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Abstract

This study was performed to develop the maufacturing processes of Makgeolli using red ginseng starch (RGS).
After the fermentation of RGS with koji, nuruk, and yeast, the different temperature effects on the number of
the yeast cells, the content of organic acid, free sugars, and total acid, and pH were investigated. There were
no changes in the composition of the yeast cell number and content of organic acid amd during 20 days at 4C.
The content of free sugars (sucrose, glucose and mannose) and the pH value of red ginseng Makgeolli decreased
during storage at 4°C. This meant that the total acid content and pH value increased after organic acid was produced
from fermentation. Therefore, red ginseng Makgeolli is highly acidic and sour. Since high acidity helps improve
storage conditions, so this developed red ginseng Makgeolli is considered safe for consumption. Furthermore, the
total content of ginsenoside was 2.47 mg/mL, which was differentiate Makgeolli using red ginseng starch, with
others. Therefore, new red ginseng Makgeolli is rich in organic acid, free sugars, and ginsenoside. As a result,

its storage, taste, and flavor improved.
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& EIEAIR] SRS EEsH Al ¢
ETolt34). vt e FE2
WEsta el a ARV ikt 5 X3
e AAE F85ke a2A, ¢
ol Fo] A3 ZhF F-8g FFaet <l
o #ofshs g o Aks FHslal e AR By
o] UTK5-8). Tgt T EZA QI ethylacetate 3 amylacetate,
ethylcaproate 52| ester(9)<} 7t 7168 =95+ acetylcholine
5ol =] 21em(10,11), ol 4-hydroxybenzaldehyde,
2-(4-hydroxylphenyl) ethanol(tyrosol), trans-ferulic acid,
cis-ferulic acid 3 1H-indole-3-ethanol (tryptophol) 52| &
st 2SS 2 5E Eelete] 3 (12)8H T

2 Aol ARg-g EA4ke] DA BRI 14k (Panax ginseng
C A Meyen< 28 A2 E A s 57| o 23|
ol 22 BRAAY Y ko m dulA Jlu ol Ald st
AHEE O gtom, H e A7 SR 2N e
3L Qe Aot 3 ekl e o] o= 9
] ShEO A QI AR (Al S 2ol 1A 1, A
z, 17, A7, v1ge] e B s ARt
delA] Uk T4 QA A B AlFoR S54]
Fatoll= §l= ginsenoside Rg2 Rg3 Rg5 Rkl 59 4
A Aol = REE EFstaL 9lom o] 3|4 A}
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A g Azste] M wAte|l= &5 £714) 8, &R
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T, PH 9 F4F 55 A8kt
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A4k e Az AbeE SAF AR TabsE A
23 oA TS T4 FEAAA Thepee £84
TS 7%kl dalEe] F w0l E e A2 FH
oty & Al AHE A AEL FAHEE 4 2
o] ZJAIR G 2B (F)ell A Al g kol Ag-stl e -20T
oM WEEdstus Faatde] Az ARkt

SRS o] 83 Bl Az WHE Fig 17 2o
2P k(16). TAatetdelE M52 wgubdd 34t
AR 2%, 5%, 1%E 7Vt A xek & AlFS] A3} vhs
=3slo] B 84V MY L Tl 4R s
A zste] Aol Attt 23~25T oA 247t B kst
WES Azst 1d g5 oo 2% SAAE, A=,
AZEAR, 755 Y1 & TP SHTE ¥ 34Uzt
gt ot gEe 1w @ dE ool 33hv| 300 g2t
540 g2 & £3e Tl F71,200 mLE H 7tk

3~44 7 Este] Az Th A2 S5 T A(AL21
a, ATAGO, Tokyo, Japan)Z ¥IE =5 %3}t
12~13%0] o F}sto] op~utedt SFRFE Hlet] &3
g moh 6 28 7 32 B9 2325 T Sl
HEFAHOR dIFE =571 6°Q AN A E Al x5t
Ale AEs A AlEE FHES

Crude liquor
red ginseng starch(0,2,5,9%), koji, yeast, nuruk, water

] Fermentation, 23~25C, 2 days \
|
’ 2% red ginseng starch, koji, yeast, nuruk, water ‘

’ First : Fermentation, 23~25C, 2 days ‘

] nuruk, a—iice, water \
] Second : Fennemaﬁin, 2325C, 2 days \
] ﬁlteringf tasting \
] Third : Fennentatioﬁ, 2325, 3 days \
| Makieolli |

