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Studies on the Production of Citrus Wine and Brandy VUsing

Jeju Citrus

AFzoA e ZEAe AFE TS5 AS AAGs T/ 7

Jo 2 AFAY wHo A 7H9PE B ofet fFuet A29 #
F2 FAsEn. 2y 90dd Hole /\1 FAE F9Y AFsle B
of B2 ojEeE sHAgten #Ee FF 97d 7R

#3lgo] ot 7‘%2%11527}«1 Ze oHEL AL B3 7}

THE EHY 4 AAste AFA 7o JHE olEES F53] A4
A g ARG A LAEE vFEFSHEA A 10~15%) o
g-o] oJgA HA

olg1g FAHL 2] M BF AvENS 9T gIdg Uy
Aashe 39 EY RUPMAE =Y 7 e WHeEAM AFAZ d
g AFo gFg oL PIFE
olp|A & TEIA} AFE FAT WEL TEH T

1, ZU AaEd 43U agFe ANFHOF sucrose? o] &-Fo| Ygde

d 2 FolA = Saccharomyces cerevisiae IFO 2363°] sucrose ©]-&&

= =
3L

2. ¥x& WaEHo| $45Fn 4HA JEE FERLe TEF AL 9
£ }

at7] At AFE 4 FE Aol 2



TFE AHEste Wa 54 ol B3 HEZ AHA Citrus
obovoidea Hort. ex Takahashi-28¢] ¥ 3-8 = ¥ acetic acid
gro| o} FEFF ALtel] g FFE AEHJIH.

BT RAE Y8 FEE A8 9SS 20828 8 rank-order?t BH
A5 WA panel test® AAS AT} op¥EE TFA Citrus
obovoidea Hort. ex Takahashi-28¢] 7}& B& H4E FE53PL 7|
IEE 7MY E3oh |

. ok BT Citrus obovoidea Hort. ex Takahashi-28% EA3 Ax
Saccaromyces cerevisiae 9.3 FAHYOW ZHE o olfAL
glucose®} fructose® 71 Z o|83tRe™ I L] sucrose®] Ath

. Citrus obovoidea Hort. ex Takahashi-28¥ & ©]&3le A|F4 72

o] AHFxs) F5FE G FYUYY THFFLE HAYOE 3o & ¥
=]

ne

#

}\g_‘g

rJ

oy

dFE HEV B F 2EAY oqRE A ZRE qAVE ol &
SgRed AFA FHE A3eE S Celite 54571 FA ol 7M4 F%

ov A3 £xE & AFAld vE =Y otk E A Y
pH7} ol o3} o] G20z Ax HAYE ool FHd FFol
oA A & ALE ALREHAUC

FEF ARS Astd 4T A F HAXE I5TAM E9AEE
AbslE A7 A7t O& Ao HlE o] A o] HAew
< FEY S0 HHe FHE HIAE & UEZR Hyg YT o
Fol & A& WAAMA STET dTFo olFo A F AEE £H9
Aol B2 Aoz AlgsHdth

ul

Y

[

T
-

_ii_



CE5A MA A AP 2 N gasE FYst SA47I0E A S A
E & Fd3 dxdd] g2 FAdsle £ 4 fdUeu, 0TA A
cooking flavor7} ¢F7F AAEHO] Al&A] AM7te] HolA& AFE B
o g 60~-80CAEN FEE AR AAsHATH
CAFERRY Y FAMAE A SREHA AR SyHe A A
70CANA 300mmHgE FHHL EM Ak FF oo, =4 FlA
N edtgen Jagd dEME & BPL By

NN FEF NS AsA FAAE 20% FUHAE W ZEFY
A, 8, dEE ZEEV $stden, FE Bdde] Aee 5%9
FaAE HNE o 7MF FA4h

ZHF 92T -4 9 FEAL gILFEI 5%Y W HF
Zoked olv U AlgFe 2o dFLEEOY] WEQ AT A}
=R e t=g

AEFe ANARS F7 HEA FEE FEEE XIYSHIS 9
1.0 Kg/em® 287} 7H3 £ H7AY4E vk

Ao wE PE Bdg FA HridA geAdgE FH3 B
g eaFoA ARz A% AHAFE gFd LFFo Fo| of$-
2} 7l

-1 -



II.

m. As

14

H
=K

ﬂ.
3

.14

14
.22
25
.30

pig

"o
Ho
of
i

puis

33
.33
37

h 3] 28] WE G e,

40
.45
...53

o} A EAe] EZ UlXE T e,

vl A¥A |ERY dEe ZEF )

78

.80

®
B

"

.. 82

Abstract -..ocoooereeeeeenes

- iv -



Table 1.
Table 2.
Table 3.

Table 4.
Table 5.

Table 6.
Table 7.

Table 8.

Table 9.

Table 10.

Table 11.
Table 12.

Table 13.
Table 14.

Table 15.
Table 16.
Table 17.

List of Tables

List of microorganisms for citrus juice fermentation --...ccoooveee.
List of commercial yeast and their fermentation test ........coevn.
Carbohydrate utility and growth rate of various citrus species
The degree of alcohol fermentation of isolated strains .-...........
Estimation of alcohol fermentation ratio and acetic acid
formation in Selected YEASE - et
Rank-order panel test of selected YEast - omrercvnmrenreenenn.
Growth rate of Citrus obovoidea Hort. ex Takahashi-28 in
different carbOhydrate SOUTCES - e

Tolerance test of 1solated yeast in various SO2 concentration

Comparison of fresh and reconstituted juice for alcohol
FOTTIIETIEALION +++vvrververreresrerrereeressessisersesesiesseesasesseseesessessasesseassssesesseesessensans
The effect of acidity on alcohol formation during fermentation
The effect of degasing on alcohol production -..ooocorveiiiniinnn,
Test of various carbohydrate sources for alcohol fermentation
Fermentation of carbohydrate by isolated strain -.oocooovvrivinnnnnn
Comparison of citrus juice extraction efficiency by different
EXTACLION MELRO -+ oottt
The effect of extractor type on citrus juice quality «.ocoeeeerien.
The change of citrus wine quality by fermentation period -
The efficiency of filtering by various filter powder -.-...cccocoeone



Table 18.
Table 19.

Table 20.

Table 21.
Table 22.

Table 23.
Table 24.

Table 25.

Table 26.

Table 27.

Table 28.

Table 29.

Table 30.

Table 31.

Table 32.

Table 33.

Table 34.
Table 35.

The effect of sterilization on citrus wine quality - eooeeeeiemneees
The effect of heat sterilization on the survival of
mjcroorganisms .......................................................................................

Optical density of various pasteurization during ageing period

The effect of heat treatment on wine quality

Taste examination of citrus brandy made from different

temperature and pressure during distillation

The effect of distillation methods on citrus brandy quality

The effect of distillation methods on the composition of

alcohol

The effect of citrus brandy ageing method (ageing period :@ 2

months) on the taste of citrus wine

The effect of citrus brandy ageing method (ageing period : 2

months) on citrus brandy quality

Taste examination result of citrus wine (15 days after 2nd

fermentation finishing)

Taste examination result of citrus brandy (15 days after

fermentation finishing)

Taste examination result of citrus brandy treating with

natural citrus flavor

Quality test of citrus wine treated with various flavor

enhancer

Quality survey of citrus brandy on various quality components

Comparison of quality by alcohol concentration change

Comparison of taste by alcohol concentration change

Quality test of CO: treated citrus wine for foam wine -«

The effect of CO; treatment on the concentration of volatile

component of citrus wine

..hVi..



Table 36.
Table 37.

Table 38.

Table 39.

Table 40.

Table 41.

Table 42.

Table 43.

Table 44.

Table 45.

Table 46.

