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Preparation Technology of Liquid Black Garlic by Synergistic Fermentation
of Lactobacillus bulgaricus and Streptococcus thermophilus
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Abstract: Objective: The preparation of liquid black garlic by lactic acid bacteria cooperative fermentation and the analysis
of aroma components were studied. Methods: Fresh garlic was subjected to high-temperature enzyme inactivation at 180 °C,
then crushed and mixed with water. Different proportions of composite lactic acid bacteria were added for fermentation for
a certain period of time. Liquid black garlic was prepared by high-temperature reaction at 80 °C. The degree of browning,
reducing sugar, total phenols, total acids, amino acid nitrogen content and DPPH-, -OH scavenging rate were measured

every two days using liquid black garlic (KB1. KB2) without bacterial fermentation as a reference, and the optimum
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conditions for preparing liquid black garlic were studied under the fermentation of complex lactic acid bacteria in different

proportions, and the aroma components of liquid black garlic under these conditions were analyzed. Results: The best

preparation conditions for liquid black garlic were determined as follows: The fermentation time was 9 min, the mass ratio

of lactic acid bacteria S (Streptococcus thermophilus):B (Lactobacillus bulgaricus) was 31, and the maturation standard of

black garlic was reached at 13 d. Under the same conditions, KB1 was used as the standard. At this time, the reducing sugar

content was 1.20 times, the total phenol content was 1.82 times, the total acid content was 1.36 times, and the amino acid

nitrogen was 1.21 times. DPPH- clearance and -OH clearance were 1.37 times and 1.34 times, respectively. Compared with

single lactic acid bacteria S and B, the thermal reaction was shortened by 2 d and 5 d, respectively. The analysis of aroma

components showed that, compared with KB1, the content of thioether in liquid black garlic co-fermented by strains

decreased by 54.17%, while the volatile aroma components of aldehydes and furan compounds increased by 47.98% and

6.18% respectively. The liquid black garlic basically had no garlic odor, and the aroma acceptability was better, with a

sensory score of 91.38+0.98 points. Conclusion: The fermentation of liquid black garlic by complex lactic acid bacteria has

a synergistic effect and can shorten the thermal reaction of black garlic, which has a good application prospect in the

development and research of black garlic.
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S 25 PO AR X FE AR B BB PR I A BT,
M RER S BN 30~40 g/kg B, BEGERREHGE b, KT
30 g/kg %= T 40 g/kg, FRERERER LA TME

FH & 3 TN, Bl BRSO B (] B, BE R R
T LI, FEAR RN R N B R, AT
DR Y 1N & e D H&é‘ﬁﬂﬂiTﬁMr\“E’a
KB1. KB2(P<0.05). KHff 9. 10 min B, S8 & &
KANKRIF LB 1:3>3:1>1:2>2:1>1:1>KB1
3:1>1:3>2:1>1:2>1:1>KB2, MR & =ik%] 35 g/
kg B}, K 9 min, S:B=1:3 FIKX[i# 10 min, S:B=
3:1 BT s KRB 13 d, i KB, KB2 iy K>
A 25, 21 d, BRI A BE R R[] A2 g A 4 R Sy
P NV IR, G e PR T TR, R B R S . Y
IR REEFE]/NT 5 d B, KPif 9. 10 min A9 BE 55 SR
ErEAR Y, U RS TRIR T 5 d B, B R F A,
Al 1 KB 9 min. S:B=1:3 J& AT &0 5514 (%A
T1) . HE 3 &7 LA H, EAERE B E N B R,
KB2 B@,%\@éﬁ%jt? KB1(P<0.05), 243 2 J &
29 d B}, 3 BB S 2o IRE T 40.97 gkg
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Fig.3 Effect of thermal reaction times on total acid content
of black garlic

36.12 g/kg, HH LTI TA Sy IR A (] X S SR 7 1
— RN o X 1 P AERT S T RS N SRR
JEARALRET, KRR S 80 °C N 12 d 1521 SR i K
{H 39.409 mg/g. MM £ &5 38 IR IR 2 R T Ak 2
S E P R, FLERR 5 5 Ch 3.645%,
A TR R S R BRI o s B R
24 EEHELEH, ARNENEERSEASEN
20

