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Effects of Black Garlic on the Rheological and Functional Properties of
Garlic Fermented by Leuconostoc mesenteroides
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Dept. of Food Science and Technology and The Center for Traditional Microorganism Resources (TMR),
Keimyung University, Daegu 704-701, Korea

Abstract

White and black garlic pastes were fermented by Leuconostoc mesenteroides and evaluated for its rheological
and functional properties such as consistency, antioxidant and angiotensin converting enzyme inhibitory activity.
The pH, acidity and solid content of black garlic paste were 4.60, 1.23%, 22.63%, respectively. The viable cell
counts and consistency of fermented garlic was decreased by adding higher amounts of black garlic paste.
Fermentation of white garlic (40%)/black garlic (10%) showed viable cell counts of 1.6x 10", fluid consistency
of 9.31 Pa - s". Water and 70% ethanol extract from fermented garlic showed the polyphenol content of 6.29
mg/mL and 5.99 mg/mL, respectively. Also, water extract indicated the DPPH radical scavenging effects and
angiotensin converting enzyme (ACE) inhibitory activity with ICsy 1.03 mg/mL and ICsy 68.54 mg/mlL,
respectively. ACE inhibitory activity was increased with adding black garlic paste. Conversion of sucrose into
dextran polymer in fermented garlic was drastically decreased by the addition of black garlic paste, indicating
from 85% (0% black garlic) to 20% (20% black garlic) conversion yield. Garlic paste fermented with 10%
black/40% white garlic showed the decrease in consistency and viable cell counts during both cold and freezing
storages. In particular, consistency of fermented garlic was lower during freezing storage than cold storage,
and the viable cell counts was drastically decreased after storage for 2 weeks.
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Starter M=

T AFAA B3 Leuconostoc mesenteroides o5
2 Ago] A3k (19), ©] #FE Difco™ Lactobacilli
MRS (Becton, Dickinson and Company, Sparks, MD, USA)
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Angiotensin converting enzyme inhibitory activity
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N713 1 N HCl 250 L2 d715he] uhee Zx A7
Blanke ACE & 4945 H71el7] Aol ¥4 1 N HCI 250
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Table 1. Comparison of pH, acidity and viable cell counts in the garlic fermented with different concentrations of black garlic

paste
Content of garlic paste (%)
BY50 B40+W?10 B30+W20 B20+W30 B10+W40 W50
Befor pH 465 477 5.14 5.50 6.13 6.88
etore AY 0.70 0.61 0.43 0.34 0.25 0.22
) pH 467 467 465 451 445 434
After” A 0.52 0.61 0.68 0.86 0.89 0.92
v? 1.2x 10" 1.9x%10" 2.1x10% 3.8x10" 1.6x101 3.6x 10"

YBlack garlic. ?White garlic. YAcidity (%). ?Viable cell count (CFU/mL). “Lactic acid fermentation is performed for 24 hr.
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Fig. 1. Comparison of elasticity (G') and viscosity (G") in
the garlic fermented with different contents of black garlic
paste.
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Fig. 2. Comparison of viable cell counts in the garlic fer—
mented with different contents of black garlic paste.
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Fig. 3. Comparison of fluid consistency and conversion yield
of sucrose in the garlic fermented with different contents of
black garlic paste.
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Table 2. Total Polyphenol content of the garlic fermented
with different contents of black garlic paste

70% EtOH extract

Garlic paste Water extract

(mg/mL) (mg/mL)

B50 6.29+0.14" 5.99-+0.08"
B40+ W10 6.23+0.09° 5.28+0.23°
B30+W20 5.02+0.05° 4.29+0.05"
B20+ W30 3.29+0.03 2.8740.11°
B10+W40 1.88+0.11" 1.82+0.09°
W50 2524158 0.43+0.02°

YMean values with different superscripts in the same column
are significantly different (p<0.05).
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Table 3. DPPH radical scavenging effects of the garlic
fermented with different contents of black garlic paste

rz

1Cs0 (mg/mL)

Garlic paste

Water extract 70% EtOH extract

B50 1.03+0.10 1.07£0.08
B40+W10 1.12+0.12* 1.23+0.17°
B30+W20 1.15+0.10® 1.24+0.16"
B20+W30 1.194+0.12" 1.744+0.19"
B10+W40 1.31+0.24° 2.31+0.04

W50 1.86+0.01° 493+158

UMean values with different superscripts in the same column
are significantly different (p<0.05).

