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Abstract: In this study, fresh garlic from Jinxiang was fermented to black garlic by -18 ‘C pretreatment combined with variable
temperature fermentation for the first time. The total color difference, water content, texture, reducing sugar content, total phenol content, free
amino acid content, volatile components and sensory indexes of black garlic were determined in order to compare the quality characteristics of
lab-prepared fermented black garlic (FBG).and three kinds of commercial black garlic made by traditional processing. T he results indicated that
the fermentation period by the new processing method with frozen pretreatment decreased, which was shortened from 60~90 days to 15 days
and FBG made by the new processing method was similar or better than the commercial black garlic by traditional processing in terms of
sensory indexes, nutrition and functional components. The reducing sugar content, total phenol content, free amino acid content of FBG
reached to (48.50+0.44)<10? g/g, 10.44 +0.53 mg/g, (54.9020.61) <10 mg/g, respectively, by the new method. At the same time, the contents
of 17 kinds of amino acid and volaile components are equal or higher than those of the commercial black garlic. Therefore, the new
processingtechnology for FBG shortened the fermentation period, and ensured the quality of black garlic produds. These results provided
references for black garlic processingindustry in China.
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Fig.1 Comparison of AE of different black garlics
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Fig.2 Comparison of water content (a), hardness (b), flexible (c)

and chewiness (d) of different black garlics
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Table 3 Comparison of main volatile compounds of different black garlics

By
R o

e Rt o4 AR a4 A3t a2 a 2%
. i 2N T o 7 Z 7
18] /min TE KEEHR Hwl M2 53
1 3.13 BB = P ke C4H1002S 94.13 5.81% 2.87° 5.03° 5.17°
2 4.49 Mo P K = mE C4HsS3 152.30 1.792 1.772 1.57° 1.33¢
3 5.64 TR AR A CsH10S2 146.27 4.77° 5,49% 4.31° 3.99°
4 6.13 ZUHE R CaH10S: 122.25 7.09° 8.33% 6.36° 6:11°
5 6.89 3-TUH#-3, 4-—4-1, 2-—E)% CeHsS2 144.26 4.07° 4,932 4.02° 1.03¢
6 9.31 Koy CeH12S 116.22 17.23° 17.17° 17.13° 16.47°
7 9.85 — Wk = mE C2H6Ss 126.26 6.39° 6.52% 513° 4.22¢
8 10.18 1, 3-=% k% CsH10S2 134.26 12.79° 11.29° 11.44° 9.37¢
9 10.31 Tt A9 B C3HeO 58.08 1.63° 1.832 1.63 1.47°
10 12.21 Z K R Ak v CsH10S4 210.40 9.73% 8.39° 9.172 4.62°
11 14.93 - A3, 4-ZF-1, 2- =K CsHsS2 144.26 12.47° 12.49° 12.472 10.33°
12 15.42 N, N-= % 2 50k CsHgN2S 104.17 8.81% 8.37° 7.49° 2.33¢
v L — T —— T E——
28 FFEZEE FXE B Wtk FEoh 3 B EZR, WEMR TFEMN 2, X522 ixfFfe

HIZR 4 AT, ikl AR T B =M s, 126
BT, W B S 2 1 3 o E A e, (AR
PTFEd 1 ETIREETTH, 00 ws Shed 1 AR
dn 3 T JC AR Z2 57 s 76 ot 777 T8I 12008 PR [RAE ot 20

AR . SRk MR E LS R B A T
RIS Bar SR LA 2 MG 2, WS T
FEh 3s AR RO TS Bas SFAh 3 TR ESR,
AR TR 1 AR 20 SRETEEL 0 AR
B b R0 TR

* 4 PRIEFERRE MR
Table 4'Comparison of sensory quality of different black garlics

I\

=83

93
S
SN

# o RS T Vg A%k %
K B3R 17.041.70°  10.822.31°  16.244.33%  13.830.09°  13.622.11°  72.4+1.41°
&l 12.40.87° 124091  12.44051° 1462214  9.640.71° 6142.13°
B 2 16.242.30°  14.840.66°  16.220.17°  11.8#1.22"  1020.43" 69+1.02°
K53 17#1.10°  10.8#2.67°  17#0.11*  10.6#0.09° 13.4#1.17°  68.8+1.32"

