composition amino acids of black garlic

(mg/100g)
Amino acids A B?

Aspartic acid 173.06+:17.06 180.36114.16
Threonine 137.82111.42 137.52+12.00
Serine 74.40+0.11 73.04+0.10
Glutamic acid 239.00+12.05 227.06+22.51
Proline 129.01+10.36 127.71£10.46
Glycine 64.15+5.12 68.25+6.17
Alanine 60.19+2.88 60.4613.68
Cystine 99.42+10.11 102.02+9.81
Valine 82.00+6.17 80.00+9.07
Methionine 62.98+6.04 61.91+7.04
Isoleucine 74.19+5.19 71.46+7.90
Leucine 87.02+7.41 87.26+10.49
Tyrosine 68.8216.06 69.0218.87
Phenylalanine 104.10+10.91 102.80+10.83
Histidine 48.47+6.20 52.31+6.58
Lysine 86.15+8.31 96.84+9.20
Ammonia 35.80+2.01 29.30+1.97
Arginie 241.68+20.19 242.47+19.16

Total 1868.17+147.60 1869.79+170.00

A"Euisung Black garlic, B? Namhae Black garlic
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Table 7. Contents of free amino acids of black garlic

(mg/100g)
Amono acids AY B?
O-Phospho-L-serine 11.7610.11 12.8610.07
Taurine 0.87+0.37 0.95+0.20
O-Phosphoethanolamine 0.91+0.23 0.89+0.36
Urea 29.11+0.26 29.13+0.21
L-Aspartic acid 0.50+0.01 0.57+0.03
L-Threonine 1.32+0.03 1.17+0.03
L-Serine 2.01+0.03 2.10+0.06
L-Asparagine 3.15+0.02 2.78+0.08
L-Glutamic acid 1.2910.35 1.37+0.30
L-Proline 10.85+0.20 11.63+0.13
Glycine 0.52+0.04 0.47+0.02
L-Alanine 9.11+0.08 9.39+0.06
L-Citrulline 1.09+0.55 1.19+0.45
L-a-Aminoiso-n-butyric acid 0.29+0.32 0.27+0.38
L-Valine 4.30+0.26 4.11+0.20
L-Methionine ND?) ND
L-Isoleucine 1.18+0.91 1.28+0.11
L-Leucine 2.39+0.21 2.30+0.25
L-Tyrosine 2.70+0.08 2.39+0.18
L-Phenylalanine 8.23+0.22 8.01+0.37
r-Amino-n-butyric acid 1.56+0.16 1.78+0.06
Ethanolamine ND? ND
Ammonium chliride 11.03+0.37 10.93+0.51
L-Lysine 3.24+0.01 3.4410.04
L-Histidine ND ND
L-Arginine 7.01+0.60 7.38+0.36
Total 114.42+5.42 116.39+4.46

A" Euisung Black garlic, B? Namhae Black garlic, ND?
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Table 8. Analytical result of volatile components of black

garlic samples
(min, %, peak area)
Retention C d 1 2
time ompounds A B
1.87 Acetaldehyde 58.69 59.96
1.97 Dimethyl sulfide 14.96 16.83
2.09 Propanal 83.61 82.22
218 2-Propanone 79.10 76.22
2,53 Allyl mercaptan ND? 0.17
2.58 Methyl formic acid 105.15 103.02
2.73 2-Methyl butanal 101.06 102.00
2.88 Ethanol 28.61 ND?
314 Allyl methyl sulfide 155.28 126.89
5.12 Dimethyl disulfide ND? ND?
5.72 3-Methyl butenal ND? 1217
6.2 2-Methyl-thiophene 166.81 163.07
6.57 Allyl alcohol 551.62 574.52
6.92 Allyl sulfide 1789.15 1793.82
10.82 Methyl-pyrazine 45.35 47.24
11.13 2-Oxopropanoic acid ND? ND?
1145 2,3-Dimethyl pyrazine ND? ND?
16.75 1-(2-Furanyl)-ethanone 20.80 2410
17.61 2,2-Dimethyl-1,3-dithiane 16.18 15.75
16.56 5-Methyl-2-furancarboxaldehyde 78.74 80.05
19.34 2-Propenyl propyl disulfide 3.87 3.50
19.79 2-Furanmethanol 94.62 94.85
2143 3.5-Diethyl-1,2 4-trithiolane 28.10 2742
29.87 Hexadecanoic acid ND? ND?

