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Abstract

Yeast strains useful for the production of wine using mandarine orange, Citrus unshiu, as a main substrate
were screened, and their primary ability to decompose citric acid that affects directly wine quality was in-
vestigated. Total eleven strains were selected for brewing orange wine. Five wild strains were from soil-based
collections and identified: four of them were Saccharomyces cerevisiae and one of them was S. ellipsoideus.
The rest of six strains were from among eighteen laboratory strains: three of them were S. cerevisiae, and the
other three were S. coreanus, S. uvarum, and S. sake. Two strains of S. cerevisiae out of these selections
were chosen and their decomposition of citric acid was investigated. Citric acid was not utilized as sole car-
bon source for cellular growth. However, when both citric acid and glucose were added together as carbon
sources, decrease of citric acid concentration was observed after incubation. Shaking incubation was more ef-
fective for the reduction of citric acid than standing incubation. Utilization of citric acid did not contribute to
the increase of ethanol concentration during fermentation. On the other hand, it appeared that citric acid caus-

ed partial inhibition of cellular growth of the yeasts.
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Table 1. General composition of a peeled mandarine
orange, Citrus unshiu

Component Content Component Content
pH 3.97 Reducing sugar 2.0%
Moisture 89.4% Brix sugar’ 10.8%
Ash 0.3% Total sugar 10.1%

Crude lipid  less than Protein” less than
0.1% 1.2%

"Determined by a refractometer (Atago, Japan).
“Determined by the biuret reaction.
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542 FAs T 121'Cell A 1587 A7l 4g
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Table 2. Yeast strains tested for ethanol fermentation

using mandarine orange, Citrus unshiu, as a main sub-

strate

Strains

Strains

Saccharomyces sake CFV
Saccharomyces sake

Saccharomyces cerevisiae
IFO0243

Saccharomyces cerevisiae
IFO7056

Saccharomyces coreanus

Kloeckera fragilis IFO0288

Saccharomyces cerevisiae
1AMA42940

Saccharomyces uvarum
IFO0565

Saccharomyces cerevisiae
ATCC26603

Debaryomyces cantarellii
IAM12208
Saccharomyces uvarum
IFO1167
Saccharomyces rocei
1AM4991
Kluyveromyces fragilis
[AM12237
Saccharomyces cerevisiae
1AM4274
Kluyveromyces marxianus
1IAMA4985
Torulopsis colliculosa
1AM4426
Saccharomyces cerevisiae
1AM4512
Saccharomyces cerevisiae
ATCC4098
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ethanol ¥ X2 v|SA(EANAZE A4, A8 &
ety o, Beol waprs A4S o) 43 e kit
9l TC Ethanol (Boehringer Mannheim, Germany)E- A}
$8ksict

E2ol =H

Are ¥Hefsrz] #aE yeast morphology agar
(Difco, USA)ell wlokslo] S-qlahabslz, Loeffler's
methylene blue" 2 JAfF 400} 2 o] F3S A
Alsleict. Ascospore®] M-S #)siA] Kleyn's acetate
agarel] wiokste] TAYAE Fesleich 38l &
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broth'& 7| ufjoFel o @ o] 4-abed, Z+E thol) Wit
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Ao fr]ake] Y55 Gt HETE
= o] AHE A 92 S AlEEA) A RR A
& ok2 0.2 um filter (M]cro Filtration Systems, USA)
2 oz} A|-gsleict. A, carbohydrate fermentation
broth th4lell yeast nitrogen base & AR&-3ped wiE Al
gdgrogd wbaes Aot 2HF 2, man-
nitolat} 728 okx. %% citric acid¢} 2-& §-714k, 2=
Aol 3 ApEAIF L 7B
© & van der Walt dnd Yarrow 2] Bl F=ajja] Al
Algkedet. thub, ethanol A}3143-S 0.5% vyeast ex-
tract, 0.1% (NH.).S0,, 0.1% KH,PO,, 0.05% MgSO0,7}
8.5 7] = all =) of] ethanolS 3% F=08 713t
EugFe PEskel ARol g B WAF

o Lof 9li= yeast extract®] °d 3ol &J3F FA| 2] A5
o] 7}y 3t o. 2 wlETolli= ethanold 7}3}A] A
o A9hs AbE i g sheleh

Citric acide] 23ll5

Yeast nitrogen base S 7|Bu|x| 2 AlE-3}ed, Table
35} 7bo] 2Ado] A E b2 o} Aul 2| (pH 6.8)% HHEo]
A& ol g1, 28°C gl ofr|of A dFA7E Br e
Az wi= 2led wjok DF-o wicklF FAFE, gh-
cose, ethanol, ~18] 77 citric acid®] % WH3-E &2 s}
At zlelulek2- rotary shaking incubator (Vision
Scientific Co., LTD.}& A}-&-38}o] 200 ppmo.2 A A&}
dek FAEEE 660 nmel o] FHEE FA st
FA)sledc). 10 x yeast nitrogen base, 10% glucose, 71

