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Fermentation Conditions for High Acceptability of Korean
Traditional Fermented Beverage Kyejang

Jin-Kyoung _]ungl, Kyung-Mo Songl, Sung-Hoon Yil, Hyo-]Jin Kiml,
Young-Sook Han? and Myung-Ki Lee'

!Fermentation Research Center, Korea Food Research Institute
ZDepartment of Food and Nutrition, Sungshin Women’s University

ABSTRACT Kyejang is a Korean traditional beverage manufactured from medicinal plants and fruits using honey,
sugar, or starch in cold water. In this study, cinnamon-containing kyejang, which is a type of beverage Jang, was
reproduced based on Imwonsibyukji’s method published in 1827 in the Korean literature. Kyejang made by nuruk,
cinnamon, and medicinal plants was prepared at various temperatures and periods. Kyejang was assayed for physi-
ochemical properties (pH and acidity), contents of metabolites (organic acids, sugars, and amino acids), and sensory
characteristics (aroma and taste). During fermentation, content of organic acids (e.g. lactic acid, acetic acid, and shikimic
acid) increased, which lowered pH, increased acidity, and increased intensity of sour taste. In the case of free sugars,
fructose and maltose levels decreased while glucose and mannitol levels increased during fermentation periods, and
sweetness decreased. The main amino acid in kyejang was tryptophan, followed by asparagine, proline, and arginine.
The sensory evaluation score of overall preference was highest for kyejang which was fermented at 20°C for 3 days.
The results will be provide the basic data of fermentation conditions for standardized manufacturing process of kyejang.
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1 A7VEES Table 13 Zt A
(Vietnam), 253 (China), #<¢!(China) 59| 3-okA+=
ao] FelE A& AEAIGelA FAsHAT gHeFAIQl Al
2563 g AEHEDL 1.88 g, FJAEL 1.50 g} A+

= (Kyungdong market, Seoul, Korea) 15 g, Hg] %7 &

Hmﬂ

P

(Tureban, Gyeonggi-do, Korea) 0.94 g2 % (Dongsuh
food, Seoul, Korea) 90 g3} A & 412 £ 90°C o] gl
A 108-7F 291 B 900 mLE 40°C7HA] 43 & #7189
g £33 AEES 1080 €A 52 Ao AAE Al
Z3th Al z2d Alg2 121°Coll A 1533 H g B
H#stgion 7= 7EFolR 3T ol 74
10°C, 20°C, 30°CollA 7¢ &<t A3t em 0, 1, 3, 5,
7dol dAZF ARE AMF St EA e A&

Azl w2 Aol DHQr AtEe] WstE
HE ARl mE A Al g 10 mLA 33
] 24 pH meter(Sevencompact, Mettler
oledo, Greifensee, Switzerland)E A}-&3to] F 43515
S ES 10 mLA AFHE AEE 0.1 N NaOH 845
&-3}o DH 8.30] & wj7}x] AA43s}aL, oju] AH]¥l NaOH
o] &5 lactic acid (P22 Filste] AEE 574
BE 32 33 A8 o 1 Hagks FHakalvk

HH9] STl F=35k

< 0.22 ym membrane
HPLC(UltlmateSOOO Dionex,
Sunnyvale, CA, USA)E 243519tk HPLCe Z#H &
Aminex 87H column(300<7.8 mm, Bio—-Rad, Hercules,
CA, USA)E AH&3stglen 28 &%+ 40°CE 74383

-

t}h o]%57d2 0.01 N HpSO,E 0.5 mL/mino 2 Sejxy)
Age 13 FYFE 10 pLg o™ detectors= RI(RI-101,

Shodex, Kanagawa, Japan), UV(210 nm)E A}&-3}e] 30
B2 B350 EFF 0 2+ acetic acid(99.7%, Junsei
Chem, Kyoto, Japan), formic acid(98%, Fluka, Neu-
Fluka),
citric acid(99.5%, Showa Chem, Tokyo, Japan), malic

Ulm, Germany), lactic acid sodium salt(99%,
acid(99%, Kanto Chem, Tokyo, Japan), succinic acid
(99%, Sigma-Aldrich, St. Louis, MO, USA), oxalic acid
(99.5%, Showa Chem)ZE A}-&3}%it}.