Panel test result of artificial flavor treated citrus wine .--eoovves
The effect of natural flavor addition on volatile component
COTICENETALION w++evvververersermreesansenemaneaseseesenseseeeseeseseesenseneesesssseseesenseneeeseaes
Panel test results of functional citrus wine treated with
natural flavor

Concentration of volatile component in functional purpose
The effect of alcohol fermentation control agent, (NHz):HPO4
on the acid concentration Of CILIUS WIIE - --oovrrrererrrmemmmiieinaieiinaranns
The effect of alcohol fermentation control agent, (NHa)2HPO4
on the volatile acid concentration of citrus wine

The effect of alcohol fermentation control agent, (NH4)2HPO4
on pH change of CILITUS WINE - v wereemeerersrramiesreseinereiesserenirenns
Change of alcohol concentration by the addition of concentrated
CILIUS JUICE vvvrevrressemremsemememaemsremasamsenesseessessisretesses e esinoe
Change of pH by the addition of concentrated citrus juice to
CIETTS JUICE -vvrversevsrsessremsseeesiescesesssesesrees s seces s stssest st
Change of volatile acid concentration by the addition of
concentrated CItIUS JUICE - rrrerrrmemeriemom e

Taste examination result of fermentation product adjusting

with concentrated citrus juice

'



Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

List of Figures

The schematic diagram of fermentation activity test -.--wecvenennen 9

The effect of fermentation temperature on alcohol production ----- 28

The effect of ultra filter speed on filtering efficiency ««.coooeoveeieennn 39

The effect of distillation methods on citrus brandy quality - 48

The effect of alcohol fermentation control agent, (NHy):HPQ4

B0 CILTUS WWITIE cecvevrereertemsernemmattieniannenrtaiestseisnisnsenetressassstmiemnastaseaesremranmnrenns 69

- viil -



I.A4 £

1997d 78958 ZE JtEdd F59 £l ARIEoEM AR 7

L gs

F9 ol §Bo] 2%0|5t5 TH3] Pazo] BEANFHAMN s v
EA(AA BATS) 10~15%)¢] o] &o] WS AdA HU 199749 7
o MuehE ATRIHEMAIZF o 100290l Ao s Fujsle] w75
AFE molstek(l). oleld EANE Asy] JME BRFANER
9% theke WS ATeE @B BEFY RS 2Y 5 e %
o AFsted FrASZde Jldsn BRA de LR AF BB
MBS HEE ouAE wEuA FEFE ALHA HAGQ). T3
E R0 dg 2AE 2R 757t e chgstal oo w

S ol 7hA & A 9 owe shd AEe] Awslm Yok =4 g
we] Yoo U BARY waAe olggel ol Aol

A g1 gon JB SoMe A 422 FEEFY 94_9—7@2, 7o

& F7hstel we zops EAY 2237t 4% 44

4 et _!lm o o f

b
]
N
=
g8 o >|$‘.. ol

ki

4 g 94 9 548 HYU FE 86%, 2AF 13%, dFd 0.3%,

olm Z+& 100g% HIEIYA 82 IU, ®HIEIWIBI 0.1lmg, HER

B2 0.06mg, HIEIRIC 36mg T2 &3t A2 7Ied HELEXE 712

Hiols, Zgrxols, dagad, iy, gRrols, Foid 58 ¢
EL2 gE F759 AiAIZIG get g Zelst )

o™ 7 zel7k Ha FEFS Ulﬂ?lE 3HoH(3)(4)(5)(6).

HA U A AgAoR olfHe HEVFEokE 7.}%"* 7} o FEol

e

o
Sh
= r
“%
ojft

st Qiok oleid A

H JdE7 g4F BEXY, marmaladeS 22 o]£51 Aed HZ Z=x
= 2HAY] A71E T Tojrt FrhEI AT ey EAEA] AALE
= HAFHAE Ll GEFOEA 71F ol EHA &L AEL ¥

ZIHNEHD don o HrdH Ee EdFHed B Aol AaFHY &
%‘—g— Jo717]1% sttt a8y PES Y9858 ZFFFE AXRSe dHe



free

sl 2 E o] =e}
g s 89lo] Hu JThNE®)N9). 1=z B

L
L

I

J

AHA 7]E %Y ¢

—
e

e

o



I. A5}

Aol £2L AUATT AZHAAT,

e

)

ot

AL Adoiu Al ARE THAHY HEd I ZIdRE A=A 44

AL LI FEEAN I nfgL FA AL

3|y
N

o
o

do
A

AA &

=
=

p=—ye)
2

ojt}. 2

=]
i

ZolA7 #

=2

g

-
e

B, oleld $4TL ARVo2H LA

G
olp

e
ol

|

ol
Gl

fI1e]
O

= &

|

7 %

L.
=

Ll 3

0l.L
vl

s,

AYn e ek
o, TR A BoAUE A (yeash o199 nlWBo] AL + §r] BE

e ANG WS

Ao T AEiol ke A4ER] FERG 2 99 HEeE HEY, F

FOE2A, O3 YFoRA &

Al
|

ol

g5 gHoz

24 A48 # AT
o esaUdE ALz AgsME o B &8

Ay we Azste] vhA

Ro2, 98 AAA $Yee HEL B

7]

ks

A Fol ot A B oA

s

58 8§ U4c 3L 19149l Cruess(11)7} vAF7 A

A3 & g o

7] wj &l A

jb

o’



3tA] Rttt oF 13%9] Eﬂo]as}g% 3 Haﬂlﬂ\_ =2 HES o]
23te FFEFS 24°Brixol o2 zAslojorsin} urel ooz EE A

H &nio] Z¥ Ffoe BAESE WA Jetd &ule] ZolET HE

flo
zZ
off’
b1
_\‘I_'
Hir
e

1a el 7igsl Fe o] deFoint. #H &0y gd
7 102 g A U
ARy Fo FEF A7o] HAANAY £4%
HANE =St As A7l Ssl H7hHE= SO7F 100~
300ppme. 2 FA7} BRsiteE S @obllen ZEF 20 potassium
carbonatet} calcium carbonate® A @lstd F2& FAHFAI7I= Ro| vid
sttt ot vlm EFRYUFAM s ooy Wyles AEF gE 2
o, FEYEIE T8 UL U HEFFY Ase 249X, oz ax
2, Tangelo, Temple, Murcott¥ ol TE0id AFFEL F2 BFAJA
o g}, Kestersone 7MY £& ZEFE w57 Yl e ZEF2E
2 50/50 o2 3Adsn Fo2 25BrixZ ¥F F WEAHF dvn T4
gt dFF2E A5t olfe FEFY A FE HAAAT7 Aotk

S
N
s
N
e
Iy
i
jin}
rr
e
2
T o
e rg_ig
>\1

rr

i)

=X

o
(L
J

Tar“{ﬂ

Z
=N
Iy
ol
o
)
ofl i
o
Y
i
tlo
o
oo
ok
2
of
ofp
ﬂl1°~
NIO
o
ox
>
o
pach
.ﬂ
o
e

_4_



2 g 4FAYE FHFANAY gE 9EE Hvisld 3R E 10~12%Z
L < FE A EAste BREE
< xgata Jerz %%%1_ SFZ HAFAGEC EUA ¥=E vlg
AAsE Hol Wedittn v g FUL LdFEFy] Mo 15~20°BrixE
:‘M‘Hok et ol@ A st ZERY 3~358HAAAM 5% BEY ¥4I 1

ArE AFL 27

479 HREY 52 Pstgon Sl Re A4 W) EAste Hud
2 Fasted 3YAAE wolyl AN EAT ASIAT. E£F BBFE 5
Folol 4F DADE wEo] FHFY YREMY 448 FRGE
G4 Fol AUz ol LAFHA ARHE AP L ARE B
fov Aze 24 HUoyd Yol 2 9P FA Quvhe X3t 9
ATH?)



