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Lactic Acid Fermentation of Gamju Manufactured Using
Medicinal Herb Decoction
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Abstract In this study, the characteristics of the lactic fermentation of gamju manufactured using a medicinal herb
decoction were assessed. A bacterial strain, LAB19, which is used for the induction of lactic fermentation into gamju, was
isolated from dried persimmon and identified as Leuconostoc mesenteroides on the basis of morphological, physiological,

and chemotaxonomical features,

and 16S rRNA sequencing analysis. After 60 hours of lactic fermentation with

Leuconostoc mesenteroides LAB19 at 25°C, the gamju was determined to contain 141.3 g/LL of reducing sugar, 5.33 g/L
of acids, and 1.19 g/LL of soluble phenolics. Approximately 90% of reducing sugar and 58% of acids were maltose and
lactic acid, respectively. Free radical scavenging activities were retained at levels between 76.6 to 75.7% during the lactic

fermentation of gamju.
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skt ¢ Eelg Aikd> 20mL MRS BiA| 7t
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<o wet AAE st AW EA AT AL B4
GC(model 5890, Hewlett Packard) % phenylmethyl silicone
fused silica capillary column(25 mx0.2 mm, Hewlett Packard)E
ARt BEA AT 73] AT A 542 APISO NE
kit(BioMeriux, Marcy-IEltoﬂe France)E AME-3l] #4131t} g
A, A #FE MRS iR A 244175 AAuf S -
Intron Genomic DNA Purification kit(Intron Botechnol. Co.,
Suwon, Korea)2 AH&-3}%] genomic DNAS £33 o|& +3
o= 3lo] PCRE %3l0] 168 tDNA $714LDS AASITE PCR
HFE-& 94°Col A denaturation 1%, 55°COlA] annealing 30%,
72°ColA] extension 13 &<t 30 cycleS $-333FI T}, Primer A2t
© bacteria®] 16S rDNA conserved regionolA] <F 1,500 bp %=
7} A A ZS 3ATE Forward oligonucelotide primers 5'-
CGGAGAGTTTGATCCTGG-3', reverse oligonucelotide primer+=
5-TACGGCTACCTTGITACGAC-3"S AR&-3FTH13). PCR WM&
o] Tt 3 7] JF3le] 16S rRNA TS 3RI5IAL Intron Gel
Extraction Kit(Intron Botechnol Co)E 7 kitoll X3 ¥hHo) o}
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o= ARgsle] %‘71*1%‘ 272 Wsioirk. A7IM<E 242 PRISM
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seqeuener(Applied Biosystems, Foster City, CA, USA)Z #2]3}%]
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BE BolM 102 5o 2N & %Z]ro}@ 343 =7 (Spec-
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Feld B4 dade d4E2S § deionized water(DW)Z
108] 34 s A|EE sep-pak NH, column(Waters Co., Milford,
MA, USA)3 0.45 pm-membrane filter(Dismic*-25CS, Toyoroshi-
kaisha, Ltd., Japan)s &AM 02 FHAA HAA st 2T
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55°CollA] ol 54 81(0.1% phosphoric acid)S 0.5 mL/min 4%
FZ OlFAIZIHA] UV detector(UV730D, Youngin, Anyang, Korea)
oA f714HE HESAT
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3L 25% Na,CO, &< 0.5mLE 7Isled 387 HAZE thAl
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FEFAoRE IFFS TR Gallic acids &3 FE
AL gallic acid®] FHFF=7F 0, 25, 50 100, 250, 500, 750,
1,000 mg/L7} H=F shed 9]9} 22 WO R 750 nmol|A] %
S5 &5t At ZF AEe 33 wHEste] Fsiditt.
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£ 0|83l 525mmillM FFEE Sk 7 AL 33 v
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2193 #7714 A¥ A= SPSS program? ©]-8-3sle] 7}
Age] Hed EFAAE ekl AlE7ke] Apo] AT dd
Hjx] B2 B4 (ANOVAYS AME-31%12™ Duncan's multiple range
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Chicago, IL, USA).
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°Bx2] =9} 1.2 g9 gallic acidl]l 3dshk= 484 phenolicse}t
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AsPAZ A G35} A7 13.4%rixe] B 028 g/Le] gallic
acidoll 3= 84 phenolicse} 116 g/Le] glucoseol] 333}
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Zro 2 HE B3t 45 LABIOE IHUA 9 ANTgo=R
Al MRSHIA|A F2A71= A4S B4 718 27, 25 15°C
9} 35°Ce] W9 2 NaCl 10%7H] F213k3th &3 LABI9:=
L-arabinose 5 &3 T2 o€ & o dwkdd L
mesenteroides<t 22 riboseE 188 = YUATH(Table 2). A Al
F9 Akt 2445 C, 0 28.05%, Cp, 097t 22.17%, C,y
Cyclo @97t 12.58%2 F23+ XWiko 2 et AIE AA] &).