[alz 24
527 2AL 915l ARE 10ue] FHG0] FF3)e]

Table 1. Ingredient compositions of kyejang produced in this study

Ingredients Literature Unit conversion Product composition (1/20)
1 Cinnamon 3 nyangl) 112.50 g 563 g
2 Hoelen rubra 1 nyang 3750 g 1.88 ¢
3 Nuruk 1/2 geun” 300.00 g 15.00 g
4 Barley malt 1/2 nyan; 1875 g 094 ¢
5 Apricot kernel 100 units” 30.00 g 1.50 g
6 Honey 3 guen 1,800.00 g 90.00 g
7 Boiled water 1 mal? 18,000.00 mL 900.00 mL

Y1 nyang=37.5 g. ?1 geun=600 g. Y100 units=30 g. “1 mal=18,000 mL.



2,800x g9l A 103 YA E2 3 £ 0.22 ym membrane
filterE ©] &3} oJ¥3gk ¥ HPLC(Ultimate3000, Dion-
ex)® A3 2432 Sugar-pack(300 mm*<6.5 mm,
10 um, Waters, Milford, MA, USA)S AFg31% o 23
ZEE 80°CE fFAEs. olsde 33 F/HFTE 05
mlL/min® 2 & X3t} Detector= RI(RI-101, Shodex)
2 AFgsle] BT EE 0 2 glucose(98%, Jun-
sei Chem), galactose(99%, Sigma—-Aldrich), arabinose
(99%, Sigma-Aldrich), xylose(99%, Sigma-Aldrich),
fructose(99%, Sigma-Aldrich), mannose(99%, Sigma-
Aldrich), Sigma-Aldrich),
monohydrate(99%, Junsei Chem), lactose monohydrate
(99%, Junsei Chem), raffinose(99%, Sigma-Aldrich),
stachyose(99%, Sigma-Aldrich)E& A}-&3}3i ).
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brane filterE o]&3t9 o2k & HPLC(Ultimate3000,
Dionex)2 #4J3}%lt}. FL detectori= emission 450 nm,
excitation 340 nm(OPA), emission 305 nm, excitation
266 nm(FMOC)E AF&3}5 2™ UV detector= 338 nm
4S o] g3t 2EEHL 0.1 N HClel &3i3 1
nmol/uL aspartate, glutamate, asparagine, serine, glu—
tamine, histidine, glycine, threonine, arginine, alanine,
taurine, GABA, tyrosine, valine, methionine, norvaline,
tryptophan, phenylalanine, isoleucine, leucine, lysine,
hydro proline, sarcosine, proline(Agilent, Santa Clara,
CA, USA)S AH&39th HPLC 4] 232 C18 column
(4.6 mm><150 mm, 5 pm, Youngjin Biochrom, Gyeonggi—
do, Korea)& AH&atglom, ZHel 2= 40°C, AE &%
= 20°CE A8 Y. o5 A(20 mM sodium phos-
phate monobasic, pH 7.8)¢} Bldistilled water/ acetoni-
trile/ methanol(10/45/45, v/v%)]& Table 29| H| &=

%2 15 ml/mine =2 ZeF30en 13] A8 FUF2 0.5

BSEY 2N
R 2wsh 710 destel AxE 757 Al o)
@ B5AAE 200 o4 2 %

oma), F&(sweet aroma), *+F 3+ (sour aroma), A3t
gk(tart aroma), &=-23F(alcohol aroma), A3 3H(cinna-
mon flavor), @9 (sweet flavor), A& 3% (sour flavor),
A Z& gk (tart flavor), &3Z-&%(alcohol flavor), ¥-&1k
(acerbity flavor) .2 & 11714 &9 #is8oj2 &
3ttt o] % 2af 7|5 % FAE E3le] Y 11714 35

o i3t 7|& = 2 AAH S 7] &% (overall preference)E

w597t 139

Table 2. Adjusting gradient condition of HPLC for amino acid
analysis in kyejang

Time Flow rate Mobile Mobile
(min) (mL/min) phase AV phase B?
0 1.5 100 0
24 1.5 43 57
24.5 1.5 0 100
26 1.5 0 100
26.5 1.5 100 0
30 1.5 100 0