Fig. 1. A flow diagram of the red ginseng Makgeolli preparation.
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PBS & (pH7.4)°l Al 3|4 sta, 7} 54 100 uLE
1% L-tartaric acid(Sigma-Aldrich, USA)7} &% potato
dextrose agar(pH 3.5+0.1) ¥ #uj=]ol] HF3}o] 25Tl A
2% Bkt & AE FRYE Ao e
gt TAAE YERY AT

714, Relg W oEE 24
715, el Bl
Al|2E 12,000 rpmol| A 10E-7F
#3}ed 0.2 uym membrane filter
cartridge®l] SHAIA ECES AAT & E4& St A=
2 ARSI 714t 2412 Sim 5(17)9] ol et
A A 2]k A| &5 HPLC(Agilent 2690, Technologies, Santa
Clara, CA, USA)E A&t A3kl A¢2 ODS
column(Prevail Organic Acid, 4.6 mmx150 mm, Alltech
Grace Co., Deerfield, IL, USA), °|EA<S 025 mM
phosphate bufferE AF&-31%1 2™ 42 0.3 mL/minZ UV
detectorS- ©]-&-5tf 210 nmel|A 24 skl freld 4
< Hur 53189 ol wat A A Alss
HPLC(Agilent 2690, Technologies, USA), detector= RIDE
Abg-slo] EA5hd 1 A2 Supelcogel Ca(7.8 mmx300
mm, Sigma-Aldrich, St. Louis, MO, USA), °]&-& 32t
THTE AMESI e £452 05 mL/min®] 202 &
At 2 f714 2 e EEEd S Alxste] E5
5 2dste] {71k B fede A kit olee
3HES 045 um membrane filterS AF&3Fe] o33l Al 82
DB-ALC2 column(30 m*0.53 mm, 2 pm film thickness:
Agilent, Folsom, USA) ©| &% GC(6890N, Hewlett
Packard, Palo Alto, USA)E ©]-8-3}<] oven 70C, injector
200C 28] 3L detector 250°ColM 3 & #4319t

fil o
o>
M
AC)
o f:
K
o

—/,:_}1:0]%%13:_% }\]_:EJ_ 100 mLE %'5]'0:] pH meter
(Thermo Electron Co., MA, USA)E ©]-8-3t] &%l <
o, AR A2 10 mLAl SFFE 71ste] 100 mLE 3 &
g & A A|2k0 2 1% phenolphthaleinS AH&-3te] 0.1 N

NaOH= P& M (pH 8.3)¢] 2 uwj7tA] A sttt 27 ol
2H]E NaOH AH]) ol 0.0092 F3lo] A5 9] A4S
lactic acid®] o 2 Hik18)stlon AL A ¥ whE
Ads FgeRsARE JeR ATk

Z2H%AAY) = 0.009xNaOH 42H| ZH(mL)*NaOHS 7HA|
9] F3]%100

AN At E 24

Ginsenoside 32 HPLC(2690, Agilent, Technologies,
USA)= o] &3}e] =338} 2™, 1-Bondapak Cig(3.9 mmx
150 mm, 5 pm) columnS A3} 70% acetonitrile2 ©|&
BOo 2 AHE Btth o] B KEH A x4
0.6 mL/min, 43°CZ &}1, UV AZ&719] A& o4& 203
nm= st FA s Th

SAANE

2 Ado|A Aol BAEA ZZ= SPSS(Statistical
Package for Social Science)& ©]-&3all4 A A8t th
AT HE+RFAE FAISHA AL, 1E3E Akl
g FAA frolde AFsk] Al LA EAEA
(one-way analysis of variance)<= 2 A] gt & p<0.05 ol
A Tukey’s testE ©]-8-3F AR 737 (Post-Hoc test)= A}

o
AT

54 mgfg, 11.8 %, 2.4 mg/g, L8] 1L 53% -3k 2lo](15)
Thgh okl 7154 AAlEe] &8 7hse] e =d0]
o} 24 ARG o] g-alo] Fig 13} 2L Ay S ol HE
d3E FFE 6% TADE Ax 9 #e F7H L

Table 1. Sensory evaluation of Makgeolli with varying amountsl of red ginseng starch

Red ginseng starch

Red ginseng starch Red ginseng starch

Control 29 5% 9%
Appearance 5.11:0.16™” 621107 5.11£112° 467091°
Flavor 397+1.09° 5.75+1.34° 492+1.02° 4.92+1.56"
Sweetness 401:087° 5.99+1.29" 467+1.62° 5.11+0.67"
Bitterness 4234045 5.01+0.88" 4214102 323+1.84°
Overall acceptance 487+1.14° 6.11£1.22° 5.35+1.46" 4.99+127°

"Values were expressed as the meantSD (n=30).
27 Point Likert scale : L-extremely dislike, 7-extremely like.
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A7F Aol Aol = 4 2 /714 e, 4
PH &4 59 A3 A&l th(Table 1).

