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Preparation and Quality Characteristics of Makgeolli Made
with Black Garlic Extract and Sulgidduk
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Abstract

We conducted this study to develop a high value black garlic Makgeolli that was made of black garlic extract
(BGE) and Sulgidduk. We investigated the quality characteristics of Makgeolli made with three different combi-
nations of materials (control, Sulgidduk only; A, Sulgidduk combined with 15% BGE and water; B, Sulgidduk
combined with 15% BGE instead of water). The pH of A and B were higher than the control, but the titratable
acidity of A and B were lower. The sugar and alcohol contents of A and B increased during fermentation. A
similar growth pattern was observed invisible cells, yeast, and lactic acid bacteria in all three Makgeolli. In
A and B, the quantity of lactic acid bacteria was relatively higher than the yeast. The L value (lightness) was
highest in the control, and the a value (redness) and b value (yellowness) were higher in A and B. The antioxidant
properties of the three types of Makgeolli were evaluated using DPPH (1,1-diphenyl-2-picrylhydrazyl) and
ABTS (2,2'-azino-bis[3-ethylbenzthiazoline-6-sulfonic acid]) radical scavenging activities. In these assays,
B showed significantly higher radical scavenging activities than the other two Makgeolli.
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X (Saccharomyces cerevisiae KCTC 7910) 331t

o} AL-&3lth Ao AL&3E & X+ YPD(yeast peptone

dextrose) B A E AHE-3F 30°C vl 7]l 4] 24417 Bl

st et Y FZYE FH3 YPD 9A) v Ao HE

3tod 30°Coll Al 24A12F A X wl <k 3to] @5 Al A3t

Ao ALEE RE £7]E 100°Coll A 3087 A3 &
TG WolA Hdxste A& AT

A7 =

AE 33 FAES 10417 2o A HJAAZ F 127
< &S w3l roller mill(Km-18, Kyungchang pricision,
Seoul, Korea)& ©]-&-3ste] 23] AE3IATE o] RS Ao Ul
2 A7LE S tiste A" 10%, &5 1%, & 15%9]
HZ A8E EFT F ohAl g § Aol W AE 25 cm
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Table 1. Component of raw materials in Makgeolli brewing

Sample code

Stage Materials

Control” A? BY

Ist stage Yeast (mL) 30 30 30
brewing Nuruk (g) 560 560 560
Water (mL) 840 840 840
Baekseolgi (g) 1800 1800 0

nd stage Nuru})( (g) 200 200 200
brewing BGE _)(mL) 0 270 0
BBGE” (g) 0 0 1800

Water (mL) 4120 3850 4120

YControl: Sulgidduk Makgeolll.

YAt Sulgidduk Makgeolli added with 15% BGE.

YB: SBGE Makgeoll.

f)BGEZ black garlic extracts.

YSBGE: Sulgidduk made with 15% BGE instead of water.
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Table 2. Changes in pH during fermentation of three different
Makgeolli at 20°C for 15 days

Fermentation

days Control” A? B”
0 406+0.01™  411£0.01"  4.12+0.01"°
1 350+0.01**  358+0.01“  357£0.01"
2 355001 3.71+0.01C  3.68+0.01"
3 3610017  371+0.00°?  3.68+0.00"
4 3.62+0.01"  3.69+0.01"  3.68+0.01"
5 359+0.01°°  372+0.01°  3.70+0.01"
7 361001 374+0.01"  3.72+0.01"
9 363+0.01"  3.74+0.00"  3.77+0.01"
11 363+0.01"  3.73+0.01"  3.79+0.01
15 3.66+0.01°9  371+0.01"P  3.78+0.01°°F

"IRefer to Table 1.
Means with different superscripts in the same row (a-c) and
column (A-G) are significantly different at p<0.05.
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Table 3. Changes in acidity during fermentation of three
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Table 4. Changes in sugar content during fermentation of

different Makgeolli at 20°C for 15 days (%) three different Makgeolli at 20°C for 15 days (°Brix)
Fermentation Control” A BY Fermentation Control” A B?
days days

0 0.49+0.01*  059+0.01"  058+0.02" 0 4334012 493+012"*  487+0.12""
1 1.26+0.01°"°  1.07+0.02®  1.05+0.01%° 1 6.13+0.12"  647+0.12"®  6.27+0.12""°
2 1.124+0.01°%  1.02+0.03"®  1.05+0.01° 2 6.80+£0.00" 7134012  653+0.12°
3 1.13£0.01°  1.12+0.02® 1144001 3 6.80+£0.00"  7.20+£0.00°°  6.67+0.12
4 1.10£0.02"®  1.15+0.02°°  1.14+0.01" 4 7.00£0.00"  7.33+012"%  6.93+0.12"
5 1.12+0.02°%¢  1.13+0.01"  1.054+0.01% 5 7.13+0.12°°%  7.40+0.00"F  6.87+0.12%°
7 1.124+0.01¢  1.06+0.02""°  1.02+0.01*" 7 7.07£0.12™%%  727+0.12"PF  6.93+0.127
9 1.124+0.02%¢  1.06+0.02"°  1.02+0.01*® 9 7.13+0.12"% 7134012  6.93+0.12"
11 1.13+0.01°  1.06+0.01"°°  1.02+0.01*® 11 7.204£0.00"  7.27+012"PF  7.07+0.127
15 1.12+0.01°%¢  1.03£0.01*¢  1.02+0.017® 15 7.13£0.12"P%  7.33+0.12"F  7.07+0.127°