"Mobile phase A: 20 mM sodium phosphate monobasic, pH

7.8.
“Mobile phase B: distilled water/ acetonitrile/ methanol [10/45/45
(vIv%)].
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Fig. 1. Changes of pH of kyejang during fermentation at 10°C,
20°C, and 30°C.
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Fig. 2. Changes of acidity of kyejang during fermentation at
10°C, 20°C, and 30°C.
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Table 3. Changes of organic acid in kyejang during fermentation
at 10°C, 20°C, and 30°C

Fermentation conditions Content (mg/mL)

Temperature  Period Shikimic ~ Lactic Acetic
°O) (days) acid acid acid

- 0 0.0017  0.0205 ND"
10 3 0.0016 0.0297 ND

7 0.0015 1.3186 1.0315

20 3 0.0016 0.5387 0.3810

7 0.0012 1.7814 1.5266

30 3 0.0016 1.4339 0.8567

7 0.0016 2.6293 1.6435

UND: not detected.



Table 4. Changes of free sugar in kyejang during fermentation
at 10°C, 20°C, and 30°C

Fermentation conditions

Content (mg/mL)

Tem;zerature Period Maltose Glucose Fructose Mannitol

O (days)

0 793 3818 5363  NDV
10 3 8.35 37.76 53.40 ND

7 7.85 39.51 50.37 5.85
20 3 7.99 38.18 52.88 1.64

7 7.03 37.41 47.50 8.43
30 3 7.45 38.52 50.83 4.83

7 6.84 40.54 50.86 8.99

YND: not detected.
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otk A FARR o] &Y= Ho FH 7 glucose,
fructoseo] B2 Az A% AG F3F A2 EoA 7
e AOoR Bt} o]F way P Zle =
fructose®} maltose= HA} #43

fructoses 20°Col|A 7¢ ”EL 55} A&

1 =
4w e

o

7} 141
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2 Aol A Z+7}; 5.85, 8.43, 8.99 mg/mL HAEE o
30°Cell A a gk Azl 1 kel 7 &4tk Manni-
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T A2 fructosed] HE Fdd YN E Y F UE
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AEe
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=

=¥
T
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=, maltoses= 30°Coll A 74 La3k Al5oA] 6.84 mg/mL
2 o] 71 WA YEET Glucose% ]‘ = 9o
U AE Z715t= FAE 1901 o]= maltose F3l

& 205 o
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AEH ) o =

b % glycine,

hydro proline, lysme proline, threonine< @493 Y=

Hog deA ¢

1 31 methionine, valine, isoleucine, phe-

Table 5. Changes of amino acid in kyejang during fermentation at 10°C, 20°C, and 30°C