SEGRIA R N A R T, R TR 04 B BT R 22 AR
BT, A ER A S A i, [RIR, SERAE
S A IHEA T ARG, PRI IR S AL i e T
ARG, SR PO ST X R T e R
R BRHERIWFST, LA MR &R (g/100 g) =5
BT, A AR AR

FH & 4 T, BEZEHS N I [E] A 36N, BRSR Ik
RS E & E B2 TG TR, AR
REEFE]R, AN TR I A B R SR i IR S A
SR T HAHN Y KB1. KB2(P<0.05), #WGAE]
PR AR, AP BRE EL S:B 4 101, 1:2,
1:3.2:1,3:1 B, Kl 9 min KFEFHFHRIZINVE 9. 7.
7. 7.5 d, EIEMREFE =S RN 5.62. 5.76. 5.44.
5.18. 5.23 g/100 g, ‘Kfiff 10 min KFrFg S 7. 7.
7.5.7 d, BEMRERA T EHT N 5.63. 5.44, 513,
5.36.5.23 g/100 g, AHUILA[HL, KifF 9 min. B&FPE
=k S:B=3:1 5K 10 min, B B & kb S:B=
201 3 B JRRR BT (A B g, AH 3R RS R S &
19. 15 d B, HEMR S A S EH R B K, BRI
DS TN T A SR A U AR, L I SR

i 3 5 7 9 1.1 1.3 1.5 1.7 1.9 2.1 2.3 2.5 2.7 2.9
KEL(d)
P4 AN I )X R RR R A AL B R
Fig.4 Effect of thermal reaction times on amino acid nitrogen
content of black garlic

K, AR T RFRIFI N 31T, 2R R4 (%
i T1). KB1. KB2 ¥TEFIZ N 9 d B, AR ZA
Eriy RN 512, 5.34 g/100 g, A XM bRtE, LI
Ui G TR IR R BT AR SRR, 4 R
REETE] . FHIE 4 BT LA HY, 2K 9. 10 min BY KB1.
KB2 7EAH R YRS N KA, ZIRR S A & 5 IL-F
FH, 255 AN .35 (P>0.05 ) , 15i B I BEEAS 6] %o 28 L iR
BREGEITREW . SRR 3 i i TR EE
WEE, 158 T 2 M AE AT 7 5.69 g/100 g IYIEFR,
Z= 7 BHP A AR TR SR i gE hil i 80 °C
I AR 1w IR A E IME N 6.08 ¢/100 g 11
FEBR, A TR RSR A IR S A A m ISR,
LT E SRR IS R m R EH RS £
HREA 53, i S PR A A = i .

25 E&EEES ARRATEN SIS S50

S R PR T L IR 2 —, B R
PR TEE, L E R R 5 5L EPY, =%
B PSR AR X B R R B RV BT AT, 24 R
(mg/g) &k =8 B, iR B R iR .

FH I 5 T, Bl BRSO N S TE] B30, SR
BRI WG A S A TR E DA, FEAHTRI R
REBSHER, AN R KBRS a0 A PP R SR e s 2 i
KT HAHNHY KB1., KB2(P<0.05)

K 9. 10 min (19 B85 19 5L 7 52 09 K/ ik
FEAymh 2:1>3:1>1:2>1:3>1:1>KB1 fl 3:1>2: 1>
1:2>1:3>1:1>KB2, #Kik 2 B3 A brii, phFp i
Bk S B4 1:1.1:2, 1:3, 2:1. 3:1 B, Kfifg
9 min AGEFFHUR N E 15, 13, 13, 11, 11 d, B
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312 —=—KBI KTiE 9 min BF, A S:BER BN 1:1, 1:2.
[ —*—S:B=1:1
e SiB-l2 i 1:3.3:1 MR350 DPPH-ISBRFAE 21 d B TAE,
107 o ge2 BT 2 29 d B, 5 K R 24 B 90.12%.
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Fig.5 Effect of thermal reaction times on total phenol content
of black garlic

