Technical development of the
fermentation and commercialization of
Jinyangju as a functional high—grade

brewery with waxy rice
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SUMMARY

I. Title

Technical development of the fermentation and commercialization of Jinyvangiu
as a functional high—grade brewery with waxy rice

IT. The purposes and needs for the research and development

Rice which was limited to use only as a meal in Korea is recently
overproduced and the residual amount is increased. Especially world market for
rice is completely opened and the development of traditional Korean rice wine is
needed to spent the excess rice to keep the rice price level to safe and to ensure
the income for rice farmers in Korea.

Traditional folk liquors are generally grain wines added with specific aroma or
spirituous liquors, which are fermented with the Nuruk as a ferment fungus
contained various microorganisms. These liquors have unique tastes and aromas,
but the liquor quality is dropped with a falling-off in quality of Nuruk, and
declined the ability of the competition to the imported wines.

Therefore, the purposes of this research were to improve and optimize the
fermenting conditions for Jinyangju and to set up the system to scale up to the
factory level, and to develop the product to enable to extend the shelf life for the
storage and the circulation, and to develop the new and upper class of the
products which have some specific functionalities with using some of citrous
fruits in Korea, to develop the basic constituents for the production of Jinyvangiu
such as Nuwruk as a ferment fungus and yeast and the general brewing
techniques needed for Jinyangju fermentation

II. The contents and limit of the research

In the 1st research team of this study, analyzed the whole current process of
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the fermentation for Jinyvangju, the properties of microorganisms related to the
fermentation of Jinyang/u, and optimized the fermentation conditions and
characterize the qualities of the produced Jinyangju.

In the 2nd research team of this study, analyzed the effect of the mixed ratio
of the glutinous and non-glutinous rice as a raw material on the properties of
Jinvang/y and understood the correlation of raw rice and the wine quality,
developed the technique for the sterilization of Jinyvangju to extend the shelf time
of Jinyangju, and analyzed the effect of the addition of the flesh or skin of
citrous fruit on the properties of Jinyvangju.

In the 3rd cooperative research team of this study, developed the basic
constituents for the production of Jinyang/u such as Nuruk as a ferment fungus
and yeast and the general brewing techniques needed for Jinyangju fermentation,
developed the teniques to extend the period of the storage and the circulation of

Jinyangju, and set up the system for the scale up of the production.

IV. Research development and Results

Jinvangju, a Korean traditional rice wine is brewed using unique glutinous
rice, only produced in Haenam, Chonnam, South Korea. Current industrial
method are generally based on wine-maker experience, however, experience
alone may be insufficient to manufacture true optimal processes. The objectives
of this research were to optimize the fermentation conditions and evaluate the
effect of non-waxy rice content and heat treatment upon alcohol content,
acidity, sugar content, and sensory properties.

When Jinyangju was brewed with the different ingredient ratio of raw
materials and the brewing temperature, both of the temperature of fermenting
material and pH in seed and accessary mashes were not greatly changed, but
the contents of alcohol and reducing sugars and the number of yeast were
significantly changed at different brewing conditions of the seed and accessary
mashes. Alcohol content of the accessary mash fermented at 20C was 16.9%

which was the highest and the reducing sugar was the lowest, 0.048 g/mf,
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when 900 m¢{ of water was used in seed mash. The number of yeast in seed
mash fermented with 2.5 g of dried yeast added was reached to the highest of
log 8437 cfu/ml, but it tended to be decreased when the fermentation of
accessary mash continued with different fermentation conditions. From these
results, it was concluded that the optimal fermenting conditions to prepare the
best quality of Jinyangju were as follows; the seed mash was fermented with
700 g of glutinous rice, 700 m¢ of water, 20 g of Nuruk, and 5 g of yeast at
25°C for 48 hours, and the accessary mash was fermented the fermented seed
mash after adding 1,300 g of glutinous rice and 1,300 m¢ of water at 25C for
10 days.

Koji of Jinyangju were fermented at 10, 15, 20, and 25C for 2 weeks and
final pH were declined to 3.70, 3.73, 3.40, and 3.26 and the final total acidities
were 1.04, 1.01, 1.39, and 1.72%, respectively. The total sugar contents were
showed 6.43 (107C), 6.22 (157C), 591 (20C), and 553% (25C) and the alcohol
contents were 14.20 (10C), 14.20 (15C), 14.80 (20C), and 1540% (257C),
respectively. The color of Jinyangju did not affect the fermentation
temperature. Fermentation at 15C exhibited the highest sensory properties such
as flavor, order and overall favorite.

Although waxy rice has been widely used for traditional wine making, the
cost of waxy rice limits the industrial mass production. Second research was
to study the effect of addition of different amount of non—glutinous rice on the
physico—chemical properties of the resulting waxy rice based Jinyangju. The
substitution levels were set at 0, 30, 50, and 70%. The pH value, total acidity,
total sugar content, alcohol content, color values of the 4 different rice wines
were determined and their sensory evaluation was conducted. The pH values,
total acidity, and alcohol content were not affected by replacement levels of
non-glutinous rice. The total sugar contents were 6.22, 6.31, 458 and 4.73%. A

30% non-glutinous rice replacement showed highest overall acceptance in the
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sensory test.

Physicochemical, microbial, and sensory properties of Jinyangju pasteurized at
60, 65, 70, and 75Cfor 20 weeks and stored at 5, 20, and 37C were
investigated. There was no significant changes in physicochemical
characteristics of Jinyangju stored at 5C. Total viable cells of Jinyangju
decreased with increasing pasteurization 60 to 75C. Sensory quality showed
higher overall acceptance in the pasteurized Jinyvangju at 60 and 65C. There
were no significant changes in physicochemical characteristics of Jinyangju
pasteurized at 65, 70, and 75C and storage at 5, 20, and 37C except at 60TC.
Jinyangju had the highest overall sensory acceptance at 65C. Therefore, the
pasteurization at 65C for 5 seconds increased shelf-life of Jinyangju in
ambient storage condition, primarily due to the extended inhibition of
microorganism by heat treatment.

It measured of Jinyangju at different addition level of the part in citron had
better add 10% of citron pulp, 20% of citron peel and 2.5% of citron juice.
There were no significant changes in physicochemical characteristics highest
quality Sensory properties of Jinyangju at different addition level of the part in

citron.
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Fig. 4. Changes in reducing sugars of Mitsool at the different levels of water.
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Fig. 5. Effects of the amount of water added to Mitsool at the different levels on
the temperature of Sooldut.
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Fig. 6. Effects of the amount of water added to Mitsool at the different levels on
pH of Sooldut.
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Fig. 7. Effects of the amount of water added to Mitsool at the different levels on
the reducing sugar of Sooldut.
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Fig. 8. Changes in temperature of Mitsool at the different levels of Nurook.
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Fig. 9. Changes in pH of Mitsool at the different levels of Nurook.
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Fig. 10. Changes in alcohol content of Mitsool at the different levels of Nurook.
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Fig. 12. Changes in yeasts of Mitsool at the different levels of Nurook.
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Fig. 13. Effects of the amount of Nurook added to Mitsool at the different levels
on the temperature of Sooldut.
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Fig. 14. Effects of the amount of Nurook added to Mitsool at the different levels
on pH of Sooldut.
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Fig. 15. Effects of the amount of Nurook added to Mitsool at the different levels
on ethanol content of Sooldut.
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Fig. 16. Effects of the amount of Nurook added to Mitsool at the different levels
on the count of yeasts of Sooldut.
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Fig. 17. Effects of the amount of Nurook added to Mitsool at the different levels
on reducing sugars of Sooldut.
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Fig. 18. Changes in temperature of Mitsool at the different temperatures of
Mitsool for the fermentation.
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the fermentation.
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Fig. 20. Changes in ethanol content of Mitsool at the different temperatures of
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Fig. 21. Changes in reducing sugars of Mitsool at the different temperatures of
Mitsool for the fermentation.
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Fig. 22. Changes in the number of yeasts of Mitsool at the different
temperatures of Mitsool for the fermentation.
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Fig. 23. Changes in temperature of Mitsool with the different amounts of yeast
of Mitsool.
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Fig. 24. Changes in pH of Mitsool with the different amounts of yeast of
Mitsool.
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Fig. 25. Changes in ethanol content of Mitsool with the different amounts of
yeast of Mitsool.
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Fig. 26. Changes in reducing sugars of Mitsool with the different amounts of
yeast of Mitsool.
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Fig. 27. Changes in yeast count of Mitsool with the different amounts of yeast
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Fig. 36. Changes in reducing sugars of Sooldut made and fermented with the

different amount of water.

e
ot
t
&
E
7

9

8

7
E 6
E 5 —— =114
Sy - 51344
g> 3 —— =15/
-2

;

0

0

time

Fig. 37. Changes in yeast count of Sooldut made and fermented with the

different amount of water.

,5’77



Table 1. The ingredients used for fermenting Jinyangju

] Amounts
Raw materials
Seed mash Accessary mash Total
Glutinous rice 700 g 1300 g 2 kg
Water 700 ml 1300 md 2/
Yeast 5 g - bg
Nuruk 20 g - 20 g
- ! Not added

A 700 g& Aol 5 09 Fehaggvle wa B2 28 AHW ¥
B2 £ 23 NREST FAAAG 8T WA F U0 BL AAG
o] %

By
=

=

AL Aol FebaY WARS Za 9ol JAAZ RS EA ¥

2

Mo
oX

S AAANAG. Aol 1A HXx3 S 5 1200 mE A
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¥

o
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e

FehaE HARE 2 2 9olA 308 B SAEEA e

FouA ¥ 2 AY Dol Hu S AT Adel Ao Wz

A AT AL WdE mFEHl F8 20 g R 5 g& 5 29 £3olg ol
Y E 700 met £33 2789 cheese clothZ Y475 €2 & 25TY
incubatoroll Y il 48475 WHEAA WE(F YT )2 A XSS
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Glutinous rice 700 g

)

Soaking for 8 hours

Steaming @

Steamed rice

@ Glutinous rice 1300 g
Water 700 ml @
Nuruk 20 g Soaking for 8h
Yeast 5g
Steaming
Seed mash

Fermented for 48h at 25T Steamed rice

/

Mix P — Add water 1300 md

Accessary mash

Fermented for 10 days at 25C

Filtering

J

Jinvangju

Fig. 38. Schematic diagram for preparing Jinyangju

,59,



AFF &9 10 g% Aste] AGF Az A AEHE FF 5 g0 £F

4=, #1# = Difco(Detroit,

ol
0
fo
i
HU
%
;E
k]
e
rlo
iz}
M
it}
o|N

Michigan, USA)A| &S AF&3}3A
2) Qs Az

Wewg F3 A g Hd, vel gled JE 1300 g& Zetagg7]o F
ato] 23] AHI F B 4 ¢ 2 B3 8N HAAG vg ZeaE WarE 7
Aol AA 1A7 Tt YAFES AAGdIT. LE Az wLE
HOoRE 1,300 go FHES FAste] nFHS Axea, Az aFws 4
3 WZAZl & & 1,300 meof FA 4871 7HE el MR AA Al UDE {2
golgo]l Wi EsATh & I g FyFderzle dTE 24e
cheese cloth® Yol 25C 9 incubatoroll A 109 ¢t HEaAA tE = %

T2 Az

3) ¢y 714 A

AT Az Al AMEEE 75 5 g 4T €9 10 g& 50 ml Et
A A d4(0.85% NaChell Wiz £33 & Adg v&=2 3453
A 02 mE vlg] A Z3 potato dextrose agar(PDA) HiX] 9o o] =
atar 30CelA 48417 v kgt Fo yEhd 3R Fete] ojus wEsta
A dstdA &5 Fatdl &5 FeE &8 #5= A28 PDA vl

Ao 7 W nastdom vk Adugstas 2gel Assta



COE 5217
of &fs] A7 skA T
(2) pH % A= =4
pHE pH meter(Orion, 520A, USA)E o]&3sle] &A1 &= HAHA
A& 10 M= 33} neutral red?} bromothymol blue®] &3H%] A<
S 2~3 WES 718 e 0IN NaOH &40z gxao] & wZ end
point® 3te] NaOH®| ZH| #HS lactic acid(%)® FHAMsle] A st}

- -
-

0.IN NaOH ZH] =¥ (ml)*factor=0.009
Titratable acidity(%) = x 100

Als A3 F(me)

2 GE=A(ATACO, Japan)E ©]-83t4] °Brix® 7433
2 2EH A3t YT

Als 100 mE BEs] Hstel AH FRarAd wek 1,000 mé S
glado] ga Eule 4S A vadddd SFF 30 mME tlshdd
& FE5o] &ulo] Eo%lE 1000 mb Zea=el] YWt A ZEetaas
TR AAsta, el A EE A ¢re] &8-S Wkl A
et SFE0 70 M7t HW SHE FASL AR THEA F
30 mE dake] 100 Mz st & 3 & xE SAS e
AAE ol g3ty L3e FFHFARE %S 43T &, 257 15T

o Fo] FHE



(5B) fF717 F=

M-S 7,000 rpmoll A 1587 A EE st I A5 dS FHske] 02
um membrane filter2 o33 5 Table 29} & X7 HPLCEZ #4
3

Table 2. Operating conditions of HPLC for the
determination of organic acids

Instrument Jasco system (Japan)

Column SUPELCOGEL C-610H, 300x7.8mn 1.D.
Detection UV at 210 nm

Flow rate 0.5 m¢/min

Mobile phase 0.196 H3PO4

AFTF Azxol AMEHE FEN AGF Yo EFE EAste ERE
w2& wiA¢l PDAE AR&3dte] Bt ol iE 1Bl 6719
colonyZ A Fste]l thA] PDACl %A &=5&8 skt

(2) 12 A

w&H 6719 &5 F MEBoIA A& w gass LA g &
el ws FASA ¢ 3wFE 13 AWssirh 1A AdE 3dFE
200 m¢ &H¢ waAdro] 12 °Brix, pH 3.9¢ ®j=4 & = F3}of
180 meol ztzt @Aste F5FE 5x10° cells/ml 3o & H7bsgith 20°C
W 8Ut wiFet & <xe AHEY, A% pH, Iv 54 4 A= F
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3
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N me dae AABL Ve

e
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Table 3. Fermentation characteristics of yeast strains isolated from
Jinyangju