Temperature (°C) — 10 20 30
Period (days) 0 3 7 3 7 3 7
Aspartate 10.11 11.92 17.34 10.17 14.27 14.61 26.18
Glutamate 8.76 12.21 14.21 5.48 2.85 391 23.63
Asparagine 22.58 19.18 12.43 14.67 10.18 10.83 23.18
Serine 5.32 6.69 13.04 6.48 7.76 10.51 21.99
Glutamine 8.70 12.13 14.12 5.44 2.83 3.88 23.48
Histidine 2.65 2.69 4.72 2.91 3.50 3.95 8.15
Glycine 1.95 2.27 2.54 1.76 1.62 4.62 8.86
Threonine 3.49 4.29 8.38 422 5.26 8.66 16.19
Arginine 19.11 21.22 38.64 20.81 43.71 45.94 78.29
Contents Alanine 5.15 5.49 10.81 6.02 10.60 9.15 24.32
(mg/L) GABA 5.32 5.32 6.21 5.13 5.86 5.59 6.78
Tyrosine 5.21 5.94 10.42 6.12 6.43 10.09 23.09
Valine 5.65 7.07 10.17 6.13 4.36 13.24 26.28
Methionine 1.29 1.93 3.06 1.16 1.59 2.22 7.40
Tryptophan 33.46 40.71 62.18 36.70 49.33 58.41 103.56
Phenylalanine 5.57 6.97 13.09 6.52 6.17 11.63 28.99
Isoleucine 3.83 4.89 5.05 3.22 1.18 8.37 18.29
Leucine 6.59 9.09 18.10 7.77 6.09 17.81 43.93
Lysine 2.00 2.56 2.27 1.63 1.15 2.13 441
Proline 18.67 22.98 20.84 23.61 15.32 19.09 17.00
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Table 6. Sensory evaluation (preference) of kyejang fermented at 10°C, 20°C, and 30°C

Temperature (°C) — 10 20 30
Period (days) 0 3 7 3 7 3 7
Cinnamon aroma 6.64:1.21"  6.00£1.26®  5.00£1.41*°  6.00+1.18®°  4.09+£1.76° 3.7342.28°  3.73x1.74°
Sweet aroma 5.82+1.25° 6.36+0.81°  5.36+1.29" 6.09+0.94"  4.09+1.45 3.55+1.69"  3.55+1.86
Sour aroma 5.18+1.08° 5274090  4.09+1.22%®  5.00+1.22°  4.00£1.41"  3.64£1.69" 3.91£2.07"
Tart aroma 5.00+1.22°  5.91+1.38° 427+127°  5.64+1.43*  2.91+]1.38¢ 2.82+1.54"  3.18+1.66™
Alcohol aroma 527+1.27° 5.64+0.92°  4.73+£1.42" 5734135  3.91+1.30°  3.18+1.33°  3.18+1.40°
Cinnamon flavor 5.73£1.35™  591£1.76™  5.55:1.57"%  6.55:1.13"  4.36+1.91"  4.18+2.32%  3.91+2.07°
Sweet flavor 5.45£1.94"  6.00£1.34°  5.64+1.69"  545%1.75"  4.55+1.44™  5.0042.05®  4.00+1.61°
Sour flavor 481£1.17"  5.5540.93"  5.64£1.12° 5.39+1.43"  3.91+].64° 4.64+1.86®  427£1.56
Tart flavor 527+1.10% 5551144  527+1.56®  5.82+1.40°  3.00+1.34° 3.18+1.17°  4.00+1.84™
Alcohol flavor 5.82+1.17° 5.55+1.04°  5.18+1.40™  6.27+1.10"°  4.18+1.60°  3.91+1.64°  3.73+1.35°
Acerbity flavor 5.73+1.19" 5.64+0.81°  527+1.27° 6.00£1.34"  3.73+1.42° 4.00£1.79°  3.73£1.90°
Overall preference  5.64+0.81° 5.73+1.10  5.55+1.51° 6.45:1.13*  3.73x1.68° 3.55£1.57°  3.09+1.30°
])MeaniSD (standard deviation).
IDifferent letters (a-d) within the same row are significantly different at P<0.05.
nylalanine, tryptophan, leucinee 29S8 Y= Ao 2 <& AEe HSEL 2M
A Arh28,29). g Yang 5(30)9] A7l m=H as- g 9 gyt wE Ao utal ol i3t B
partic acid, glutamic acid, cysteine& 743+ S-S A EXNL 117}A & g3t 7|55 2 A Hl 7|EZER
713 %2 =01, isoleucine, leucined Z59-S WA 7% Brtstg om 7 Ay Table 63 2t} Al9dke] 75 %
S5 7HAAZ G Basgleh Al 25 A2 tryp- = Az AT T 6.64+1.21% 71 =7 Yebs
tophan®] &&o] 33.46 mg/LE 7} =9t=0|, RE w3 o 30°C #a 399 3.73+£2.28, 30°C W& 7Y 3.73+
Smoh wgTzke] ke wet Frhske] 30°ClA wE 1748 vEhdo] DA LRI} FoldSS Vet G
Al 74 A9l 103.56 mg/LZE 7} =of T8 ofviat AR S & 5 Y Tk A9 Az A5 Azl 5.82+
o7 Yyelgton o] 2 ¢ldlo] &ubof] kS 5918 Aol 1.25, 10°C 3994 6.36+0.812 &A e} Hgx7]q
oA A5 A}, Tryptophand Z 4= oju| Akl sz vhg, Gkl 7ZE7F 22 AL & 5 A A 71s
A7 e A fA o Hhk=A] Q3 oju] i itoln o] oF o] %ol 10°C 3Ll A }X = Yeh Al g} &
F 2 AEFHAMARE o] &= A JTH3D). E} o2 fol S AT T2 BT 10°CollA 3UzF TaA 7l A
HZE % asparagine A|Z= A $ 22.58 mg/L AEHAATH A 7§55k A UERE S & S ik B 71sRe] A
10°C2}F 20°C Algoll A= Lar| 7t wa 74 0}04 Ll AT ok 20°C 3Ll A 6. 55+1 1302 714 =9ko