A" Euisung Black garlic, B” Namhae Black garlic, ND? : not detected.
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ol A=HAn. vt Alliums #E9 AdEds 7H diH
¢l 3}3EL dithiines, allyl sulfides % ajoene S°olH, ml=9 A
F AES IF3dE=Z allicin(2-propene-1-sulfinothioic  acid
S-2-propenyl ester: C;H,,S,), allyl disulfide(4,5-dithia-1,7-oc-tad
iene:vt=9] F8 7| RS allyl methyl sulfide ¢ H,S,), allyl
trisulfide( Gy H,ys5) 2 1 Hro] th2 33t E= dHA 3

5o 7| AE S acetaldehyde®} allyl methyl sulfide:= 73
Ao, methyl-2-propenyl  disulfide, diallyl disulfide,
2—ethylidene-1,3-ditiane,methyl-2-propenyltrisulfide,
di-2-propenyl trisulfide 2 2-vinyl-4H-1,3-dithiin%-¢}- 3 3}3+&
< HAE HA &EUYY. Suiso S Z]AE-S 2-propanone,allyl
mercaptan, methyl formie acid, 2-methyl butanal 2-methyl
thiophene, methyl pyrazine, 2,2-dimethyl-1,3-dithiane %
2-propenyl propyl disulfide. A&A4 A=A O™ allyl methyl
sulfide, allyl alcohol ® allyl sulfide 59| &x}zo] 2H& 3¢ & o]
A= AT
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A B A Sek] Y 6F0] HEHAST ©] F arabinoset
galactoser= WA SulE A8 SwulsoA ZH2t 1.64+0.33mg/100g,
1.51+0.17mg/100g 2} 15.34+1.89mg/100g, 15.01+1.45mg/100g == ATt
F71ES T 1050 AEHUL ZFY Tl e FrI=cl H

8 958 wol AATIE P oh0%E A AGYO, 9,

s, GERR 2R welda, o8 ¥1Ee Jue
Tmg/100g WIS R EhdEl WA Y ko] XY Enlk w

% de= e @AY SrbE 1518023mg/100g, HA1E/ Srts

1.87+0.10mg/100g= FHAHI L, ZetH o]l =9] sk (0.77+0.11
mg/100g, 0.78+0.01mg/100g= 24 ZFol7} §LSIE}.

TAolu Ak 2719l BF AR A glutamic acid, arginine]

ko]l thE ofwl=Abe] B} W53 =tk FEobH| A T

20%°] HEFNOH, L-argininee 9AE Zwls  7.38+0.36

mg/100g, A& ZwlE 7.01+0.60mg/100go. = A& A}, A,

taurine, L-aspartic acid, glycine, L-a—-aminoiso—n—butyric acid
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2 y-amino—n-butyric acidE ¥ &3+ ZF 559 o}v| Ak} urea
2 O-phosphoethanolamine®] © A% % 3t}

AR 2450l AZHUAY. v=9 71 E acetaldehydest
allyl] methyl sulfide HAZ%A2Y, methyl-2-propenyl
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1,3-dithiin's¢] & sd=2 A= HA FAUH St P
2 2-propanone,allyl mercaptan, methyl formic acid, 2-methyl
butanal 2-methyl thiophene, methyl pyrazine, 2,2-dimethyl-
1,3-dithiane 2 2-propenyl propyl disulfideso] A& A A0
1 allyl methyl sulfide; allyl alcohol 2 allyl sulfide 52 ##}o]
A2 3teh=ol HEH AT
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