49 A 8.10. 8.43. 8.05. 8.19. 8.02 mg/g, K [t
10 min KFRFF U Z 15, 13, 15, 13, 11 d, B
ISR 8.03. 8.13, 8.36. 8.32. 8.09 mg/g. il
"EN, KB 9 min. B AP ITE L S:B=2:1 5 K[iff
10 min, BEFE EE S:B=3:1 A% M55 sl g i (8] 45
5, “HEAEANRI IR BB AR, S S e AH 25 R,
AT RETR AR B 25 1, BT oy B RS Gl
T3). KBI1. KB2 533l 7E# SN 25, 23 d B, Sl &
A 8.01. 8.03 mg/g, A IARBFRAAERIE, LA
U G BRI R R A R T SRR Y R Y
T, Qi B ER BRI R TE] . A IEL S AT LR
2, KA 10 min A9 KB2 LK EfE 9 min (9 KB1 #25i
2 d IRFIAAVERIE, 156 AH IR TR] X B S AT —
PSRN o YRR A UK R PR & 9 T 255
SR T S S N 2.207 mg/g 19 B X i
SRS LEAS[A] P A B0 AR A BT 1 SZ M F aE b, Sl
TR TR K FYIGHR VA R PR A T B, 7520 T R & 25y
Sk 8.6 mg/g Fl 8.2 mg/g MR R, Tl BErAY
BB IR T A
2.6 MEMNIEM

S A BORATE R A BRI RE ), PrE TR
PEEGHR, J2 R AR —, BRI 2 R AR T
ST EAE AR LT,
2.6.1 S5 HEE) ., A A DPPH-J KR 319
S EHIE 6 AN, FE G FA S N B ) a2, SRR
DPPH -5 RR3REA Wit 1S B 5 #a THR e #ad, AeAH1R]
BB B B TE] R, KB 9. 10 min il A B b 2R R
DPPH- &R IFHAAN M) KB1., KB2(P<0.05)

91.06%. 93.85%. 94.57%, 43 % >~ [F] B} [8] KB1 f4
1.19, 1.20. 1.24, 1.25 1%, R ELL S:B i 2:1
HAERAY DPPH-TH IR 19 d B THa5E, 29 d B e Ri
BrF R 96.02%, & M Bf M) KB1 1Y 1.27 1% . K [iff
10 min B, EEFP S:B SRR L4900 1:1, 1:2, 211,
3:1 SB35 0Y DPPH-IE BRSRAE 25 d Bf & T i e, 4
IR ZE 29 d B, B RIEBRFS3 52N 92.94% . 90.49% .
95.02%. 93.46%, 433\ K [FEstE] KB2 f4 1.19. 1.16.
1.22, 1.20 1%, BFTERLEL S:B o~ 1:3 BIE5: DPPH-
WEER 21 da T, 78 29 d if i KI5 RN
96.12%, J& R [a] KB2 (4 1.23 %, L rl AL, B@Fp
P IR % 7 v $E - A R AR ) DPPH -V R 3, Kl
9 min. BEF R L S:B=2:1 [y DPPH-IF %% T
A T s Ta) e, ELK R Ta) e, T e REREEAIR, 2t
AP 264 (2 T3) . HHIE 6 - AT LAFE Y, KBI
KB2 11 DPPH ¥ S 38 A A 0 3 i o 22 J 458/, AN
25 (P>0.05), "I IA Sk KGRI DPPH -5 BRHRAT
BN o FEVSIIAHE] ) A ER R B AT X DPPH-
WREET, TR0 Y BRI 6 5 il /5 S H b & fb
WA T, & 30 d FUZ N ISE] T DPPH-JEBR
7 85.3% MSRFRE T BTPSRISER Y SR AR VR 8 h
il 7 1 A BB 3R, DPPH-IE R R ik | 86.4%, K JH
P — B Rl g PEEBR R AN 0 A S LAT B S A
il £ BT AS 24 %R, DPPH-TH BR 3R 4351 4 86.95% Fll
87.21%, WIASSCE & VA b & Il 25 W A5 5% DPPH-

al00F—3 35 35 s 5 55 55— —i—4
KBI /f%;—/i:‘-:-“
S:B=1: z

~ 80 S:B=1: J
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Fig.6 Effect of thermal reaction times on DPPH- scavenging
rate of black garlic
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2.6.2 AT A I N E] T - OH 15 BRI
m o B 7 AT, BE S RO N BsE TR 3, B R
-OH 1 B2 B WM ks i T ioE s, E?FHIEJ
BB B B TE] R, KB 9. 10 min HI A T Bl A 5
F4-OH & BRF R FHAHRN M KB1., KB2(P<0.05),
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Fig.7 Effect of thermal reaction times on -OH scavenging rate
of black garlic