"JRefer to Table 1.
Means with different superscripts in the same row (a-c) and
column (A-D) are significantly different at p<0.05.
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"JRefer to Table 1.
Means with different superscripts in the same row (a—c) and
column (A-E) are significantly different at p<0.05.
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Table 5. Changes in alcohol content during fermentation of

three different Makgeolli at 20°C for 15 days (%)
Fermentation Control” A2 BY
days
0 0.00+0.00* 0.00£0.00* 0.00+0.00*
1 393+0.12"  393+0.12"  393+0.12"
2 6.33+£0.12°°  627+012°  627+0.12
3 707£0.12" 74740120  6.93+0.127°
4 7.60+£0.00"  753+0.12°%  7.00+0.00""
5 7.80+0.007  7.60+0.00""%F  7.13+0.12"
7 793+0.12"%  767+0.12""  7.47+0.12"
9 807+0.12°"  773+0.12"  7.73+0.12C
11 807+0.12°°"  793+0.12°  8.00+0.00™"
15 8.07+0.12°m  807+0.12°  807=+0.12"

"IRefer to Table 1.
Means with different superscripts in the same row (a-c) and
column (A-H) are significantly different at p<0.05.
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Table 6. Changes in viable cell, yeast and lactic acid bacteria during fermentation of three different Makgeolli at 20°C for

15 days (log CFU/mL)
No. Fermentation days Control” A? B”
0 6.67+0.01° 6.67+0.01" 6.66+0.00°
1 8.25+0.01% 8.33+0.01! 8.42+0.05°
2 851+0.05" 8.48+0.01' 8.49+0.05°
3 8.26+0.03" 8.06+0.01" 8.08+0.01"
Visble cell 4 7.61+0.01° 7.660.04* 7.53+0.04°
table ce 5 757+0.05" 755-+0.04" 7.40+0.00°
7 7.47+0.04° 7.31£0.01¢ 7.16+0.00°
9 7.32+0.03° 7.14+0.02° 6.99£0.04"
11 7.19+0.01° 7.00+0.03° 6.94+0.01°
15 6.96£0.05" 6.77+0.00° 6.73£0.04
0 6.52+0.00" 6.51+0.01" 6.49+0.02"
1 8.17+0.03° 8.06+0.00' 8.23+0.06"
2 8.40+0.08" 8.35+0.01! 8.38+0.05'
3 8.06+0.08" 7.99+0.04" 8.08+0.01*
Veast 4 7.324+0.03° 7.26io,o1:’ 7.25¢o.ooi
5 7.26+0.05° 7.19+0.02 7.23+0.01
7 7.13+0.07 7.03+0.04° 6.80+0.01°
9 6.98+0.04° 6.80+0.04¢ 6.67+0.03°
11 6.90+0.02° 6.69+0.02° 6.57+0.02°
15 6.72+0.03° 6.41 +0.00% 6.38+0.05°
0 6.46+0.01° 6.47+0.01" 6.48+0.02°
1 7.94+0.07° 8.22+0.01' 8.25+0.04°
2 8.25+0.01' 8.26+0.00' 8.24+0.05°
3 8.10+0.02" 7.74+0.04" 7.59+0.02"
Lactic acid b . 4 7.52+0.03" 7.63=+0.06 751+0.07"
actic acid bacteria 5 750+0.05 751+0.05' 7.22+0.01°
7 7.41+0.02° 7.224+0.01° 7.11£0.01¢
9 7.2740.02¢ 7.0840.02¢ 6.9240.05°
11 7.10+0.02° 6.93+0.03° 6.89+0.00°
15 6.83£0.06" 6.73+0.01" 6.63£0.09

1"?)Refelr to Table 1.
“Means with different superscripts in the same column are significantly different at p<0.05.
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Table 7. Color values of three different Makgeolli
Hunter

Control” A? BY
color value
L value 54.02+0.41° 51.41+0.15" 52.44+0.23"
a value -0.45+0.05" 2.60+0.01° 1.45+0.01°
b value 16.22+0.18° 27.26+0.15° 21.83+4.24"

"Refer to Table 1.
““Means with different superscripts in the same row are
significantly different at p<0.05.

Table 8. Total polyphenol contents of three different Makgeolli

at 20°C for 15 days (mg/100 g)
Fermentation Control” A2 BY
days
0 21.22+0.26" 23.76+0.18" 24.32+0.22°
15 45.32+0.34° 49.2340.43" 48.68+0.65°

SRefer to Table 1.
““Means with different superscripts in the same row are
significantly different at p<0.05.
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Table 9. Scavenging activity of DPPH and ABTS radicals

of three different Makgeolli at 20°C for 15 days (%)
Radical Fermentation Scavenging activity
days Control” A? B”
DPPH 0 9.95+0.21" 18.89+0.00° 16.71+0.56
15 37.98+0.39" 45.41+1.67° 47.62+1.70°
ABTS 0 11.25+0.46° 20.03+1.28° 18.98+0.40"
b 15 47.26+1.80* 55.07+1.69° 63.03+0.52°

"IRefer to Table 1.
““Means with different superscripts in the same row are
significantly different at p<0.05.
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