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SRR M, KA, skad?, skEEe
(1 THXFRBFR, TR 214122,

2. BAFRFRALFER, #1524 7T 832003;
3 AFRIARFALRAESREARAGALRGE S LI+, b7 100048)

WE: T, U 7 RN T T Z LR m ARk MABEZIRert . Hawtst 7]
ARG L UL IR B R 12 B Amadori (LAY S-IRNIELIEEIR (SAC) Js &
REERIEN, JPAs AHIReity 3 & Basde LA TIRER Yy . 5 A (5-HMF) |

IR . PG PE S8 VPN 7 T AT XS LL o BT o 85 BRI B it T ES50h: W)
AIK A EE 0. 87 N T B 80 C N TINTA] 14 K% T 244 R, A Eisd 12 #f Amadori
&y sl 5510. 55 Hg/g, P Fru-Arg drbbik, 1A% 76%, SAC b 2946.52 ng/g,
IR N 1879.94 Ng/g; AMUNREN T BT 3 P 25, H 5-HMF RN MGEBEE & &
PULT 3 Rt . BB BEEA FRAP. DPPH Hiia Abim ME fe o, B S st T 10 R AL 95
Mo . WL 3 AN T ESE, em T R Ihney &2, Wb T R85 A5y
AR JF R T RN ]

KRR MEER, WhRESY: T TS praAbiETE REVEN

fESHES: TS 2011

Process Optimization and Functional Composition Changes
of High Physiologically Active Black Garlic

Shi Rundongdong®, Yang Cheng', Yu Jiahao', Zhang Jian?, Zhang Lianfu
(1. School of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu, China;
2. The Food College of Shihezi University, Shihezi 832003, Xinjiang, China;

3. Beijing Advanced Innovation Center for Food Nutrition and Human Health, Beijing
Technology and Business University, Beijing 100048, China)
Abstract:Research and optimize black garlic processing technology to improve production efficiency
and accumulate more functional ingredients. The effects of initial water activity, temperature, and time
on the contents of 12 Amadori compounds, S-allyl cysteine (SAC), and alliin in black garlic were
studied. The homemade black garlic was compared with 3 kinds of commercially available black garlic
in terms of the above-mentioned functional components, 5-hydroxymethyl furfural (5-HMF),
acrylamide, antioxidant activity and sensory quality. The results showed that the optimal process
parameters of black garlic were: initial water activity 0.87, processing temperature 80 °C, and
processing time 14 d. Under these conditions, the total content of 12 Amadori compounds in
homemade black garlic was 5510.55 pg/g, of which Fru-Arg accounted for the largest proportion,
reaching 76%, SAC was 2946.52 |g/g, alliin was 1879.94 Lg/g; The total amount of functional
ingredients in homemade black garlic is not only higher than three commercially available black garlic,
but also the content of 5-HMF and acrylamide is lower than three commercially available
products.FRAP ability and DPPH free radical scavenging ability o f homemade black garlic were the
strongest. The sensory quality is better than black garlic from Shandong and Jiangsu. By adjusting
three process parameters, the content of functional ingredients in black garlic was increased, the
generation of harmful substances in Maillard was reduced, and the processing time of black garlic was

significantly shortened.
Keywords: black garlic; functional components; processing technology; antioxidant activity; sensory
evaluation
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0 5§