16S rRNA 7M€ S B3l & ¢ A +F 548 A=
ST FF LABIOS 1,498 bptta 9714 Eo] AAE S Phy-
logenetic tree 2143} L. mesenteroides(M23035)2} 99.7%%
ABAZF P S AT § AUATKFig. 1). e, A
284, sty 54 9 AR EAd9E S§etd s
o L. mesenteroides2} 7V AFSI] 75 LABI9+= o] E 3l akhdt
Q759 L. mesenteroides == 1 2AZF0 2 ATty Qo) ue}
Al 2F LglA s ARE-E 4 9= Generally Recognized
As Safe(GRAS) Pl Eo| B2 3ol ihita s 93k 33
2 ARge] 7= AT
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L. mesenteroides LAB19 52| HZEo| shizlre] zabdtg
o] MAE FEFS HAES AT Table 337 ZUYTE HEFo] 25-
5.0%(whv)ollA LEet TavE AYPEACE HELF 2.5%(W) 7
< W7 36170 AHEFE 9.96x10° CFUMLZEA =23 o] &

Table 1. Effect of saccharification for gamju by a Korean herb medicine material extraction”

°Bx

Saccharification

Saccharification time (hr)

condition”
0 1 2 3 4 5 6
Top water [stem rice 20 (%, w/v)] 1.0 3.6 52 7 8 8.8 9.6
Korean herb medicine material extraction
[stem rice 20 (%, W/v)] 2.8 54 7.0 9.0 10.0 104 11.8
Top water [stem rice 40 (%, w/v)] 1.0 52 7.8 10.4 11.2 12.6 134
Korean herb medicine material extraction 28 78 10 122 132 14.4 15.0

[stem rice 40 (%, w/v)]

DValues indicate the mean's of three replications (n=3).

25%(v/v) malt extraction was added from 20 to 40%(v/v) into stem rice and top water or Korean herb medicine material extraction and saccharified

at 60°C for 6 hr.
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Table 2. Phenotypic characteristics of strain LAB19

Characteristics Reaction Characteristics Reaction
Shape cocci N Acetyl glucosamine +
Gram staining positive  Amygdaline -
Glycerol D Esculine +
Ertythritol - Salicine +
D-Arabinose - Cellobiose -
L-Arabinose + Maltose +
Ribose - Lactose -
D-Xylose + Melibiose +
D-Xylose - Saccharose +
Adonitol - Trehalose +
B Methyl-xyloside - Inuline -
Galactose + Melezitose -
D-Glucose + D-Raffinose +
D-Fructose + Amidon -
D-Mannose + B Gentiobiose -
L-Sorbose - D-Turanose +
Rhamnose - D-Lyxose -
Dulcitol - D-Tagatose -
Inostiol - D-Fucose -
Mannitol - D-Arabitol -
Sorbitol - L-Arabitol -
o Ethyl-D-mannoside - Gluconate -
o Methyl-D-glucoside + 2 Keto-gluconate -

Xylitol
Glycogene

5 Keto-gluconate

Arbutine

"-, negative reaction

2+, positive reaction

0,05
—_

Leuconostoc fallax 17D (AF218797)

93 -I-_ Leuconostoc citreum TH22 (AF111949)
Leuconostoc lactis (M23031)

10075

Leuconostoc kimchii (AF173986)