Isolate “Brix Alcohol DH Acidity Flavqr ‘ Intensity of fruity
No. (v/v%) (%) characteristics flavor
J-1 5.4 55 3.53 0.43 fruity ot
J-2 6.9 4.8 3.58 0.42 fruity ++
J-3 55 5.2 3.64 0.41 fruity ++

°Brix9] Aspergillus kawachii & = 33}d & A&l o &

1
& 5x10° cells/ml F=F=o] Tk 20T A 8UAF BFAAHLS wo] I %

4,
J-1 gax9 g B A3 Table 63 #2o] d&r|o £ I
S F= Aoz 4¥HA jso-amyl alcohol, iso-amyl acetate, ethyl
acetate, iso-butyl acetate ¢ T2 v A =t o} acetaldehyder
vkttt ol& J-1 &RV 7)o a7 SAsithe AS one 3ol
t}. Acetaldehyde:= oE 5 &4 9 zZHgo] 93 ethanolZ L ¥n o2

+ acetic acid® 4HgtE = Aoz dHA
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Table 4. Alcohol and acid fermentation by the secondary selected yeast
strain from Jinyangju

Isolate  Fermentation time “Brix Alcohol oIl Acidity
No. (days) (v/v%) (%)
J-1 0 14.0 0.0 3.96 0.26

2 10.1 3.5 3.65 0.39
4 7.3 5.0 3.54 0.41
6 6.3 55 3.49 0.43
8 59 6.2 3.50 0.46

Table 5. Organic acids in the rice wine mashes brewed by the secondary

selected yeast strain from Jinyangju for 8 days

Components (mg/m{)

Isolate
No. Oxalic Malic Acetic Citric Succinic Lactic Formic
acid acid acid acid acid acid acid
J-1 0.04 0.40 0.08 2.61 8.61 ND" ND

“ ND : not detected.
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Table 6. Organic acids in the rice wine mashes brewed by the
secondary selected yeast strain from Jinyangju for 8 days

Compounds Amount (ppm)
Acetaldehyde 521
Dimethyl sulfide ND*
Ethyl formate 0.17
Ethyl acetate 27.77
iso-Butyl acetate 0.31
n-Propanol 32.97
iso-Butanol 15.01
iso—amyl acetate 6.99
iso—amyl alcohol 47.89
Ethyl hexanoate 1.11

“ ND : not detected.

of PefstA, wjgstd, Aestd 54 sol #d APl oot TAHsIAL
BIOLOGAF2] YT MicroPlate ¥ BIOLOG ZZ13& Abg3le] A8kl sl9d )
7h) dEjshA 54
2% &RE Yeast malt (YM) agardlA 2¥€7F ZA-3IAIz1 & V8
juice agar, Gorodkowa agar, acetate agar, malt extract agar®] A}¥H s} =x] o]
HFstar 25TColA 453 witst & ¥x5 #FsATt A4S ¢US
s3] Byl Yal malachite green &R o2 FME dlo] TAFA #
FZ2 #detdv. YM agar #lx|olA A #jFst X E potato dextrose
agars ©o| &3l slide culture methodol <3Fe] 25T, 5Y7F w3k & AL
of ¥4, TH L FHE #ESUY 18l YM agar #1A| A 293t
AN 4ol aRES 2% glucose-yeast extract-peptone waterol] %
3Y7 vieFate] Al FH, F4 WY & wEEAT

) vk 54
EE ¥ EEE 2% glucose-yeast extract—-peptone waterdl] HE3s}e] 25T
ol A 45 F<b wgetHA AT A S pellicle I 75, A, A
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T, A AAE RS Y. T3 YM agar wiA|d] &2 5 HFsle] 25T

AN 7T~1047F vl A colonye] FEl, M2 B ASAHEE HFEAC
th) AestA 54

At 54 A9

¢} washed agarE ARS8IATH YM agar HiA[ol M d wigAzl ERE&

At SR A7 v, 18R dEg 2 mE A HoR 33

pour platingatth. viA| WS S8 XA F oy 7HA] B@AssE

= o]
77t 2gH Arbstel 25TelM 17U WS #A FHOE 1 ol

of
T
b
1\2

A 23l 288 Bacto yeast nitrogen base

<
£A4S A

A 234 2L Bacto yeast carbon base®l washed agarE Al-&3}
gom B A APy FLId wWHor AFYE wusYrh

Potasium nitrate, cadaverine, dihydrochloride, ethylamine hydrochloride,
L-lysine & 0431 b4 & ee] Ax9de ALgE9 )
e 23S durham¥te] & A3 ol yeast extract 4.5 g, peptone 7.5

g, bromothymol blue solution 7.0 m¢, T/ 1.0 ¢ ZA° wivE 474 5

m# Estel At v e xﬂﬁ 12% A@deie 1.0 m4 3H7tat
= A F an

2 3716l YM agar iAol Auld GRE @S
dgel 0.1 ¥ AESAT oA WCOIA 27 B2
W mE AN WARE B WEAAS

Z

A
glucose, galactose, sucrose, maltose 2 lactoseZ zt7z} AF-&3F] o).

st = Table 77} 8o el nl9}
dgo|don teFolz FAEh At
© Aew #FEHAeM AFEx A= T
= &3k A ergrow] mAM|H] Ao M= colony:

cream colorg ¥ il A
GRAE ¥eg 2w ol 2 galactose 5 LEIY
# galactose, Wold = AFwks 23} }

g}
o

o
i

ol

lactose= WaskA| Forh. g
A4 Fol A KNOs, ethylamine-HCIS #8134 S:g a1 H)
2 2 100 ppm cycloheximide 7} WX o= A&3lx] L3}
M= AFE & AT

oo Az RE Eg XAdE &YX = Saccharomyces cerevisiageZ 7
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545 Alde 23 Table 99 2ol 99.7%° &= Saccharomyces
cerevisiaell ZAoZ FJAHA7] wEol ¥ g &FE  Saccharomyces
cerevisiae® 57339t}
Table 7. Morphological characteristics of J-1
Shape of Vegetative Pseudo True  Shape of .
vegetative cell reproduction mycelia mycelia ascospore Pellicle
oval m];ﬁggitggal - - spheroidal -
P— " not observed.
Table 8. Some physiological characteristics of J-1
Characteristics
galactose + glucose +
Fermentation maltose + lactose -
sucrose +
D-arabinose - L-arabinose —
cellobiose - erythritol -
galactose + inositol —
lactose — maltose +
D-mannitol - melezitose -
melibiose - raffinose -
Assimilation
rhamnose — ribose —
salicin — L-sorbose —
starch - sucrose +
trehalose — D-xylose —
citric acid - KNO3 -

ethylamine-HCl

Growth in 100 ppm of cycloheximide

Growth in vitamin—free medium

Growth at 37C
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Table 9. Results of BIOLOG YT

MicroPlate test of J-1

N-acety—

N-acety—

WETZSY celloljlose D-glucosamine Wéiter cellolalose D-glucosamine mantol Dfxzzhtol
- . Lo M fumaric Lo B . . _rnethyli -
acetic acid gentiobiose a-D gl%lcose acid gentiobiose D-glucosamine mannitol  succinate+D-xylit
— — + - - - ol
+
- o N-acety—
f(;rcrirgc maltose D-galctose L argj((ijhc maltose a-D-glucose D-sorbitol L-glutamic
- + + T + + — acid+D-xylose
propionic - o methyl - _ . qunic
acid malt(ifrlose D pgcose succinate maltotriose D galctose adoEltol acid+D-xylose
succinic D-melezitose D-sorbose S?JI;%IIIIll?C D-melezitose D-psicose D-arabitol D-glucuronic
acid -~ - acid - pi : < acid+D-xylose
methyl D-melibiose salicin L-glutami D-melibiose L-rhamnose xylitol dextrin+D-xylose
succinate - = ¢ acid - = - W
L-aspartic . . Y‘aminf) i . B . a-D-lactose+D
acid palatinose D minmtol bgtc_xifélc palatinose L 5({bose L er}fhrltol —xylose
- -keto o
L-glutamic - ¢ : - a-methyl D-melibiose+D-x
acid raff{lose D-sorbitol gl;%ieglc raff{lose D-glucose glyierol ylose
_ cl w _
2-keto-D
~ . B . “ . B-methyl D-galactose+D-x
L pr:)hne Stachlryose D aIElbltOl gl;cci(()imc Stacglryose D-glucose tween 80 ylose
D-gluconic . D-gluconi . _ . m-inositol+D-xyl
acid sucrose XyEtol c acid sucrose amy%dahn L-arabinose ose
dextrin trehalose glycerol dextrin trehalose arbutin D-arabinose 1’278{?;22210“
- w - w w - - A
inulin turanose tween 80 inulin turanose salicin D-ribose  acetoin+tD-xylose
1) . . 2) . e 3) .
. negative, “+ ! positive, “w ! weak
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Table 10. Effect of temperature on the growth of J-1

Temperature(C) held for 10 min Survival of yeast”
46 +
48 +
50 +
52 w
54 —
56 —

The initial yeast population was 1x10° cells/ml
Dy positive, — : negative, w : weak

6) e sAH aRAFo G AF
7H A U

5] $HAdL Helmo] ol wet 483t MEBe] HF skl 28°C
oA FAE #FE AAEE000 rmpm, 5 W)l oI 5 F
0.051%(w/v) CaSOs &40 =2 33] wkEste] A42](3,000 rpm, 5 )43
3ttt 15 m¢ graduated centrifuge tube®ll calcium sulphate buffer(Z &<
1 Lol CaSO4 051 g, CHs;COONa 4.05 g& =<1t} pH 45+0.1)& 10 m¢
71ete]l A E® oF 1 g2 ¥ol dAEs & water bath(20£0.1C)oA] 20 &
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22N 18 A3 MFA 731, FRA o|ste] B A
ZYM BE 717 & s dojmdl ¥ Fu% B ofdfol A 5 1k A
AA, A R L A B e
gt

W AE s

E3] o] &4 2& = trehalose phosphateZ trehalose® ®&}3H o]
H

Millere] o] uw}z} fatty acid methyl ester (FAMEs) 4 93 A
B2 439t} Sabouraud dextrose agar(BBL 11584)° A 28T, 24 A3t
Zot 2 3o A A wddE A °F 100 mgE Teflon-lined screw cap
tube(13x100 mm, pyrex)o] =%l ¥ 50% methanole] 15% NaOHZ 3 7}3F
&4 1 mE ¥ 100TelA 30 3+ 7hdate] Aol 23tk of7]o|
methanolic HCI 2 m¢(6.0 N HCI 325 m{®} methanol 275 mE &33t &
M Hrkste] 80TelA 10 &3k 7Fge ¥ w9 5 125 me
hexane/methyl-tert-buthylether(1:1, v/v)S Y3 10 #37F z Hojzr} A
2ol AX g F wrgoo] 2 o] For FHHW s
341 NaOH(10.8 g NaOH/900 m! =F)E #H 73t 3
3 NaCl €95 2 W doj=d vg Aede 283 AxE
septum-capped sample vial(12x32 mm, Alltech Associates, Inc., IL, USA)=
%71 capping dto] Al E & A&

FAMEs®] #X o= Hewlett Packard Series II Gas Chromatograph
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model 6890A (Microbial ID, Inc., Delaware, USA)E o] &slgon A *

A& Table 129} #kth. FAMEs profile2 Microbial Identification System

Software Microbial ID. Inc., Delaware, USA, version 3.5)& o] &3 o,

¥Fg N9 v uste] peake FA4, retention time, peak®] WA, HWAH &S

73

Table 11. Enzyme profiles of J-1 determined by API ZYM system

Enzyme Substrate Result”

alkaline phosphatase 2-naphthyl phosphate

esterase(C4) 2-naphthyl butyrate +
esterase lipase(CQ) 2-naphthyl caprylate ++
lipase(C14) 2-naphthyl myristate
leucine arylamidase L-leucyl-2-naphthylamide + +
valine arylamidase L-valyl-2-naphthylamide +
cystine arylamidase L-cystyl-2-naphthylamide + +
trypsin N-benzoyl-DL-arginine-2-naphthylamide +
chymotrypsin N-glutaryl-phenylalanine-2-naphthylamide +
acid phosphatase 2-naphthyl phosphate + + +
72{122;1;121};2?;1]2; naphthol-AS-BI-phosphate ++
a-galactosidase 6-Br-2-naphthyl-B-D-galatopyronoside
B-galactosidase 2-naphthyl-B-D-glucopyronoside
B-glucuronidase naphthol-AS-BI-B3-D-glucuronide
a-glucosidase 2-naphthyl-B-D-glucopyronoside + 4+ +
B-glucosidase 6-Br-2-naphthyl-B-D-glucopyronoside +

N-acetyl-83

~glucosaminidase 1-naphthyl-N-acetyl-B-D—-glucosaminide

a-mannosidase 6-Br-2-naphthyl-a-D-mannopyronoside

a-fucosidase 2-naphthyl-a-L-fucopyronoside

Unumber + to + + + indicate activity strength.
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Table 12. Operating condition for the GC analysis of FAMEs

Instrument

Column

Hewlett Packard seriesII -Model 6890(USA)

25 m(L)x0.22 mm(1.D)*0.33 mm(O.D)
methyl phenyl silicon fused silica capillary
column (HP190918-102)

Carrier gas hydrogen
Column head pressure 9 psi
Split ratio 100 : 1
Split vent 50 m¢/min
Septum purge 5 ml/min
FID hydrogen 30 m¢/min
FID nitrogen 30 m¢/min
FID air 400 m¢/min
Initial temperature 170C
Program rate 5C/min
Final temperature 260C
FID temperature 300C
Injection port 250C
Injection volume 2 ul
b A" st
B AR J19 AuR £4S BT A%E Table 130 vebd we
2ol ZaA WA = Cipot Bl CigoZFA S48 AL P #F€] hydroxy A%

A=A o
= wAEla,
feature 82 th& AW
o2 A7ty =z}

A st Folli= CierZF 40.99% 2 713 %ol /3 Ao
9loll summed feature 8°] 31.98%% YEFRTE Summed
bk Ae] Qe TheAde oy Ciga©l

Aako]l i E-EQl Ao ® e

& A

509] 9] Saccharomyces cerevisiael X Cie1©] 40~45%
I G5 o& Ciol 35~40%9 FES vERiTh
2 Hol J-19 AWt 2 E olet fAs A

Botha &2
2 7 Zol 7&.%39}1
I Wk v

= ued
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Table 13. Fatty acid profiles of J-1

Fatty acids Composition(%)

Saturated fatty acids

10:0 4.08

12:0 3.10

14:0 2.35

16:0 11.03

18:0 2.18
Unsaturated fatty acids

161 o7c 40.99
Branched fatty acids

14:0  2CHs 0.68
Hydroxy fatty acids

18:0 120H 1.01
Summed feature” 1 1.62
Summed feature 8 31.98
Summed feature 9 0.92

V4 Summed features represent groups of two or three fatty acids which
could not be seperated by gas—chromatography with the MIDI system.
Summed feature 1 contained one or more of following fatty acids: 14:1

trans 9/cis 9, and/or 14:1 cis 9/trans 9. Summed feature 8 contained one or
more of following fatty acids: 18:1 cis 9(w9) and/or 18:1(w8). Summed
feature 9 contained one or more of following fatty acids: 18:1 trans 6/trans
9/cis 11 and/or 18:1(wd).
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700 g
900 ml
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5¢g
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1300 g
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700 g
700 mé
20 g

5¢g
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1300 ¢
1300 mf

SW-1
25T
700 g
500 ml
20 g

5¢g
25T
1300 ¢
1300 ml

Fermentation
Temperature
glutinous rice
Water
Nuruk
Yeast
Fermentation
Temperature
glutinous rice
Water
Nuruk
Yeast

: Not added

seed
mash

mash

25C 9] incubatorel 4] 102
Table 15. The mix ratio of materials and fermentation temperature of the

seed and accessary mashes to optimize the amount of water for preparing

the seed mash
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(2) pH ¥ 3}
Fig. 13(a)9} #Zk3 tl&9 pH W+ Fig. 13(b)eF 2
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=1 KR
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Fig. 12. Temperatures in the seed(a) and the accessary(b) mash with different
amounts of the water in the seed mash.

| F : 500 m¢ of the water in the seed mash (SW-1)
2 1 700 ml of the water in the seed mash (SW-2)
—(O— : 900 ml of the water in the seed mash (SW-3)
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Fig. 13. pHs in the seed(a) and the accessary(b) mash with different amounts of

the water in the seed mash.

