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Inhibitory Effect of Sodium Cinnamate on the
Growth of Filmforming Yeasts on the Surface of Wine.

Yosurrumr Amano, Kazvo Nakamura, Motoo Kacamr, and Suost Goto

Depart. of Fermentation Technology, Faculty of Engineering,
Yamanashi University, Kofu 400

The antimicrobial activity of sodium cinnamate against the growth
of film-forming yeasts on wine was investigated. The film-forming yeasts
used were Candida krusei K407, Candida valide K504, Hansenula anomala
K426, Pichia membranaefaciens WF124 and Saccharomyces bayanus
J5. It was found that sodium cinnamate suppressed the growth of all
the film-forming yeasts at 1.0 mM on the medium adjusted to less than
pH5.0. The degree of inhibition influenced by sodium cinnamate varied
with the yeasts used, pHs and concentrations of ethanol in the media.
When the medium contained more than 8% ethanol, the growth of the
yeasts were inhibited by sodium cinnamate concentration which was
0.2 mM. Sodium cinnamate had a noticeable effect on the decrease in the
oxidative activities of these film-forming yeasts such as to act on etha-
nol, acetic acid, citric acid, glucose and alanine.

The wine, which had remarkable resisting force to the growth of the
yeasts, was produced by the addition of sodium cinnamate to fermenting
must. This antifilm-forming activity remained even in the wine which
had been in storage for one year.
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Table 1. Composition of basal medium.

Ethanol
(NH4) 2S04
KH:PO4
MgSO04:7H20
CaClz-2H:0
Wine (Muscat Bailey A)
Vitamin
Biotin
Ca-pantothenate
Folic acid
Inositol
Niacin
p-Aminobenzoic acid
" Pyridoxine-HC]
Riboflavin
Thiamine-HCl
Total volume

Variable
0.5¢g

1.0

0.7

0.1
100 ml

2 ug
400
2
2,000
400
200
400
200
400

1,000 ml

YA X IBREBICBWT 7= LT I
DPRT > T=TRIGIZ L D EKL, p-coumaric acid,
caffeic acid, ferulic acid DEERATH 214, Zo
I RERRDVEAREERICEINTWE LD
W BRI ICE R LA RV E N B 2 b
12, ZOBHEIZEDbDTRE N,

AT TFHBROBERLD, P> FLBEHD
FCREERG LSRN E D - 723 > F AR ER L,
ZDEREMIC OV TRET 2 N2 7215, EBRNT 4
YEEEICIGA L, MEBMET A 2 REETRTH
TELEHRALLOTHRET S,

HEHE S L URBR T

HREH Candida krusei K 407, Candida
valide K504, Hansenule anomala K426, Pichia
membranaefaciens WF 124, 3 & UF Saccharomyces
bayanus J515 @ 5 iRk 2R L 2. LT, B4
F5 TR 2.

BHidARE  Table 1 I/RIEHZFER L. F
HREIC LY, BT £ > 28RN 20%MZ T
B EEBEBEARNED W 2 FcimT 2852587,
ZORRE L PICKELOOREEZSEICL, T4

pH 3.8

C10% # BRI L 72, AL 727 4 > 13 Muscat
Bailey AfE% L EHEBVEEL 2R 74> Th 2
(2 /=155 13.4%, #REEFE 0.765 /100 ml, b2
VR 3.5 &/l, &) 7=/ — )& 760 ppm, pH 3,
71, WEESO2 27.1 ppm). FRERSE L ORTA »
EFARCBRERMELCKY) 72/ —LEEE 360
ppm ETIERT EE0), ZF A v fRusy o
EIRT A > & BHH L 2255 CBERFR A o) Hod s B
2T U o720, BBEICERRBOHLNT, T4 >HD
BN 72/ —IBIEICE L T o 72, b
SO0:2i3 0.6% Ho0:2 %Nz ChE L 72, b=
Z—NREER—EIZT B, V4% 40 °C
THERGEL, =2/ —N%aUHERKS % 97% %
FLk, FEKCTHEERCEL, odbnirz
F/=NEEELVTA CHEGE L TERLL.
HWHNZ Y ) —NREILBEDEE, HERETIE
5,10%, IREIEIETIZ 1,5% CEBRF T -7,
HWOKHEIZT0C, 59 FMERT 2 &£ M4TIT % - 2.
ZDBEITBVTT Y/ —IVIREE10% LI T 04,
BEIRER ORI L 5 ) — VIBEIC K E 221k
137 72,

BEEHE HEEEREREERLED L £20—-25C,
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Table 2. Effect of various compounds on film-forming growth of H. anomala K426.