85 Leuconostoc gasicomitatum (AF231131)

[ Leuconostoc inhae TH611 (AY117686)
100
Strain LAB19

Leuconostoc mesenteroides (M23035)

gl Leuconostoc mesenteroides subsp. cremoris (M23034)

* Leuconostoc pseudomesenteroides R01 (AF515228)

_Emconostoc Sicuineum FS-1 (AF360736)
100

Leuconostoc fructosum DSM20349 (AF360737)

Fig. 1. Phylogenetic relationships of the strain LAB 19 and other
closely related Leuconostoc species based on 16S rDNA gene
sequences. Numbers above each node are confidence levels (%)
generated from 1,000 bootstrap trees.

7Hasde). ol BEE 14.7°Bx, AAAEE 240 mL, pHE 3.68
o]t

Fohdbgol nX= PGS Table 49}
2oyt HEEvt B2 Z7MAME o F2o] 98l 25°C

Table 3. Effect of inoculation concentration of strain LAB19 on lactic acid fermentation of hanbang gamju”

Fermentation time Inoculation By H Titratable acidity Visible cell
(hr) concentration (%, v/v) P (mL)? (cfu/mL)
1.0 152 5.2 6.0 2.55%10°

0 2.5 152 5.2 6.5 5.75x10°
5.0 152 5.0 84 1.24x10’

1.0 15.1 3.87 16.8 1.85x10°

12 2.5 15.1 3.87 19.2 8.15x108
5.0 15.1 3.87 19.2 1.13x10°

1.0 15.0 3.71 22.8 8.95x10°

24 2.5 14.9 3.69 24.0 121x10°
5.0 14.9 3.68 21.6 4.35x10°

1.0 14.7 3.67 22.8 3.68x10°

36 2.5 14.7 3.68 24.0 9.96x10°
5.0 14.6 3.66 252 8.87x10°

1.0 14.6 3.62 21.6 4.63x10°

48 2.5 14.7 3.60 24.0 4.32x10°
5.0 14.6 3.59 24.0 4.10x10°

1.0 14.4 3.61 23.8 5.63x10°

60 2.5 143 3.59 29.6 3.72x10°
5.0 143 3.59 27.8 2.98x10°

"Values indicate the mean’s of three replications (n=3). L. mesenteroides 1.AB19 was innoculated from 1.0 to 5.0%(v/v) into hanbang gamju and
fermented at 30°C for 48 hr.
?Ten ml of gamju was titrated with 0.1 N NaOH to pH 8.2+0.1 for titratable acidity.
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Table 4. Effect of temperature on lactic acid fermentation of hanbang gamju®

Fermentation Fermentation o Titrable acidity Visible cell
time (hr) temperature (°C) Bx pH (mL of 0.IN (cfw/mL)
P NaOH/10 mL)?

20 152 5.20 6.5 2.49x10°

0 25 152 5.20 6.5 2.49x10°
30 152 5.20 6.5 2.49x10°

20 15.1 4.10 14.4 1.24x10®

12 25 14.9 421 132 3.92x108
30 14.9 3.87 19.2 1.00x10®

20 15.0 3.87 16.8 1.22x10°

24 25 14.8 3.84 22.8 1.39x10°
30 14.7 3.69 24.0 1.20x10°

20 14.9 3.71 204 4.71x10,

36 25 14.6 3.58 27.6 5.10x10°
30 14.6 3.68 24.0 4.90x10°

20 14.9 3.79 21.6 4.37x10°

48 25 14.6 3.59 28.8 5.26x10°
30 14.6 3.60 24.0 5.14x10°

20 14.6 3.71 235 2.97x10°

60 25 143 3.61 30.6 3.86x10°
30 143 3.61 28.2 3.34x10°

YValues indicate the mean’s of three replications (n=3). L. mesenteroides LAB19 was innoculated the 2.5%(v/v) into gamju and fermented at 20,

25, and 30°C for 48 hr.
Ten mL of gamju was titrated with 0.1 N NaOH to pH 8.2+0.1.