— F, =, O~ : Fig. 1 was shown
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Fig. 14. Ethanol contents in the seed(a) and the accessary(b) mash with different

amounts of the water in the seed mash.

| F, <, O : Fig. 1 was shown
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Fig. 15. Reducing sugar in the seed(a) and the accessary(b) mash with different

amounts of the water in the seed mash.

- F, x, O— : Fig. 1 was shown
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Fig. 16. Yeasts in the seed(a) and the accessary(b) mash with different amounts
of the water in the seed mash.

— F, =, O~ : Fig. 1 was shown

Table 16. The mix ratio of materials and fermentation temperature of the seed

and accessary mashes to optimize the fermentation temperature for preparing the
seed mash.

ST-1 ST-2 ST-3
Fermentation g 5 5
Temperature 20C 25C 35C
seed glutinous rice 700 ¢ 700 g 700 g
mash Water 700 m¢ 700 ml 700 md
Nuruk 20 g 20 g 20 g
Yeast 5¢g 5¢g 5¢g
Fermentation 5 5 .
Temperature 25T 25¢C 257C
accessary glutinous rice 1300 g 1300 g 1300 g
mash Water 1300 ml 1300 ml 1300 mé
Nuruk - - _
Yeast - — _
- Not added
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Fig. 17. Temperatures in the seed(a) and the accessary(b) mash with different
fermentation temperature in the seed mash.

—{_} : Fermented the seed mash at 20C (ST-1)

2~ : Fermented the seed mash at 25°C (ST-2)

—(— : Fermented the seed mash at 30°C (ST-3)
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Fig. 18. pHs in the seed(a) and the accessary(b) mash with different fermentation
temperature in the seed mash.

— F, =, <O : Fig. 6 was shown
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Fig. 19. Ethanol contents in the seed(a) and the accessary(b) mash with different

fermentation temperature in the seed mash.

—{ |, =, <O— : Fig. 6 was shown
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Fig. 20. Reducing sugar in the seed(a) and the accessary(b) mash with different

fermentation temperature in the seed mash.
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- F, =, <O— : Fig. 6 was shown
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Fig. 21. Yeasts in the seed(a) and the accessary(b) mash with different

fermentation temperature in the seed mash.

— F, =, O~ : Fig. 6 was shown

Table 17. The mix ratio of materials and fermentation temperature of the seed
and accessary mashes to optimize the amount of Nuruk for preparing the seed

mash.
SN-1 SN-2 SN-3
Fermentation 95 95 95
Temperature
glutinous rice 700 g 700 g 700 g
seed mash Water 700 mt 700 mt 700 mt
Nuruk 175 ¢ 20.0 g 225 g
Yeast 5¢ 5¢g 5¢g
Fermentation 95 95C 95
Temperature
accessary glutinous rice 1300 g 1300 g 1300 ¢
mash Water 1300 me 1300 ml 1300 ml
Nuruk - - -
Yeast - - -
- : Not added
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Fig. 22. Temperatures in the seed(a) and the accessary(b) mash with different

A= Aoz YEFSTH(Fig. 22(b)).
amounts of Nuruk in the seed mash.

175 g Nuruk in the seed mash (SN-1)
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Fig. 23. pHs in the seed(a) and the accessary(b) mash with different amounts of

Nuruk in the seed mash.

(b)

- F, x, <O~ : Fig. 11 was shown
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Fig. 24. Ethanol contents in the seed(a) and the accessary(b) mash with different

amounts of Nuruk in the seed mash.

— F, =, <O : Fig. 11 was shown
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Fig. 25. Reducing sugar in the seed(a) and the accessary(b) mash with
different amounts of Nuruk in the seed mash.

- F, =, <O~ : Fig. 11 was shown

ARG HMEtE We 99 24X F SN-2¢ o] 3.0x10° cfu/mE 7HE
Ho gRSE ztE Ao g Ve tHFig. 26(a)).
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Fig. 26. Yeasts in the seed(a) and the accessary(b) mash with different
amounts of Nuruk in the seed mash.

- F, =, <O : Fig. 11 was shown
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Table 18. The mix ratio of materials and fermentation temperature of the seed

and accessary mashes to optimize the amount of yeast for preparing the seed
mash.

SY-1 SY-2 SY-3
Fermentation 95 95 95
Temperature
glutinous rice 700 g 700 g 700 g
seed mash Water 700 mt 700 700 ml
Nuruk 20 g 20 g 20 g
Yeast 25 ¢g 5¢g 75 g
Fermentation 95 95C 95
Temperature
accessary glutinous rice 1300 ¢ 1300 ¢ 1300 g
mash Water 1300 me 1300 me 1300 me
Nuruk - - -
Yeast - - -
- : Not added
e °
;" 20 % 20
Time Time (day)
(a) (b)

Fig. 27. Temperatures in the seed(a) and the accessary(b) mash with different
amounts of yeasts in the seed mash.

- : 25 g of yeasts in the seed mash (SY-1)
-~ 1 50 g of yeasts in the seed mash (SY-2)
—O— 75 g of yeasts in the seed mash (SY-3)
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Fig. 28. pHs in the seed(a) and the accessary(b) mash with different amounts of
yeasts in the seed mash.

- F, =, <O : Fig. 16 was shown
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Fig. 29. Ethanol contents in the seed(a) and the accessary(b) mash with different
amounts of yeasts in the seed mash.

- F, =, <O : Fig. 16 was shown
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Fig. 30. Reducing sugar in the seed(a) and the accessary(b) mash with different
amounts of yeasts in the seed mash.

—{ -, =, O~ : Fig. 16 was shown
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Fig. 31. Yeasts in the seed(a) and the accessary(b) mash with different amounts
of yeasts in the seed mash.

- -, =, <O— : Fig. 16 was shown

Table 19. The mix ratio of materials and fermentation temperature of the
seed and accessary mashes to optimize the amount of water for preparing
the accessary mash.

AW-1 AW-2 AW-3
Fermentation o o .
Temperature 25C 25¢C 25C
seed glutinous rice 700 g 700 g 700 g
mash Water 700 md 700 md 700 md
Nuruk 20 g 20 g 20 g
Yeast 5g 5¢g 5¢g
Fermentation 5 5 .
Temperature 25C 25C 25C
accessary glutinous rice 1300 g 1300 g 1300 ¢
mash Water 1100 me 1300 meé 1500 mé
Nuruk - - _
Yeast - - _
- : Not added
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Fig. 32. Temperatures(a) and pHs(b) in the accessary mash with different
amounts of water in the accessary mash.
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- F, x, <O~ : Fig. 21 was shown

=

=

(%) siusiuod |oueyl3

55x10° cfu/ml, AW-29] Bl&o] 1.3x10" cfu/ml, AW-32] Bl&o] 36x10° cfu/

Fig. 33. Ethanol contents(a) and reducing sugar(b) in the accessary mash with
m

different amounts of water in the accessary mash.



o
=

3

T T
[

qui/nyo °'Bo

T T
@ ~ ©

T
)

~

-

o

Time (day)

Fig. 34. Yeasts in the accessary mash with different amounts of water in the
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—{ -, =, <O : Fig. 21 was shown
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Table 20. The mix ratio of materials and fermentation temperature of the seed
and accessary mashes to optimize the fermentation temperature for preparing the

accessary mash.

AT-1 AT-2 AT-3
Fermentation 95 95 95
Temperature
glutinous rice 700 g 700 g 700 g
seed mash Water 700 mt 700 mt 700 ml
Nuruk 20 g 20 g 20 g
Yeast 5¢g 5¢g o5g
Fermentation 20 95C 30C
Temperature
accessary glutinous rice 1300 g 1300 ¢ 1300 ¢
mash Water 1300 ml 1300 ml 1300 ml
Nuruk - - -
Yeast - - -
- : Not added
g ,
g; : g |
£ 504
i | (i | |
Time (day) Time (day)
(a) (b)

Fig. 35. Temperatures(a) and pHs(b) in the accessary mash with different
fermentation temperature in the accessary mash.

— I : Fermented the accessary mash at 20C (AT-1)
—2x— : Fermented the accessary mash at 25C (AT-2)
—(O— : Fermented the accessary mash at 30C (AT-3)

- 100 -



7

3 AT-39

<]

E

=1

of 14%=

ol

—

= 42

IR
Ay
™

o
ﬁo

o
._OL

1o

5

B

=20l 30Colde]

kv
=

= =99

o]

.

[e)

R

16.9%= 7}

AT-1HT} w2 14.4%9]
e o™, AT-2 9A

UERi T AT-3

[e)

i

=

=
=
=

]
]

al X

alLx

Fig. 36(b)¢t #Skth. AT-1

AT-1

L.

o

o] 010 g/meoE WE F F
Zo 0.10 g/mo s WwE =

)
)

Ueldon AT-2

F 22
1% 9 10

Ton

g

T

= g

Pl 2e 2ar)zt ol 010 g/ml ©)de =

S

B

o

!

el

=
=

10

s °l

pu

(b)

Fig. 36. Ethanol contents(a) and reducing sugar(b) in the accessary mash with

different fermentation temperature in the accessary mash.

Time (day)

ato] 1 7]

A5

|
a-

=

Ly
a

0.20
0.05
0.00

- 101 -

Time (day)
(a)
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Fig. 37. Yeasts in the accessary mash with different fermentation temperature in

the accessary mash.
- F, x, <O~ : Fig. 24 was shown
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Table 21. The optimal fermenting conditions of the seed and accessary mashes to

prepare jinyangju

Jinyangju
Fermentation Temperature 25T
glutinous rice 700 ¢
seed mash Water 700 md
Nuruk 20 g
Yeast 5¢
Fermentation Temperature 25T
glutinous rice 1300 g
accessary mash Water 1300 mé
Nuruk -
Yeast -
- ¢ Not added
1) o W
HATFgxzAANA Axd AT E&7 te9 #F2 Wl Fig 38(a), (bl
el A o] ®mo A 24X 4] Frbstohr thAl FHAskSlal Tlssol A
@Vl%EIQ?UVl s7ksttb 7t ol & HAAA o8 FAhshe AEde Hol HE 10
Aol = FELER 25T fAFSE 2517CE YEF Wt

Temperature (°c)

Temperature (°c)

T T T T T
Oh 24h 48h 0 1 2 3 4 5 6 7 8 9 10

Time Time (day)

(a) (b)

Fig. 38. Temperatures in the seed(a) and the accessary(b) mash with the optimal

fermenting conditions.
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Fig. 39. pHs in the seed(a) and the accessary(b) mash with the optimal
fermenting conditions.
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d % =9 4aE IFe W= Fig
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g A4S Holgrt HE 794 163% =2 M =7 UElgon olF i A
dto] E 1094 15%= vrEbst
(a) (b)

Fig. 40. Ethanol contents in the seed(a) and the accessary(b) mash with the
optimal fermenting conditions.
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o
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Fig. 41. Reducing sugar in the seed(a) and the accessary(b) mash with the
optimal fermenting conditions.

25

°Brix
°Brix

Time Time (day)

(a) (b)

Fig. 42. Sugar contents in the seed(a) and the accessary(b) mash with the
optimal fermenting conditions.
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Fig. 43. Yeasts in the seed(a) and
fermenting conditions.
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the accessary(b) mash with the optimal
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Table 22. Physicochemical properties of Jinyangju with the optimal
fermenting conditions

Jinyangju
pH 4.58+0.006
Acidity (%) 0.87+0.027
Ethanol content(%) 14.8+0.274
Sugar content("Brix) 18.00+0.265
Turbidity 0.15+0.001

L 98.37+0.250
Color a -0.91£0.035
b 6.15+0.064
A4 Zt
7
5
3
MxMHel 7|sE 1 5t
al.