Table 3. Compeosition of media for the test of citric

acid metabolism by yeasts (unit : mL)
Media | Negative . +Glucose
Components control *Glucose +Citrate & citrate
10X Yeast nitrogen base 0.5 0.5 0.5 0.5
10% Glucose 0.5 0.5
10% Citric acid 0.5 0.5
Distilled water 4.5 4.0 4.0 35

2|3 10% citric acidi= ZH2b of 2} Aldste] AR&-3HAd
t}. Ethanol %, citric acid 5%, 22| 1 glucose F5
+ Z}z}, TC Ethanol, TC Citric Acid, 18] 3. TC D-
Glucose kit (Bochringer Mannheim, Germany)g- ©]-8-3}
of A|z3|Abe| ApgR{oue} g4astd gPos 24
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g 7lsAle] ql7l wlEell, ol TFE §-
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£ wedsted, $)e} o] AWl 107H9] o9} Sac-
T ethanol W& zo| girtw o
#7 1874¢] HokF(Table 2)% WjAFC 2, 121°CollA]
15874 wbd F A7) Al AEHAE AEE AR
3le] zbo] ethanol W EAHE A A3} 1 FellM
ethanol &8F 5% o]AFel o+ 115ukS A9 ste] o8-
r,}yqlo] 7 okz’L ]7—/5__]5 o{| b2l %_3],0:11;],

HEFAozg M= 117 55 ethanol W98 &
22 a8 3hE k2T AAE AR AYS A4
& A3} Table 4°ﬂ Qeksleich obAl2] CAS, CA6,
CB1, CBS5, CBY 5 57 #5¢} 71&2] S. cerevisiae

charomyces cerevisiae
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Table 4. Ethanol concentration and flavor preference
of each orange wine

Flavor preference”

St:::ls :S:;:n:m (mean = standard Et?(;[;()] pH

g deviation) “
CAS 4.0+0.63 11.0  4.60
CAb6 3.04£045 95 450
CB1 3.5+£0.50 115 4.50
CBS 3.5+0.50 9.0 4.65
CB9 4.0+0.63 10,0 4.20
S. cerevisiae [FO7056 4.0+045 11.5 4.30
S. cerevisiae IFO0243 4.0+0.63 115 4.40
S. coreanus 3.5+081 12.0 4.50
S. cerevisiae 1AM42940 4.0+0.45 115 450
S. uvarum IFO0565 3.5+0.81 9.0 425
S. sake CFV 3.0£0.63 8.5 450

YHigher scores indicate more preference: l=extremely un-
pleasant, 2=somewhat unpleasant, 3=neither unpleasant nor
pleasant, 4=somewhat pleasant, 5=extremely pleasant.

Table 5. Morphological characteristics of yeast isolates

opMEROl B

CAS, CA6, CB1, CB5, CBY % #F3 oz At
She) opUER BelFE FHe A shich. wl)
stoll 2 o] Haka} HH°*5‘3, FUET, hFE B
W ALLE o] 8E ARAR T2 71,‘%’2'?} Ans
Table 5. 6, 7¢i Pﬁkﬂ‘iﬁn}. Table 5. 6, 7l v}2}g) &=
AE 2dZsle] Bamnett £'99) —'i"%%_'é 75
ue} Al ERES Ao g 33 Ayl Table
83} 7t} 1 £ CAS, CA6, CBI, CBS & 47 HajF
= Saccharomyces cerevisiaeZ. F3F 9=, CAS9}
CA6, 18] 7 CB13%} CBSE 77t 543 Bel7al 7}
A& wlAskA Bt v R] 17 Be]F CBY=

H}

r?L' r_'t
rﬁ o}i rﬂ

Saccharomyces ellipsoideus 2. =7 % ‘4 ol ¥ =%
o 4] Rl gt Byl FHF e FalA o

et

E29] citric acid &3

£ AT '], 5AHH 57
cerevisiae IFO7056 17} o572 Ao 2 citric acid?]
o]0y -5 FAlslodrt. Table 99} Table 102] 4& 4
ol 23w, A FF7) vl RS vlepdd el
Yeast nitrogen baseZ 7| Hu]z] 2 Al4-3lo1 glucoseS
Ebrglo g Arleled s Aol LAE FH AR
Baz]e] o}, 29} uld e citric acidHS 4o 2
AHrbsle] A e AbulorS 35E Aol 7
Ao} Afo] o] FoIX| 2] ¢Fakrt. Mutel)z}, elucose
2} citric acidE E-Aofl 4o w 247}6]°:’ $ 74 99
= glucoseRH-E 713t 739 vlai AN He
7} ook}, wlR] F9] glucose %9} citric acid T %
7} 2 1%9) HS sredghcld, citric acid 7)ol 9]
3 A :*XJH A5o] AAFIdcte & 5 it 7L 7]
2R B ] or o}, 31352 citric acidol] 2]3&F £
o A} =] ‘H e citric acid2} 27)2] ofo] o] AEale.