M RERL Y o

3 i

AARIGES, -18 "C R TAL FRES S 7F iR K ¥ 15 d
1145 R ) A BEAR T i AR It it IRV
VR AL AT DLRE UF AR K ZHEA 4R PNt 4544, 3890
RErdf O e, (EH AR, TR THE. R4
JERADFE S DX AT, A TR i, S B0
AR IR, I AR EEE T & K BB R, Itk
FHR 2 5 AR EEE A e NERE, 4Rk NI A . BT
AR TR BN 1 AEAR R S BRI TSR R )
TEKESN, MIGHT B BERNIEK, i
FA IO, i H A RIS AR IS TR )

AR, A PHEMES S K ER R B
i 3 B K E = TR s, FEUE A 3 TS
o B m A w22 — 26, 556 M RR A AR HH UK T
K=, REHEEBERAS S RE XK. B
m AR AR AR S BT B AU
oy FREE SCRERRAT SR I A, RS B AU
Gy, KGRTER I Firh IS AL A9, W
R (S-JTh - L I B WAKD - i (S-J
PRS- PR ) . ik R FR - 2- T Jed —
Tk, S BRI, A A o A S Ak
GW, tvEYy . 3-2 %3, 4- AL, 2- T ERE L 1, 3-

235



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.7

TMEGE. XTI AERIRE T, SR RS
BAL SYITTRERE T ANRRE BRI, S e htit A
PNk B AR R T DUR IR SR R G KK P
I 7RISR, AR S ET R, 8 R AR
ARG 2 TARKREE GE . X5 5K U T 4h
K2 [, EAYRA XL R RE A R L
T S 555 B0 R i, s 2R PO J T A
K, IR AR, HUEE, T AN ¥ Lo
PR,

T AN SR AR TR ANERALE AR EE T B
A W LZ IS B R R BRI R
i e et 1 o RN i N B S T v
H e TEAMLSEIL T Al e ) e, i ELORALE 17 %
T3 ) it o

4 25

ASCHEYCRA T-18 CAREA Ak #i45 4 15 d
A R L EHI15 B . B 5=ME ST 2K
SRR IR RE IR AT X ELER B, RIS SRR R R
FEME S B FRRDDRERHE S5IA BEk f T i SR v
P, HORFERTTE 15 d SRR T A58 5 2 OR TSR]
FHUEAT L, -18 CARIEARTIALEE 45 & 15 d AR iR & %
LA SEIL T B A e o, i HLARIE T
SRR R A, BT

EE B3

[1] 2R B T T 2RI DIl 28 2l AR AR,
2011:6-8
AN Dong. Studies on the processing technology of black

garlic [D]. Shandong Taian: Shandong Agriculture University,

2011:6-8

[2]  WUIHAH, R X 0% A R e T VERTE 5 0] B AT
75Tk ,2008,29(10):56-61
ZHU Bing-giao, WU Hai-ge, LIU Yuan-yuan, et al. The
antioxidation of black ~garlic [J]. Food research and
development, 2008, 29(10): 56-61

[3] Sato E, Kohno M, Hamano H, et al. Increased antioxidative
potency of garlic by spontaneous short-term fermentation [J].
Plant Foods HumNLutr, 2006, 61(4): 157-160

[4] Lee YM, GweonO C, Seo Y J, et al. Antioxidant effect of
garlic and aged black garlic in animal model of type 2
diabetes mellitus [J]. Nutrition research and practice, 2009,
3(2): 156-161

[5] Nagatoshi Ide, Benjaimin H S Lau, Kenjiro Ryu, e al.
Antioxidant effects of fructosy| arginine, a Maillard reaction