SRR R R BT e R A T 1-3 A I SR S NI R AR KR e R
RRFNYORG , OB, 0 T rh B3 B ) 6 Rl S N = A HLERA ). 2. B
A5 2 Tl RS 1 ) 402 A B 2 1) 2k B 5 ot i T 2 eh Amadoori A6 A 1k 26 i
SRR, AN S B S i g S N (R R R, SR AT 2 B E e, Ll Ryu 2P
W R W] w8 1- M4 1- LS ZR-D- 08 (Fru-Arg) BERSHUAL . Fti ™ i Y 1- M4
-1-L-ZE%-D- B (Fru-His) nl LA I A S50k 28 el v v PRIt Amadori (L&
AN R R K RAE A 7. Yuan Heng PTE5T % W1 a5 3 Fh Amadori fb &A1 3 Fi
Heyns {4 &4 e LLEF 772 51 40-100 5o AH N G <=4 5-HMF. NG LI S50 H 4
5 T BRI Ry s R AR BT V2 TG R T A T B R I s A SRR Ak 25,
TR RFRRA TSy, AT BRI R IR 5 2 Fh o). S-SR E R (SAC)
A R R 5-6 1%, HAREIREEE . BURR . MR SRR, R R LR
P rp 3 B Ry 22—

BT ToARHEI BT PP AR, i SRR U RIS AN, HINLR e A A
FES TN b, BTS2 S SRas rpad Jrop . MR Iy 28, e dain T
W) b, SHERETA G T A Ay w0 . S SN A A S
OGN OG22 BE KOG e I ()45 22 B0 DRI 3R 58 Mo v sk (40 o Tl 88 T ekl
5-HMF ()77 J A2, B 4% DR 2ok S5 v f Amadori AL &40 SE AN i . 9340 FLRIR
W7 G305 S o) FB 5 T R R 7 5% i P 4R 1

ASCHEE RIS iE B T IR 2R s 12 Bl Amadori L54). SAC. R4
FRIMIREM, B8 T PRI L PR OGBS A, AU I 18] P [ B, o DK B 2 £ B A 2
Y, D SR S A F T A, I TR PR EREAT PR TIRE A B-HMF. AL |
PUAALRE ) BB EFRAR MR LG o A BRERIIN L 2 PPN S 4 T 2 S B0 BRIt

1 MEETE

1.1 MRS

Kwas M8 3T ERGA A LRSS LIRS, L4 120
Ko R (LiE 98%): W H g5z WEEWFRHH IR AW SAC (4E 98%). 5-F2 FJk
TR (SUEE 99%). POMSBENE (ZHEE 98%): W1 GBI TR LRI AR A IR A 7 AR
FER: Iy 1 E 2 A ARG R AR (B4l . Amadori (L&) JETSE = O
BT LA [ I LSS 2T A . = TEPUZT T S AR R AT, 20K T 98% ).
T (03 43 5 (0 TR AN 05 9 HPLC 2. A v B 4l Kk 1 % o
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12 FEMBRSHEA

LHS-50CL ZUfEiEiGAR: i tEARM R A A s mOBOM (A CEEAMI 3% |
SR SO (0 3% R R DY T RS I F A 35T Waters A+, RidtvA VR B LHL: R L R
BT A T s IR SRR AR LR B T BB PR A 7] s CH-8853 7K AN AL
Bttt Novasina 247l ; HTRT: _FHEHFREBI-HERI 2 R T AT SIZ (ID FEFR K% H
AR B YRR R B A T KQ-100E T8 75 e Tk 2% . I Ly IR 7 (30 2 B
s RBOKAL: 6B ERA .

1.3 REHE

1.3.1 AR IERE

W RR L R, IEHUCHUT BN —BU 5 I A A AT e 204 b, 76 90 CRIHT
PO, A EURIIAA K 035 FE 43 590k 0.87. 0.71. 0.54. 0.41. 0.28, E AN h&EE,
DAL & JEORK 0 iG BE o JEHRE SO TR TR A 80 “CRNY. 4 Ko 43 I Rk 1 3
BN S mr e 12 Bl Amadori fh & 4. SAC. mARKI i, LATE (DW) i, #fieifE
WILEIK 35