%9’}' T'h_L }:HLT_‘ S

Yeast isolates

CAS CB1 CB5 CB9
wh Color creamy creamy creamy creamy creamy
cn g}rlml)vn on yeast  qyirface smooth smooth smooth smooth smooth
morphology agar Elevation  slightly raised  slightly raised  slightly raised  slightly raised  slightly raised
When grown in Surface Absent Absent Absent Absent Absent
YM broth membrane
Sediment Present Present Present Present Present
Cell shape globose globose globose globose ellipsoidal
Ascospore shape globose to globose to globose to globose to globose to
ellipsoidal ellipsoidal ellipsoidal ellipsoidal ellipsoidal
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Table 6. Fermentation of carbon compounds by yeast
isolates

Table 8. Preliminary identification of yeast isolates

Yeast . . o
Carbon . Yeast isolates isolates Identity Strain designation
Characteristics -
compounds CAS CA6 CB1 CBS CB9 CAS  Saccharomyces cerevisiae  Saccharomyces cerevisiae

Cellobiose Gas formation - - - - .
Acid production - - - - -

Raffinose  Gas formation  + + + + +
Acid production + + + + +

Melibiose  Gas formation - - - - -
Acid production - - - - R

Xylose Gas formation - - - - -
Acid production - - - - p

Mannose  Gas formation  + + + + +
Acid production + + + + +
Galactose  Gas formation  + + + + +
Acid production + + + + +
Glucose  Gas formation  + + + + +
Acid production + + + + +
Lactose Gas formation - - - - -
Acid production - - - - -
Sucrose Gas formation  + + + + +
Acid production + + + + +
Fructose  Gas formation  + + + + +
Acid production + + + + +
Ribose Gas formation - - - - -
Acid production - - - - -
Maltose Gas formation  + + + + +

Acid production  + + + + +

Table 7. Assimilation of carbon or nitrogen com-
pounds by yeast isolates

Yeast isolates
CA5 CA6 CB1 CB5 CB9

Ethanol as - - + + +
sole carbon source
Nitrate as - - - - -
sole nitrogen source
Ethylamine - - - - -
Cellobiose - - - - -
Raffinose + + + + +
Melibiose - - - - -
Mannose + + + + +
Citric acid - - - - -
Galactose + + + +
Glucose + + + +
Lactose - - - - -
Sucrose
Fructose
Ribose - - - - -
Mannitol - - - - -
Sorbitol - - - - -
Inositol - - - - -
Maltose + + + + +

Carbon or nitrogen
compounds

CAS

Saccharomyces cerevisige
CA6

Saccharomyces cerevisiae
CB1

Saccharomyces cerevisiae
CBS

CB9  Saccharomyces ellipsoideus Saccharomyces

ellipsoideus CB9

CA6  Saccharomyces cerevisiae
CB1 Saccharomyces cerevisiae

CBS5 Saccharomyces cerevisiae

Table 9. Citric acid effect on the growth” of yeast iso-
lates by standing incubation for a week

Media® | Negative . +Glucose
Strains cor%trol +Glucose +Citrate & citrate
S. cerevisiae CAS 0.014 1.410 0.001 1.213
S. cerevisiae CA6 0.013 1.392 0.002 1.173
S. cerevisiae CB1 0.014 1.395 0.001 1.142
S. cerevisiae CB5 0.013 1.400  0.005 1.150
S. ellipsoideus CB9 0.013 1402  0.004 1.185
S. cerevisiae IFO7056 | 0.014 1.405  0.003 1.190

"The growth was determined by measuring absorbance at
660 nm.

“Negative control had only yeast nitrogen base as nutrients.
Refer to Table 3 for detailed medium composition.

Table 10. Citric acid effect on the growth"” of yeast iso-
lates by shaking incubation for a week

Media” | Negative
Strains control
S. cerevisiae CAS 0.015 1.890  0.005  1.530
S. cerevisiae CA6 0.014 1.900  0.004 1513
S. cerevisiae CB1 0.014 1.920  0.004 1.538
S. cerevisiae CB5S 0.014 1.897  0.003 1.494
S. ellipsoideus CB9 0.014 1.895 0.004 1.520
S. cerevisige IFO7056 | 0.013 1.940  0.004 1.498
"The growth was determined by measuring absorbance at
660 nm.