79l = 7H2E 12.43 mg/L, 10.18 mg/LE YERA AL, 30°C

A= wa 3"‘01]‘” ZABFAARE 7= 23.18 mg/LE

~7]—'}°E‘D} Asparagine—o— A 7ol A “or/‘ﬂf‘L
lﬂ“ 7-] o7 olgq X%

2 RE 2EAM TR 3‘”01]

1t} Glutamine2] 7

+ 8.70 mg/Lgle Eq

10°Col A gt Age] 45 e 7%1 Aol 14.21 mg/LZ

20°CoAM = AF ZAAsFR AT 30°Ca

oS

d
=
o.
=2
@
r
[t
=
o
=
rr
o,
r—{u:
o

rr
g
B
QL
;O

A 2gdt 49 da 7940l 23.63 mg/LE 7 Zol 7}
kS & = QUKL o]elol A& B2 GABA(gamma-

amino butyric acid)® HEZE =l o= AA AN EE3}
= Hle A ofw|ibe] dFo|tt. MFEAS glutamic
acid2RE AQH T ¥ B A4 47 49 4484%
A Agaie 28 As 2 ol w3t 5 ofe] A gol
s I QTH32). Algel A9 GABA 33 g 7] kel
whe} 71 gheko] 30°C>10°C>20°C o2 Z718kith. Ty~
3 Ll =852 ukbg A7)

ZT=1T 1, =

rosine?} phenylalanine &

Angsrs Zse mEe wildh

Uk 10°C 3994 6.00+1.342 7} =9t} AEaur
5.64%£1.122 10°C 7¥9A 71 =dow A3t

20°C 3964 5.39+1.432.% 714 =4 ey &3

=)
L oo o rlo L Ho 2 HJ 1'ﬂ

gk wW2uke] Aex B 20°C 30101]}\1 N = Yebyt
o} o]Hd AR U y|axo A9 wuknl A A
o3k = ol 20°C 30101]/\1 7V oAk A e
AAA) NEEAAE B 71587} 74 %L 20°CHA
39 HEI Aol 6.45%1. 132 Vg S ehd