Cultivation time (day)

Compounds (0.5mM) 5 : 7 %" Final pH
Sodium cinnamate = — == = 4.0
Ethyl cinnamate — + j}{t ﬁ 2.2
Cinnamyl alcohol — — :w: :ﬁ: 2.2
Benzoic acid = — 4 - 3.0
None (Control) — 4 jﬂt :w: 2.2

The yeast was cultivated at 20°C in the medium containing 10 %; ethanol.

Table 3. Effect of various compounds on growth of H.anomala K426.

Growth Final
Compounds (1 mM) (ODso) oH
Sodium cinnamate 0. 3.9
Methyl cinnamate 0.02 3.9
Ethyl cinnamate 0.03 3.9
Benzoic acid 0.06 3.8
Methyl benzoate 1.82 2.2
Ethyl benzoate 1.56 2.2
Butyl-p-hydroxybenzoate 0.03 3.9
None (Control) 1.94 2.2

containing 5% ethanol.

REEEIETIZI0°C & L2, BEEEIINELSmm o0
GBI 10 ml 2 AN, EEHLOMEEEZ5.66(ml/
em?) & L7z, TR IZIREIZAEL 724 D% 105(cell/ml)
Bt B & JIcHMEL 2. HOEFITEEDTR
KRENEES L OB (ODeso) THIEL 7.

B ¥ ABBIKICH T B RIS ER W
- T, FizH+ b)) 745 (sodium cinnamate, FIFEAL
EKK) 2EHLE. Z20OMMoREIIHE bR
(KK oboeELE.

AEFE AERHOHEICBWTHEEKOY R
D—%'3 o BYEE®R L 2. BILEEDRIE
R7— 7N IRIEE T - 72,

KRBRBIUBR

The yeast was grown by shaking culture at 30°C for 48 hr in the medium

EREEEBOMEICNT 3 R ELLEHORE
PUF LAY —BIUEDOFHEARD K426, J5
DERMBIECB LITTHELZRE L, K4260#F
#Table 2 IR L 72, {bA&WERMO > Fa—
B C IR ET 2 BRI A A b Lz Dlcf L, v
FINTNA—=)LERML 25 TIIRFEI BIE D
HEL T LY —FDEAIZBEEZZEAL T
YREME B & OV ESE L 72 TR R RRD H T
B4 pH Db dr o 7. WD LDER LR
BEEBRIZEMEN pH CREERZRTZ E2mbLN
TW2 IR HEL NEEZELITHEHICIZEE
LSRN, JEDFELIZITERTH -
S REEELZBAZCFLBIAT VD
W REFEMEMRE S FES bz (Table 3). 7z,
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Table 4. Effects of pH and sodium cinnamate on
film-formation of H. anomala K407.

Initial
pH

Sodium

cinnamate

Culture time (day)

Final

4 10

—
'S

None (Control)

00 3 Ul = Wi

0.5 mM

00 3O Ul W

5.0 mM

O 3O Ul > Wi

A+

A+l

+ 4+ +

FEttE+ |
T Ty
k|

|

fkt+ |
Fk+ |
et |

+ 4+
+++
£+ |
R B O W DN
coomoo oo

The yeast was cultivated at 25°C in the medium containing 5% ethanol.

HEICB W R BERENTT p— 4 X L LEER
7F i pH OB % 5 ITI2 Wit - FEAIE LT
MLNTW2H19), pH3.87mE: (Table 1) T
SF LBV TR INEFEARENTEIERL .
pH DHE Yy — I k D HEEE
BRI B W TEN pH O RIITHELREL. &
BEETIIY > F LBV —VERMOL %, pH2 %
& { £&T pH fEBHCIER e BEREFE % & 1172 (Table
4). >>F L8V —%% 0.5, 5.0 mM HML 728
WCIEZNFN pH 4, pH 5 LU T & & FEERGEIZ
FREE N, 7oBE3EIC L 235 pH OZ{LIZERH 5
o, REEFBICBNTL VY FLEBY—F
DWBEH0.5 mM D & ZpH 4 LI T 01 CHEGEI FLE
2N (Fig. 1). BEBIcBI b vF 28 —5