£ Of= =T = DPPH radical scavenging effect

DPPH= Z-& S == vl <43 free radical =
A GArsA, WS olulF Soll 93] FE o] o] &
Hed oA st AAxAZRE s EdS A
st ®ol °1%Q31 Att.

AT 54 A7 %Eliﬂiﬂr 5Y3A Table 33
Zol B F=3+ /\]Eﬂ' 70% EtOH 23+ Al 52Xt} IC503k°]
g =4 Yelg o, & FEA4= 1.03~1.86 mg/mLZ &

Z}o] 7} AR 70% EtOH FE3F A|Z oA 1Cy kel 1.07
~493 mg/mLZE 5 vl 7P AoAASFE F AfolE UE
A=

£ whso] Wol| HUtE daEANA Fiksido] 2 olf
+ maillard Y39 E T AEA reductanfF= F4ks}
gAo] g1, HF AAEQ melanoidin & 0] &4kl &4
< Zt=d melanocidine B8-S A|AL &4ts &8 71
o= Bart Jok29). £ A3 23 viso] STl A
PAAHE F E2dE §F L Hlard vhgo o 4WE

& Ok S=0o| ME  angotensin convering  enzyme

inhibitory activity

138t FIHEAQ angiotensin I converting enzyme
(ACE)& angiotensin I A angiotensin 1S A3l &7
of #sl= d4 o]t} Angiotensin 1= 593 A5 S
FEAZIIL FANAES TEAA dE2HEY FHE F
XA dHgH o2 o F7ME 7HA2th ks ACE
AED2 ACES 848 AT =ZH n8YS AHA
o2 AT & UTH30-32).

Z &5 ACE ANEA S ICx valueE VEMA 2
(Table 4), A¥tH o 2 70% EtOH FEEHT & F25
ACE A&/ o] 243t A2 Ugton, & 529 4¢
5 vhev H7HE A59 AsEAde] 6854 mg/mL, ¥ vis
Wk H7bE A7) &Ao] 17707 mg/mLE YERY 5 rlsd
A ACE Asl=4de] &4l =2 ASE YEyith

o] A7+ Kunio(33) A7 @E2W vl FEFA &
2] 3k peptide®] ACE A &Ado] 7.8 ug/mLe FxoA
5099 ACE Asl&& vebd ZAdo] Hlws) BY nlsds

daEe B4 9 7Ie 8%t 869
Table 4. Angiotensin converting enzyme inhibitory effects
of the garlic fermented with different contents of black garlic
paste
. ICs (mg/mL)
Garlic paste
Water extract 70% EtOH extract
B50 6854244 72.78 +1.61"
B40+W10 70.96+5.30" 77.39+£5.12°
B30+ W20 77.67+£4.12° 79.19+3.83"
B20+ W30 87.46+9.73" 93.36+7.27"
B10+ W40 106.54+9.28% 110.49+10.81"
W50 177.07+16.97° 141.98+10.14°
YMean values with different superscripts in the same column
are significantly different (p<0.05).
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Fig. 4. Effects of storage temperature and period on the fluid
consistency and viable cell counts of the garlic fermented
with white/black garlic mixture. Lactic acid fermentation is per—
formed for 24 hr using black garlic 10% and white garlic 40%.
Fluid consistency: [] 4°C, 1 -20°C. Viable cell count: —o— 4°C,
-e— -20°C.
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