U R AEREAE Y BBFQ Saccharomyces ellipsoideuss 10T
Fo AlHE a2 Gist-Brocadeso) 4 #| &3 Fermirouge® 32/ E AL
F2E o]§3 ¥4FE 4TS AEIAY v AERELEC

B 3 TFe B4E Wol 438 e AHE dry yeastE 100g9]
dry yeast® 2.5% sucrose®d 1279 ¥ 30TCoA 20%3t activation A H
A AMEEH e HEFHS 1004 T 20g5EL 2 3Pt YA HLE TEY
o8 AEFA g5 ER IR 4T F 5w BHBrix7t H=E 47

0!

o2 2439y S 20THH 1093 BEAN F Y, G2, A
o BASSIT RS TE ERE Tl 132U B2 PBE
2 80

Y 100mel FR/RT S0mE 7held A FHRHULE FFeld S/
w AE @S F FHRFE 200 TGS 100m7t HES NG F FEA
£ o]&3te FHAIAUG. FLE T ¢IE FH F HAYE o] 8F
ZA3 AT FFE 2HGLEAZ YT Somogyi NelsonH o2 =3}

™ ZA4E 0.IN NaOHE A g F citric acid¥ o2 #4118 HcH(19).
T HAZQ IF e FE IEF YOS 98 2 R od 7o

2 7ES 4858 3 723 Ade B g8 zol7t Jdlenz wEY
o] #d8ta RS 71 & AFHYdA I FYLFE, L5
FH T AR FASIAY. AEFAE HRESY 43EE AAPANE F
Ae FIERE AWslr] sty FUledA A 87 AEFEFFTY =
o EAdle EEE «©F T 13 A2 FUold s 17FF
gl ek BAde MY olgste) BBrixst HEE 2 ¥ F U
LxE 2041 TN 26947 LEAD F A3 B3

T 29 $E5H S yeast malt exteract N A )R] Aol WAL g

_6_



7] #3829 200g®] kanamycim® 500mg® chlormphenycol& #7131
33 A% Adudste] ¢ILEALAT S JAHM ST F yeast malt exteract
st w2 o] platingstd vl FetATh Wl ¥ A H single colonyol o 5}
z 2t dRE BT H A FEE B4 AUsidd

dASAETT LHAP LS Fig. 13 BRen, 73 2YE s 284
yeast malt exteract¥ll A]&] ZA]-& yeast extract 3g, malt extract 3g, pepton
5g, glucose 10g, agar 20g% Z8% 149 B& ¥ pH 622 2Fse A
33T



Table 1. List of microorganisms for citrus juice fermentation

Name of yeast

Saccharomyces ellipsoideus

Saccharomyces cerevisiae ATCC 4177

Saccharomyces sake.

Saccharomyces cerevisiae ATCC 26607

Saccharomyces cerevisiae ATCC 56437

Saccharomyces cerevisiae ATCC 4938

Saccharomyces cerevisiae IFO 2252

Saccharomyces cerevisiae IFO 2363

Saccharomyces cerevisiae IFO 2114

Saccharomyces cerevisiae ATCC 26029

Fermirouge (dry yeast)

Fermiblanc Arom (dry yeast)

Fermivin cryo (dry veast)

Fermivin (dry yeast)

* ATCC: American type culture collection
IFO : Institute for fermentation, Osaka, G : Commercial dry yeast



Sampling
l
Yeast malt liquid medium
chloramphenicol 500mg/ ¢ and kanamycin 20ug/ ¢
20x17C, 100rpm
| 48hr. culture

3rd. subculture

Plating on yeast malt agar

' 20+1C, 48hr. culture

Single colony 1solation

l

Fermentation test

Fig. 1. The schematic diagram of fermentation activity test
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sulphate 0.2g, histidine 0.005g, tryptophane (.02g, methionine 0.02g, vitamin
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Table 2. List of commercial yeast and their fermentation test

Soluble solid Acidity
Name of yeast

(°Bx) (%)
Saccharomyces ellipsoideus 7.8 0.77
Saccharomyces cerevisiae  ATCC 4177 7.7 0.80
Saccharomyces sake. 7.4 0.68
Saccharomyces cerevisiae ATCC 26607 3.5 0.85
Saccharomyces cerevisiae ATCC 56487 3.0 0.77
Saccharomyces cerevisiae ATCC 4938 7.9 0.81
Saccharomyces cerevisiae IFO 2252 8.8 0.76
Saccharomyces cerevisiae IFO 2363 5.0 0.67
Saccharomyces cerevisiae IFO 2114 7.4 0.78
Saccharomyces cerevisiae ATCC 26029 9.0 0.80
Fermirouge (dry yeast) 8.4 0.79
Fermiblanc Arom (dry yeast) 6.8 0.81
Fermivin cryo (dry yeast) 76 0.77
Fermivin (dry veast) 8.0 0.79

ATCC : American type culture collection
IFO : Institute for fermen tation, Osaka G : Commercial dry yeast
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Table 3. Carbohydrate utility and growth rate of various citrus species

Citrus  species cmb[igggai(%) G;Z:gh
Citrus iyo Hort. ex Tan. 09.8 +
Citrus reticulata Blanco 1.8 -
Citrus hassaku Hort. ex Y. Tan. 37.6 +
Citrus simensis Osb. forma Kuychin 64.1 +
Citrus reticulata Blanco 43.1 ++
Tangelo 48.0 ++
Citrus grandis Osb. forma Banhakuyu 28.7 +
Citrus natsudaidai Hayata 63.4 +
Citrus grandis Osb. 54.9 +
Citrus hassaku Hort. ex Y. Tan. 99.6 ++
Citrus platymamma Hort. ex Tanaka 51.8 +
Citrus unshiu Marc.xC. sinensis (L.)Osb. 66.7 o+
Citrus natsudaidai Hayata 65.9 +
Citrus sunpolit 68.8 +
Citrus iyo Hort. ex Tan. 67.0 +
Citrus limon (L.) Burm. 16.0 -
Citrus obovoidea Hort. ex Takahashi 67.0 ++

* growth : slow(-) ~ fast(+++)
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Table 4. The degree of alcohol fermentation of isolated strains(%s)

Isolated strain 8A(§te:§fs 2? g::;s
Citrus iyo Hort. ex Tan.-13 6.6 10.1
Citrus 1vo Hort. ex Tan.-26 4.6 13.1
Citrus 1vo Hort. ex Tan.-28 4.8 12.8
Citrus ivo Hort. ex Tan.-31 46 12.8
Citrus simensis Osb. forma Kuychin—4 50 13.0
Citrus simensis Osb. forma Kuychin-17 56 13.1
Citrus natsudaidai Hayata—4 4.6 12.3
Citrus natsudaidai Hayata—17 50 34
Citrus natsudaidai Hayata—26 46 13.8
Citrus natsudaidai Hayata-44 3.0 115
Citrus natsudaidai Hayata-48 8.1 13.0
Citrus grandis Osh.-9 4.8 125
Citrus simensis Osb. forma Kuychin-10 54 12.8
Citrus simensis Osb. forma Kuychin-11 4.8 125
Citrus simensis Osb. forma Kuychin-23 5.0 12.8
Citrus simensis Osb. forma Kuychin—28 46 125
Tangelo-22 5.2 13.8
Citrus unshiu Marc.xC. sinensis (L.)Osb.~-4 50 13.0
Citrus unshiu Marc.xC. sinensis (L.)Osb.~15 5.0 125
Citrus unshiu Marc.xC. sinensis (L.)Osb.-26 4.8 13.3
Citrus unshiu Marc.xC. sinensis (L.)Osb.-27 50 12.3
Citrus unshiu Marc.xC. sinensis (L.)Osb.-28 4.8 12.3
Citrus unshiu Marc.xC. sinensis (L.)Osbh.-29 50 12.3
Citrus unshiu Marc.xC. sinensis (L.)Osb.~30 52 131
Citrus unshiu Marc.xC. sinensis (L.)Osb.~31 5.0 12.8
Citrus platymamma Hort. ex Tanaka-12 6.6 13.0
Citrus platymamma Hort. ex Tanaka—23 5.6 12.8
Citrus sunpolt-5 0.2 11.2
Citrus sunpolt-12 5.8 11.2
Citrus sunpolt-17 5.6 11.0
Citrus obovoidea Hort. ex Takahashi-1 50 6.9
Citrus obovoidea Hort. ex Takahashi-9 5.8 11.0
Citrus obovoidea Hort. ex Takahashi-21 5.8 11.0
Citrus obovoidea Hort. ex Takahashi-22 0.6 11.2
Citrus obovoidea Hort. ex Takahashi-28 56 11.2
Citrus limon (L.) Burm.-13 4.4 9.7
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#A FFA BE AFL Citrus unshiu Marc.xCitrus sinensis (L.)Osb.
(BA)EFFE o83 Aol 713 FA3A Ao Citrus reticulata Blanco
(F7)® Citrus limon (L) Burm.(#1&)& 450 71 =329 sucrose©]
2E2 MEENM 638%Z 7FF e, Citrus reticulata Blanco(ZE7})
S 18%E 7 dded ole EF AAY ATl Fol AR AESE}Y)
olg® X£Ho|H7]l WELE AAHIJY FITHE WY HEAS yeast
malti] A9 plating3t $ single colonyE E&#l3ld &3 & AL =43
A3} = Table 43 294t}
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g FFE B ¥ 5 gAY C unshiu Marc.xCitrus sinensis (L.)Osb.
AA)E HES & FFAAME FAAe 15404 BL R 87F7tA A
d o o] FE EFFC wel ofd AR EEV dade A

