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Abstract

Physicochemical characteristics of black garlic were analyzed. Colorimetry measurement showed that the
black garlic, compared with fresh and steamed garlics, was the highest in a value and the lowest in L and
b values. Crude lipid, crude protein, and total sugars were the highest in black garlic, which was followed
by steamed and fresh garlic. On the other hand, moisture content was the lowest in the black garlic and the
highest in the fresh garlic. The pH of garlics was ca. 6.8, 6.5, and 4.4 in fresh, steamed, and black garlic,
respectively, which indicated that garlics tended to be acidified with the thermal processing. Total pyruvate
and total thiosulfinates were the lowest in steamed garlic (77 ymol/g and 0.07 OD/g for each) and the highest
in black garlic (278 ymol/g and 0.77 OD/g). Arabinose and galactose were detected only in black garlic and
their contents were 1.6 and 13 mg/100 g, respectively. Free sugars such as glucose, sucrose and fructose were
the highest in the order of fresh, steamed, and black garlic. Potassium was a predominant mineral in all garlics,
constituting 76% of total minerals. Glutamic acid, arginine, and aspartic acid were the major composition amino
acids in all garlics, regardless of processing conditions. 15 kinds of free amino acids were detected in fresh
and steamed garlic, while five more free amino acids, O-phosphoethanolamine, and urea were additionally

detected in black garlic.
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Table 1. Colorimetric characteristics of garlic depending on
processing

L a b

Fresh garlic 7879+0.10%"  -323+0.03" 21.64+1.35°
Steamed garlic 70.66 = 0.20 -3.01+0.06 10.82+0.95"
Black garlic  22.52+0.17 2.86+069"  3.19+0.68"

UMeans with different superscripts in the same column are sig—
nificantly different at p<0.05.

Table 2. Proximate composition and pH of garlic depending
on processing

Fresh Steamed Black

garlic garlic garlic
Moisture (%) 66.64+1.31"" 65.63+£0.50° 58.20+0.39°
Ash (%) 092+062° 123007 1.81%+0.05
Crude lipid (%) 0.18+£0.01* 0.10£0.01* 058+0.11°
Crude protein (%)  0.70+£0.02° 0.72+0.07* 097+0.07°
Total sugar (%) 447+0.11* 568+0.11"  6.19+0.02°

pH 6.84+0.01° 654+0.02" 436+0.06"

UMeans with different superscripts in the same row are sig—
nificantly different at p<0.05.
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Total pyruvate 2! total thiosulfate2| &2k

AutE9 total pyruvate ¥ (Table 4)2 188.47+3.03
umol/gel e, Auls} Sntks-2 742F 77.03+£0.97 pmol/g
3} 277.85+2.57 pmol/g 2.2 Artsd} SrtEg 9 XA

Table 3. Contents of total phenol and flavonoids of garlic

depending on processing (mg/100 g)
Total phenol Flavonoids
Fresh garlic 0.59£0.08" 0.14£0.01°
Steamed garlic 0.60+0.09° 0.07+0.01°
Black garlic 1.56+0.14 0.77£0.03°

UMeans with different superscripts in the same column are
significantly different at p<0.05.

Table 4. Contents of total pyruvate and total thiosulfate of
garlic depending on processing

Total pyruvate Total thiosulfate

(umol/g) (O.D value/g)
Fresh garlic 188.47+3.03"" 0.14+0.01°
Steamed garlic 77.03+0.97* 0.07+0.01°
Black garlic 277.85+2.57° 0.77+0.03°

S AXEA 2 g 2ol Wi Y F, S5 FAHAS
AR v=L total pyruvate?] gFEo] Aulsof Hls] 238
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3tTh

vlE 9] pyruvate= alliin®] allinase®l] 2]3}4] allicin®}
28-729] pyruvate 2 YEY oLz EIE = A YA E
=ul(19), 72 x A3 vlsof vlste] 37°CollA] 7L3E
conditioning 3+ 7}& 9] pyruvic acid g#Fo] ¢ E.21(20),
Gt Ae zE g FA 7MY =2 FEe] pyruvie
acid7}t Zé‘%kﬂ ATHE Bazk JdoH(13). B Ade] Fd3 Sl
Eo A pyruvate?] o] =& AL A ZHAAH F alliin®]
3=V E o2 FAE S olet BHsAME F U B
2 AF7} o]FojHof & Ao F HHHT

Total thiosulfate®] %= pyruvate®] 3} FAF3E 74
e B HulsolA 1 FEFo] Mg Heten tdeo =
Avts, Sutks otk Avtsd Hlgte Arks9] thio-
sulfate FHFL ¢F 0% E TAsF oy Sut=L 0.77+0.03
O.D/ge.= oF 58 Z7}Fst 4t

Thiosulfinates= Avts Wl alliinased] 93la] cys—
teine sulfoxide7} &3 5o Ad==d], 1 A
- Wl 10~6029 A7Pg SIRHEE A wlg- Ebg st
£, 2= ¥ F=o oEZ< “‘jo]q@l) U}—E—A % thi-

BYUH (22)01 E—l—ﬂ HF 0“3} =, 25°C O]"Loﬂ 1"5 =

Al st 200CoA A= 109§, 50°CAA = 1Y & A&
H A gkl skt ol & AddlA Avlsy F®relse]
thiosulfinate®] &g ¥wd o x|=+= HFolAUh 1
21 SrlEo) A= thiosulfinate®] §aFo] Arlse Hlshe]
23518 o A AFEHASH, o8 22 @42 AA, Fi1
o ZHaol wet FoHo s uFPRe] ol FUFHAL,
=4, =9 A8 FHA & sFEo] dolUA=Z 3]
NZo] ARE Aoz FAHEEH o] FEd daixe aAF
Zutsd & S¥ES E4ste AdTFE GAF Aol

welee| et

s F fETS F 6% HEHA=H((Table 5), ©]
% arabinose$} galactosew= AvlE ArlsdAs HEE
A g Wl SulsoA= 242 1.62+0.30 mg/100 g3}