Fig 44. Sensory evaluation scores of Jinyangju with the optimal fermenting

conditions.
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Fig. 1. Changes in pH of Jinvangju during fermentation at 15C for 14 days. 4~
100% glutinous rice; L}, 70% glutinous rice + 30% non-glutinous rice; -4 50%
glutinous rice + 50% non-glutinous rice; -@- 30% glutinous rice + 70%
non—-glutinous rice.
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2 AZEg AgFEE Aged 100% FEE g AFTE 102, Fo W
A& 30%, 50%, 70% H7he Ald e Zh7E 098, 1.1, 112 YeRf i) Akt
Mg g A 100% AR T AldTeh el 30% wWaAs FUhste] w
AFTE 5%l A FelA elE ®olA erokar, el 50%9t 70% HAS H
7bske] gt AlF T Abolel = 5%0l A fro]A AolE HolA erskth ey
100% &3 el 30% WS Hrtste] @5 A@TF= 247 50%, 70% B
S Htste]l @2 AE T 5%l A FoH AolE Bt o] A= Iwata &
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Fig. 2. Changes in total acidity of Jinyangju during fermentation at 15C for 14

days. 4@, 100% glutinous rice; {1, 70% glutinous rice + 30% non—glutinous rice; —2-,

’

50% glutinous rice + 50% non-glutinous rice; @ 30% glutinous rice + 70%
non-glutinous rice.
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Fig. 3. Changes in total sugar contents of Jinyangju during fermentation at 15C
for 14 days. 4, 100% glutinous rice; {1, 70% glutinous rice + 30% non-glutinous
-@-, 30% glutinous rice + 70%

rice; —4x; 50% glutinous rice + 50% non-glutinous rice;
non-glutinous rice.

- 113 -



°] W3lE Fig. 49 2ok WgF
et 2tg 3L FHE 108744
149 7ol 142-156%% HHA =
st & 14.2%, 32 30%, 50%,

70% HWAS Hriste]l Az AT odere TS 7 14.8%, 15.6%,
& = el 50%, 70% WS A

7veted wht Al Abolol M 5%l Fo A AolE Holx ggkort 100%
= ATt 72H7 5%l freld 2

Ag Hbete] @ AIE T

o
[N
X
u
v
o
3L
3
ied

N,

[o
Sh
>
Sh
_I

Abelell ke f-o1% Apol & HolA skt o]Ae dme W FF T &EAY
ojuf &4l Toll AFstes AR GLE B GstEo] Hl&o] AFolste] e
FF AolE HQ Aoew FHEY &8 #FE F 75 T amylase 82
2 959 diEo] o Rsu gr HEV|ZEE o]gHo] A3 777}
A olghg FHeke] Aotk deEe AFFe BEAY Fvd TS F=
& = oh A2 Hol
7t dl, oA

o
ofo
i
4> o

o1 2 3 4 5 6 7 8 9 10 11 12 13 14
Fermentation time (day)

Fig. 4. Changes in ethanol content of Jinvangju during fermentation at 15C for
14 days. €, 100% glutinous rice; 1, 70% glutinous rice + 30% non-glutinous rice;
-4, 50% glutinous rice + 50% non-glutinous rice; —@- 30% glutinous rice + 70%
non-glutinous rice.
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Table 1. Color values of Jinyangju manufactured with addition of non-glutinous
rice at different ratios

L (Lightness) a (Redness) b (Yellowness)
100% glutinous rice 97.69+£0.11"  -1.62+0.06™ 9.5440.12%°
70% glutinous rice 97.29+0.11 ~1.43+0.03 9.9440.07
+ 30% non-glutinous rice
50% glutinous rice 97.4140.18 1.33+0.04 9.4640.27
+ 50% non-glutinous rice
30% glutinous rice 98.38+0.11 ~1.5740.08 9.56+0.11

+ 70% non-glutinous rice

D‘Mean + SD.
N5 Values in the same column are not significant different (p<0.05).

6) A}
2 @ Fel i A, g, %, AAA JEEE Table 20 Ytk e

)

100% &= Azxzg A7 4702, 2] 30%, 50%, 70% WS H7hs
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Al ZH2E 5.00, 5.00, 4902 vERE T f82S 30%, 50%E H7HRE A7)
50062 A EA dEtsten 9o dis B4 Z4Ee W 5% ol
frol A Apel7b 1A HE AT &2 ol 30% WS HIFEE AT 7F 480= Al
A=A e 1 FEs 100% AR Alxg Adate 470, Fakel 50%,
70% WEs A7k A7 22 4609 4302 UEtwd o] AdE BAF &
Aetde w 5% FEolA ol Aolzh AAHUAT. Bhe o] 30% WS
H7rek Al 7F 4308 7R A JEs Al I 2 100% JER A xS Al
A7 410, &l 50%F 70% WAS H7FE A A7F 3809 3302 WERR
thoo] A3E A EAEARE W 5% FEolA FoH Aolrk A H A %
AH 7Nsms & 30% WaEs A7 Al 4602, 100% FEE A%
gk Al T7E 450%, Fakol 50%9 70% WAS H7FE AJ@T7F 4303 330 &
ow HrtEAn. o] HrtAHES EAF EA4sEs u 5% FEolA FoHd A
ol 7} 1= At

Table 2. Sensory evaluation”  of Jinyangju manufactured with addition of
non-glutinous rice at different ratios

Color Flavor Taste a ngfgﬁﬂity
10026 glutinous rice 470+053%%  470+0.70° 4.10+£0.92° 4.50+0.88°

70% glutinous rice

c d d d
+ 30% non-glutinous rice 5.00£0.33 4.80£0.41 4.30£0.73 4.60£0.71

50% glutinous rice

+0.33¢ +0.71° +0.74° +0.77°
+ 50% non-glutinous rice 5.00+£0.33 4.60+0.71 3.80+£0.74 4.30+0.77

30% glutinous rice

+ b + a + a + a
+ 70% non-glutinous rice 4.90+0.45 4.30+0.48 3.30+0.94 3.60+0.79

D 7, like extremely; 1, dislike extremely.

? Mean + SD.

4 Values in the same column not sharing a common superscript are significantly
different by Tukey’s test (p<0.05).
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Fig. 5. Changes in pH of Jinyangju pasteurized at different temperatures
and stored at 5C for 20 weeks.
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Fig. 6. Changes in total acidity of Jinyangju pasteurized at different
temperatures and stored at 5C for 20 weeks.
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Fig. 7. Changes in total sugar of Jinyangju pasteurized at different
temperatures and stored at 5C for 20 weeks.
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Fig. 8. Changes in ethanol content of Jinyangju pasteurized at different
temperatures and stored at 5C for 20 weeks.
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Table 3. Changes in color L wvalues of Jinyangju pasteurized at different
temperatures and stored at 5C for 20 weeks

Storage time (week)

0 2 4 6 8 10

Not

pasteurized *97.2840.36"° *97.54+0.48° *97.32+0.35° *97.38+0.16° *97.52+0.38° *97.62+0.22°

60C" *97.82+0.28° ¥97.36+0.25° *97.32+0.24° *97.2240.37° 797.38+0.52° *97.32+0.22°

65T *97.9140.23° *97.85+0.35° *97.16+0.25° *97.384+0.16° *97.13+0.25° *97.2640.21°

70C *97.63+0.56° *97.47+0.38° *97.16+0.25° *97.38+0.16° *97.13+0.25° *97.2640.21°

75C *96.69+0.42° *96.85+0.38° *97.18+0.35° *97.3840.27° *97.2240.18° *97.2740.25°
continued
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continued

Storage time (week)

12

14

16

18

20

Not

. *97.62+0.22°
pasteurized

60C” *97.32+40.22°
65T *97.26+0.21°
70C *97.26+0.21°
75T *97.27+0.25°

*97.85+0.31°

*97.23+0.24°

*97.58+0.27°

*97.58+0.27°

*97.42+0.23°

*84.32+0.22°

¥92.32+0.22%

¥92.58+0.28°

¥92.86+0.52°

¥92.22+0.29°

*83.57+0.28°%

¥92.56+0.28°

¥93.57+0.28°

¥92.75+0.18°

¥92.62+0.16°

*83.23+0.35%

¥93.32+0.38°

¥93.23+0.35°

¥92.58+0.24°

¥92.85+0.32°

" Pasteurized at 60C.

Y Mean + SD.

“P Values in the same row not sharing a

significantly different by Tukey’s test (p<0.05).
Values in the same column not sharing a
significantly different by Tukey’s test (p<0.05).

common superscript are

Xy

common superscript are

Table 4. Changes in color a values of Jinyangju
temperatures and stored at 5C for 20 weeks

pasteurized at different

Storage time (week)

0 2 4 6 8 10

Not

oasteurized 1-9.1540.06"N 15-2.0240.08 ™-1.92+0.06 "-2.0840.07 "-1.95+0.08 ™-1.98+0.05

60C" -1.9740.04"  -1.96%£0.05 -1.84%+0.04 -1.82+0.06 -1.84+0.02 -1.87+0.04
65T -1.774£0.03"  -1.67+£0.03 -1.65£0.04 -1.60+0.07 -1.55+0.06 -1.5240.03
70°C -1.6240.04™  -1.684£0.04 -1.66£0.03 -1.63+0.05 -1.59+0.04 -1.5240.05
75T -1.5240.03%  -1.53+£0.06 -1.51£0.04 -1.48+0.07 -1.48+0.05 -1.47£0.06

continued
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continued

Storage time (week)

12 16 18 20
NOt. "°-1.8940.08 ™-1.924+0.07 "™-1.86+0.05 "-1.85+0.08 "-1.82+0.06
pasteurized

60C" -1.92£0.08 -1.92£0.06 -1.88%£0.06 -1.87%0.07 -1.85£0.08

65T -1.50£0.05 -1.48+£0.04 -1.62£0.03 -1.85%0.08 -1.82£0.06

70C -1.48%+0.04 -1.45%+0.08 -1.72+0.08 -1.75%x0.06 -1.86%£0.05

75C -1.46%£0.08 -1.46£0.07 -1.68%£0.08 -1.72%0.08 -1.78+£0.07
* Pasteurized at 60C.
Y Mean + SD.
N5 Values in the same row are not significant different (p<0.05).
" Values in the same column not significant different (p<0.05).
Table 5. Changes in color b values of Jinyangju pasteurized at different
temperatures and stored at 5C for 20 weeks

Storage time (week)
0 4 6 8 10

Not
pasteurized

¥12.3240.25"% ¥12.26+0.23"% ¥12.3240.22° ¥11.84+0.37°

¥11.88+0.56"

¥11.48+0.36%

60C" *10.2240.16% *10.42+0.12° *10.85+0.21° *10.28+0.08° *10.35+0.38° *10.14+0.34°
65T *9.75+0.26° *9.75+0.12% *9.72+0.09° *9.70+0.37° *9.66+0.31°
70C *9.87+0.22° ¥9.90+0.21% *9.86%0.15% 79.81+0.32* *9.77+0.27°
75C 9.92+0.18% *9.86+0.24% 79.81+0.27° *9.77+£0.26° *9.79+0.35°
continued
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continued

Storage time (week)

12

14

16

18

20

Not

pasteurized

60C”

65C

70C

75C

¥11.36£0.32°

*9.94+0.22°

*9.65£0.15°

*9.72+0.25°

9.76£0.29°

¥11.35%£0.31°

*9.98+0.28"

9.60+0.34%
*9.68+0.12°

¥9.75+0.28%

*13.32+0.28°

*14.19+0.28°

“14.35+0.26°
*14.12+0.26°

“14.64+0.34°

*13.68+0.28"
*13.86+0.28°
*14.2740.35°
*14.86+0.25°

*14.28+0.25°

*13.56+0.26°

*13.96+0.24°

“14.58+0.34°

*14.65+0.32°

“14.68+0.36°

* Pasteurized at 60C.

Y Mean + SD.

P Values in the same row not sharing
different by Tukey’s test (p<0.05).

Xy

Values in the

same column not

sharing a common

significantly different by Tukey’s test (p<0.05).

a common superscript are significantly

superscript are

Table 6. Changes in total bacteria counts(CFU/mL) of Jinyangju pasteurized at
different temperatures and stored at 5C for 20 weeks

Storage time (week)

0 4 6 8 10
Not 4 4 4 4 4 4
pastourized 1427107 4.25x10"  3.86x10" 3.26x10" 2.86x10" 2.53x10
60C" 8.76X10° 8.23x10° 7.45%X10° 3.56x10° 1.16x10° 4.18%x10°
65C 6.86X10% 6.84x10% 3.47x10° 1.72x10° 7.20x10' 5.70x10*

70°C 5.72x10° 5.12x10° 3.24x10% 1.47x10° 3.60x10" 0

75C 2.82x10% 2.86x10° 1.22x10° 6.50x10' 4.20%x10" 0
continued
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continued

Storage time (week)
12 14 16 18 20

pasg‘j}ized 1.76x10* 1.05x10*  5.80x10°  4.20x10°  3.60x10°
60°C” 1.57<10"  5.40x10"  1.20x10' 0 0
65T 0 0 0 0 0
70C 0 0 0 0 0
75C 0 0 0 0 0

* Pasteurized at 60C.

Table 7. Changes in yeast counts(CFU/mL) of Jinyangju pasteurized at different
temperatures and stored at 5C for 20 weeks

Storage time (week)
0 2 4 6 8 10

1.84x10" 1.56x10" 1.06x10" 7.50x10° 4.90x<10° 3.50%x10°

Not
pasteurized

60C"  7.65x10% 7.32x10% 6.12x10° 4.25x10° 2.20%x10° 2.70x10?