AT Ul B FR d3E AATH dxEE adn gE F4dA
FEsted Add #F F 3L Yol Y Citrus obovoidea
Hort. ex Takahashi-1, Citrus obovoidea Hort. ex Takahashi-9, Citrus
obovoidea Hort. ex Takahashi-28%} A& dry yeast?! Fermiblanc Arom,
Saccharomyces cerevisiae IFO 23630 i3l 2Hadog AEFFHFHE AAD
2 112 gHsla, G5 E 25Brix® @E F 20£1TCoA 12937 vk}
o AidE FEFd de FESEH 2 sH4'ZEE HAES ZFH, Citrus
obovoidea Hort. ex Takahashi-287F7} =W B BT F< Saccharomyces
cerevisiaze IFO 23639} dry yeast®! Fermiblanc Arom®Et} $4xe Ui
Wskoul ¢me $FE T acetic acid FFo] o} Eho| o gBAF
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Table 5. Estimation of alcohol fermentation ratio and acetic acid

formation in selected yeast

Name of veast Alcohol 3-Deoxy Acetic acid
| y content(%)  glucosone(%) (%)
Citrus obovoidea Hort. ex 97 031 0.15
Takahashi-1 ' ' ’
Citrus obovoidea Hort. ex 112 031 0.12
Takahashi-9 ' ' )
Citrus obovoidea Hort. ex
Takahashi-28 11.7 0.28 0.12
Fermiblanc Arom(dry yeast) 8.8 0.21 0.17
Saccha S1
accharomyces cerevisiae 115 0.39 0.1

IFO 2363
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olujf A" zHFole EAEL FAEHY] st FHE"E FHAF 24

d4 T
0oz 7% dd gaEE AFsided, BAVEL W5 100
~81l, 4 80~61, ¥ 60~412 A3}H rank-order®d HAAHTE Y3t

panel test(o], 1982) ¥t A B TF< C itrus obovoidea Hort. ex
Takahashi-287} 192 71357 714 Eton 1 L& A8 Az

22l Fermiblanc Arom(dry yeast)®]1tH Table 6).
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Table 6. Rank-order panel test of selected yeast

Percentage

Name of yeast Score(A) (AX100) Acceptance Rank
T e TS g0 13 midom 4
G ool WO v w5 g1
Fermiblanc Arom 249/400 62.3 good 2
Saccharomyces cerevisiae 282/400 =20 . ;

IFO 2363
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glucose®} fructosedl Al 5ol 7FA Fhow I gL sucroseo] FoH
galatose$} maltosecdl A= AFo] tta AZFP L lactoses HF o] &34
il AL E ZAEHJUH
Yeast malt WiA]|E LAEACE 3ta MU EE 20:1C 2T F,

oo Bg Sodium metabisulfite (Na;S:0s5)F =] o2 WAL HAES]
A7 QREe FF7F SO =7 HobALE Afo] AN Citrus
unshiu Marc.xC. sinensis (L)Osb.-48] %% SO; H7}etA] &2 wjAo H]
& 200ppmEFEANAE W80l 63.7%E Aol ZA A HQev Table 8
7} 2+o] Citrus obovoidea Hort. ex Takahashi-2803F7}F o2 B o Hj
3] SO; F=o dig WAdol 7HE Eskd

r}m mﬂ
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Table 7. Growth rate of Citrus obovoidea Hort. ex Takahashi-28 in

different carbohydrate sources

Carbohydrate Growth rate Carbohydrate Growth rate’
Glucose +4++ Lactose ~
Galatose + Fructose +++
Maltose + Sucrose ++

* — No growth, + Slow growth, +++ Well growth
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Table 8. Tolerance test of isolated yeast in various SO concentration(96)

Yeast Name S0: Con. Oppm 50ppm 150ppm 200ppm
Citrus iyo Hort. ex Tan.-26 100 933 835 755
Citrus simensis Osb. forma Kuychin-4 100 88.9 83.3 83.3
Citrus natsudaidai Hayata -4 100 88.9 84.4 76.7
Citrus natsudaidai Hayata -26 100 834 882 80.0

Citrus platymamma Hort. ex Tanaka-12 100 100 76.8 70.5

Citrus platymamma Hort, ex Tanaka-23 100 84.2 78.9 73.7

Citrus unshiu Marc.xC. sinensis (L.)Osb.-4 100 82.1 63.2 63.7

Citrus unshiu Marc.xC. sinensis (L.)Osb.-15 100 80.0 70.0 63.0

Citrus unshiu Marc.xC. sinensis (L..)Osb.-26 100 95.0 82.0 70.0

Citrus unshiu Marc.xC. sinensis (L.)Osb.-30 100  90.0 85.0 70.0

Citrus obovoidea Hort. ex Takahashi-1 100 90.0 82.0 80.0
Cifrus obovoidea Hort. ex Takahashi-9 100 88.9 83.3 68.9
Citrus obovoidea Hort. ex Takahashi-28 100 93.0 91.0 85.0
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Table 9. Comparison of fresh and reconstituted juice for alcohol
fermentation (%)
Sugar _ Fermentation period(day)
Juice type
content 3 5 7 9 11
Fresh juice 49 8.7 11.1 124 136
Reconstituted home 7.2 9.0 95 110 125
5 "Brix  Reconstituted import 37 62 95 102 120
mean 5.3 8.0 100 112 12.7
Fresh juice 4.1 117 136 140 14.0
Reconstituted home 5.7 104 132 140 14.0
10 “Brix  Reconstituted import 49 78 110 124 140
mean 49 10.0 126 135 14.0
Reconstituted home 7.1 10.3 11.6 120 13.0
20 °Brix Reconstituted import 6.6 90 11.1 124 132
mean 6.9 9.7 114 122 131
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Table 10. The effect of acidity on alcohol formation during fermentation
(%)

The days of post-fermention

Treatment 6 9 12

Alcohol Acidity Alcohol Acidity Alcohol Acidity

Fresh juice : water (1:1)

acidity 0.6%

0.59 10.0 0.58 126  0.63

Fresh juice : water (1:1)
acidity 0.8%

8.0 0.78 9.0 0.78 11.8  0.82

Fresh juice: water (1:1)
acidity 1.0%

0.98 8.0 0.98 10.6 1.01
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Fig. 2. The effect of fermentation period and temperature on

alcohol fermentation(94)
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Table 11. The effect of degasing on alcohol production (%)

Fermentation periods

Treatment
3 5 7 9 11
N2 gas 4.0 6.4 10.0 115 13.2
Nz gas + heat 3.2 6.0 10.2 11.3 13.1
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Table 12. Test of various carbohydrate sources for alcohol fermentation

Carbohydrate Utility Carbohydrate Utility
Glucose + a-Methyl-D-Glucoside -
Glycerol + N-Acetyl-D-Glucosamine -

2-keto-D-Gluconate - Cellobiose -

L-Arabinose - Lactose -
D-Xylose - Maltose -
Adonitol - Sucrose +
Xylitol - Trehalose -
Galactose - Melezitose -
Inositol - Rapfinose -
Sorbitol - Fructose +

+ ¢ Utility - : Non utility
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Table 13. Fermentation of carbohydrate by isolated strain

Carbohydrate Utility Carbohydrate Utility
Glucose fermentation Sucrose fermentation
Mannitol no reaction Melibiose no reaction
Inositol no reaction Amygdalin no reaction
Sorbitol no reaction Arabinose no reaction

Rhamnose no reaction
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2. 3259 FA¥E AT

7h. HEgel Fdd MR 9%

HES ol 8T FHEEMNES A HFWEE JIEFeR Fad #A
9| dhtoltt HFFEL ZTHE 7T &9 A 9 AHAAHY szt
H7] Eolct. AF4 HEL dirFHoE fIUt 256% HFE T44%E A

Asta Pk B Al FelAe AFAGAA AMEHIL e FFUHE olf
ste] A2 EA 7HE HEgsa 2EFH FHEFHHES AUstaz Algs 5
Bt EH71E ol &3 AL FHIT F mono-yamnF A X ] o] ¢t
gS kst FFsle W AFGRHE, AAE AAT F FKE screw
type? I AUEH, In linerd A9 Juicers 3FF9 HF7|E A1L3sto 3
FE88S ZAEScH dFES FHEA Y| 57.7%2 Rotary extractor$t
WHET Fol E&H0AR A G FAAUNELE AF2F FEH Q] 3
AgEgo] At 7 1147 E A4 HolMe 714 gRoy FAd=e AH
HFHo] AF2F TP RYG F%2H In liner¥ 29 Juicere FFES
w1 FAEE HojA FE JMEE A% FHEFHHLE FPsA &sku
(Table 14).