1.3.2 WMIEE

90 °C ¥t 5B UL 20T U6 K 7075 B 0.87, I L% 80%, ¥ JE 43k 40, 50, 60 70.
80 C, W 4 K. Mz LRINRER &8, LLTFE (DW) i, Wit T,

1.3.3 I ILEfA

L RIIAE /K 4335 B 0.87, TJE 80%, iHEE 80 C&LE T, HUFERIIRI 254 8. 10, 12,
14, 16 K, e LRGeS &, PATE (DW) F, e s in T,

1.3.4 FESAH&

SRR R4 2 % Bae 25 AT EM DEVEE S8 0. HERIFREN 3 g FEML, JRE LS
BE7E 80 T F/AKH 15 min K. fn 60 mL ABAiKMREFT . IR-SWABAE (500 W) HEHL
20 min, #.L» (10000 rpm, 10 min) M b . BRIEVES: 3 IXIF 20l B O H LW, K LR
HERA 100 mL, &R G 0.22 pm BEAS I
1.3.5 FFEFRM SAC B HPLC 447

FRARAN SAC 5 B I E A Kim S 25 AT VAT AT IS ke sl . WA A (A
X select HSS T3 £ (250 mm>4.6 mm 1D, 5 um); FFiff 30 <C; i 1 mU/min; 3RS 20 pl;
K K 208 nm; BT : A S 0.1% KR /K, B & S, ¥ 5IBLZ4n R 0-1 min, 98-95%
A; 1-3 min, 95-90% A; 3-8 min, 90-85% A; 8-10 min, 85% A; 10-15min, 85-98% A; 15-20
min, 98% A.

1.3.6 SEHLEFYIK HPLC-MS 47

SR B 4 Bl LA SR I (MRMD 5 4 ;. ESITRER,  JA
PURLE 120 <T; ZHWEFIRE 400 T; THRE N, (>99.99%); i 3514 FH I & 600 L/h;
E4NE HIE 3.0 kV; g H s 1800 Vv, $4#VEHl 100-1500 m/z, HFrik &40 W 52500
# 1.
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R 1 RHE YIRS
Table 1 HPLC-M S parameters of Maillard products

H 54 HEALHL (V) REERER (eV) 20 7 T (miz) ERE T (Miz)

Fru-Arg 30 20 337 114
Fru-Glu 15 20 310 148
Fru-His 20 16 318 190
Fru-Met 15 10 312 294
Fru-Leu 15 20 294 230
Fru-Val 18 22 280 216
Fru-Ala 15 15 252 234
Fru-Phe 18 16 328 292
Fru-Pro 25 10 278 260
Fru-Ser 17 13 268 250
Fru-Thr 17 13 282 264
Fru-Gly 15 13 238 220
5-HMF 15 20 127 53
P 22 15 72 55

EAE At RS A ACQUITY HSS T3 44 (100 mm>2.1 mm ID, 1.8 um), 12 Ff
Amadori fL & F1I E 2 I A s A% N 1A SCHRT ST EAT 48 i 26 R 35 °C; ¥ 0.3 mLU/miin;
HEFEE 1.0 uLs VBNAH: AZ 0.1% I HIRIK, B2 WRIBEEEM R : 0-1 min, 100% A;
1-5 min, 100-90% A; 5-6 min, 90-50% A; 6-7 min, 50-20% A; 7-9 min, 20% A; 9-9.5 min,
20-100% A; 9.5-13 min, 100% A. P4 Bf Fe I 22 [E AR FRE 30 °C; ¥tk 0.2 mL/min;
HERER 1oL WishA: AR, B & 0.1%MHFFR/K; wWHEREZ W R: 0-4 min, 100% B;
4-6 min, 100-85% B; 6-8 min, 85-0% B; 8-10 min, 0% B; 10-10.5 min, 0-100% B. 5-HMF
ORI AT 35 °C; Vil 0.2 mU/min; MEFEE 1 pLs VRshAH: 0.1% FR/K/ L Jig=86/14.

1.3.7 KAEEENE
% GB5009.3-2010 (& Ah /K IME Y A EHHE TR 2

1.3.8 HiEtEHERINE

1) DPPH [ H3tis iR fe Azl ¥ 25 pl sk 5 200 pl DPPH % (350
pmoliL) 75 96 FLBL R4, SR KA 4 NS T 517 nm ARG, TR
DPPH H H&TEkR%, HAHBMSI. LREHE 3 K.