KW 9 min B, BAP S: B B lbsr9 M 111,
1:2.2:1, 1:3 B3R -OH W R FAE 25 d If#a T4
R, L EE 29 d B, BRI R 435 R 83.38%.
81.32%. 86.42%. 84.37%, 43 A A [A] A} 6] KB1 14
1.28. 1.24, 1.32, 1.29 %, BEF B E L S:B b 3:1
MR COHERR 23 d T E, OHERR N
86.92%, M4 vE T HABW AR, 78 29 d I HEITERRH
K 88.42%, JZ[EIAJTa] KB1 19 1.35 1%, K 10 min
B, AT E L S:B 435 101, 1:3, 2:1, 3:1
PRI -OH IHBERTE 17 d JTHAE K 2212, 21 d iF#Ea T
FaE, U R 2 29 d B, SRIEERF45 51 85.45%.
86.42%. 88.03%. 89.47%, 43 | A [a] A5} 6] KB2 4
1.20. 1.21. 1.23, 1.251%,S:B Jy 1:2 MBFE(Y-OH 74

B 21 dHE K Z12 Bl T, O = 25 d
B}, -OH 7E RN 81.42%, 1F 29 d Bl fe KIFIGHR N
84.37%, J&[FIATTa] KB2 Y 1.18 5, HAEAHR AY#Z
REBFR] R, S:B 2 3:1 B, -OH ViR T H AL Fh
JE U SR FR AT, PRP R I rT PR T RS s
Y -OH 7 %, K 10 min, S:B=3:1 M3/ -OH
VB BRI =, SR BT A S (Rl T2) . HHIE 7 18
" LA Y, AEAR TR A ERS R B TE) R, KB2 f9-OH 35 I5
SR T KB1(P<0.05), 1t B K Bt sk a] %o il 25 45
PRI -OH 15 BRFA —E M52 . FEES AR R (Y 2
FRBORARRUT, T 1 2B S e SRR i ] 5 il 45 B
HPr & A W6 PR I R i 58 5 42 30 d B L S F
T -OH G RRN 77.5% W RBFRFEM . TP &R
SRR R 8 h il 45 R A R 55, -OH 15 BR R ik
F| 73.1%, KRB FEFPEREEER AT AN AIEFL
AT 5 A S A5, -OH 1IR3 9 85.2%
FIT 81.69%, 1MiAS SCAL A5 PR Fh & I il 75 WS 57 - OH
RN 89.47%, B & T LA SR .
2.7 =ERERGST

St DA BRI S T1~T4 34730 LbAr4T, 456 %
SRS BATRIA i SRS Rs MOK I REFESS[R) 8, S 2
M) Fe Al 45 7 2~ T1, Bl KBS 9 min, @Wtbfﬂ
S:B R 3: 1, HHt SRR B AR RS E R 13 do DA
MFZAE T KB 208, R RS & = H: 1.20
1%, S S o L 1.82 A%, MR & HoNH 1.36 1, &
MRS AN 1.21 4%, DPPH- 15 53R F1-OH W5 4533
éa*ﬂl]ﬁ,ﬁ\ 1.37. 1.34 1%, 456 A SCHEHwT i
— R TP AR G AEEBR P AR INAIE LA™ (i 4F
FELEIR, B SRS KBRS 180 °C, FRIFP 5 K
TR S IR A7 A W R 1552432 h, FRARZEA X Eean
T 1R,

e 1 A%, B S:B 2 3:1 B, EAREF A
i o] 5 T A S 7 ) AT ] LU B — PR RR S 4R J8 2 d,
He—TEFD B 4554 5 d, SRR RIS AR X P—
EFP S F1 B ¥4 T REAIG, (H U357 2 R AR 10 L sATE
b, UL A G LR TR R I A8 S R BT — 2 1
[FIVEFH, 7T 460 R 0 il 25 B TR], RG] A DA SR I e
FE, L AR
2.8 HEFZRHTHRSERESKIER