Z-FHHo] #BFo FAO v IS FET AT Table 158 &te
W 3(E FRAMT APGEH AR AR 0592 7Y By pHe
7 =4 JdEigen Fee A Abolrt fiith

ZAFAE ol fsld YAFE AXT F Fd HIE AR & AR ¢=
& AAFS HFEGFRHe] 12 $A Foe 122%E IAFFYY Ko <F
7H xe Ao} 23 wE Fole e BILHUFE ehHYTHTable
16). A3z og AHGAYP o3 FFAo] VLR W HAY=d o
o g ol FHFAFH Qs AME HFHE AFd FHE HRHE
o] AAHS HALZ7L 7] R ARHEHU HAHLMET F FEik
AMe ZFEHH e Aolg B 4 gith
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Table 14. Comparison of citrus juice extraction efficiency by different

extraction method

Peeled Juice Extracion
fruit(%) amount(%) amount( £ /hr.)

Treatment Clearity

Direct pressure
(hydraulically 79.2 577 48 +++-
operated extractor)

Rotary extractor

79.6 499 114 +
(screw type)

Juicer

79.0 450 30 ++
(FMC, in-line)

“Turbid : +, Some Turbid : ++, Clear : +++
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Table 15. The effect of extractor type on citrus juice quality

Treatment pH Acidity (%) Soluble solid(°Bx)

Direct pressure
(hydraulically 39 0.59 8.6
operated extractor)

Rotary extractor

3.7 0.65 91
(screw type)

Juicer

3.1 12 .
(FMC, in-line) 0 20
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Table 16. The change of citrus wine quality by fermentation period

Examintion Extraction Alcohol content Volatile acid
time method (%) (%)
First fermentation Direct pressure 12.2 0.014
(after 8 days) Screw type 11.9 0.014
Second fermentation Direct pressure 135 0.012
(after 12 days) Screw type 135 0.011
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Table 17. The efficiency of filtering by various filter powder

Filter Optical densit
Filter powder pH(1:10) E.C(mS/cm) iltering ptical density

speed (550nm)
Pelite 901 6.73 0.109 4 0.44
Pelite 601 6.59 0.092 +/- 0.40
Pelite 771 9.20 0.147 +/~ 047
Celite 015 38.34 0.013 + 0.10
Celite 545 9.68 0.084 + 0.08
Control - - - 1.00

+ . Slow, +/- : Moderately fast, +++ : Fast
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Fig. 3. The effect of ultra filter speed on filtering efficiency
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AdAE F BT 15T dA2 7Y SOE w2 AEsid &
HAEE FAIGE A= Table 208 Zdwd A7 & Xgo) uls)
o] A9 Ado] Hlew, 100ppme SOA e FHE HIANF & o
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Table 18. The effect of sterilization on citrus wine quality

Treat ¢ Total Volatile H R "
em
reatmen acid(%)  acid(%)  ° arks
60C + 15 sec. 0.56 0.03 3.44 No special change
30 sec. 0.55 0.03 3.44 n
45 sec. 0.56 0.03 3.44 ”
60 sec. 0.55 0.03 3.43 ”
70C + 15 sec. 0.55 0.03 3.44 "
30 sec. 0.55 0.03 3.44 Y
45 sec. 0.56 0.03 3.44 "
60 sec. 0.56 0.03 3.44 "
80T + 15 sec. 0.51 0.03 3.44 n
30 sec. 0.52 0.03 3.44 n
45 sec. 0.55 0.03 3.43 "
60 sec. 0.56 0.03 3.43 n
Taste changi
Control 0.54 0.03 3.47 aste changing

by lapse of time
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Table 19. The effect of heat sterilization on the survival of microorganisms

(cfu/ml)

60T 70C 30T
Treatment Control
15« 30 45 60 15 30 45 60 15 30 45 60

No. of

microbes

O 0 0 0 0O O O 0O 0 0 0 42

* Time : Seconds
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Table 20. Optical density of various pasteurization during ageing period

(OD)
Month
Treatment 3 4 5 6 mean
0.50 0.32 0.05 0.10
2
>0z S0ppm (Clean) (Cloud-) (Cloud+) (Cloud++) 024
0.40 0.15 0.05 0.10
SO2 100 0.1
2 PP (tean)  (Clean)  (Clean)  (Cloud-) 8
Heat 60C. 2.5mi 0.40 0.35 0.05 0.10 0.3
e ) “omin (Clean)  (Clean) (Clean) (Cloud-) '
0.60 1.30 0.75 0.15
Control 0.70

(Clean) (Cloud+) (Cloud++) (Cloud+++)

- Slightly cloud, +Some cloud, ++Considerably cloud, +++Severe cloud
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Table 21. The effect of heat treatment on wine quality

Treatment  Acidity(9%) ai\icde(tj;) pH Remark
60 C 0.56 0.03 3.44 No change
70 C 0.56 0.03 3.44 y
80 C 0.54 0.03 3.44 )

90 T 0.52 0.02 3.44 Cooking flavor
Control 054 0.03 3.47 No change

* Adjust the temperature, heat was treated 15 second.
Each experiment was done by 13% alcohol production.
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Table 22. Taste examination of citrus brandy made from different

temperature and pressure during distillation

.. Resident ) . .
Original . Feel in Opinion
Treatment flavor in Taste Total*
flavor mouth about taste
mouth

50C, 300mmHg 37 a 33ns*™ 30abz 30ab 13.0ab Strong

50T, 500mmHg 33 a 3.3 3.0 ab 29ab 12.4ab n

50C, 600mmHg 3.0ab 3.4 3.0 ab 3.1lab 12.6ab ”

60C, 500mmHg 3.7 a 37 37 a 33ab 144 a Clear

70C, 300mmHg 3.7 a 4.1 33ab 36a 147 a n
Normal pressure 7 g4 90 b 9gb 113p | D8
distillation after taste

* Full marks : 20 points , Criterion : very good 20~17 points, Good 16~13 points,
Ordinariness 12~9 points, Bad 8~5 points, Quite Bad 4~0 points

** Values followed by the same letter are not significantly different at p=0.05,
according to DMRT.
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Table 23. The effect of distillation methods on citrus brandy quality

Treat t onAl(I:l(::?;)iion Acidity  Volatile H
reatmen ¢ ceo (%) acid(%) P
(%)
A 449 0.02 0.01 4.26
50T +300mmHg B 495 0.02 0.01 491
C 41.6 0.02 0.01 3.97
A 447 0.03 0.01 364
50T +500mmHg B 40.2 0.02 0.01 4.04
C 37.0 0.01 0.01 4.30
A 43.3 0.03 0.02 3.15
50C +600mmHg B 44 8 0.03 0.02 3.17
C 32.8 0.03 0.02 3.36
A 496 0.02 0.01 3.50
60C +500mmHg B 48.0 0.02 0.01 3.95
C 36.6 0.02 0.01 3.46
A 55.2 0.01 0.01 3.98
70°C +300mmHg B 55.0 0.01 0.00 451
C 48.2 0.02 0.00 397
N | A 57.1 0.06 0.05 2.52
ormal pressure g 75.4 0.01 0.01 3.6
Distillation
C 5.0 0.01 0.01 3.92

A Early stage distillate, B: Middle stage distillate, C : Late stage distillate
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A : Early stage distillate, B : Middle stage distillate, C : Late stage distillate

Fig. 4. The effect of distillation methods on citrus brandy quality

(alcohole concentration)