Aj - A

DPPHH A& RES) (%) = |1 - ——— | * 100
AL - Ag

% AR AL A I AFERBOGE: AR BRI s Ao I T ALBOBAE .
2) FePEERIBE ) (FRAP) [rillsE™: ¥4 300 mmol/L B2 522 i, 10 mmol/L TPTZ
WA 20 mmol/L FeCls ¥ LLAFR 20 % 10/1/1 (viviv) JRA 153 FRAP X7, 10 pl k5
300 L FRAP AR &34047, &3 30 438l 593 nm AW B{E , HUR M B/ FH 0 L. LA
PORMBR ST Agos MARHERNZE, 55 HE KM Fe® BANGE )y, 4 B LLHTIRN 1 2 &
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(AAE) £IR, Hf7i: pmol AAE/g. L HE 3 K.

1.39 REWE

S SCIR M SRR T VR MR, MBI 10 AN, SRR ML, LR
gy, VEERTHEAT 2 U0 SR it R I H R A E S I, E G R DAP 3180, YRRk fnnk
2 s

R2 B EEE briE

Table 2 Standards of sensory quality of black garlic

T H i 451
BRRE A, Towuk, R T A 25-30
(304 ﬁﬁfﬁ%%fa, PRCATER, 1B 41 20-25
- HRRHEE, AR, TRISHRS 15-20
AR, RIS, SR <15
R, OFY—, R 15-20
B, OFEAY, molCERH A 10-15
PP (20) W, GETY, SR, AR 510
WA, A, FRIERE H B AT <5
FHR, REREIE, RHLES, AR 25-30
S (30) %éﬁk, WA, BTHBESEARL, AR 20-25
- ‘ Wbl UHLAARL, RN 15-20
T, FHLAA L, ™ ER <15
AT R, Rai BRI 15-20
Lk (209 WA R S, A R A 10-15
T RR IR, RERE IR 5-10
BERRSE, TRBREE <5

1.3.10 Sit4rth

SZEGTAT 3 IR, SR LIS HKoR, Bk R One-way ANOVA #EAT & 40 HT, 24 P<0.05
K7 1§ Graph Pad 5.0. Origin Pro 6 % 4:3E4T B b2

2 ZREite

2.1 RRAFBRIIIERS & ERKMERERZRLL

13 BoR T KptE X T b Amadori fb &4 SAC. Fr2 BRI 7K 23 175 J (AR
TSI« 247K 53375 FEE M 0.87 24K 3] 0.54, Amadori{b &4 i M 282.44 |olg &5 3% I 7t %1 583.13
/g (P<0.05), FE#fiKT 106%. IM/KsriEESE 0.54~0.28 JulH P, Amadori {54065
T B 21 267.10p0/g - 22 BH 7K 7338 1R 38 > FRAEK ) e SE AR 1K R Amadori 16 & 90 2E 1.
<] 2 {27 SAC I3 B /K 533 BE I BRI AT s 8 n, - K 7335 2 0.87 IR 0.60 mal/g 3 i
FI/K 436 0.28 [ 0.78 mglg, FERHINHVE SAC (& A R/NEK, KGN SAC 1)
M o T REE TR EAT, srzR R TR KRR N (& 3), M4 54.81
molg FEAKE] 0.95 molg, e, 7E/K5M7EEEM 0.87 TR 0.54 i Fi hipr2d IR 2 sl o b 1
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M o
800 —
E 4
20 600 a
& b ?
4o 400 - c
T | d d
o
K
£ 200
<
0 I f I I I
0.87 0.71 0.54 0.41 0.28
IKIPIERE (Aw)
165 1 MW Amadori H0& 4 2 & RIK 4338 BE (A2 AK,
Fig. 1 Changes of Amadori compounds with water activity during hot-air drying
e A A REOR S A B e (P<<0.05) , R
Note: The different letters on the column indicates significant difference (P<0.05). Same as below.
1.0 o
1 a
0.8 b #
~ i b al
2 I vy
0.6 -
g °7 jj 7
£
04
$)
< J
w
0.2 -
0.0 1 i 1 i 1 i 1 i 1
0.87 0.71 054 041 0.28
IKIIEE (Aw)
170 Bl 2 $URCT D SAC &R K 233 B2 (R AR 4L
Fig. 2 Changes of SAC with water activity during hot-air drying
60 — a
> 45
&)
= 1 b
[=2]
E 304
& ]
it
{154 c
i ; d d
04 7 —=