. oldel Aas Fate] dddEAel ved zelE
% Z Al 10°Coll A 74 3kolu 20°Cell A

3R gt Ao 7HE $E Aow AdHI o] 9

%
).
kit
N
fol
[l
N
N
oy
ot
o
e
B



=8 AF151e] ol she

@ﬂu&ﬁ%%&@ﬂz

NI
i) :3

lactic acid, acetic acid,
O 2 QI3 pHE HolA| L
F7vste] A b A gk Bhe] SR
th AAA R 7|E=7F b -7 g 20°Col A 39 wa e
A&+ 0.5387 mg/mL lactic acid, 0.3810 mg/mL acetic
acid, 0.0016 mg/mL shikimic acidE -3} 2.1, 38.18
mg/mL glucose, 7.99 mg/mL maltose, 52.88 mg/mL
fructose, 1.64 mg/mL mannitolg &3ttt ofm Ak
FolAE Aol &t TS FUS Aol AAAE
tryptophane] 7 o] EfrEo] AL o]9 % as-
paragines, proline, arginine, aspartate 52| 30| =7
YERS T 20°Col A 397 wast A2 36.70 mg/L
tryptophang &-F-3kaL Ak AAFA {714, F29
obu]xate] Fepe 30°C>20°C>10°C w02 vhebgeh.
37t A3 10°Col A 397F Hagh A 11}9] o] 715 %7}
7V w=A dEls e 20°CellA 3U3 2 adk Aol o
V&t THA V=Tt M =

Aol ARE A= Al

ol g $5 e

shikimic acid
)\].1: L

a1

o

>,

Q)7
=4,
KN
<
=

4

o ol o
ol
rr
2

2

L,

=}

E o
1)
fols

o
o i

£y
i i

il

off PN o 1o nZ do
oo

o

rO

tlo

ul

=

Lo
N
)

A= 74 (E0143023839) & 53 5]
#Futh 5 A6 gy

A F AT

piul

Qe

REFERENCES

1. Lee HJ. 1994. Korean beverage culture. Korean J Dietary
Culture 9: 421-429.

. Kim MR, Seo JH, Heo OS, Oh SH, Lee KS. 2002. Physico-
chemical and sensory qualities of commercial sikhes. J
Korean Soc Food Sci Nutr 31: 728-732.

3. Jeong SI, Yu HH. 2013. Quality characteristics of sikhe pre-
pared with the roots powder of doraji (Platycodon grandi-
florum A. DE. Candolle). J Korean Soc Food Sci Nutr 42:
759-765.

. Seo JH, Sung TH, Kim MR. 2002. Quality characteristics
of sujongkwa. J East Asian Soc Dietary Life 12: 370-378.

5. Park GS, Kim GS. 2012. Originals: Investigation into the
preference and demand for functional drinks (Korean tradi-
tional drinks). Korean J Food Cookery 28: 413-421.

. Park EY, Han YS. 2007. A survey on the plans to market

traditional Korean beverages as take-out products. Korean

J Food Culture 20: 501-508.

Kim HY. 2001. Beverage in Korea. Hyoil, Seoul, Korea.

p 135-136.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

143

. Seo YG. 2007. Imwonsibyukji: jeongjoji. Jeong NW, Jo SH,

eds. Kyomunsa, Gyeonggi-do, Korea. p 253.

. Kim NM, Jeon BS, Park CK, Kim WIJ. 1993. Effect of ex-

traction conditions on mineral components and physical
properties in cinnamon extracts. J Korean Agric Chem Soc
36: 249-254.

Chung HR, Lee JY, Kim DC, Hwang WI. 1999. Synergistic
effect of Panax ginseng and Cinnamoum Blume mixture on
the inhibition of cancer cell growth in vitro. J Ginseng Res
23: 99-104.

Tabak M, Armon R, Neeman 1. 1999. Cinnamon extracts in-
hibitory effect on Helicobacter pylori. J Ethnopharmacol
67: 269-277.

Baker I, Chohan M, Opara EI. 2013. Impact of cooking and
digestion, in vitro, on the antioxidant capacity and anti-in-
flammatory activity of cinnamon, clove and nutmeg. Plant
Foods Hum Nutr 68: 364-369.