Table 24. The effect of distillation methods on the composition of alcohol

Volatile alcohol concentration(%)

Treatment

Acetaldehyde n-Propanol Ethanol iso-Butanol

A 0.01 0.13 4357 0.82

50C+300mmHg B 0.01 0.36 47.88 0.72

C 0.01 0.16 41.81 0.40

A 0.06 0.21 4356 0.99

50C+500mmHg B 0.05 0.14 35.76 0.66

C 0.01 0.11 19.23 0.20

A 0.02 0.26 45.43 0.92

50C +600mmHg B 0.01 0.28 42.88 0.71

C 0.02 0.12 35.18 0.37

A 0.02 0.29 47.01 1.15

60T +500mmHg B 0.02 0.47 48 42 1.09

C 0.02 0.15 36.30 0.38

A 0.02 0.28 53.82 0.79

70C +300mmHg B 0.01 0.51 54.66 0.99

C 0.01 0.13 48.04 0.51

N | A 0.26 0.68 70.63 0.73

Qrd?i,upfssure B 0.04 0.70 7454 1.19

sHaton C 0.01 0.03 555 0.03

A Early stage distillate, B : Middle stage distillate, C: Late stage distillate
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Table 25. The effect of citrus brandy ageing method (ageing period @ 2

months) on the taste of citrus wine

Flavor
Treatment  Qriginal  Residual taste  Taste P;gllltf Total
flavor in mouth
A 3.7ns 3.9a" 37a 3.9a 15.2a
B 3.2 3.3ab 3.0b 3.0b 12.5b
C 3.3 4.0a 4.2a 4.1a 16.1a
D 33 3.0b 2.8b 2.8b 11.9b
E 38 3.2ab 2.6b 2.6b 12.1b

: One step distillation and ageing in oak barrel
* One step distillation and ageing in stainless steel barrel
: Multistep distillation and ageing in oak barrel
: Multistep distillation and ageing in stainless steel barrel

W oW

: Multistep distillation and ageing in glass container
Criterions : Very good 5, Good 4, Ordinariness 3, Bad 2, Quite bad 1
‘DMRT. P=0.05
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Table 26. The effect of citrus brandy ageing method (ageing period @ 2

months) on citrus brandy quality

Acidity Volatile  Soluble

Treatment PR (00 acid(%)  solid("Bx) Remarks
A 3.75 0.06 0.02 6.7 Remain original flavor
B 334 002 0.01 7.2 )
C 3.75 0.02 0.01 7.3 Strong oak flavor
D 4.20 0.04 0.01 76 Insufficient flavor
E 3.64 0.01 0.01 7.6 i

B aQwe

! One step distillation and ageing in oak barrel

 One step distillation and ageing in stainless steel barrel
: Multistep distillation and ageing in oak barrel

* Multistep distillation and ageing in stainless steel barrel
: Multistep distillation and ageing in glass container
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vl AuF JExo] g¢gne BEFF A

GAHAl 5, 10%2 2 7F, B2 FAHA| 20%2%?4% M e HAFE E‘:"S&E}. =
g Z1EEw A 20%A E7F M $EE EYen EE
e A FAA 5%, 20%A 7t 7 Fol AT o] Hole EF F
AL 4 A 2 F s 842 FEEES ¢ 4 AATHTable 27).

FH F SHE 4GS o83 I FEE O%E =
SR Aol A, £F 4 AAFE At 209 Fol 2
v FAAME AAS A e A 5, 10%7 43 $AS Bk A4
2 A ZHolE B F gliu welMe A 5%H 27t VlEEdMe
A 5%, 15% A2 7 & Ao vl & FTE 53 FTHHe
2 B F4A 5%XEl 7t g 43t tH(Table 28).

FFEEFA B ¢ dFY FE FEIA FHFF A AFelA A
" 70T, 300mHgol A F/F3 S7FF H }6}&1 An =g ZAMSIY FE &
AES A3x %7 & 2 g@dMe A3 Aol U S}ZIU’r BA%E
01%Ae S o At FFF B %JC’JOMPJ ZEAA AL TS
A Bt AE et sto] 7 ojE]3 QUthe HUME L3ktH(Table 29).

giA 2 BEARFS Mg FEHEFY FHS xAME £ A 7k
ArgED HAPLEAAAE AL F3E xolE & F jUAL FH F &
S e U samEdegs AT Aolg B 5 Aoy A
15% A2 A aza sadadd dio] 7 AAY o] ddL 34 F
EZ7he) 9F Adez ALgdrHTable 30).

A 9 EHE A nE AE2FHRT Fo HEAHAT¥EE 2 A
A= HIZZE AolE B 4 gldn vz H HaHEd g EHy
A o)A ko] 7HF wWkth(Table 31).

}:l
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Table 27. Taste examination result of citrus wine(15 days after 2nd

fermentation finishing)

Alcoholic

.  Total™
favorite

Treatment Flavor Color Taste

Flavor enhancer 5% 371a” 371 a 300ab 314 a 1357 a

Flavor enhancer 10%  3.00b 3.71 a 3.00ab  3.00 ab 271 a

Flavor enhancer 15% 2.42b 3.29ab 2.29bc 2/71abc 1071 b

Flavor enhancer 20% 3.57a 3.43ab 3.43ab 343 a 1386 a

Flower flavor 2.43b 300 b 229bc 214 ¢ 9.86 b

Rind of Citrus tam-

2.71b 286 b 2.43bc 27labc 1071 b
unana Hort.ex Tan

Rind of Citrus

43b  329b 2 | |
natsudaidai Hay. 2 Ja 200 ¢ 229 bc 1000 b

* Match with flavor and primary fermentation product
Criterions : Very good 5, Good 4, Ordinariness 3, Bad 2, Quite bad 1
+=* Full Marks: 20 Points , Criterion @ Very good 20-~17 Points, Good 16~13 Points,
Ordinariness 12~9points, Bad 8~5 points, Quite bad 4~0 points
sxx DMRT p=005



Table 28. Taste examination result of citrus brandy (15 days after

fermentation finishing)

Alcohol

.+« Total™
favorite

Treatment Flavor Color Taste

Flavor enhancer 5% 3.80a™ 300ns 380 a 3.80 a 1440 a

Flavor enhancer 10% 3.80 a 3.00 3.40 ab 3.60ab 13.80ab

Flavor enhancer 15% 3.60ab 3.00 3.40 ab 400 a 14.00ab

Flavor enhancer 20% 3.60ab 3.00 3.00abc 3.60ab 13.20ab

Flavor of flower 3.00ab 320 320 ab 2.80bc  12.20bc

Rind of Citrus tam-

3.40ab 3.20 2.60 bc 2.80bc 12.00bc
unana Hort.ex Tan

Rind of Citrus

280 b 3.40 2.20 2.60 11.10
natsudaidai Hay. © © ¢

* Match with flavor and primary fermentation product
Criterion : Very good 5, Good 4, Ordinariness 3, Bad 2, Quite bad 1
% Full Marks: 20 Points , Criterion : Very good 20~17 Points, Good 16~13 Points,
‘ Ordinariness 12~9points, Bad 8~5 points, Quite bad 4~0 points

«xx DMRT p=0.05



Table 29. Taste examination result of citrus brandy treating with natural

citrus flavor

Treatment . Residual Feel L.
Original . Opinion about
flavor flavor taste in  total** tast
Flavor Conc. in mouth mouth aste
Rind of Citrus 0.1  3.6ns 3.82° 34ns 40 a 148 a Freshness
tamunana
Hort. ex Tan 0.3 3.2" 3.4ab 3.2 36ab 13.4ab Ordinariness
0.6 3.8 3.4as 3.0 34ab 14.4ab Good Flver
Mismatch with
09 3.6 2.6b 26 26b 112 b flavor and
taste
Rind of Citrus 0.1 3.2 3.4ab 3.4 36ab 136ab Ordinariness
natsudaidat
H 0.3 34 3.0ab 3.2 3.8ab 13.2ab Ordinariness
ay.
Mismatch with
0.6 3.0 3.0ab 34 3.0ab 12.4ab flavor and
taste
0.9 34 3.2ab 3.2 36ab 13.4ab Ordinariness
Control 3.4 26 b 28 26 b 1l4ab Strong Feel