65C 5.80x10' 5.80x10' 3.80x10' 2.20x10! 0 0
70°C 0 0 0 0 0 0
75°C 0 0 0 0 0 0
continued
continued

Storage time (week)

12 14 16 18 20
pasgﬁtized 1.76x10"  1.05x10"  5.80x10°  4.20x10°  3.60x10°
60°C” 1.57x<10"  5.40x10"  1.20x10' 0 0
65C 0 0 0 0 0
70°C 0 0 0 0 0
75C 0 0 0 0 0

* Pasteurized at 60C.
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Table 8. Changes in lactic acid bacteria counts(CFU/mL) of Jinyangju pasteurized
at different temperatures and stored at 5C for 20weeks

Storage time (week)
0 2 4 6 8 10

Not 4 4 4 3 3 3
vastourized 1-92%10"  1.38x10"  1.23x10" 7.72x10° 4.39x10° 3.20<10
60C" 7.22x10°  7.10x10° 5.92x10° 4.18x10° 1.90x10* 1.70x10?
65C 6.20x10"  5.40x<10" 3.10x10' 2.40x10! 0 0
70°C 0 0 0 0 0 0
75C 0 0 0 0 0 0
continued
continued
Storage time (week)
12 14 16 18 20
Not 3 3 2 2 1
vasteurized  1-90%10 1.10x10 6.20x10 1.70x10 5.0x10
60C" 1.20x10°  6.20x10" 0 0 0
65C 0 0 0 0 0
70°C 0 0 0 0 0
75°C 0 0 0 0 0

* Pasteurized at 60C.
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Table 9. Sensory evaluation”

temperatures and stored at 5C for 20 weeks

of color of Jinyangju pasteurized at different

Storage time (week)

0 2 6 8 10
Nol  v5 2340320 ¥5.440.37° ¥5.340.4° ¥5.540.4° ¥5.6+0.2° *5.040.5%
pasteurized v
60T ¥5.6+0.2" Y55+0.2 Y5.6+0.5 Y5.44+0.3 52404 Y5.4+0.2
65C ¥5.3£0.5" Y5.440.5 Y5.3+0.4 *5.240.5 Y5.6+0.3 5.1+0.3
70C 4.8+0.4N  *4.9+0.4 *4.6+0.2 ¥5.1+0.3 ¥5.2+0.3 ¥5.2+0.3
75C 4.74€0.3%  *4.8+0.3 *4.6+£0.4 Y4.9+0.5 *4.6+0.2 *4.9+0.3
continued
continued
Storage time (week)
12 14 16 18 20
Not *4.6+0.4° *4.8+0.3° X4.7£0.4° X4.840.4° X4.8+0.3°
pasteurized
60C" ¥5.5+0.5 ¥5.4+0.3 ¥5.240.4 ¥5.1+0.2 ¥5.240.4
65T ¥5.340.2 5.140.3 ¥5.240.4 ¥5.240.4 ¥5.340.2
70C X5.040.3 *4.940.4 *4.840.2 ¥5.1+0.3 X5.040.3
75T X4.940.3 5.140.2 *4.840.5 4.940.2 X4.940.3

* Pasteurized at 60C.

V7 like extremely; 1, dislike extremely.

? Mean + SD.

P Values in the same row not sharing a common superscript are significantly
different by Tukey’s test (p<0.05).
N5 Values in the same row are not significant different (p<0.05).
*¥ Values in the same column sharing a common superscript are significantly
different by Tukey’s test (p<0.05).
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Table 10. Sensory evaluation” of flavor of Jinyangju pasteurized at different
temperatures and stored at 5C for 20 weeks

Storage time (week)

0 2 4 6 8 10

Not ¥5.740.5?® ¥5.8+0.5"° ¥5.5+0.5" ¥5.6+0.4° ¥5.1+0.5" ¥5.2+0.4%
pasteurized

60C"  5.3+0.2" ¥5.2+04 ¥5.3+0.3 '5.4+0.5 '5.5+0.4 Y5.4%0.5
65C  ’5.5+0.3" ¥5.6+0.3 Y54+0.4 Y5.3+0.4 '5.5+0.3 ¥5.3+0.3
70C  *4.940.4" *4.8+0.4 5.0+0.3 *4.940.3 *4.6+0.3 *5.0+0.3
75C  *4.840.3" *4.940.3 *4.8+0.4 *4.7£0.5 *4.940.2 *4.9+0.3

continued
continued
Storage time (week)
12 14 16 18 20
NOt. *4.840.3° *4.6+0.5° *4.8+0.5° *4.84+0.3° *4.940.3?
pasteurized
60C" ¥5.3+0.3 ¥5.5+0.4 ¥5.3+0.3 ¥5.1+0.2 Y5.2+0.2
65T 5.4+0.4 5.5+0.2 ¥5.5+0.3 ¥5.2+0.3 ¥5.4+0.2
70°C ¥5.0+0.3 ¥5.1+0.4 ¥5.0+0.3 *4.940.4 *¥5.010.2
75T *4.840.3 *4.6+0.2 *4.740.3 *4.840.4 *4.7+0.3

" Pasteurized at 60C.

b 7, like extremely; 1, dislike extremely.

? Mean *+ SD.

N5 Values in the same row are not significant different (p<0.05).

*Y Values in the same column sharing a common superscript are significantly
different by Tukey’s test (p<0.05).

P Values in the same row not sharing a common superscript are significantly
different by Tukey’s test (p<0.05).
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Table 11. Sensory evaluation” of taste of Jinyangju pasteurized at different
temperatures and stored at 5C for 20 weeks

Storage time (week)

0 2 4 6 8 10

Not = “xvg 140 02N 59403 52404 *5.140.3 '5.340.3 '5.140.4
pasteurized

60C"  ¥5.1+0.3% ¥514+0.4 Y5.3+0.3 Y5.24+0.3 ¥5.1+0.4 ¥5.240.2
65C ¥5.440.5"  Y55+0.3 Y5.6+£0.4 ¥5.3+0.4 Y5.5+0.3 ¥5.240.3

70C 52404 ¥5140.4 ¥5.0+0.2 *4.840.4 *4.9+0.5 '5.0%0.5
75T 47404 *45+0.2 *4.6+£0.5 *4.7+0.5 *4.9+0.2 *4.6%0.3

continued
continued
Storage time (week)
12 14 16 18 20
NOt, ¥5.1+0.3 ¥5.2+0.3 ¥5.1+0.3 ¥5.1+0.3 Y5.2+0.4
pasteurized
60C" ¥5.31£0.5 Y5.1£0.4 ¥5.310.4 Y5.3+£0.4 Y5.2+0.4
65C Y5.4+0.4 ¥5.3+0.2 Y5.5+0.3 Y5.2+0.3 Y5.4+0.2
70°C ¥5.0+0.3 5.1+0.4 5.0£0.2 ¥5.1+0.5 ¥5.0+0.5
75C *4.5%+0.3 *4.7£0.2 *4.84+0.4 *4.6+0.3 *4.6+0.4

* Pasteurized at 60C.

V' 7 like extremely; 1, dislike extremely.

? Mean + SD.

NS Values in the same row are not significant different (p<0.05).

*Y Values in the same column sharing a common superscript are significantly
different by Tukey’s test (p<0.05).

P Values in the same row not sharing a common superscript are significantly
different by Tukey’s test (p<0.05).
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Table 12. Sensory evaluation” of overall acceptability of Jinyangju pasteurized at
different temperatures and stored at 5C for 20 weeks

Storage time (week)

0 2 4 6 8 10
Not = x5 310520 59404 ¥5.340.3% ¥5.340.3° ¥5.340.4° ¥5.140.4%
pasteurized
60C"  ¥5.3+0.4" ¥52+0.2 Y5.3+0.4 ¥5.2+0.3 Y5.440.5 ¥5.240.4
65C ¥5.5+0.4"  ¥5.6+0.3 ¥5.5+0.5 Y5.4+0.3 Y5.6+0.2 ¥5.4+0.5
70°C 49402 *4.9+0.4 *4.8+0.4 *4.7+0.5 *4.7+0.5 *5.0+0.4
75C 4.440.4N *4.4+0.3 *4.6+£0.4 *4.840.5 *4.8+0.3 *4.8+0.4
continued
continued
Storage time (week)
12 14 16 18 20
Not *4.940.4° *4.8+0.3*  *4.7+0.3"  4.940.3°  *4.940.4°
pasteurized
60C" 51404  Y5.3+0.5  ¥5.14£0.3  ¥5.0£0.2 ¥5.1+0.3
65C ¥5.4+40.3 ¥5.5+0.4 ¥5.5+0.5 Y5.4+40.2 ¥5.4+0.4
70°C *4.840.5 *4.940.5 *4.7+0.4 *4.6+0.3 *4.6+0.4
75C X4 .840.4 *4.740.3 “4.8+0.4  Y¥4.8405 *4.840.4

* Pasteurized at 60C.

V7 like extremely; 1, dislike extremely.

? Mean + SD.

N5 Values in the same row are not significant different (p<0.05).

*Y Values in the same column sharing a common superscript are significantly
different by Tukey’s test (p<0.05).

P Values in the same row not sharing a common superscript are significantly
different by Tukey’s test (p<0.05).
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Fig. 8 Changes in pH of Jinyangju pasteurized at different
temperatures and stored at 20C for 20 weeks.
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Fig. 9. Changes in total acidity of Jinyangju pasteurized at
different temperatures and stored at 20C for 20 weeks.
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Fig. 10. Changes in total sugar of Jinyangju pasteurized at
different temperatures and stored at 20C for 20 weeks.
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Fig. 11. Changes in ethanol content of Jinyangju pasteurized at
different temperatures and stored at 20C for 20 weeks.
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Table 13. Changes in color L values of Jinyangju pasteurized at different
temperatures and stored at 20C for 20 weeks

Storage time (week)

0 2 4 6 8 10

Not
pasteurized

60C" *97.2840.48° *97.97+0.65° 97.474+0.38° *97.3240.21° *97.19£0.22° *97.2840.05°

*97.7740.34"° *97.63+0.56° *97.4740.38° *97.16+0.25° *97.38+0.16° *97.13+0.25°

65C 97.53+0.41° 797.9140.23° *97.85+0.35° *97.16+0.25° *97.3840.16° *97.13+0.25"
70C *97.65+0.26° *97.63+0.56° *97.47+0.38° *97.16+0.25"° *97.38+0.16° *97.1340.25°
75C *96.7240.42° *96.69+0.42° *96.85+0.38° *97.18+0.35" *97.38+0.27° *97.2240.18°
continued
continued

Storage time (week)
12 14 16 18 20

*85.56+0.36% ¥86.23%0.27° 85.43+0.24° 85.58+0.28% 85.43+0.24°

Not
pasteurized

60C" ¥97.17+0.35°  Y97.15+0.36°  Y93.25+0.45%  Y92.36+0.45°  Y92.42+0.342
65T Y97.26+0.21° Y97.58+0.27° ¥92.11+0.28° ¥93.24+0.54° ¥92.54+0.42°2
70C Y97.26+0.21°  ¥97.58+0.27°  Y92.9240.33°  ¥92.63+0.52°  Y92.83+0.26°

75T ¥97.2740.25°  Y97.4240.23°  Y92.55+0.38%  Y92.57+0.45°  Y92.24+0.54°

" Pasteurized at 60C.

Y Mean + SD.

P Values in the same row not sharing a common superscript are significantly
different by Tukey’s test (p<0.05).

Values in the same column not sharing a common superscript are
significantly different by Tukey’s test (p<0.05).

X-y
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Table 14. Changes in color a values of Jinyangju pasteurized at different
temperatures and stored at 20C for 20 weeks

Storage time (week)

0 2 4 6 8 10

past,\el(lj:ized _p 2140.07" ™-1.9740.06 "-1.96+0.05 "-1.92+0.08 "™-1.85+0.04 "°-1.83+0.05
60C" -1.9240.04"  -1.7940.02 -1.74+0.03 -1.67+0.05 -1.624£0.06 -1.53+0.03
65C -1.81£0.03% -1.67+£0.03 -1.65+0.04 -1.60+0.07 -1.554+0.06 -1.52+0.03
70C -1.67£0.04" -1.6840.04 -1.66+0.03 -1.63+0.05 -1.5940.04 -1.52+0.05
75T -1.58+0.03% -1.53+0.06 -1.51+0.04 -1.4840.07 -1.48+0.05 —1.47+0.06
continued
continued
Storage time (week)
12 14 16 18 20
pastgfj:ized "$-1.79+0.07 "°-1.76+0.06 "$—1.77+0.05 "°-1.86+0.06 "-1.77+0.05
60C" -1.4840.06 -1.4740.02 —1.4340.04 -1.49+0.04 ~1.4240.04
65C -1.50£0.05 —1.48+0.04 -1.5140.05 -1.47+0.06 -1.4540.03
70C -1.4840.04 -1.45+0.08 -1.4840.06 -1.52+0.08 -1.4240.06
75C -1.46£0.08 -1.46+0.07 -1.5240.08 -1.56£0.06 —1.4840.07
* Pasteurized at 60C.
Y Mean * SD.

N5 Values in the same row are not significant different (p<0.05).
" Values in the same column not significant different (p<0.05).

Table 15. Changes in color b values of Jinyangju pasteurized at different
temperatures and stored at 20C for 20 weeks

Storage time (week)
0 2 4 6 8 10

¥12.0240.28"% ¥11.36+0.32% ¥11.16+0.16° *11.06+0.22° ¥11.50+0.52% Y10.48+0.47°

Not
pasteurized

60C” *10.16+0.26° *10.14+0.14% *10.18+0.12% *10.12+0.08" *10.08+0.35" *10.02+0.22°

65T *9.75+0.26° *9.78+0.16% *9.75+0.12% *9.724+0.09* *9.70+0.37® ¥9.66+0.31°

70°C *9.874+0.32°  *9.93+0.32% ¥9.90+0.21* *9.86%0.15*° *9.81+0.32% ¥9.77+0.27°

75T *9.82+0.25% *0.89+0.16° *9.86+0.24%° *9.81+0.27° *9.774£0.26% *9.79+0.35°
continued
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continued

Storage time (week)

12 14 16 18 20

pastgﬁiized ¥14.26+0.34°  “13.96+0.27°  *14.65+0.35°  *14.36+0.38°  *14.25+0.33"°
60C" *10.98+0.26°  ¥11.9240.21%*  ¥18.53+0.42°  ¥18.22+0.26°  ¥18.58+0.53°
65T *9.65+0.15° *9.60+0.34° ¥18.1240.26°  ¥18.48+0.32°  ¥18.52+0.46°
70°C X9.72+40.25° *9.68+0.12° ¥18.5540.32°  ¥18.26£0.41°  ¥18.62+0.35°
75C X9.76+0.29° *9.75+0.28° ¥18.1240.32°  ¥18.62+0.54°  ¥18.26+0.58"°
* Pasteurized at 60C.
U Mean + SD.

P Values in the same row not sharing a common superscript are significantly
different by Tukey’s test (p<0.05).

s . . . C
Values in the same column not sharing a common superscript are significantly
different by Tukey’s test (p<0.05).
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Table 16. Changes in total bacteria counts(CFU/mL) of Jinyangju
pasteurized at different temperatures and stored at 20C for 20 weeks

Storage time (week)

0 2 4 6 8 10

Not
pasteurized

60C*  8.82x10°% 6.23x10% 3.25x10° 1.86x10% 1.16x10° 8.80%x10"

4.56x10" 4.52x10* 3.16x10" 2.88x10" 1.96x10" 1.23x10*

65C 6.55x10% 5.84x10° 3.62x10% 1.82x10° 7.10x10' 5.50x10*
70C  5.32x10% 5.08x10° 3.36x10% 1.52x10° 3.50x10" 0
75C 2.76x10% 2.45x10°% 1.42x10% 6.20x<10" 2.60%x10! 0

continued
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continued

Storage time (week)
12 14 16 18 20

Not
pasteurized

60C” 6.60x10" 3.40x10" 2.20x10" 1.80x10' 1.20x10!