\
0.87

\
0.71

\
0.54

\
0.41

\
0.28

IKITIEEE (Aw)
Bl 3 #RCT b SAC &Rl K 233 B2 (R AR 4L
Fig. 3 Changes of alliin with water activity during hot-air drying
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22 BREBRBER

2.2.1  BERAIRRKSHE BEXT T BB S R R

TR 3175 2 R M) Sy 8 i WO A I — AN LN 25, ] 4 TN, & Amadori 4k S
i BE ) AR Ko I B IR AR B 5 BRI PR A, Y BRI K TR 0.7 B, A
Amadori tL A& Bk B i KAl 1348.67 Lo/g. 4T Fru-Met. Fru-Thr BEZK 206 51
BAAR T A, Ho4y Amadori Ab &9 5 5 Amadori b &40 & & ARS8, XAt
TR S S R S i A I 24> 7K, 2 Amadori FEHEAE B 1l S N A R4
I, AN RSP 2R ER K S R BN, S T AT, (E24 R AR K
IIEFEI I, BT B KA AR BN T, SR A RS Bk AR, Rl J LR, 1 R
o Fg N3 1S o T PR AR R IR U 7K 4037 S S B A B A Y B, R T S
MR, G SRR Al LS AT, BEAE K R BRI, SAC IS mAa B,
Hi 8.58 mg/g F## 5.91 mg/g, kA FREATREH T SAC fEE K IMZ AR TS5 T %4
TN . N6 v, BRZ R S K 2T B BRI S R P IR IK S BEAE 0.87~0.54
BB, g BRIk mik 81.6%, 5 FEIEEEE T P98, RAFEAEZBIHIERR, 3
AR AR K G FE VR R BRI S, AR K 20 Y I PR R AT 6 MR £ o WA 7K 35
0.87 If, 3 RIIRERT N dw i, L5 5 L E K/ VEIE 0.87 A B WU /K 76

Fru-Gly
HHHH Fru-Ala
1600 ] = Fru-Ser
E 1400 [TTTT] Fru-Pro
A | V////A Fru-Val
12001 b D\ Fru-Thr
E ] R Fru-Leu
— 1000 7ﬁ [ IFru-Glu
e 1 Fru-Met
{o 8004 Fru-His
=~ ] Fru-Phe
5 600+ Fru-Arg
o 4
[~
E 400 c
200 - %
0 : : ; .
0.87 0.28

IR (Aw)
& 4 7K 4335 B s Amadori A &8 1 5 i

Fig. 4 Effect of water activity onthe content of Amadori compounds in black garlic
12

10
a

872}%‘3 b )

SAC (mg/g DW)
[e2]
|

0 I T I T I T I I
0.87 0.71 0.54 0.41 0.28
IR L (Aw)
KI5 KGN Fopirh SAC & (15
Fig. 5 Effect of water activity onthe content of SAC in black garlic
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10 —
9
2 7 ;
2 6
(=) 4
E 5.
& 4
“ ]
\‘g > b
S L
14 F b b b
0"“‘?‘?7‘?‘
0.87 0.71 0.54 0.41 0.28
IR TEE (Aw)

P 6 7ok BERS T 2 IR 5 L AR R )
Fig. 6 Effect of water activity on the content of alliin in black garlic