DHEFEME <5 — 2 ZRBEBR L EUL Twi. B
L EL L CICIREBEFRIC B TR LN HERE
K407, K426, J5 &Mk EL T\
ST LBV —-FICL BHMBEAE L ENDLESE

W EL R S DICNEL Y v LBV —F
DRFEIZFEHPICHFET 228 7 — VIBESSEIC
Lo TLRL 2%, HRABEROH TR L EHMENR
WK407TIZ1.0 mM, Kk\WTKA426TI30.5 mMOilk
SRR LS EE 2 (51 85 Z L3 C &
7z. Fig. 213 K407 DIREG 38 B\ CRIFEEMED
BB RENDETY > F 2BV —F R RN
L7221 RL T3, 0.5mM DBAIIRITERCH
B AL N2 L DDOBEHAEL 72. La LEwl
DERBEIZ I Po—NE B LEWEE 7o 72,
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Fig. 1. Effects of pH and growth inhibitory com-
pounds on growth of H. anomala K 426.
The yeast was grown by shaking culture at
30°C for 48 hr in the medium containing 0.5 mM
of each compound and 5% ethanol.

Table 5. Effect of the addition of sodium cinnamate on viable cell number.

Amounts of sodium Viable cell Percentage of viable
Film-yeasts cinnamate added number cell
(mM) (cell/ml) X 107 (%)
C. krusei K407 0 12 95.7
0.5 5.0 83.8
1.0 2.6 79.4
H. anomala K426 0 9.7 98.9
0.5 1.5 82.5
1.0 0.7 61.2

Cell numbers were counted eleven hours after the addition of sodium cinnamate
in the culture shown in Fig. 2.
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Fig. 2. Growth inhibition of C.krusei K407 by addi-
tion of sodium cinnamate.
The yeast was cultivated at 30°C in the medium
containing 5% ethanol.

The arrow indicates the addition of sodium cin-
namate. Sodium cinnamate added: X, 1.0mM; @,

0.5 mM ; and O, no supply.

E72, 1mM DY F LY — SR IENT 2 L ReGEE
STELIEILLE. YT ABRY—SRRMLTHS
11RFRREE L 72 e s CREIEW P 0 R JE B B0 % W L
REZH, ar ba—NDEBEHNTT 108(cell/ml)
FCRML, AERLFODICHEL, o)Ak
V—%% 1.0mM G0 L 7285380 CIlL R IET 0B
WEEICEAIZ D S T HIHIZE L L T 72 (Fig. 2,
Table 5). L L, ABEERIZK407579%, K426%
61% % "L Tz, 6> T, ¥ >F LBV —5121.0
mM LITOWED & S W& ERFHTHEI ¢ 21850
NLBFERI T3V, ELICRWEERMEEL,
ZOMicy >+ L8y —%, =% 7 —)VikE, pH
FEMBPFTHENZERL T3 BFD 5> 2
A E L 72354, BRI B UM BEMAT 2 T
HEIEZLNS.

SUFLBY-FICL3RILEROET  ER
MR R & 2 £ R ECAMDORRILIEEA S ¥
FLEY —FIC L) ED L) HBE T 50 RE
L7z, BGIEME Bl IC IR T e Ek %
BHLE. T8/ —NBEUZOBRIEEECHS
T b TATEF, BEEOBLIEEIZS Y FL8
V—FICE NIET L7 (Table 6). =i s n{bAM
PAbicd 7 8, Zna—2, TI=>%E0E
B LA OBILEES IR E NS, 2oz kidy
YFLBY - OB EY, Biczy /) —
VEALE EHBUE L TV 2 BERRIEOBEIFIc &
NBIEBIINTVBEINTREVWIERZTRELT
VB, I ABRC k BBLIEEO R ED), IRIRREE
HW% b I EFEECHET s BEDNOEED S
WE 722 VT I=C T EST ) T—ERN0HE
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Table 6. Effect of sodium cinnamate on oxidative activity.!