ERAS
ZF A7 2rolM ATl mE whde] & aRg

lo

A% 495 g7} asy] Aldelen, 1 ol
e gusb ALk A% 2097 3.5%10°
CFUmLS YeRSth 28 25Tl A Aet 35, A%
129744 BRS7E A&A 02 Zhaske] 2.7x10° CFUmL
2 Jehton 2097 ER5E 1.2x10° CFUmLE 4Col

10

Viable cells (log CFU/mI)
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Fig. 2. Changes in yeast viable cell counts of 2% red ginseng
Makgeolli during storage at 4T (@) and 25T (@).

Values with varying superscripts in the same row are significantly different (p<0.05)
among groups in Tukey’s test.

T2 ZAAFEE A A22H A3E (2015)

A BESE AET A AT 4T A7FETE 25TH 7ol A
RSV Aad AL 52 2R 72t o
ol Mo 2 d57F S Ao Z Atsdn) Egt
ARG7) SRR HAE Hole olfE R A$ 4F
Aol Sl= Saccharomyces cerevisiaes B % Tt &
7o aREv] FrEo] 7] Wil Ao = AtsHnh
UE Z7)ddle FEAA gt dRkAlet, 3], R}
SATA A AThrt Zako] AAdE o] AHdstE 1 E R
oz F7iske Aoz HuEdrh20).
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ZAPA RS 0] 83 Wb ]| A<= lactic acid(4.16 mg/mL),

citric acid(0.88 mg/mL), malic acid(0.39 mg/mL)52] &714F
o] TG o2 IRl = UTH(Table 2). Lactic acid®] 73-5-
ukA4 2] 1hF o A malo-lactic fermentation®] 7 Zol|A 4=
W8S Lactobacillus sp.} Leuconostoc sp. 3 22 5%
ATl oJafjA] dojit= B o] 2 Q18] malic acid”}
lactic acid® AT F714HS FollA] 218kS Y= A®
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T - =2
acetic acid o] thaf A 79 43E& A&
2o HETA R Jedslo] FAE AstAl7]= 8]le] "ok
o gEA Ak, HAE A Sl Ao 22 HEvt
A -3 o] Fo] XA acetic acid®] AR Fu|7} /A=
g ZF | AESE S =dTE FHAA &9
AFatn Fho Frelgd YolA AR e ke 48
AAFH she JEds vk A% 2719 & malic acid®]
geko] 41 2 25Tl A 039 mg/mL 2 0.58 mg/mL ©] ..
U 20¢ 0] A2st Aol 046 mg/mL 123l 0.17
mgmLO. 2 S E ATt o]A2 25T Fihtse &
gl Wk g ol o] A] malic acid7} lactic acid® A= 17
w] Fo]r 4T A= &%) WE malo-lactic fermentation
Ay Freo] 2ol 2 AT S WY FEEHE AR
g P 2= Q3| o]e} AT frkte] ASo] AA
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Table 2. Change in the amount of organic acid in Makgeolli during storage at 4C and 25C

Contents of organic acid (mg/mL)l)