222 BREXNTIRERSS IR

PP 7 AT 40, VR M 40 CTFE] 70 CI, B Amadorifb & Y& B2z N, 12 A Amadori
AR BRIV AR E W BT M 80 G, & Amadori L&) & & W3 LT,
H 12 F Amadori b5 S IIA B I KAB o 3X AT 8 R A S (1 T v off 2 st v 8 A Bl 5
P I S NS A BG5S Ay TS S, A S N I il R B T .l ] 8 R,
BEEVE L () TR, SAC IS Bz il 4.72 malg B0 6.92 mglg, 1Mk R 1 & B I
e, 21.38 mglg /03] 2.20 mglg (B 9). T RErTise4id 90 CHIF T4, B
PG IEAS T, PR LG T 3 AR s I3 il R Uk /0 1 ] REMEARAG, L RAR v] BBV PR+ #4
BEAR o mn R T IR AN L AR I, AT PR EE I, FRa R il LU SAC. JIA
SEPTERBR AL K SRR AL A T R ) AR A A I R 1) AR AR )
A fESE SAC S EMZ IR, 80 CF Amadori L&A1 SAC & B, #HUEFE 80 CFE A
I .

ru-Gly
EHH Fru-Ala
4000 a  —]Fru-Ser
’; ] FFFE [1111] Fru-Pro
A 35007, g Fru-Val
20 Fru-Thr
& SOOOi % R Fru-Leu
~ 9500 ] Fru:GIu
] ] ([T Fru-met
& oom, -
.A“SJ ] Fru-Arg
= 1500
=l b
€ 1000 be
IS 7 c C
< 1
0 T T T T T T T T T
40 50 60 70 80

MEZ (C)
B 7 X R Amadori Ak #5407 B (¥ 5%
Fig. 7 Effect of temperature on the content of Amadori compounds in black garlic



215

220

225

230

235

m “Hie zEﬁ http://lwww paper.edu.cn

SAC (mg/g DW)

b
] C
50 C
4.0 A LA L
40 50 60

i (°C)
Kl 8 IS R SAC BN
Fig. 8 Effect of temperature on the content of SAC in black garlic

\ ‘ \
70 80

>\ [7] [7

| b
& 12 4
e 8- ¢
= ]
0 i ‘ j‘ ‘
60 70 80

=

T T I T
40 50 60
M (0)
B 9 il O MBs s IR 5 LR
Fig. 9 Effect of temperature on the content of alliin in black garlic

2.2.3 IR ZhBE A KIS W

K 10 L HIBES N TR EE K, s Amadori tb &P & e THen G BRI, 7655 14 Kik
F| 5 KH 5510.55 po/g, Horf Fru-Arg Jy FEZSEH A8, (FHENA 76%. S EAH LS
8 K[ 2682.82 Lg/g H4M T 105%, = 16 KMIJ/3] 3270.29 polg. FEF74E Wt — a2
ST RR, SN RTHIREEAL A (R EIEERD FESEL A (FIERME AT BN
7oL, Amadori AL A U KT R A, AR R SN B S T Amadori
WAEINE R RN S 5 SR8 5 RN, N2 3 OB FH 2 SE 1R (Vi FE, A A st 3 /N T
RIS, IERNCE R . SAC BEI IR 11 s, M 8-16 R & & 5.10 mg/g
B30 2.35 mglg, BFKT 54%. wrzd R HAE 8-10 KM 2.73 molg W& fk N %2 2.11 mg/g,
2 JEMIEAREELE 2.0 mglg (8 12). Zhang £V 9000 55 i T B vh 3R IR 1) 2 e AE Je )
(1) 2 KM 11.28 g/kg Jk/>F] 3.87 glkg, 4 %7 KRB 1.3 glkg. R SAC 7 &%
B SR R T 8 5 3L 2 5 34 S A e, BRI W) 3 e I R A 25 W 1) ] DA 2 Sy 4 g
IS, R N R s A P4 Junichiro Wakamatsu 252506 SAC R A ZEA K 45
100 ‘CA&AT TN, JFor B % 9 Mroehifli S N r=) . i RS, IEFR 14 ROEE NN T
N [A] o
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EHHHH Fru-Gly