Strai Concentration of Oxidation substrates?
rains
sodium cinnamate (mM) Ethanol Acetaldehyde Acetate Citrate Glucose Alanine

C. krusei 0 42.3 62.1 7.4 11.3 28.2 5.9

K407 0.5 125 3.8 1.2 9.4 1.3 6.1
5.0 0 0 0 0 0 0

H. anomala 0 86.0 78.1 12.0 8.1 35.7 6.1

K406 0.5 23.3 0.6 0 16.1 0
5.0 0 0 0 0 0

S. bayanus 0 97.9 90.5 10.7 16.0 43.1 12.7

J5 0.5 28.2 2.1 0 6.0 20.6 3.7
5.0 0 0 0 0 0 0

1) ul Oy/mg cell/hr.

2) The concentrations of substrates were 0.5%, except acetaldehyde (0.1 %, v/v).
The yeast cells used were cultivated by shaking flasks for 15 hr in the medium
containing 1% ethanol.

The oxidative activities were measured at 30°C using washed cell suspensions.

Table 7. Effects of sodium cinnamate and ethanol on film-formation of
H. anomala K426.

Sodium cinnamate Ethanol (%)
(mM) 0 2 4 6 8 12 14
0 X RS R

. \
0.01 N N Spea
r
0.05 N NV N AR
. Qr-.-.\.\l \' N
0.1 N o
. S S: S’\,.\-—\o-\! aaad
0.2 NI SSNN] N \
\I ° N\
0.3 TEAENTITTTE R
N ¥
= N
0.5 e :\!
0.75 Rawaany 3
1.0 S

Film-forming growth was found in the areas enclosed with lines.
The lines show the time elapsed, ------------, 2 days; —e=—e—,
10 days; and, =, 20 days.
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Table 8. The suppression of film-forming growth of H. anomala on the

surface of wine which was produced from sodium cinnamate-added

must.

Concentration of sodium

Concentration of ethanol in wine (%)

cinnamate added to must

(mM) 0 5 6 7 8 9 10 11 13
0 T A AT R i £ Sl i ;/: 77777 r//}rl/ﬁﬁﬁ
LLALL LS L&Al il QUL LU, 70y 2
2 /r‘/ ==
2 % 4
%
00 L el
?. 4' 7
. ’_,‘ 7 4
1.0 L 120,93,
Excess ethanol in the wine was removed by rotary evaporation in
vacuo at 40°C. Film-forming growth was found in the areas enclosed
with lines. The lines show the time elapsed, -+ -**- , 3 days; —e——s—,

7 days; ————, 14 days, and

EDFERCHE IC O TINE TIREINTE 2.
AT L 2 EEEREM D L ) kT
F LY =ik ) A EEZIT N EDE
ZAH LN TIE V.
WHAEICHT I FLBY—-FEezs /-0
DEFHER Yy LAY -ty ) — %
TEOWEICHATTHER L 23541, ERMEAE
L 7-#iff% Table 7TICRL72. P> F o8V — &
WD L EEE2HETZ Y /) —VIBE 6 BLLTD
HWFICERSEL. FR, TP/ —NEEELW
BHTIIL > F 2BV —75 1.0 mM HFHEL THE
F0H BICIIERBIES RSN, =8/ —L%
Mz TBLE, ZOBERMCEY, L ERED
AR — S CEERERHIET 5 2 AR
Thotz. TN F LB —FE1y ) —
IIEEEHIE # AR HET 2 2 L L e &
-7z, PEEREFENSWREL L v F AEEY— Sy )
—NVOREHHEIZERA S E HICIEKRL T 72,
L»L, 10BE2 5208 Bz THRICEREZ &
U723 10 H IRT & Hl L /AN & K, $hk s »¢
ETEMIcH2ZE2RLE Tabb, ERTHR
L 72 KI5 S fthic & 2 ilHE & b THERERRME T
HHZELERLTWE., 25 /7 —NVikEL%, >
F LY — FEL 10 mM 354, e L 72 5Bk
DFRCH2EMIEIEL T F - 72 EEERIET 2
ZENTELh o7 BEDTAL 3 /) — ik

, 20 days.

EV1L2%H#%THEIE2E2 T InM U Toy
YT LB — FRETT A > DBEREE 3 15 e
Enk.