* Criterions : Very good 5, Good 4, Ordinariness 3, Bad 2, Quite bad 1
#+ Full Marks: 20 Points , Criterion @ Very good 20~17 Points, Good 16~13 Points,
Ordinariness 12~9points, Bad 8~5 points, Quite bad 4~0 points

‘DMRT p=0.05



Table 30. Quality test of citrus wine treated with various flavor enhancer

Soluble L Contents of Contents of
) Acidity .. .
Treatment solid (%) naringine hesperidine
(°Bx) ° (ug/ml) (ug/ml)
Flavor enhancer 5% 7.3 0.83 364.05 743.98
Flavor enhancer 10% 7.9 0.84 367.20 738.04
Flavor enhancer 15% 74 0.85 333.45 656.66
Flavor enhancer 209 7.6 0.85 348.43 695.14
Flower flavor 7.7 0.83 347 .45 707.54
Rind of Cit tam-
nd of Lurus tam 76 0.85 360.37 77978
unana Hort.ex Tan
Rind of Cit
ind ot turus 77 0.83 368.17 753.13

natsudaidai Hay.
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Table 31. Quality survey of citrus brandy on various quality components

Soluble Acidit Contents of Contents of Storage
Treatment solid (%) Y naringine hesperidine period
(°Bx) ° (pg/ml) (ug/ml)  (days)
Flavor enhancer 5% 74 0.79 15.35 63.75 27
Flavor enhancer 10% 7.4 0.70 18.89 87.61 27
Flavor enhancer 15% 7.4 0.77 24.78 127.45 21
Flavor enhancer 20% 74 0.78 19.62 135.87 21
Flower flavor 74 0.78 17.27 46.86 21
Rind of (it tam-
ind of LUTUS WmMT g 078 16.01 43.20 21
unana Hort.ex Tan
Rind of Citru
nd of tATUs 74 080 15427 293.15 21

natsudaidai Hay.
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Table 32. Comparison of quality by alcohol concentration change

Soluble solid

Treatment Volatile acid(%) Acidity (%) °Bx)
10% 0.01 0.03 119
15% 0.02 0.04 13.2
20% 0.02 0.04 13.8
25% 0.01 0.04 13.3
30% 0.01 0.04 14.0
40% 0.01 0.08 156
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Table 33. Comparison of taste by alcohol concentration change

Residual
Treatment Flavor Taste feelings Total Remarks
in mouth
10% 3 3 9 Some bitter taste
15% 3 4 11 Smooth
20% 4 3 11 Not fresh
25% 4 4 12 Strong alcohol flavor
30%% 3 3 10 Z
40%6 3 4 11 )

* Criterions @ Very good 5, Good 4, Ordinariness 3, Bad 2, Quite bad 1
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Table 34. Quality test of CO; treated citrus wine for foam wine

Items
I reatment Flavor Taste Feelings in Total
mouth
CO2 press 1.0°7 4.0a" 3.6a" 3.3a 10.9a
CO2 press 15 3.1b 3.1ab 2.9ab 9.1b
CO; press 20 39a 3.6a 3.4a 10.9a
Control 3.0b 2.5b 2.4b 7.9b

* CO;, press 1.0Kg/cm®(ex : tonic water COz 85% = 1.5Kg/cm®)
=% Criterions : Very good 5, Good 4, Ordinariness 3, Bad 2, Quite bad 1

s+ Values followed by the same letter are not significantly different at p=0.05,
according to DMRT.
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CO; gas® T=H=2 AHste LY £25 AT dFH= Table 354
Zre ] Ethanold %< CO; gas 389 Hls) CO; gasE A stE
ZH EolAv ZAdo|Hen n-propanold Frv FA T we] oAk 7+
23193 acetaldehyde®} Iso-butanole A7t & AolE B F71 gl
t} acetic acid¥ FE+ CO; gasE AHYSIEEHA FolA= AET¢S RAT

ZFAHE A dFEFE st Hstod FEFFAA Az A
3ZFE ZEFF HUEY A& FAG Zie Table 367 2t
B-118034 &7} 7} -3t tiTable 37).

FA} 78T AEs Hsl BB AT panel test A3 B-
11800% #4717t S8t tHTable 38).

g g S88 AYFY AFFE NLdr] A% F5058 FEE4
2 ¥ A Soft wineAlZd g APE FHAT. d2E LYAAFE
Citrus obovoidea Hort. ex Takahashi-28¥F & AH&3tH 1 F
ZLEFFE Eol7l 98 (NHy):HPOsE T=¥EE H7Me A3+ Fig. 5%
Zognt. EHAY FE HUEsHA ¥ AEFEY wE 2
Su) 98 ¥ €I FHE 40%0|o I o|F= FadYuh HF ¢F
EFE Fol7] ¢ HEA (NH.):HPOE HEHAY 1L 158 H
7Vt aE A ¥42E FF LS (NH):HPO, F3H7H7ol ¥l 1.35%%F7 A1E
4 Uk a8y 2E 129 ¢3E o] 33 FAaHUA 2D
22 ABHAY W FEFTE F F5T AP 7 MU BR3A
ok (NH):HPOs =¥ H7bel m& 4 32 Table 403 Zgtod
(NIHL):HPO; F-H7tolMe La7 I8 2 5 4 o] 4 wd
(NH4):HPOs H7tFol S71855 A7 4 %ol F7HE At (NHy)HPO,
%’7}%01 2e £F AHHE TP FrHE AL 2AEEZE I
Hez 248 Jo® AREIIT

(NH4):HPO; &XH 7t & 3#49 e Table 413 #gton
Faak g Ao wat & Aol filew pHeE (NHW)HPOH7H+
7 FZ 7 vl 2HdsEE B ol doh(Table 42).
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Table 35. The effect of CO; treatment on the concentration of volatile

component of citrus wine

Items

Treatment Ethanol n-Propanol Acetaldehyde iso-Butanol Acetic-acid

(%) (mg/L) (mg/L) (%) (%)
COz 1.0° 134 3.00 0.15 0.18 1.79
CO2 15 136 3.60 0.15 0.16 1.94
CO; 20 135 3.60 0.14 0.13 1.71
Control 13.0 461 0.14 0.14 1.65

x CO; press 1.0Kg/cm®(ex : tonic water CO; 85% = 1.5Kg/cm®)



Table 36. Panel test result of artificial flavor treated citrus wine

Items
{reatment Flavor Taste Feiiélli; in Total
A(B-11801)" 3.2b 34ac 3.3a 9.9b
B(B-11802) 4.0a 3.8a 34a 11.2a
C(B-11803) 4.3a 3.7a 3.6a 11.6a
Control 2.8b 2.7b 2.7 8.2b

* Artificial flavor (Caramel 0.05%, Glycine 0.005%)
Criterion : Very good 5, Good 4, Ordinariness 3, Bad 2, Quite bad 1

Values followed by the same letter are not significantly different at p=0.05,
according to DMRT.
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Table 37. The effect of natural flavor addition on volatile component

concentration

Items

Treatment Ethanol n-Propanol Acetaldehyde iso-Butanol Acetic-acid

(%) (mg/L) (mg/L) (%) (%)

A(B-11801)"  23.7 5.76 0.22 0.55 0.56
B(B-11802) 244 4.78 0.19 0.52 0.56
C(B-11803) 249 412 0.19 0.44 0.54
Control 24.7 447 0.18 0.45 0.62

* Artificial flavor (Caramel 0.05%, Glycine 0.005%)
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Table 38. Panel test results of functional citrus wine treated with natural

flavor
Items
{reatment Flavor Taste Feilli;ugti in Total
A(B-11799) 3.8a 3.4ns 3.6ns 10.8a
B(B-11800) 3.8a 3.7 3.4 10.9a
C(B~-11805) 3.7a 3.7 3.2 10.6a
Control 2.8b 3.1 3.1 9.0b

* Artificial flavor(Caramel 0.05%, Glycine 0.05%)
Criterion : Very good 5, Good 4, Ordinariness 3, Bad 2, Quite bad 1
Values followed by the same letter are not significantly different at p=0.05,
according to DMRT.
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Table 39. Concentration of volatile component in functional purpose wine

Items

Treatment Ethanol n-propanol Acetaldehyde iso-Butanol Acetic-acid

(%) (mg/L) (mg/L) (mg/L) (%)

A(B-11799)" 410 7.80 0.29 0.76 0.21
B(B-11800) 411 9.05 0.28 0.57 0.18
C(B-11805) 41.0 8.64 0.32 0.60 0.20
Control 40.7 8.89 0.31 0.69 0.22

* Artificial flavor(Caramel 0.05%, Glycine 0.05%)
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Table 40. The effect of alcohol fermentation control agent, (NH4):HPOq

on the acid concentration of citrus wine

Acid concentration(%)

Treatment ”
3 6 9 12
0.05%" 1.05b™ 0.96¢ 0.97b 0.96¢
0.10% 1.00c 1.02b 1.00b 1.07b
0.15% 1.09a 1.15a 1.18a 1.22a
Control 1.00c 0.97c 0.98b 0.97c

* Treating amount of (NH4)}:HPO,
** Fermentation period(Days)
xxx DMRT p=0.05
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Table 41. The effect of alcohol fermentation control agent, (NHs)>2HPO4

on the volatile acid concentration of citrus wine.