1.06x10* 8.36x10° 5.54x10° 2.63x10° 1.82x10°

65T 0 0 0 0 0
70C 0 0 0 0 0
75C 0 0 0 0 0

* Pasteurized at 60C.

Table 17. Changes in yeast counts(CFU/mL) of Jinyangju pasteurized at
different temperatures and stored at 20C for 20 weeks

Storage time (week)

0 2 4 6 8 10
Not 4 4 4 3 3 3
sasteurizeg 188107 1.72x10° 1.22x10" 8.25x10° 5.21x10" 3.6810
60C"  2.15x10% 1.96x10% 1.62x10° 1.02x10% 8.60x10" 3.50x10*
65C  6.90x10" 6.80x10" 4.50%10" 1.80%10! 0 0
70°C 0 0 0 0 0 0
75C 0 0 0 0 0 0
continued
continued
Storage time (week)
12 14 16 18 20
Not 3 3 2 2 1
pasteurized  1-92<107 1.38x10°  7.36x10° 1.62<10° 6.80<10
60C" 2.60%10! 0 0 0 0
65C 0 0 0 0 0
70°C 0 0 0 0 0
75C 0 0 0 0 0

* Pasteurized at 60C.
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Table 18. Changes in lactic acid bacteria counts(CFU/mL) of Jinyangju
pasteurized at different temperatures and stored at 20C for 20weeks

Storage time (week)

0 2 4 6 8 10
Not 1.98x10" 1.87x10* 1.56x10* 1.44x10° 8.70x10° 7.52%x10°
pasteurized
60C"  6.46X10% 2.32x10° 1.36x10° 8.50x<10" 6.80x10" 4.30x10"
65°C 6.80%10" 5.60x10" 3.90x10' 1.90x10" 0 0
70C 0 0 0 0 0 0
75C 0 0 0 0 0 0
continued
continued
Storage time (week)
12 14 16 18 20
Not 3 3 3 3 3
bastourized  0-66%107 2.68x107 1.96x10" 1.25x10" 1.05X10
60C”  1.10x10' 8.00x10" 6.00x10" 0 0
65C 0 0 0 0 0
70°C 0 0 0 0 0
75°C 0 0 0 0 0

* Pasteurized at 60C.
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Table 19. Sensory evaluation” of color of Jinyangju pasteurized at different
temperatures and stored at 20C for 20 weeks

Storage time (week)

0 2 4 6 8 10
Not

casteurized ¥5.340.3”" ¥5.4+0.3%" ¥5.3+0.4" *5.5+0.4" *5.6+0.2" *5.0+0.5%
60C”  Y5.6+0.2"° ¥55+0.2 ¥5.6+0.5 Y5.440.3 52404 *5.4+0.2
65C  Y5.3£0.5™ ¥5.440.5 ¥5.3+0.4 52405 '5.6+0.3 *5.1£0.3
70C  *4.840.4"  *4.9+0.4 *4.6+£0.2 *5.14£0.3 ¥5.240.3 *5.240.3
75C  *4.74€0.3"  *4.840.3 *4.6£0.4 Y4.9+0.5 *4.6+0.2 *4.940.3

continued
continued
Storage time (week)
12 14 16 18 20

past,\elﬁtized *4.6+0.4°  “4.8£0.3"  "4.7+£0.4°  *4.8+£0.4*  *4.84+0.3"
60C” ¥5.5£0.5 ¥5.4£0.3 '5.2+0.4 ’5.1£0.2 ’5.2£0.4
65C ¥5.3£0.2 *5.1£0.3 '5.2£0.4 ’5.2£0.4 ¥5.3£0.2
70°C *5.0£0.3 *4.9+0.4 *4.8£0.2 ¥5.1£0.3 *5.0£0.3
75T 4.940.3 5.1£0.2 *4.8£0.5 ¥4.9+£0.2  ¥4.9£0.3

* Pasteurized at 60C.

b 7, like extremely; 1, dislike extremely.

? Mean + SD.

P Values in the same row not sharing a common superscript are

significantly different by Tukey’s test (p<0.05).

N5 Values in the same row are not significant different (p<0.05).

¥V Values in the same column sharing a common superscript are significantly
different by Tukey’s test (p<0.05).
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Table 20. Sensory evaluation” of flavor of Jinvangju pasteurized at different
temperatures and stored at 20C for 20 weeks

Storage time (week)

0 2 4 6 8 10
¥5.540.4%" Y5.440.3° ¥5.3+0.4° ¥5.5+0.4° Y5.6+0.2° ¥5.0+0.5°

Not
pasteurized

60C"  ¥5.240.4™ Y5440.2 ¥5.3+0.5 '5.440.3 '5.2+0.4 Y5.240.2
65C  *5.6£0.5"° ¥5.5£0.5 5.6£0.4 Y5.4+0.5 Y5.6£0.3 *5.5+0.3
70C  *4.840.4™ 49404 *4.6+£0.2 *4.840.3 *4.940.3 *4.8+0.3
75C  *4.9+0.3% *4.840.4 *4.6+0.4 *4.840.5 *4.7£0.5 *4.840.3

continued
continued
Storage time (week)
12 14 16 18 20
Not 4.140.4°  *4.240.3°  *3.6£0.4*  *3.240.3*  *3.240.3"
pasteurized
60C”" ’5.3+0.5 ’5.240.3 ’5.3+0.4 “5.210.3 ’5.2+0.4
65T “5.5£0.2 “5.4%+0.3 ’5.3+0.4 “5.3+£0.2 “5.5+0.3
70C Y4.9+£0.3 Y4.940.4 Y4.8+0.2 Y4.7+£0.3 Y4.840.3
75T Y4.8+0.3 Y4.7+0.2 Y4.8+0.4 Y4.8+0.3 Y4.8+0.4

" Pasteurized at 60C.

b 7, like extremely; 1, dislike extremely.

? Mean * SD.

™ Values in the same row are not significant different (p<0.05).

" Values in the same column not significant different (p<0.05).

¥? Values in the same column sharing a common superscript are
significantly different by Tukey’s test (p<0.05).

Values in the same row not sharing a common superscript are
significantly different by Tukey’s test (p<0.05).

a-c
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Table 21. Sensory evaluation” of taste of Jinyangju pasteurized at

different temperatures and stored 20C for 20 weeks

Storage time (week)

0 2 4 6 8 10

Not
pasteurized

60C"  5.440.3" Y5.440.3" *5.6+£0.5" *5.4+0.3" '5.240.5" Y5.6+0.5"
65C  ¥5.5%£0.3% Y55+0.5 Y5.440.5 ¥5.4+0.3 '5.3+0.4 '5.4+0.4
70c 51405 ¥52+40.4 52405 *5.0+0.4 '5.1+0.5 *4.9+0.3
75C *4.740.4" 46103 *5.0+0.3 Y4.6+0.4 *4.7+0.3 *5.0+0.4

W5 740.42¢ ¥5.840.5¢ ¥5.5+0.5¢ Y5.6+0.4% ¥5.1+0.5° ¥¥5.240.4°

continued
continued
Storage time (week)
12 14 16 18 20
Not X b x b x a X a « R
pasteurized 4.4%+0.3 4.2%+0.5 3.8%0.5 3.2%£0.3 3.1+0.2

60°C" Y5.6+£0.4>  Y5.6+0.3°  Y4.6+0.5°  Y4.840.3*  Y4.840.5

65C '5.7£0.5 ’5.4£0.4 ’5.4%0.3 “5.7£0.5 ’5.4%0.4
70C *5.2+0.3 ¥5.3+0.5 ¥4.9+0.4 '5.1£0.5 ¥4.9+0.3
75C 5.1+0.4 ’5.1+£0.3 ¥4.7+0.3 ¥5.0£0.4 ’5.1£0.4

" Pasteurized at 60C.

D 7, like extremely; 1, dislike extremely.

? Mean + SD.

N5 Values in the same row are not significant different (p<0.05).

*? Values in the same column sharing a common superscript are
significantly different by Tukey’s test (p<0.05).

4 Values in the same row not sharing a common superscript are
significantly different by Tukey’s test (p<0.05).
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Table 22. Sensory evaluation” of overall acceptability of Jinyangju
pasteurized at different temperatures and stored at 20C for 20 weeks

Storage time (week)

0 2 4 6 8 10

Not
pasteurized

60C" W5 440.4° Y5.340.2" Y5.4+0.4° Y5.6+0.4° ¥5.5+0.5° ¥Y5.3+0.4"

©5.240.5%° ¥5.240.4° ¥5.3+0.3° ¥5.3+£0.4° ¥5.0+0.4° ¥5.1£0.4°

65C Y5.740.4%  Y5.6+0.5 Y5.5+0.4 Y5.4+40.4 Y5.6+0.3 Y5.4+0.2
70C *4.840.3%  *4.940.5 *4.7+0.3 *4.8+0.4 ¥4.940.4 *4.9405
75C *4.540.3%  *4.640.3 *4.5+0.4 *4.6+0.3 *4.5+0.5 *4.9+0.5

continued
continued
Storage time (week)

12 14 16 18 20
Not X b X b X a x a X a
pasteurized 4.2+0.4 3.8+0.3 3.2+0.3 3.0+0.2 3.1+0.3
60C” Y5 140.4°  ¥%5.240.4° Y4.94+0.4° Y4.7+0.37 Y4.840.4%
65T ’5.5%0.3 ’5.610.4 ’5.5%+0.3 ’5.5%0.3 ’5.610.4
70°C ¥5.0%£0.5 ¥4.940.3 49404 Y4.9+0.4 Y4.94+0.5
75C Y4.7+£0.3 Y4.6+0.3 Y4.6+0.3 Y4.9+£0.5 Y4.7+£0.3

" Pasteurized at 60C.

D 7, like extremely; 1, dislike extremely.

? Mean + SD.

N5 Values in the same row are not significant different (p<0.05).

*? Values in the same column sharing a common superscript are
significantly different by Tukey’s test (p<0.05).

Values in the same row not sharing a common superscript are
significantly different by Tukey’s test (p<0.05).

a-c
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Fig. 12. Changes in pH of Jinyangju pasteurized at different
temperatures and stored at 37C for 20 weeks.
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Fig. 13. Changes in total acidity of Jinyangju pasteurized at different
temperatures and stored at 37C for 20 weeks.
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Fig. 14. Changes in total sugar of Jinyangju pasteurized at different
temperatures and stored at 37C for 20 weeks.
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Fig. 15. Changes in ethanol content of Jinyangju pasteurized at
different temperatures and stored at 37C for 20 weeks.
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Table 23. Changes in color L values of Jinyangju pasteurized at different

temperatures and stored at 37C for 20 weeks

Storage time (week)

0 2 4 6

8

10

Not
pasteurized

60C"  *97.56+0.35° *97.02+0.39" *96.86+0.53" *96.12+0.42°

*97.6840.52"° %96.22+0.35" *96.45+0.42" *96.59+0.24"

65C *97.16+0.48° *96.46+0.33" *96.85+0.43" *96.26+0.35"
70C *97.25+0.32° *97.06+0.42 *96.87+0.38" *96.68+0.28"

75T *96.68+0.48° *96.85+0.42" *96.43+0.36" *96.53+0.37"

*96.86+0.54"
*97.08+0.45"
*96.36+0.18"
*96.98+0.37"

X96.25+0.28"

*96.52+0.32"
*96.88+0.52"
*96.73+0.62"
*97.1240.28°

X96.49+0.32°

continued
continued
Storage time (week)
12 14 16 18 20
Not X b x b x a x a x a
pasteurized 96.26+0.28° 96.85+0.31° *84.16+0.32 *84.56+0.35% *84.25+0.36

60C"  96.32+0.28" *92.23+0.36" ¥91.76+0.26 Y92.16+0.28°
65C  96.2440.27" *91.52+0.26" ¥92.85+0.28" ¥93.02+0.37*
70C  97.16£0.25" *92.5240.36" ¥92.35+0.27* ¥92.25+0.22°
75C  96.27+0.38" *92.46+0.23" ¥92.19+0.23" ¥92.26+0.28°

¥91.32+0.46"
'92.13+0.48°
¥92.18+0.31°
’92.16+0.38"

* Pasteurized at 60C.
Y Mean * SD.

-b . . . . .
P Values in the same row not sharing a common superscript are significantly

different by Tukey’s test (p<0.05).
Values in the same column not sharing a common
significantly different by Tukey's test (p<0.05).

X-y
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Table 24. Changes in color a values of Jinyangju pasteurized at different
temperatures and stored at 37C for 20 weeks

Storage time (week)

0 2 4 6 10
pastl\e‘(lj:ized "_2.28+40.06"N° ™-2.2440.05 "-2.16+0.07 "-2.08+0.05 "~2.06+0.07 "*-2.27+0.08
60C” -2.02+0.08"% -2.10+0.06 -1.98+0.05 -2.02+0.06 -2.04+0.02 -1.97+0.04
65C -1.9240.04"  -1.99+0.02 -2.06+0.05 -1.92+0.04 -1.95+0.05 -2.12+0.08
70C -1.97+£0.08"% -2.24+0.07 -2.16+£0.05 -2.1840.06 -2.03+0.06 -2.11+0.05
75C -1.98+0.06" -2.03+0.05 -1.96+0.06 -1.98+0.07 -1.95+0.05 -2.06+0.05
continued
continued
Storage time (week)
12 14 16 18 20
past,:S:ized -2 18+0.08 ™-2.3140.06 ™-2.03+0.04 ™-2.2140.07 ™-2.26+0.06
60C” -1.92+40.04 -2.12+0.06 -2.18+0.06 -2.03+0.08 -2.16+0.05
657C -1.94+0.04 -1.95+0.05 -2.02+0.06 -2.1240.07 -2.06+0.05
70°C -1.98+0.03 -1.96+0.04 -2.1240.08 -2.2140.07 -2.1540.06
75C -1.96+0.07 -1.95+0.06 -2.1240.07 -2.08+0.06 -2.16+0.08

* Pasteurized at 60C.
Y Mean * SD.