Table 5. Changes of brix, reducing sugar, pH, titrable acidity, and visible cell during lactic acid fermentation of hanbang gamju"

Fetrirr'illzn(t}a]lgon °Bx Reducing sugar (g/L) pH Tltrat?:éli)?f idity V(lcsflil;/l;ie;ll
0 152 155.6 4.94 6.4 3.30%10°
4 15.0 1532 4.68 8.8 7.62x10°
8 152 1534 4.34 1.2 1.04x10’
12 14.9 1513 4.04 13.6 4.58x10°
24 14.8 150.9 3.75 224 6.32x10°
36 14.6 150.2 3.65 24.0 1.3x10"
48 14.5 149.8 3.60 28.2 3.0x10°
60 142 1413 3.61 304 1.1x10°

YValues indicate the mean’s of three replications (n=3). 2.5%(v/v) of L. mesenteroides LAB 19 seed was innoculated into hangbang gamju and

fermented at 25°C hr.
ITen mL of gamju was titrated with 0.1 N NaOH to pH 8.2+0.1.

¥, 20°CSk 30°CHY  SHAH=TF wskon| o
o gt AREE FURINSY pHe 30°CH T =EA 7
_}1\_5]_91\:]. 25°C°ﬂ/‘1 g 4847 AHESE 5.26%x10° CFU/ML,
APNEE 288 mL, %El:— 4.6°Bx, pHE 3.59% 714 =)
o] 1-‘,] 73 A2 HE Fe] AU G E L mesenteroides
LABI9 H#FE 2.5%(v/v) HE3IAL 25°CollA] gt Ao] Aa
9 AR 7P Eol HARY Ze R wnEe] ol% 4
el zhow At
WZtFo| LS Ant
= w43 L mesenteroides LAB19 4FZ= 3H7HE 3L
2.5%VEIAl HESIAL 25°ColA ZahaE A7l A3} Table 5,
6 3 73 2Tt

A7ke] Azl Wl Bx FE 2 AT b il

2

g 60X 7 A A °Bx BEE 152004 142, SAFS 1556
g/LolA 1413 g/LE st A2 S22 IF 7349} Al =

23] Frtste] waA|zko] 36A17F ZAFshEAl 1.3x10"° CFU/mML
2 Hdlo] =ge & 73 i, pHe Tk ege
wal 7] pH 494904 60x17F A3 A 3612 Yopxlen, o]d
Asate] HAAATE F7kste] TEAIZ 6087 A Al 304 mL
7} E A tH(Table 5).

daAze] g f7)4ke] Wshs Table 63 29kt & /71
2 ke wavt " wel 48] Srksted dEAzE 60
A7 A Al 173 g/LollA 533 glLE Z7sI3ITh
9} acetic acid®] Z717F A A EH, ©l= L mesenteroides
LAB197} o]824ha s 1ol -2 YERATh Lactic acid7b &
= 60AI7F A Al 040 gLl 3102 gLE F7el & f714F
9] 58%% TAJ3FIL acetic acide 0.46 g/Lo|A 141 gLZE 7}

E3] lactic acid




654 =2 E 388 %] A 40 A A 6 & (2008)

Table 6. Distributions of free organic acids during lactic acid fermentation of hanbang gamju"

Organic acid® (g/L)

Fermentation time (hr)

0 4 8 12 24 36 48 60

Oxalic acid 0.084% 0.084" 0.084% 0.084¢" 0.084* 0.084% 0.084# 0.084"
Tartaric acid 0.343¢ 0.343" 0.314% 0.340° 0.405%" 0.350¢ 0.354%® 0.347°
Malic acid 0.288" 0.251< 0.233< 0.252® 0.258" 0.247%" 0.246* 0.247%
Ascorbic acid 0.017f 0.016=" 0.015¢ 0.013* 0.013¢ 0.013 0.015% 0.014%
Lactic acid 0.404¢" 0.463" 0.755% 1.582° 2.561° 2.755" 2.851¢ 3.102!
Acetic acid 0.456" 0.467¢ 0.574¢ 0.932°%* 1.353"% 1.380%" 1.393" 1.405%
Citric acid 0.135% 0.130™ 0.130° 0.099* 0.132* 0.138" 0.131° 0.135%
Total 1.727% 1.754< 2.105™ 3.302° 4.806 4.967* 5.074 5.334

2. 5%(v/v) of L. mesenteroides LAB 19 seed was innoculated into hanbang gamju and fermented at 25°C hr.
YValues indicate the mean’s of three replications (n=3). A p value <0.05 was considered significant.