236

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

product in aged garlic extract [J]. Joumal of Functional Foods,
2013, 5(1): 80-86
Purev U, Chung M J, Oh D H. Individual differences on
immunostimulatory activity of raw and black garlic extract in
human primary immune cells [J]. Immunopharmacology and
immunotoxicology, 2012, 34(4): 651-660
JungYM, Lee SH, Lee D S, et al. Fermented garlic protects
diabetic, obesemice when fed a high-fatdiet by antioxidant
effects [J]. Nutrition Research, 2011, 31(5):387-39%6
DO TR R S RS PR A A T[] A
TFE2£3R,2013,29(18):292-297
LUO Cang-xue, SU Dong-xia, CHEN Shu-yu..Optimization
of liquid-fermentation technology for black garlic [J].
Transactions of the. Chinese < Society. of / Agricultural
Engineering, 2013, 29(18):292-297
S RS, TR, 5 I DK FEUR B )G =2 18 TR A R
R I [J]. 7 (Bl e 4%, 2013, 13(8):140- 146
GAO Xue, YANG Shao-lan, WANG Ran, et al. Effect of near
freezing point on preservation of fresh-cut broccoli [J].
Joumal of Chinese Institute of Food Science and Technology,
2013,13(8):140-146
SR TR KBS AN RHR I L2 N I AR Y GC-
M S 7T [J] AR FRH,2010,26(5):544-550
CAI Jun, TAN Qun, YAN Jia-ying, et al. GC-M S analysis of
propolis ethanol extract with different methods [J]. Modern
Food Science and Technology, 2010, 26(5): 544-550
T R, 2 B Mg SR R A AR SRR S M] AL
HCH E R T H i 2007
CAO Jian-kang, JIANG Wei-bo, ZHAO Yu-mei. Experiment
guidance of postharvest physiology and biochemistry of fruits
and vegetable [M]. Beijing: China Light Industry Press, 2007
Peschel W, Sanchez-Rabaneda F, Diekmann W, et al. An
industrial approach in the search of natural antioxidants from
vegetable and fruit wastes [J]. Food Chemistry, 2006, 97(1):
137-150
BTG, 75 2RI 5 2R B 55 R I 28 2 - BB F 204 12
LA R W 3] Tl R4 ,2010,38(1.3):6964-6966
HU Li-hua, SU Dong-hai, SU Dong-min, et al. Analysis of
the volaile in mantou with the simultaneous distillation-
extraction and gas chromatography-mas spectrometry [J].
Journal of Agricultural Science, 2010, 28(13): 6964-6966
K SC BRI TR AR B 5 R I R R R M I
GC-MS 73 P1.H EliA Rk 5,2012,7(37):74-76

ZHANG Zhongyi, YANG Xiao-juan, ZHANG
Junsong, et al. Identification of volaile compounds in



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.7

[15]

[16]

[17]

fermented black garlic by GC-MS [J]. China Condiment,
2012,7(37): 74-76
FIR A A G AP O )3 SR IR AR AT 5 [0].
& H R, 2009,25(9):1024-1028
LU Ying, ZHENG Jian-xian. Antibrowning effects of a
compound reagent on fresh-cut apples [J]. Modern Food
Science and Technology, 2009, 25(9): 1024-1028
Pu F, Ren X L, Zhang X P. Phenolic compounds and
antioxidant activity in fruits of six Diospyros kaki genotypes
[J]. European Food Research and Technology, 2013, 237(6):
923-932
FA, T B g £ R R i M R Ho b b e
FIRHIEFE[9]. B A b AHE; 2013,29(11):2633-2637
WANG Meng, WANG Mian, LI Huan-yu. Malus
micromalus makino polyphenols and its antioxidant [J].
Modern Food Science and Technology, 2013, 29(11):
2633-2637

(18]

(19]

[20]

[21]

ROtV A M I M Waa SR i AR T
I IR e B — A Rl i 1 AR [J) A AR PR 5 05
A=W 544].2005,31(6):663-667

YE Lan-chun, SUN Jian-she, DI Bao. Changes in
amino acid and fatty acid contents as well & acitivity of some
related enzymes in apple fruit during aroma production [J].
Joumal of Plant Physiology and Molecular Biology, 2005,
31(6): 663-667
Ho SE, Ide N, Lau B H S. Sallyl.cysteine reduces oxidant
load in cells involved in the atherogenic process [J].
Phytomedicine, 2001, 8(1):39-46
Sharma O P, Bhat T K. DPPH antioxidant assay. revisited [J].
Food Chemistry,2009, 113(4): 1202-1205
Ying W, WenLi W, Bin W, et al. Component analysis of
volatile oil of garlic from different districts and assay of
allicin content [J]. Chinese Food Science, 2012, 1(1): 40-42,
50

237