Volatile acid concentration(%s)

Treatment
3" 6 9 12
0.05% 0.02 0.02 0.02 0.01
0.10% 0.01 0.01 0.01 0.02
0.15% 0.02 0.01 0.02 0.01
Control 0.01 0.01 0.01 0.01

* Treating Amount of (NH4)2HPO4

*+ Fermentation Period(Days)
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Table 42. The effect of alcohol fermentation control agent, (NH4)2HPO4

on pH change of citrus wine

pH
Treament
3™ 6 9 12
0.05%" 3.35b™" 3.3bc 3.34c 3.39b
0.10% 3.46a 3.44b 3.48a 3.55ha
0.15% 3.23¢ 3.43b 3.46ab 353a
Control 3.52a 3.53a 3.38bc 3.38b

* Concetration of (NH4)2HPO4
*x* Fermentation period(Days)
»xx DMRT p=0.05
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Table 43. Change of alcohol concentration by the addition of concentrated

citrus juice.

Alcohol concentration(%)

Treatment
4 6 8 10 12 14 16

Cirus juice 4 °Bx(2%alcohol) 001 12 20 24 22 20 20

Cirus juice 8 °Bx(4%alcohol) 001 22 50 52 50 50 49

Citrus juicetconc. citrus juice

002 24 60 72 82 82 80
14 °Bx(6% alcohol)

Citrus juice+conc. citrus cuice

o 10 40 45 52 82 83 83
18 “Bx(8% alcohol)

* Fermentation Period(Days)
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Table 44. Change of pH by the addition of concentrated citrus juice to

citrus juice

pH
Treatment
4" 6 8 10 12 14 16
Cirus juice 4°Bx(2%alcohol) 342 354 338 339 339 338 338

Citrus juice 8"Bx(4%alcohol) 335 332 333 341 341 342 342

Citrus juice+conc. citrus juice

o 381 383 385 38 386 3.87 387
14°Bx(6% alcohol)

Citrus juice+conc. citrus juice

o 374 3776 316 377 373 3.71 3.72
18"Bx(8% alcohol)

* Fermentation Period{Days)
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Table 45. Change of volatile acid concentration by the addition of

concentrated citrus juice

Volatile acid concentration(%)

Treatment
4 6 8 10 12 14 16

Citrus juice 4°Bx(2%alcohol) 0.01 001 001 001 001 001 Q.01

Citrus juice 8°Bx(4%alcohol) 0.01 001 001 0.02 0.02 002 0.02

Citrus juice+Conc. Citrus juice

001 0.02 002 0.02 002 002 0.02
14°Bx(6% alcohol)

Citrus juice+conc. citrus Juice

001 001 0.02 002 002 002 0.02
18°Bx(8% alcohol)

* Fermentation period(days)
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Table 46. Taste examination result of fermentation product adjusting

with concentrated citrus juice

Items
Treatment .. Residual .
Original flavor in Taste Feel in Total*
flavor motuth
mouth
Citrus juice 4 °Bx(2%alcohol) 39 29 2.6 3.0 12.4
Citrus juice 8 “Bx(4%alcohol) 36 3.1 35 2.9 13.1
Citrus juice+Conc. citrus
o o 29 3.0 3.7 3.2 12.8
juice 14 °Bx(6% alcohol)
Cit juice+ . cit jui
itrus juicetconc. citrus juice 39 33 19 31 135

18 °Bx(8% alcohol)

* Full marks : 20, Criterion : Very good 20-17, Good 16-13, Ordinariness 12-9, Bad
8-5, Quite bad 4-0
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Abstract

Studies on the Production of Citrus Wine and
Brandy Using Jeju Citrus

by
Kang, Kyung-Hee

Dept. of Agronomy
Graduate school of Dong-A University

Busan, Korea

Citrus orange prdduction in Jeju is an economically important industry that
accounts for 50% of all the agricultural income and contributes to the
development of Jeju Island. Citrus oranges are the second highest produced
fruit in Korea, but free importing of citrus oranges in 1990 caused a
reduction of the citrus orange farmer’s income. Especially, free trading of
processed citrus juices decreased the consumption of low grade citrus oranges
(10~15% of total citrus orange production). In 1997, the Korean government
bought 41,000 tons of citrus oranges and scraped them. In order to find new
ways to increase citrus orange consumption and to elevate the values, we

triedi to make citrus wine and citrus brandy. The results were as follows:

1. Strains of yeast that had fermentation ability and stocked in Korea
~generally had low sucrose utilization activity; however, Saccharomyces

cerevisiae IFO 2363 had good sucrose utilization activity.

2. To make good citrus wine and brandy for consumer’s, we tried to
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isolate a yeast strain using citrus orange rinds. Isolated strains, Citrus
obovoidea Hort. ex Takahashi-28 vielded a high concentration of alcohol

and a low amount of acetic acid.

. Panel tests were done for select strains that had good fermentation
ability. Citrus obovoidea Hort. ex Takahashi—-28 received the highest

score by panel members. So it was selected as the experimental strain.

. Citrus obovoidea Hort. ex Takahashi-28 was characterized as a kind of
Saccharomyces cerevisiae. It fermented glucose and fructose well but

not sucrose.

. Using the Citrus obovoidea Hort. ex Takahashi-28 strain, we tried
fermenting it with fresh and concentrated citrus juice that were
produced in Jeju and also imported concentrated citrus juice. The most
efficient fermentation was observed in fresh juice, two concentrated
juice were also well fermented. However, Jeju citrus juice was

fermented more efficiently than the others.

. Acid content in the fermentation broth affected alcohol fermentation, and
there were no any changes in acid content during fermentation. This

implies that the major fermentation source is a sugar not an acid.

. A screw type pressure method was adopted for citrus juice preparation,

which affected citrus wine quality. The efficiency was 57.7%.

. After fermentation, we used a coating type filter for filtration of the
ferment. Celite 545 was the most efficient filtration material, but
filtration efficiency was low when compare with others. In addition, the
pH of Celite 545 was low, therefor, we needed to compensate for the

good quality of the fermentation product.
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To storage fermented citrus wine, it need to be heat sterilized. The
proper temperature was 15C. High concentration sulfur gas treatment
changed the wine quality. Thus, it was not a good method. It seems
that from our observation precise filtration and proper heat treatment

were the best methods for maintaining citrus wine quality.

Heat and nitrogen treatments were used for checking the change in
quality cause by the aging period. In heat treatment, there was no
quality change below 90C, but some cooking flavor was produced over
90TC. It had an adverse effect an taste. We observed the optimum

temperature for heat sterilization was 60~80TC.

We investigated distillation and storage methods for increasing the
citrus brandy quality. Optimum distillation temperature was 70C at
300mmHg, and citrus brandy had good residual flavor, taste, and

gustatory sensation.

Flavor enhancers were added to enrich the flavor of citrus wine and
brandy. Treatments of 20% and 5% for citrus wine and brandy,

respectively, revealed good color, taste, and alcohol flavor.

The panel members rated there favorite alcohol concentration. It was

25%, which is the same concentration in bottles on sale at Korean

markets.

We used carbon dioxide to treat citrus brandy for freshness. The

freshest results were obtained at 1.0Kg/cm?.

Storage in oak barrels lent good flavor to the brandy that was well

matched by taste.
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