Jeong ET, Park MY, Lee JG, Chang DS. 1998. Antimicro-
bial activity and antimutagenesis of cinnamon (Cinnamo-
mum cassia Blume) bark extract. J Fd Hyg Safety 13: 337-
343.

Kim RM, Kim YH, Lee EB. 2000. Anti-allergy activity of
cinnamomi cortex. Natural Product Sciences 6: 49-51.
Park KH, Kim DS, Lim YH. 2001. Anti-allergic compound
isolated from Cinnamomum cassia. J Korean Soc Agric
Chem Biotechnol 44: 40-42.

Jeong ST, Kwak HJ, Kim SM. 2013. Quality characteristics
and biogenic amine production of makgeolli brewed with
commercial nuruks. Korean J Food Sci Technol 45: 727-
734.

Yu TS, Kim HS, Hong J, Ha HP, Kim TY, Yoon IH. 1996.
Bibliographical study on microorganisms of nuruk (until
1945). J Korean Soc Food Sci Nutr 25: 170-179.

Lee JS, Lee TS, Park SO, Noh BS. 1996. Flavor components
in mash of takju prepared by different raw materials. Korean
J Food Sci Technol 28: 316-323.

Hwang SH, Chung CH. 2011. Production of sikhae fer-
mented beverage using a dextran producing isolate from
kimchi and takju yeast. J East Asian Soc Dietary Life 21:
82-87.

Kim DC, Choi JW, In MJ. 2007. Acidic beverage fermenta-
tion using citrus juice and antimicrobial activity of the fer-
mented beverage. J Korean Soc Food Sci Nutr 37: 1037-
1043.

Ahn CS, Yuh CS, Bang IS. 2009. Physicochemical charac-
teristics of fermented milk containing mulberry leaf extract.
Korean J Food & Nutr 22: 272-278.

No JS, Seo HJ, Oh MJ, Kim MH, Cheigh HS, Song YO.
2007. Development of auto-aging system built in kimchi
refrigerator for optimal fermentation and storage of Korean
cabbage kimchi. Korean J Food Sci Technol 39: 432-437.
Jeong JS, Kim SH, Kim ML, Choi KH. 2007. Acidic bever-
age fermentation using citrus juice and antimicrobial activ-
ity of the fermented beverage. J Korean Soc Food Sci Nutr
37: 1037-1043.

Cho KM, Ahn BY, Seo WT. 2008. Lactic acid fermentation
of gamju manufactured using medicinal herb decoction.
Korean J Food Sci Technol 40: 649-655.

Korea Society of Food Science and Technology. 2008.
Dictionary of food science and technology. Gwangilmun-
huasa, Seoul, Korea. p286.

Ha JH, Hawer WD, Kim YJ. 1998. Changes of free sugars
in kimchi during fermentation. Korean J Food Sci Technol
21: 633-638.



144 B AR oA

27. Ryu BH, Kim DH, Yun WJ. 1996. Characteristics of man-
nitol production by Leuconostoc sp. KY-002. Korean J
Biotech Bioeng 11: 636-641.

28. Park HK, Sohn KH. 1997. Analysis of significant factor in
the flavor of traditional Korean soy sauce ( I ) — nalysis of
nitrogen compounds, free amino acids and nucleotides and
their related compounds—. Korean J Dietary Culture 12:
63-69.

29. Cha WS, Cho Mj, Ding JL, Shin HJ. 2008. Nutritional com-
ponent analysis of green tea tree's root and seed. Korean

31.

32.

J Biotech Bioeng 23: 387-391.

. Yang SH, Choi MR, Kim JK, Chung YG. 1992. Characteris-

tics of the taste in traditional Korean soybean paste. J
Korean Soc Food Sci Nutr 21: 443-448.

Hong BP, Byun HS. 2008. Adsorption characteristic of L-
tryptophan of affinity membrane. Membrane Journal 18:
214-218.

Lim SD, Kim KS. 2009. Effects and utilization of GABA.
Korean J Dairy Sci Technol 27: 45-51.