N5 Values in the same row are not significant different (p<0.05).
" Values in the same column not significant different (p<0.05).
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Table 25. Changes in color b values of Jinyangju pasteurized at different
temperatures and stored at 37C for 20 weeks
Storage time (week)
0 2 4 6 8 10
NOt. *12.0240.28"% *12.56+0.33"% *12.23+0.25% *12.8440.32% *12.88+0.53% *12.45+0.36°
pasteurized
60C" *12.96+0.35° *12.42+0.12% *12.854+0.21% *12.2640.08% *12.38+0.38% *12.14+0.34°
65T *12.82+0.42° *13.12+0.17% *12.754+0.16° *12.76+0.07* *12.78+0.27* *12.78+0.36°
70T *12.54+0.37° *2.46+0.35% *12.58+0.24° *12.86+0.27% *12.81£0.32% *12.7240.27°
75T *12.82+0.48% *12.89+0.18" *12.86+0.28" *13.12+0.37" *12.78+0.32" *12.82+0.37"
continued
continued
Storage time (week)
12 14 16 18 20
NOt, “12.36+0.33% Y16.35+0.38° *16.32+£0.28° *16.68+0.32° *16.56+0.36"
pasteurized
60C" “12.9240.22% ¥16.32+0.28° *17.19+0.28° ¥17.86%0.24° ¥17.96£0.35"
65T “12.65+0.26% *15.36+0.32° *17.354£0.28° *¥17.27+0.35° ¥17.54+0.33°
70C *12.67+0.34° *15.68+0.38% ¥18.12+0.35° ¥17.8640.28° ¥17.98+0.36°
75C *13.16+0.38* *¥15.75+0.26° Y18.64+0.38° ¥18.28+0.26° ¥18.68+0.35°

* Pasteurized at 60C.

Y Mean + SD.
P Values in the same row not sharing a common superscript are significantly

different by Tukey’s test (p<0.05).

X-y

Values in the same column not sharing a common superscript are

significantly different by Tukey’s test (p<0.05).
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Table 26. Changes in total bacteria counts(CFU/mL) of Jinyangju pasteurized at
different temperatures and stored at 37C for 20 weeks

Storage time (week)

0 2 4 6 8 10
Not 4.86x10" 4.82x10% 3.86x10" 1.82x10* 1.42x10* 1.15x10*
pasteurized

60C" 7.64x10° 6.72x10° 4.24x10° 1.48x10° 1.15x10* 8.20x10"
65C 6.18x10%° 5.27x10° 3.43x10° 1.56x10° 5.80x10* 0
70°C 5.28%10%  4.52x10° 3.16%X10% 1.45%10° 2.50%x10" 0
75C 2.72x10%  2.26x10° 1.65%x10% 6.20x10' 2.40%x10" 0

continued
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continued

Storage time (week)

12 14 16 18 20
past';latized 1.08x10"  5.18x10°  1.83x10°  1.22x10°  7.28x10”
60C" 5.40x10"  1.40x10' 0 0 0
65T 0 0 0 0 0
70C 0 0 0 0 0
75C 0 0 0 0 0

* Pasteurized at 60C.

Table 27. Changes in yeast counts(CFU/mL) of Jinyangju pasteurized at different
temperatures during and stored 37C for 20 weeks

Storage time (week)

0 2 4 6 8 10
Not 1.82x10" 1.75x10" 1.38x10* 7.25x10° 0 0
pasteurized
60C" 1.96x10% 1.56x10% 1.25%10° 0 0 0
65C 6.80x10"  6.60x<10" 4.20%x10" 0 0 0
70°C 0 0 0 0 0 0
75C 0 0 0 0 0 0
continued
continued
Storage time (week)

12 14 16 18 20

Not
pasteurized 0 0 0 0 0
60C" 0 0 0 0 0
65C 0 0 0 0 0
70°C 0 0 0 0 0
75C 0 0 0 0 0

* Pasteurized at 60C.

- 158 -



Table 28. Changes in lactic acid bacteria counts(CFU/mL) of Jinyangju
pasteurized at different temperatures and stored 37C for 20weeks

Storage time (week)

0 2 4 6 8 10
past':ﬁﬁized 1.96x10" 1.78x10* 1.58x10" 1.16x10° 0 0
60C"  2.14x10° 1.96x10* 1.28x10° 0 0 0
65C 6.20x10" 5.40x10" 3.10x10" 0 0 0
70°C 0 0 0 0 0 0
75 0 0 0 0 0 0
continued
continued
Storage time (week)
12 14 16 18 20
pastgfj:ized 0 0 0 0 0
60°C" 0 0 0 0 0
65°C 0 0 0 0 0
70°C 0 0 0 0 0
75 0 0 0 0 0
* Pasteurized at 60C
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3 7|5 == Table 3004 Yeblidth vlz+2 F7]el dig 7|s%
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Table 29. Sensory evaluation” of color of Jinyangju pasteurized at different
temperatures and stored at 37C for 20 weeks

Storage time (week)

0 2 4 6 8 10
Not = vg 140,52 ¥5.140.3° ¥5.040.4° *5.040.4% *4.840.5° 4.940.4"
pasteurized

60C*  ¥5.3+0.4" Y52+40.2 Y5.1£0.5 Y5.0+0.3 Y5.240.4 Y5.0+0.2
65C  Y5.3+0.5™ Y5.3+0.3 Y5.240.4 Y5.5+0.4 Y5.3+0.3 Y5.2+0.4

70C  *4.6+0.3" 47404 *4.6+0.2 *4.8+0.5 Y5.0£0.3 *¥4.9+0.3
75C  *4.5+0.4" *4.54+0.3 *4.6+0.4 *4.5+0.5 *4.6+0.5 *4.4+0.2

continued
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continued

Storage time (week)
12 14 16 18 20

pastgcu’jized 4.640.4° Y4.740.3° *3.740.3" *3.240.3' *3.5+0.3°
60C" 51405  Y4.840.3  Y4.9+0.3  Y47+0.3  Y4.8+0.4
65C 54405 54404  5.4+405  5.4+04  ?5.3+0.3
70°C 49404  Y47+0.3  Y4.6+0.2  Y45%0.3  Y4.6+0.5
75°C 4.240.3  *4.310.2  Y4.2405  Y4.3+0.3  Y4.4+0.3

* Pasteurized at 60C.

b 7, like extremely; 1, dislike extremely.

? Mean + SD.

¢ Values in the same row not sharing a common superscript are significantly
different by Tukey’s test (p<0.05).

NS Values in the same row are not significant different (p<0.05).

*?% Values in the same column sharing a common superscript are significantly
different by Tukey’s test (p<0.05).

Table 30. Sensory evaluation” of flavor of Jinyangju pasteurized at different
temperatures and stored at 37C for 20 weeks

Storage time (week)

0 2 4 6 8 10
Not

casteurized ¥5.1+£0.57" ¥5.040.3° ¥5.1+0.4° *4.9+0.3" ©4.940.3" ¥4.8+0.4"
60C"  ¥5.240.4"° Y5.1+0.4" ¥5.2+0.3° ¥5.0+0.5° ¥5.0£0.4"> ¥5.140.4°
65C ¥5.1+0.5"  ¥5.240.3 Y5.3+0.3 Y5.2+0.4 ¥5.3+0.4 ¥5.24+0.3
70C *4.8+0.5™  *4.7+0.3 *4.640.5 Y4.8+0.2 Y4.8+0.5 *4.6%0.2
75C *4.9+0.6™  *4.3+0.3 *4.6+0.3 *4.740.5 *4.5+0.2 *4.4+0.4

continued

- 161 -



continued

Storage time (week)

12 14 16 18 20

pasgﬁazed ¥4.840.3"  *4.740.3" *3.840.3° *3.3£0.3* *3.6+0.4°
60C" ¥5.0+0.3"  ¥4.9+0.4" Y4.7+0.4" Y4.6+£0.4° Y4.6+0.4°
65C ’5.540.2  ¥5.240.3  “5.240.3  “5.3+0.5  “5.240.5
70C 44404 47404  Y4.6+04  Y4.5+04  Y4.7+0.3
75C *4.3+0.4  *4.6£0.4  Y4.6+0.5 Y4.5£0.5  Y4.4%0.3

* Pasteurized at 60C.
b 7, like extremely; 1, dislike extremely.
? Mean + SD.
NS Values in the same row are not significant different (p<0.05).

*?% Values in the same column sharing a common superscript are significantly

different by Tukey’s test (p<0.05).
ab . . . e
Values in the same row not sharing a common superscript are significantly

different by Tukey’s test (p<0.05).

Table 31. Sensory evaluation” of taste of Jinyangju

temperatures and stored at 37C for 20 weeks

pasteurized at different

Storage time (week)

0 2 4 6 8 10

Not ¥5.240.57¢  Y5.1£0.5° *4.940.5° ¥4.940.4* Y5.0+0.5° *4.8+0.4°
pasteurized

60C" ¥5.240.4°  ¥5.240.3° ¥5.1£0.5" *¥4.9+0.3® ¥5.1+£0.5" *4.940.5®

65C ¥5.340.4"  Y5.240.4 Y5.3+0.4 ¥5.2+0.4 Y5.1+40.5 Y5.3+0.2

70C *4.6+0.4"  *45+0.5 4.840.5 ¥4.9+0.3 Y4.840.5 *4.7+0.3

75C *4.6+0.3%  *4.64+0.5 *4.3+0.2 *4.24+0.4 *4.340.3 *4.5+0.4
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continued

Storage time (week)

12 14 16 18 20

pasgﬁazed *4.740.3"  *4.6+0.5"° *3.8+0.4* *3.0+0.3* *3.1+0.3°
60C" Y5.040.4"  *4.840.3*  Y4.8+0.4" Y4.6+0.3" ¥4.74+0.5
65C ¥5.3+0.5  ¥5.240.2  “5.340.4  ’5.2+0.3  “5.2+0.5
70C *4.8+0.3  *4.740.5  Y4.5+0.3  Y4.6+0.5  Y4.7+0.3
75C *45+0.4  *4.6+0.3  Y4.740.3  Y4.7£05  Y4.5+0.5

* Pasteurized at 60C.
b 7, like extremely; 1, dislike extremely.
? Mean + SD.
NS Values in the same row are not significant different (p<0.05).

*?% Values in the same column sharing a common superscript are significantly

different by Tukey’s test (p<0.05).
¢ Values in the same row not sharing a common superscript are significantly

different by Tukey’s test (p<0.05).

Table 32. Sensory evaluation” of overall acceptability of Jinyangju pasteurized at
different temperatures and stored at 37C for 20 weeks

Storage time (week)

0 2 4 6 8 10

Not ¥5.240.57¢  ¥5.0+0.4° Y4.940.3% ¥5.0£0.4° ¥4.9+0.4 *4.8+0.4"
pasteurized

60C" Y5.4+0.4°  ¥5.240.3" “5.3+0.4" ¥5.0+£0.4" *5.0+0.4" ¥5.1£0.5

65C ¥5.5+0.48  ¥5.3+0.5 %5.4+0.3 Y5.4+0.5 ¥5.4+0.3 Y5.240.2

70C *4.8+0.3" ¥49+0.5 Y4.8+0.3 Y¥4.8+0.4 *4.7+0.4 *4.840.3

75C 4 5+0.3%  *4.3+0.4 *4.4+0.4 *4.4+0.4 *4.5+0.5 *4.5%0.3
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continued

Storage time (week)
12 14 16 18 20

pastg‘j:ized *4.840.4°  *4.740.3> *3.6+0.3" *3.44+0.3° *3.5+0.3°
60C" Y5.0£0.4°  *4.8+0.5°  Y4.74£0.4% Y4.8+0.4* Y4.74+0.4"
65°C Y5.4+0.4  ¥5.440.5  “5.440.3  “5.5+0.5  “5.4+0.5
70°C *4.6+0.4  *4.5+0.3  Y4.5+04  Y4.6+0.4  Y4.6+0.4
75°C 44404  *4.5+0.3  Y4.5+04  Y4.4+0.5 Y4.5+0.4

* Pasteurized at 60C.

D 7, like extremely; 1, dislike extremely.

? Mean + SD.

N5 Values in the same row are not significant different (p<0.05).

*7 Values in the same column sharing a common superscript are significantly
different by Tukey’s test (p<0.05).

¢ Values in the same row not sharing a common superscript are significantly

different by Tukey’s test (p<0.05).
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Fig. 15. Changes in pH of Jinyangju at different addition levels of citron
pulp.
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Fig. 16. Changes in total acidity of Jinyangju at different addition levels of
citron pulp.
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Fig. 17. Changes in total sugar of Jinyangju at different addition levels of
citron pulp.

e}) o ghZ

A IS 5%, 75%, 10%, 125%, 15% H7Fete] 1497 HaE A7 %59
o ghE 3reFe] Wl Fig. 189 skt HaE 194 BE AP dee 3=
< 0%l waHE FF AMM3 FrketdM HF 2R 4dACd =
13.3-1553% & tebwth tixT9k 5 75, 10% H7 sk A1 & ol A= %gx_m
ol 7b gl o}, 125%, 15% d7het A& polas tlztel geoldel zpolrt
A

- 166 -



01 2 3 45 6 7 8 9101112 13 14
Fermentation time (day)

Fig. 18. Changes in ethanol content of Jinyangju at different addition levels
of citron pulp.
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Table 33. Changes in color L, a and b value of Jinyangju at different
addition levels of citron pulp

Addition levels of
Citron pulp (%)

L (Lightness) a (Redness) b (Yellowness)

0 95.44£0.70"*  -0.47£0.05" 5.56+0.27¢
5 95.35+1.32° -0.54+0.07® 5.05+0.71¢
7.5 96.02+0.88"  -0.79+0.18" 4.35+0.53"
10 98.08+0.55™ -1.08+0.20™ 4.10£0.24"
12.5 98.21+0.37¢ -1.55+0.27° 3.6240.17"
15 98.44+0.20° 0.70+0.93" 2.4740.16°
Y Mean + SD.

,b . . .
P Values in the same row not sharing a common superscript are

significantly different by Tukey’s test (p<0.05).