Sy X e AR A 7 SRS AR KB 1T
UG5, WE 8 BT

T R A TS B AR X

Table 1 Comparison of liquid black garlic indicators under three preparation conditions
o b KEE] PRI B At ] s RS BREE AEREA TR &t DPPH-JSFRZE -OHIERRZE
(min) (%) (d) (g/100 g) (g/kg) (g/100 g) (mg/g) (%) (%)
BFS 9 5 15 60.92+1.47° 45.72+0.85" 37.26+0.76° 7.5140.19° 9.7740.32*  66.58+1.75"  65.14+1.14*
HFB 10 6 18 62.49+1.13" 44.61+0.58" 48.48+0.66 7.7940.25° 8.78+0.19°  66.92+1.27°  65.97+0.98°
S:BA3:1 9 5 13 60.10£1.12°  37.90+0.52° 36.71+0.70° 7.39+0.22° 8.67+0.17° 64.33+1.44" 61.97£1.10°

HE: LN 2000, R R], 255 B3 (P<0.05) o
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Fig.8 Total ion chromatogram of aroma components in liquid black garlic
TE:a, BFHHLG] S:B=3:1;b, KB.

th ¢ 2 AT 40, K 9 min, AP LW S:B=
301 AR S ORI B A A PR S A 35 A T Tk
25(6.21%)4 Bl BE25(47.98%)3 B, BR2£(25.31%)
2 Fh ERZE(1.14%)2 P, BEMRZ5(6.18%) 1 Fhas ., H
2% 2 Al KB AR S ARG B 1 K E RSN Sy SR
FIEFA(60.38%)5 Flt, 1225(6.78%) 1 Fhak

MR R, RS G A RIS, BeglE
P e/ INHR FE A/ 0N, AR TE PR, ELAT SR AN Y A R R A =
PBRIRE2 33 S8 SC A g R B ST A R
SR P E XU T ) TSy, N sR R K e XU
S 80% oA, Kb e XU 1) DTk 28 OC di 2 [ 2fb
G FERAURDIF . ARSI, X R
TR PRI — Bk, RIS S iE L
PEECER N, A HART 22, SR BTRREA; BRZs
TGP R H S B IR, ST R DT/ )N v fb &

Py BRI JE B DAL R, KRR, ISR
AR, AR ARV ENZR, & IS R I i, Bk
i BMEAL, R S N Bagg, X R pr & A — o1
ko AL ersn, K 9 min (Y KB FEMBREEZS &= 1
FEFPELBICA S:B=3:1 MY 54.17%, &R LAAESR
R FISE SR A 325 TERP ELBh S B=3:1 FYSEGERE M
R 35 A B 22 SIS (47.98%) H /b ik il 2k &4
(6.18%), #AHEL T KB £Ei5h, 2ILH B A, A
PEGRIEAR A R R, R[22 JEARLY, S W 2
DI RS FBGRBCE TR ARTE, MAEB(30%) . R
(30%) . AT HE3ZJE (20%) . AEE(10%) | 55 PJ BT HE
(10%) G VPA, BB VRS 91.38+0.98 43, 4% E
FITR, AP EE) S:B=3:1 B & B Fh M E & BEfL (il
PRFFRE S TP B RIS ) 5T S BAAIR, TS L RS AR
PEYBTRG 22, X RER A AU R TR, ARk |
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Table 2 Composition of aroma components of liquid black garlic with a strain ratio of S:B=3:1 and KB