r

d

. 4T
o

1

n

N

€

n

g

m

a

k

g

€

0
boasc
i

1 4 5 6 7 8 9
0 032007  088:009" 036008  039:008°  4.16t132°  061+013" 00090002 098+021" ND
4 030:005°  0800.12°  020:006  0380.09°  377+105°  051:0.11° 00080001  0.81+0.15  026+0.07"
8 0324007  086:021° 041007 040£0.12  377+009°  0500.08°  0007+0001  0710.11°  0.08+001
12 0312004  084x0.11° 039004  039+006°  385+1.14°  052+121° 00070001  0.72:006°  0.08+0.01
16 03510.04"  095+0.17° 048009  059+0.14°  374xL.1°  056:009"  0.008+0.001  0.78%0.14°  042:0.13
20 036:009"  098+0.115"  0550.12  046:0.11"  351008°  054:011"  0008:0.002  087+020 143008
0 035:0.04"  092:0.18 009002  058:0.13 2184057  042+008°  0007t0.001  092+0.13*  0.17+0.02
4 042008  0006:0001° 0.009+0.002  0.12002°  529+133°  057+0.11° ND L17:2.11% 1584033
8 043:005  0001:0.000° 0010003  0.16+004  817¢172°  0.80+0.15" ND 165:035"  2.35+0.82
12 0471006"  0.002:0000° 001+0002 0194002  100:1.94™  0.74+007" ND 2.18:047°  2.85+0.17
16 045:005°  0002+0000° 0008:0.001  0.19:0.04°  128+234°  1.160.20° ND 2624067 334%1.07
20 046004 0.002+0000° 00090002  0.17:0.02° 1994365  049+0.08° ND 280+0.18"  3.62+0.08

"1, oxalic acid; 2, citric acid; 3, tartarric acid; 4, malic acid; 5, lactic acid; 6, acetic acid; 7, fumaric acid; 8, isobutyric acid; 9, butyric acid.
Values were expressed as the meantSD (n=3). ND, not detected.

Table 3. Change in free sugar and ethanol concentration in 2%
red ginseng makgeolli during storage at 4C and 25C

Contents of free sugar and ethanol (mg/mL)

Days  Sucrose Glucose Mannose Ethanol
0 283031  444%033° 13820.14°  7234%9.52°
4 1830.11°  300t041"  054%009°  65.12+4.22°
4T 8 169:009°  294+034° 063011 75804831
12 1213010  223024°  049+009°  76.40+12.39
16 1012007  2.16t023° 059007  87.35+10.02°
20 081x0.11"  197:0.18°  061:013°  88.70+14.50"
0 230#029"  3.03:030°  065:0.10°  79.45+6.94°
4 014100  0.17:00F  029+0.04°  91.92+15.00°
- 8 ND 0.14+001°  007:001°  97.06:9.38"
12 ND ND ND 9430£13.33°
16 ND ND ND 93.92+7.14°
20 ND ND ND 95.59+10.31°

"Values were expressed as the meantSD (n=3). ND, not detected.
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PH A7} fAFE 25 YERith 2PdeE]9] pHe 3
2 JE 1A FF5 2 w5, 71E kg Ed ¢
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Fig. 3. Change in pH of 2% red ginseng Makgeolli during storage
at 4C (@) and 25C (@).

Values with varying superscripts in the same row are significantly different (p<0.05)
among groups in Tukey’s test.

25

Total acidity (%)

0.5 —

0.0 | | | |
0 5 10 15 20

Storage periods (days)

Fig. 4. Changes in total acidity of 2% red ginseng Makgeolli during
storage at 4C (@) and 25C ().

Values with varying superscripts in the same row are significantly different (p<0.05)
among groups in Tukey’s test.

0.6

0.4 —
0.3 —
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el llallal On

Rg1 Re RF Rb1 Rg2 Rc Rb2 Rb3 Rd F4 Rg3 Rk1 Rg5

Contents of ginsenosides (mg/ml)

Ginsenosides
Fig. 5. Contents of ginsenoside in 2% red ginseng Makgeolli.
Values were expressed as the meantSD (n=3).
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0.39 mg/mLe] A2 Btk A% Z7]= malic acid®]
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5 BAFUTE A% 48Y o] FHE = Fo] 543] 44a
sl om 8 o] FREIE 2 A0S Holx| YU3ITh o]H &
A F ol 4FI ehblaz BajEQl7] wl il g
o] gk HAZITE 4CoA AGA], DA<l 87|17
th10%) 71 204 B3t el ¥isks Bylon fejde
12 79l sucrose, glucose2} mannose®] Y- 12202 7h4A
sttt F4F 3 pH A 7 ATl A 2471t
U2 pHO| W=, 4ColA Ade A5, A7 497 pH
43014 847 pH 3.8% HOIRHA] 7|7t FoF AA3]
ZHaE Ak 25TAA A4e 739, pH 4.6~32 T2
4C A% =R 25T 2504 pHY} BA &2 =
AA ALl = A A} SFake 247 mejg .2 S E AT
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