“Negative control had only yeast nitrogen base as nutrients.
Refer to Table 3 for detailed medium composition.

. + e
+Glucose +Citrate thcos
& citrate

24 Cav, Mg™ 5 v|3ko g 3 YdAg] o] 843l
o 7ol slct. g, U wiA|zAdelebd A A
nfekr ) xehu)oko] FAQ] Aol Aol &,
olejdt Aul= Alehuoko] Axulefrcl AbAggol
EaHelgle M2 arel 74 EANA EA
A L3 = A s )=

Citric acid7} T #|2] A& vz AFHINE &
2, okMFF S cerevisine CA5%} 7|&2dF S
cerevisiae IFOT7056L ko 43l F4 Q| o
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Table 11. Changes in carbon source and ethanol concentrations by standing incubation for a week
Concentration (g/L)

Strains Media" Citric acid Glucose Ethanol
Initial Final Initial Final Initial Final
S. cerevisiae Negative control 0.00 0.00 0.00 0.00 0.00 0.00
CAS +Glucose 0.00 0.00 9.98 0.00 0.00 7.02
+Citrate 10.04 10.05 0.00 0.00 0.00 0.00
+Glucose & citrate 10.02 8.92 10.01 0.00 0.00 7.05
S. cerevisiae Negative control 0.00 0.00 0.00 0.00 0.00 0.00
IFO7056 +Glucose 0.00 0.00 10.00 0.00 0.00 7.00
+Citrate 10.05 10.06 0.00 0.00 0.00 0.00
+Glucose & citrate 9.95 8.98 9.99 0.00 0.00 6.98

"Negative control had only yeast nitrogen base as nutrients. Refer to Table 3 for detailed medium composition.

Table 12. Changes in carbon source and ethanol concentrations by shaking incubation for a week
Concentration (g/L)

Strains Media" Citric acid Glucose Ethanol
Initial Final Initial Final Initial Final
S. cerevisiae Negative control 0.00 0.00 0.00 0.00 0.00 0.00
CAS +Glucose 0.00 0.00 9.99 0.00 0.00 2.10
+Citrate 10.01 10.00 0.00 0.00 0.00 0.00
+Glucose & citrate 10.00 7.50 10.00 0.00 0.00 1.12
S. cerevisiae Negative control 0.00 0.00 0.00 0.00 0.00 0.00
IFO7056 +Glucose 0.00 0.00 9.98 0.00 0.00 1.15
+Citrate 9.99 10.00 0.00 0.00 0.00 0.00
+Glucose & citrate 10.01 7.64 10.00 0.00 0.00 1.08

"Negative control had only yeast nitrogen base as nutrients. Refer to Table 3 for detailed medium composition.
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T %S setstaal golsirt. 1 A, 57t Table 9, 10, 11, 129] A} 2E Z3H o 7 wetafy
T3 AslAe] glalond, ok 1% #5202 HoH 9, citric acid= 279 §Udl Bl rgdo g o)og
glucose= wioFi o]}, citric acid2he] &80 = glont, FAe] Ago] o]FoiRw A=
FAGe] dFd ool 2% 4w = 9lr}. Citric acid Ewol oA 4msn], R A)ujekyct 2lebujokA] e
e dadew "47}3“12 —°r°ﬂL, ajFd Fel ci- wel gl ’tE—QD} 1314 citric acid= A A
tric acid®] F= W3} §lsledl, ol Table 99} ethanol FE& ZolF g7 gl 7oz #Aghsl
Table 100l A A& 2} 5ollA A7), £27} citric acid& o}, webA, HF oFx ",] LA gAS Al AN E
Frddt Bhaglo @ o] gsle] A& 5 e A o]-g3}o] E-3HA uh © 2 citric acid®) &2 7HA4

vehdct. =3} citric acid®} glucoseE- 7+t 1% 5 A7 4= 9l.e-g of 2= 9leic}.
o2 ELL 9ol citric acid®] 57} FHA43)

Ao, 2+4 Az ARl oA 10%)5 o} ey e o

kA ek 25%)l ) =A vebdrl. o]& citric acid”7}

Aol sy tiAkE 35S vlebdt). Ethanol2 vl A ZFAY 2F0 2N Citrus unshin)S- o) 43 G} 732
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Aol M o2 AW & 22 citric acid 23] 5ol
AR 22 E S DRSS 2
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A Ho] EoFs FA0 T 7|9 ARFFE B, Ay
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