4 St . P RIS B=3:1 KB
{REEE] (min) AN SR (%) PREABS ] (min) AR E(%)
1 [ Propylene C;Hqg 4.39 4.45+0.11° 4.15 5.77+0.12°
2 i Ethanol C,HO 7.12 6.71£0.15* 7.38 5.15+0.10°
3 S BR i] Diallyl sulfide CeH,0S 14.04 2.62+0.07° 13.88 0.54+0.03"
4 975 TR R 36 Allyl methyl disulfide C,H,S, 21.42 0.21+0.01° 21.06 4.07+0.06
5 2-3 1 2-Octanone C¢H,0 21.61 0.38+0.02° 21.37 4.21+0.08
6 2% Acetic acid C,H,0, 32.96 24.87+1.18" 33.02 6.78+0.27°
7 M Propenol C,H,O 13.21 0.73+0.05 / /
8 FREEN Hydroxyacetone C;H,0, 22.83 0.76+0.03 / /
9 BT Furfural C,H,0, 34.01 19.43+0.85 / /
10 2- TS 2-Acetylfuran CcH 0, 36.30 6.18+0.36 / /
11 ARHIE Benzaldehyde C,H,O 37.25 4.28+0.68 / /
12 []i7 Propionic acid C;H,0, 38.06 0.44+0.06 / /
13 5-FH Johe 5-Methylfurfural C¢H,O, 39.96 24.27+0.21 / /
14 P =k Allyl trisulfide CeH oS5 40.55 0.790.06 / /
15 B e =t Propyl allyl trisulfide CeH S5 41.26 2.59+0.22 / /
16 amESmEOE e CHSS, 47.28 0.5820.06 / /
17 3,4- F FEwEmy 3,4-Dimethylthiophene CHgS / / 19.47 0.82+0.03
18 =HETR Trimethyldisulfide C;H,S, / / 28.19 0.15+0.02
19 (E)'l'l’_\;{%s'lflgﬁg'l'e“' (E)'l'éﬂ?’f:%pmp'l . CeH,0S, / / 33.68 8.080.65
20 Bt {7 S B St 3 Diallyl Disulfide CeH oS, / / 3521 47.94+1.85
21 3H-1.2THiZedk 4% Dithiociﬂ;ﬁr’mdiem C,H,S, / / 37.24 6.13+0.67
22 FR LA P B — ik Methyl allyl trisulfide C,H,S, / / 40.51 3.25+0.11
23 1,2- HASER 1,2-Dimethoxybenzene CgH, 0, / / 46.75 0.23+0.03
24 3-CHfHE-3,6- —F ZWER 3-Vinyl-3,6-dihydrodithioin ~ CgHgOS, / / 47.20 2.28+0.07
25 IR ik Diallyl trisulfide CeH oS5 / / 49.36 4.58+0.18
26 2- 2-Octanol CgH O / / / /

T LN 7 22900, FHREAIA, 2253 035 (P<0.05); /R ARk o

PRIA . HNELCPERRAR, A5 0.
3 #ig

ASCHIFE T 2 -G FLER TR M R] & IR A5 W s R
P S A il B SR A M A o o T, S5 R ERBH: FEASTH]
R (], I B A A S B AR TR AR A T
KB; A RBARH A 254 R KEFRE 180 °C, X
BFTE] 9 min, BERPELG] S:B Sy 3: 1, WRAS BRI B Ak,
BBREASTEPR T I TR I 4 e, A 2R R | R b
T, B O R SRR A S = B S U
405020 13,11, 13, 5. 11 d, 233 8AHE&FF KB
FESREY 1.19, 1.20, 1.36. 1.25. 1.87 1%, ¥ EHF B
# (P<0.05), 29 d B}, f KX DPPH-I% % % f1 -OH
TR PR 94.57%. 88.42%, 43 Fil4& KB By 1.25.
1.35 %, —H# 22 % B3 (P<0.05) . HFRAZANTE] N
13 d, FEXFB—BE Al S 1 B 40 A4ikd 2 d F1 5 d, i
HHAZ A5 B R 1) A PR i) A VRS B ELA PN E L AN
AT AT BATRAY S TTFEBR, I8 AT LS e S B A
BESHAE], A FE AR . XA A R RS BARR
PN AT 4 S 26 IR, FLIRR PR PR R] A T il 25 1T
SRR BRI, 13 NI 2 XUk ot

SEFEINSY, BEERIKIR, B N2 .

i TELRR AN IS 2 2, HOAR R ZLIE B b 2 (6] Py
[RIVEFHAN TR, X A R ) R A P H AR AN [R], e AR
AL — 2R 5 A AN R B AR R R il 5
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