HEEE Fru-Ala

12000 E—JFru-Ser

E ] (ITT1] Fru-Pro

i V) Fru-val

?, 10000 X Fru-Thr

?3”_ 1 R Fru-Leu

< 8000 - [ JFru-Glu

N ] ([T Fru-Met

40 60004 B2 Fru-His

R XX Fru-Phe

; 1 V7 Fru-Arg
S 4000+

[
g )
< 2000+
0 )

Al (R
10 il SR Amadori 4451 i ()
Fig. 10 Effect of time on the content of Amadori compounds in black garlic
6
4 ab

T

Si/ ?

bc

SAC (mg/g DW)
w
\

C
c
2 /

0 : : ‘ ‘
8 1 1 1 16
LN,

Bl 11 Il B SAC S K5
Fig. 11 Effect of time on the content of SAC in black garlic

4 -
2 3 ¢
o
2 1 b b b
£ 2 | T = b 1
=
é i

1

0 : VA ‘

8 10 12 14 16
ATE (R

12 I TS JB 5 s 2 R 7 R PR 52
Fig. 12 Effect of time on the content of alliin in black garlic

2.3 BHIBTHEE BRI

ST A AR ST AR 225, B 13 TR T BB 3 Rl ek iR ThAg
Ay Fe 2 PP SER A G A ) (5-HMF, IR 152 . FHIE 1) Amadori L&
YR SAC (W& fe ¥ WS s T304t 3 Pl B w3 Bl 45 SRR 1) Amadori b5 4 & AR,
S35kl %4 & 4581.44 wolg. VT.75A8 N 3656.78 Lolg. = R VEEF 3893.99 Lo/g. il SAC &
WA, 008 A M 5R 2946.52 olgs TL AT 1222.64 Lolg. 2 Fa i 409.47 olg,

-10 -
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R4 2 R P AR 2] SAC, jvﬁ’l‘QﬁJtJ LRI B- HMF FI P I R 1 2 B 38K T At JB
Feihe RV AR e R S (1879.94 1ol KT IR 4 £ FIVL AR M ) B2 55 (43

Wk 4773.36 |o/g. 3850.60 pg/g) , BET =B R (1418.22 wolg) « KK E,
H I AR D RE RS B B T 3 R B R, SRR H R AT 3 Rl MR, X W]
ReAE T T R mr N TN A, 3 hr 48 5 I B (R R B 3 e o

7000 Il Amadorift.54)
5-HMF
6000 PG
=Exa
= 5000 SAC
[a]
iﬁg 4000
Eﬂ 3000
’/\h
4 2000 i
1000
0 / )
HEIEEE LRSS VLM = i

13 AN[F R wR R R B
Fig. 13 Comparison of ingredients in different black garlics

2.4 HIEALEHENT
HE 14, 15 750 AHI B 51 DPPH H HIEEER% (86.82%) W& w111 44 % 1 E 5
(83.17%), P4 LLIT IRFS M 2 B VERAFIN) S5 16240 1.3 45 IR0 Fe? BRI BE J) Fo ok,
43 109.75 pmol AAE/g, EEYT I3 A M AT 2 B VR IR 8 57 (J3 124 66.83pmol AAE/g. 54.37pmol
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Fig. 14 Antioxidant activities of DPPH in different black garlic products
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Table 3 Sensory evaluation of 4 kinds of black garlic

2k SRR %42 YL IR Py PIENS
EEWS 64.342.0a 63.142.8a 62.342.8a 65.243.3a

s AR BERORTE p<0.05 KF EZERAN R
Note: The same letter indicates that the difference is not significant at the level of p<0.05.
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