Table 34. Sensory evaluation” of Jinvangju at different addition levels of
citron pulp

%?détilt?;))gllegﬁ? Color Flavor Taste ac (:Oe\é?g%lillity
0 4.840.87%  4.8+0.6° 4.6+0.7° 5.1£0.8"
5 5.14+0.6" 4.5+0.5 4.5+0.6° 4.840.6°
7.5 5.2+1.2% 4.740.6° 5.1+0.9° 5.0+1.1°
10 5.7+0.8° 5.6+0.9¢ 5.8+1.1¢ 5.640.9°¢
12.5 58+1.1"  5.4%1.2" 4.6+0.5% 4.340.4°
15 6.2+1.2° 5.240.7° 4.6+0.7° 4.1+0.5°

b 7, like extremely; 1, dislike extremely.

? Mean + SD.

¢ Values in the same row not sharing a common superscript are significantly
different by Tukey’s test (p<0.05).
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Fig. 19. Changes in pH of Jinyangju at different addition levels of
citron peel.

= A

pud

W) F

A 95 kst A3 YT FAhS 14
Fig. 20°] Wbl Aok tiz+-¢F 10, 20, 30%9 A #u& A7k A4+
3 8dA 1.47-233%, 40%°] A IS HUMR Adoe 2w 7Y
HAAE el o FRE Aass 4SS UEdidY dixT-4 10, 20%
HRE A= A= frelHl abelzt gl/len, 30, 40% H7FE A el =
oAl Aol 7k

oNr

e
fol
N
L
off
r o
A
ol
ol
2L
s

2
b
=
f

- 169 -



Total acidity (%)

01 2 3 4 5 6 7 8 9 1011 12 13 14
Fermentation time (day)

Fig. 20. Changes in total acidity of Jinyangju at different addition levels
of citron peel.
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Fig. 21. Changes in total sugar of Jinyangju at different addition levels
of citron peel.
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Fig. 22. Changes in ethanol content of Jinyvangju at different addition
levels of citron peel.
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Table 35. Changes in color L, a and b value of Jinyangju at different
addition levels of citron peel

ER : b
0 95.52+0.66"*  -0.45+0.04¢ 5.69+0.19°
10 95.34+1.32*  -0.50+0.02°  5.17+0.70™
20 98.22+0.25"  -0.61+0.05° 4.11%£0.15*
30 98.07+£0.56"  -0.83+0.06" 4.09+0.21*
40 98.33+0.26" -1.19+0.06" 3.81+0.46°
Y Mean + SD.

4 Values in the same row not sharing a common superscript are
significantly different by Tukey’s test (p<0.05).
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Table 36. Sensory evaluation” of Jinyangju at different addition levels of

citron peel

Addition levels

of Cit(r[%l peel Color Flavor Taste aC(:Oe\;?g%lillity
0 4.240.77%  4.8+0.7°  4.240.4° 4.240.7°
10 4.5+0.6° 5.241.1°  4.9+0.8 4.940.8°
20 5.440.8" 5.940.5"  5.8%1.1° 5.6+1.2°
30 5.8+0.6¢ 6.5+1.2°  4.8+0.8" 5.0+1.0°
40 6.14£1.2° 6.4+£0.8°  4.1£0.6 3.940.3°

b 7, like extremely; 1, dislike extremely.

? Mean + SD.

¢ Values in the same row not sharing a common superscript are
significantly different by Tukey’s test (p<0.05).
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Table 39+ 149 st HEE A7 x4 1, 2, 25, 3, 4% FAF
@ g7 g e wsE st daTe BE AYT

r:i

Table 39. Changes in pH, total acidity, total sugar and ethanol content of
Jinyangju at different addition levels of citron juice

Addition levels

of citrg‘/on juice pH Total acidity  Total sugar (?(t)};letlgg'lt
0 4.244£0.20"™°  1.2240.09°  6.37£0.09™  15.20£0.20™
1 4.20%0.29 1.14+0.10° 6.41+0.23 15.33£0.31
2 4.20%+0.39 1.18+0.06° 6.40+0.35 15.20£0.20
2.5 4.09+0.31 1.20£0.13% 6.42£0.26 15.13+£0.31
3 3.64£0.10 1.61£0.14° 6.41+0.27 15.27+£0.42
4 3.58+0.16 1.7040.16" 6.43+0.26 15.30£0.27
Y Mean+SD.

N5 Values in the same column are not significant different (p<0.05).
in the same row not sharing a common superscript are
significantly different by Tukey’s test (p<0.05).

a-b

Values

o) A

FAFES 1, 2, 25, 3, 4% A7k AdFek 2ol {4 ZolE Table 40

of tehiieh L gl A tETsh AdTAA fo9 AolE vhehA e
FAFS AR AGTAN FAAL Aol

kI a gk EHZ:rLQ]' 1, 2, 25%
o)

Holx gkgte

oA gFgkont 3, 4% frAE

Ao ghe war

v 3, 4% FAE
o= & A3E HYth b #HAAE a
yl=d gz 1, 2, 25% FA5S H7EeE A g el A
S H7be A Aol A ZH7F 381, 364% frolH o

713k Al g ol A
ol Al 1l

Zk7y -1.19, -1.44%2 94

A fAR BB U

Fel29l Aol 1

ah) #5714}
Table 4114 = tzx=7-9F 1, 2, 25, 3, 4%°] FA5& HA7He A+ 3ol o
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flom 1, 2, 25, 3, 4% fFrAFS H7bs A@Fe A 727 49,
51, 55,59, 6.1% fro)do=z & s el F2 dx2+9 1, 2% A5
S UM AEFNA o)A Aelrt gllew 25 3, 4% FAES HUbe
NG oA xRy foldoer & Az s e gelA izt
1, 3, 4% FAFS H7ME A@TFolA FIA Aol= vERUA] koot 2
25%0°l Al 7+7} 53, 59Z oAl AolE HYom 53| 25% FAFS HIL
s AlF TN Hole] A3 ghs dEhddth AAA VSR iz Tek vl
atel 1, 2% FAFS H7ME A@TelA FoHA zelE RHolA GFhon,
25% FAFES HE ATl 572 A =S A e 3 4% FAES

Ahe A TN E GETRY Fo Mo B A3 e el

4o
rlr

3
=

ro

Al

Table 40. Changes in color L, a and b value of Jinyangju at different
addition levels of citron juice

Addition levels of

citron juice (%) L 4 b
0 95.52+0.66"° -0.45+0.04" 5.69+0.19"
1 95.34+1.32 -0.48+0.05" 5.17+£0.70°
2 96.28+0.18 -0.50%+0.07" 5.82+0.32"
2.5 96.47+0.35 -0.47+0.05® 5.89+0.42°
3 98.07+0.56 -1.19£0.06" 3.81£0.46°
4 98.33+0.26 -1.4440.36° 3.64+0.20°
Y Mean+SD.

N5 Values in the same column are not significant different (p<0.05).
¢ Values in the same row not sharing a common superscript are
significantly different by Tukey’s test (p<0.05).
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Table 41. Sensory evaluation” of Jinyangju at different addition levels of
citron juice

Addition levels

of citlg%g juice Color Flavor Taste accOe\[[J?erl%Iillity
0 4.4+0.5%* 4.940.7° 4.8+0.6° 5.340.7"
1 4.940.6" 4.740.6° 4.740.7° 4.940.5"
2 5.140.9" 5.0+0.7° 5.34£0.7° 5.0+£0.9°
2.5 5.5+0.8° 5.6+0.8" 5.9+1.2° 5.7+1.1°
3 5.9+0.7¢ 5.840.9° 4.740.6° 4.740.4°
4 6.1+0.9¢ 5.7+1.2° 4.940.8° 4.6+0.5°

v 7, like extremely; 1, dislike extremely.

? Mean * SD.

¢ Values in the same row not sharing a common superscript are
significantly different by Tukey’s test (p<0.05).

Asatia guselt dela AGFE 65CA Ades Aol
A Agstn HuHA B¢ f4e) 74 Rz PR geise] Az
AFFE A2 WG A3 10%F Arhske Aol MFAstn, 49§ 11F 2

G 20%, FAES WS A 25%E HUbste]l AGFFE Axse W FECd
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koji Az Ak H3lg e W3l
@9 : Saccharogenic Power
. - vl F Al ZF (hr)
R
18 24 30 36 42
T4 4283 3.5 5.8 14.9 19.6 22.9
o A W 4.7 7.6 19.7 25.7 30.2
g8y 15 4.4 7.3 18.4 24.1 28.3
% % 4.6 7.5 19.4 24.9 29.2
d F oo 4.4 7.4 18.9 24.6 28.9
koji A% & g49 @ =
= = 2= 3k | Saccharogenic
WS pH
(0.1N-NaOHml/10ml) (%) Power
9 4283 | 3.75 1.0 5.8 25.5
1= S 3.41 2.0 3.8 32.8
fEs 135 3.46 2.0 3.4 30.1
o x H 3.50 2.2 3.8 31.2
d F A 3.31 1.9 3.5 30.4
A EEd &h] 4 EA
. ex | e IR laaglas]
= % pH . (0.IN-NaOH | (0.IN-NaOH H| %
) ml/10ml) ml/10ml) (%) (%)
9 4283 | 4.26 | 18.1 3.4 0.5 1.09 | 16.6 | 0.997
o 2 ® | 4.34 | 18.1 3.5 0.6 1.04 | 17.2 10.998
¥ 13 | 4.21 | 18.3 4.0 0.8 0.93 | 17.0 |0.997
oF % W | 4.26 | 18.2 3.4 0.7 1.01 |16.4 |1.001
o ¥ © | 431 182 3.5 0.6 0.94 | 16.9 |0.998
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7} 32 MEFEZAT7F 359 e v]s=3 WY e HAh
¥ 2. IAY SAwUl @E Fo] pHHE S
LEA b 0 24 A8 7 % 120
R
! 592 | 417 | 512 | 430 | 436 | 441
37} 583 | 407 | 483 | 422 | 495 | 427
7 =2 575 | 405 | 468 | 435 | 437 | 440
& 3 A sl wE o) A
LEA 2 ) 0 24 48 72 % 120
1 2] 7+
! 11 32 2.1 39 28 39
22} 15 36 27 2.1 31 33
7 27} 14 27 2.4 28 39 35
tl &bl &g F g4 A
=0 WHg T Y3 gFE AAHoR = A= 1 49 2 34
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DA e =5l F4wst
oFF Ao dolA =Tl FAE dEAo Fajo #osteE dEAE o
ek s Abget=vtel wel Fedna & ¢ vk weks JAgFo st
F4& MAs7] Sste] v BaAE AEstden 1 A= 1 8 99
2t
% 8 MEFFS AHET JNFFY =8 #4493
R b b=
Temp RS |Alcohol
kg 7|17k | pH °Brix | (0.IN NaOH | (0.IN NaOH
(C) (mg/ml)| (%)
ml/10ml) ml/10ml)
3% 7t
2 Y 366 19 194 3.3 0.6 160.5 11.1
39 1399174 | 21.2 1.0 1.1 281 7.2
44 1392|166 | 184 2.0 1.1 291.7 12.0
5¢Y (422|216 | 151 2.8 14 61 16.1
6 4 [453| 181 | 14.0 2.3 1.9 54 17.7
7Y [500| 196 | 134 2.6 24 29.7 18.2
8 d 1494|177 | 132 2.5 2.8 24 18.6
4% 7}
2 o 37183 | 196 3.7 0.8 220.7 11.6
3 1398|174 | 218 1.0 1.3 230 7.2
49 394|188 | 176 2.2 1.1 93.9 13.0
5 424|199 | 143 3.1 1.5 58 16.8
6 A 447|181 | 132 2.8 1.5 519 185
74 1491|170 | 124 2.9 2.2 21.2 19.3
8 ¢ 1487|189 | 120 2.7 2.7 17.5 19.6
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Temp RS |Alcohol
kg 7|17k | pH °Brix | (0.IN NaOH | (0.IN NaOH
(C) (mg/ml)| (%)
ml/10ml) ml/10ml)

NErs + Adr=
2 Y 1383|201 | 170 6.2 1.6 93.2 14.0
3¢ 1387195 21.0 4.0 1.9 204.8 9.1
44 1393|191 | 172 5.2 1.9 81 14.5
5¢ (412|182 | 150 6.3 2.4 59 17.6
6 4 428|202 | 146 6.0 2.7 35.5 18.1
74 (458|191 | 148 6.4 3.1 50 194
8 d 450|205 | 14.8 6.2 3.3 25.5 19.2
MNEF5 + A=
2 Y 1382|201 166 3.5 0.8 119.2 13.1
39 139182 | 21.0 1.1 1.3 277 9.1
44 |39 206 | 17.2 2.6 1.1 89 13.9
5 425|198 | 14.2 3.0 1.2 54 174
6 4 444|207 | 13.0 3.0 2.1 30.3 18.2
74 1481|201 | 120 3.0 2.2 14.5 19.5
8 4851 212 | 12.0 2.8 2.8 14 194

e AFFe) BHS KA Askel AE 3% AFEH W7

= 17171 <184
T e BERARY w2 TEE AUbsha sl A A7l HE
& FTRE e Aol AT dew #ddo] vk ada AYFEFH 4=
= MEFrsa @A £8F A5, N rs d5oR AR Fsld vE %
& I S dehdd Al A TR AU obvmAts, Tea 9
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¥ 10, 915 WA v 54
= % T o | 2AY | 2aud estE | 2 3w
A o 12.65 0.78 7.10 78.65 0.52
LLRAR = 13.12 0.53 7.24 78.57 0.54
HAEEA(RVU)
S A Rlgdg=)
Breakdown |°F2 22 "
> Setback | Breakdown E
Ratio (%)
() [ ®)| (Bt =) (1-7
(et =g)
A 1 69.2 -33 119 0.41 189 6.8
w2 =
63.1 -115 144 0.28 8.2 6.2
H]
Ca Mg Fe Na K /n P
& 13.9 20.7 45 1.47 339 10 57
LU 13.9 11.3 35 1.74 217 4 10
¥ 11 WA o ol g HUF Ax % oy T FAEA WL
e ST AT
kg Temp RS |Alcohol
pH °Brix | (0.IN NaOH ml/ [(0.IN NaOH ml/
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6 & | 45| 196 | 14.2 3.7 2.3 24.0 175
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55T, 30% 3.8 13.2 15.4
55T, 45% 3.6 13.4 15.7
65T, 15% 3.9 13.6 15.9
65T, 30% 3.7 13.9 15.8
3 15 AtE AgFFo] Het
A9k
AT Al & k| A &yt
3=
At A | 4.25 | 4.25 | 275 | 4.25 3.75 4.75
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