Table 5. Contents of free sugars of garlic depending on

processing (mg/100 g)

Fresh garlic Steamed garlic Black garlic
Arabinose - - 1.62+0.30
Galactose - - 13.11+1.73°
Glucose 9158+2.65"" 76.25+1.88° 181.74+8.83°
Fructose 63.89+342°  4894+0.31"  2043.73+4.99°
Sucrose 76.31+0.05*  87.30+3.06°  119.14+351°
Maltose 1.71+0.04° 3.90+0.03" 7.78+0.43°

UMeans with different superscripts in the same column are
significantly different at p<0.05.

UMeans with different superscripts in the same row are sig-
nificantly different at p<0.05.
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Z9] FAJolu] = Ak glutamic acid, arginine®] §F&o] tE
ofu|=4tbol] Hl3)] €53] =Tt ArtsES SvisE 7HEE)

= 34 S ammoniaE A& BE o= ite e FU)

Table 7. Contents of composition amino acids of garlic de-

pending on processing (mg/100 g)
Amino acids  Fresh garlic Steamed garlic Black garlic
Aspartic acid 13758+1.09 192.65+5.12 180.36 +14.16
Threonine 94.23+0.81 84.55+3.17 137.52+12.00
Serine 57.71+0.29 85.50+2.43 73.44+53.64
Glutamic acid 242.27+0.81  230.71+£5.47 269.06 +22.51
Proline 77721025 176.89+22.05 127.71+£10.46
Glycine 52.93+0.21 74.95+7.16 68.25+6.17
Alanine 53.62+0.41 118.00+6.79 60.46+3.68
Cystine 5358+0.11 NDV 102.02+£9.81
Valine 60.80£0.58 80.73+6.20 80.00+9.07
Methionine 37.81+0.14 33.30+8.58 71.91+7.04
Isoleucine 47.89+0.01 70.43+11.41 71.46+7.90
Leucine 71.25+0.76 101.7+13.97 97.26+10.49
Tyrosine 47.18+0.52 61.85+12.54 63.02+8.87
Phenylalanine ~ 87.50+0.04 173.71+11.67 101.80+10.83
Histidine 42.87+0.96 47.63+2.47 52.31+6.58
Lysine 90.02+0.92 91.42+2.26 96.84+9.20
Ammonia 31.16+0.41 35.02+0.13 27.30+£1.97
Arginine 24267+1.07 177.99+0.17 250.47+19.16
Total 1528.75+0.83 1837.00+121.23 1931.13+175.48

UND: not detected.
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Table 6. Contents of minerals of garlic depending on proc-—

Z¥z} Table 73 8 UYebH AT vhs

Table 8. Contents of free amino acids of garlic depending

essing (mg/100 g)

Minerals Fresh garlic Steamed garlic Black garlic
Al 0.54+0.01 1.00+£0.01 25.37+0.78
Ca 7.48+0.03 8.64+0.11 13.08 +£0.38
Cu 1.65+0.02 0.44+0.01 1.97+0.07
Fe 3.30+£0.18 2.87+0.02 4.44+0.16
K 434.85+4.17 465.25+17.04 738.15+11.24
Mg 15.70+0.08 17.89+0.20 27.17+0.83
Mn 0.52+0.01 0.56+0.01 0.68+0.01
Na 9.06+0.04 10.43+0.01 13.00+0.11
7n 1.50+0.01 1.19+0.02 1.55+0.05
P 93.30+0.33 100.34+0.02 143.73+5.47

Total 567.88+4.48 608.58+15.66 969.12+19.31

on processing (mg/100 g)
Ami . Fresh Steamed Black
mino acids ; . ;
garlic garlic garlic
O-Phospho-L-serine 1.03£0.15 0.49£0.07 1.86x£0.07
Taurine ND" ND 0.95+0.20
O-Phosphoethanolamine ND ND 0.89+0.36
Urea ND ND 29.51 £6.51
L-Aspartic acid ND ND 0.57+0.03
L-Threonine 0.58+0.05 0.80+0.03 1.07+0.03
L-Serine 0.55+0.06 0.67+0.01 2.10+0.06
L-Asparagine 421+0.08 6.72+0.02  2.67+0.08
L-Glutamic acid 559+021 867+0.27 1.37+0.30
L-Proline 242+0.10 3.24+0.08 11.63+0.13
Glycine ND ND 0.47+0.02
L-Alanine 502+0.16 6.45+0.13  9.89+0.06
L-Citrulline 0.35+0.07 0.46+0.04 1.19+045
L-a-Aminoiso—n- ND ND 0.27+0.38
butyric acid
L-Valine 1.41+£0.04 3.66+£0.16 491+0.20
L-Methionine 0.16+0.23 0.16+0.23 ND
L-Isoleucine 0.32+0.02 ND 1.28+0.11
L-Leucine ND ND 2.30+0.25
L-Tyrosine 059+0.01 077004 2.39+0.18
L-Phenylalanine 0.44+0.09 0.49+0.08 6.01£0.37
y ~Amino—n-butyric acid ND ND 1.78+0.06
Ethanolamine 0.184+0.01 ND ND
Ammonium chliride 814+0.13 4.69+0.27 10.93+0.51
L-Lysine 0.38+0.01 0.86+0.01 0.44+0.04
L-Histidine ND 0.26+0.37 ND
L-Arginine 13.84+0.04 18.32+0.30  7.38+£0.36
Total 45.17+0.60 56.69+0.47 101.80+=8.67

UND: not detected.
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