TR FLBY - FERNL EEERR
RELEFDZ My »F LAY —FREML, #
BEFEENT A > 2 88T 572D NEEERBR LT 72,
Muscat Bailey A TR 7' Py Ritic # ¥ & H A
771) 7 & (HEEESO2k L T50 ppm) % HNZ 7218, #
WEL CIREES0C CREES . REERBZTHEI
ST LAY —5%0.5, 1.0mM EEIEML 7.
VEDDERFEEZITHhE%, 16BBICAH) 2
E/RLNTT A L BVARED LA B/ B
LTCICCTRELE. 2T L i3y ) —ViBE
13.3 (%), BHEE3.5 (g/1) Thole. RELTI
FRRICHES VEI& L2, Bonz74 ot
BREERMEZHBRLZ. 3> tuo—n (L oF2EY
—ZEERIN) 2ELENENDT A TR L, K426,
K407, J 5 EEREZ 106 (cell/ml) il IcHFEL /2
D, Y —IVIBEIEWHL 1 ARRELT
YERMIHII A LN o2, F2T, T4 >HD
IF = NVREZ T CERBET 2 720ICZNEND
T4 #40CTRERMEL, =7/ —0, KokE&
ISR % RE L 28, EIKCRERICHET S
2Ty ) — M2 TO—13% D IZFBIL 72,
INLENT A & B E LT K 42600 PENERE SEERBR %
1T 7248 % Table 8IC/RL72. Lo F ok — 7
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HMH 3> b o—)VIdEEE4A T Y ) —VIBEL0
%D R F TERMIE A LN, Ziuzx L, &
T LREY—50.5mM ORFHIT F S —IVIEEHS
BLUT D I3RS R U 72 0%, 9% LIET
ZPERE T LA b 4B UMD EERRIZERO b e o
2. Fhyrralgy—FE 1mM & L2EHTIR
I8 —IRED 6 BUT CThWwEERL kb - 7.
INDEIT T LAY —FEHRMLTEEL Y
A>Tldarrte—nn7fL Nz ) — )L
BECHFTL»ERMETE L2 2, ¥
LAY —FEEmO, 0.5, 1.0mM)L CREE
L7274 0y /—NiEEEZ5%H—LT, K
426, K407, J5 D EMBEERBEITo72E 25,
T LB — T OB DB G - CREBRAEIC
JBIEAS A b L7z,

ZDEHICEBL - E2FBL T F LB
=L B4 o OMEEEIZ MRS NEZ &
o, BRESEP T LB - ERMAET S
HEIZT 4 > DEIICTE 3 e Ic BEE x B
T 20D EbDTEMLHETH LI LIRS
TU7E,

YT LRI TR ATIZLEINDGEE
RGD—=2ThHh 3552 7 4 T TRINT b3ha48 A it
LE->TREDFELFN DT A > OEKRICEHEL
RITY. - T, BWREICHERATLZ Lid@ELTY
V. RAFFED B BEZAGRERIC B\ TR TR %
EEELNTA T LIZT A U EICSBOE
[EERERE 2 AT L, PETER D E b TIRES N
FTWEHEND & TRREIT-> TS, 5T, 74
ORI EEIRIEIC BN B 2 LI R LI R
DY F LY — T TT 4 > OMERE B TR
ENdBEEZLNS.

= B

T A CEBEROBMIECTT S 2 > LB Y —
FOFHEEM: # WF5E L 72, AFZRICE R L 72 e R B
113 Candida krusei K407, Candida valida K504,
Hansenula anomala K 426, Pichia membranaefaciens
WF 12438 L 1F Saccharomyces bayanus J5TH 3.
PHSLI T DEEMEM pH % L D#Eic BT, > >
LEE/—2131.0 mM CHEERBEROMIEF (£ X% 3
ZEDHLPE L ST o F LAY — I LBl
SERENREE XA L 2B, o pH BL oz
P —IVIBEIRIEL Tz, By ) —

BEP8BLU LD & &, tiEERHZ 0.2mM D >
LERY — FCHFENRESR 5 1T/, BB & 5,
Ty /—), B, 7 B, INa—ABLUT
F=> DBBILEEIR S T LY —FIcE DT L
72

BEABE RO REFITEIC T L, EbOTIEMNEZ D
DT UHREBEFDC A AN F LB — TR T
M3 HETHEINR. DT 4 > DOREREAEIC
9B IEIUEIT 1EREE L 28I L BRFES N
Tz, .

AWREATE H 2L ) KERO—EZHL SN HEARE
BE, BREHELBICEHLET.
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