Table 7. Distributions of free sugars during lactic acid fermentation of hanbang gamju"

Free sugar’ Fermentation time (hr)

(gL) 0 4 8 12 24 36 48 60
Fructose 7.38% 7.348 5.76% 1.72%¢ 0.32" 0.12¢% 0.06° ND?
Glucose 5.68% 1.74° 0.88° 7.74% 9.56¢ 9.94* 10.38% 11.14°
Sucrose ND ND ND ND ND ND ND ND
Maltose 137.41% 130.64%" 131.48¢ 131.30¢ 128.02¢ 134.28 130.121 128.64°

Maltotriose 4.16 5.66 4.04¢ 4.84% 4.86" 5.12% 3.24" 1.24¢

Total 154.63%¢ 145.38" 142.16% 145.60% 142.76% 149.46* 143.8% 141.02%f

2 5%(v/v) of L. mesenteroides LAB 19 seed was innoculated into hanbang gamju and fermented at 25°C hr.
YValues indicate the mean’s of three replications (#n=3). A p value <0.05 was considered significant.

IND: not detected

ato] & 7138 263%E TSI 2 W] f7Ike S
A &= ZoR Hol A8 o BN Fed frlteR
et et

% 499 I HE 27 15463 gLolX] LR 60A17F A3
141.02 g/LZ2 7+ASItHTable 7). && Z7]°l fructose 7.38 g/L,
glucose 5.68 g/L, maltose 137.41 g/L, maltotriose 4.16 g/LZ /3
so] et T 6047+ A Al fructoses HEEA] VAL
™ glucose 11.14 g/L, maltose 128.64 g/L, maltotriose 1.24 g/l 7
ZFAeh &g A 717 B9 maltose’t F #E1F T oF 89%
(13741 gL, TEZ7NoIA 91%(128.64 gL, L& 60A17F A=
SAete] A bR ERe] F8 BUS & 5 AXUrTKTable
7). GlucoseZ7} &g z7]ol] A4St oA S7kskes AdS U
EPd o]-f= L. mesenteroides LAB197} Zb= amylase 43¢l 7]
& Aoz e, s, 2 ApoA e shgts 2k 3
aeoke e x7oANE gkt aR o8 AxEHE 459
Ae- SN T a9 amylase S S Ax 54
3A 356 unimLEA FHhe] S vERilen o FREE
R} Aasigittal Barsled(18), ko= Allr] WR F amylase
FHol] B ATE BAo] FRtEloloF & Ao AlgHeiw,
o] Z9-9% maltose?] o] Ha 3% ALsE EASHIAA T
Aake] %ol ¥ FRL T2 BUTH1Y), ol Ash 2 9
7o A 5 LAB19 #5E ofuz} th-Ee] ZlAkto] maltose
o] G o] & = 7] WES Aoz FHHETKTable 2).

24 phenolics &1} MXI 20is
S Ay Fofl 784 phenolics 5 2 AR Fo
9] 3= Fig 29 Z9Uth H& 5 phenolics®] $HEe whg

1

ofr

16 == Scluble phenslics 100
. @ DFFH radical scavenging activity -
14 — 90 )
=
- - (o] - 80 =
-~ 12f - ] 5 - = -9 £
5 70 g
a | g
g 10 6 2
E El
£ osf s0 2
Z =
a g
2 o06f 2
R o I
] U]
@ opar g

20
0.2 E
- I] v

° . N N SN N B Y
L-ascorbic Gamju l 1] 4 & 12 24 36 48 60]
acid
(mg/mL) Fermentation time (hr)

Fig. 2. Change of soluble phenolic contents and DPPH free
radical scavenging activity during the lactic acid fermentation of
hanbang gamju by L. mesenteroides LAB 19. Values indicate the
mean’s of three replications (n=3).
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