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1.3 Gorodkowa agar Usznoudie
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1.4 5% Malt extract agar szneuns
Malt extract 50.0 NSUADANT
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1.5 Mc Clary’acetate agar szneune

Glucose 1.0 NTNADANT
KCl 1.8 NTNADANT
sodium acetate trihydrate 8.2 NTUADANT
Yeast extract 2.5 NSUNDANST
HIqU 15.0 NTNADANS
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1.6 Sabouraud’s 4% glucose 0.5% yeast extract agar szneunae

Peptone 10.0 NSUADANT
Glucose 40.0 NSUNDANT
Yeast extract 5.0 NSUNDANST
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1.7 Yeast extract-Malt extract (YM) agar sznovuny

Yeast extract 3.0 NSUADANT
Malt extract 3.0 NSUADANT
Peptone 5.0 NSUADANT
Glucose 10.0 NSUADANT

HIAu 20.0 niuAoans



a =

£ dy ~ [ =
HINUYDNQUUY 121 DIFHAUT Y Wuna 15 wn

U

1.8 Yeast extract-Malt extract (YM) broth Usznoude
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1.9 Yeast extract Peptone Dextrose (YPD) agar sznoudie

Yeast extract
Peptone
Glucose

9
AU

10.0
20.0
20.0
20.0

& di’ A a ~ IS ~
WINUTONYUN DY 121 23Ryl e !,‘]J‘L!L’mW 15 UM

NSUNDANST
NSUNDANST
NSUNDANST

NSUNDANST

1.10 Yeast extract Peptone Dextrose (YPD) broth Usznaude
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1.11 Fermentation of glucose Uszneune
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1.12 Fermentation of other sugar szneuns
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Yeast carbon base 11.7 NSUNDANT
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1.15 Bromothymol blue solution
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AGGGATTGCCTCAGTAGCGGCGAGTGAAGCGGCAAGAGCTCAGATTTGAAATCGTGCTTTGCGGCACGAGTTGTAGA
TTGCAGGTTGGAGTCTGTGTGGAAGGCGGTGTCCAAGTCCCTTGGAACAGGGCGCCCAGGAGGGTGAGAGCCCCGTG
GGATGCCGGCGGAAGCAGTGAGGCCCTTCTGACGAGTCGAGTTGTTTGGGAATGCAGCTCCAAGCGGGTGGTAAATT
CCATCTAAGGCTAAATACTGGCGAGAGACCGATAGCGAACAAGTACTGTGAAGGAAAGATGAAAAGCACTTTGAAA
AGAGAGTGAAACAGCACGTGAAATTGTTGAAAGGGAAGGGTATTGCGCCCGACATGGGGATTGCGCACCGCTGCCTC
TCGTGGGCGGCGCTCTGGGCTTTCCCTGGGCCAGCATCGGTTCTTGCTGCAGGAGAAGGGGTTCTGGAACGTGGCTCT
TCGGAGTGTTATAGCCAGGGCCAGATGCTGCGTGCGGGNACCGAGGACTGCGGCCGTGTAGGTCACGGATGCTGGCA
NAACGNCGCAACACCGCCCGTCTGNAAAAACGNACCAA

H o w o
MNN 5 AUILAABUD VOIUAN Issatchenkia orientalis

Fig5  DNA sequencing of Issatchenkia orientalis



CANCGGGATGCCTCNCAACGGCGAGTGAGCGGCAAAAGCTCAAATTTGAAATCTGGTACCTTCGGTGCCCGAGTTGTAATTTGTAGAGGGCGACTTTGGGGCGG
CTCCTTGTCTATGTTCCTTGGAACAGGACGTCATAGAGGGTGAGAATCCCGTGTGGCGAGGAGTGCGGTTCCGTGTAAAGCGCTCTCGAAGAGTCGAGTTGTTTG
GGAATGCAGCTCTAAGTGGGTGGTAAATTCCATCTAAAGCTAAATACTGGCGAGAGACCGATAGCGAACAAGTACAGTGATGGAAAGATGAAAAGAACTTTGA
AAAGAGAGTGAAAAAGTACGTGAAATTGTTGAAAGGGAAGGGCATTTGATCAGACATGGTGTTTTGCGCCCCCCGCTCCTCGTGGGCGGGGGACTCTCGCAGCT
CACTGGGCCAGCATCAGTTTTGGCGGCCGGACAAAACTGCAGGAACGTAGCTTGCTTCGGGAAGTGTTACAGCCTGCAGGAATACGGCCAGCCGGGACTGAGG

AATGCGATTCGNCAAGGATGCTGGCATAATGNTTATATGCCGCCCGTCTGAAAAACCCGGACNAA

19

H o 4
MNN 6  MAUUFALUD VOI8AA Candida humilis

Fig 6 DNA sequencing of Candida humilis



GGGATTGCCTTAGTAGCGGCGGAGTGAAGCGGCAAAAGCTCAAATTTGAAATCTGGCACTTTCAGTGTCCGAGTTGTAATTTGAAGAAGGTATCTTTGGGTCTGG
CTCTTGTCTATGTTTCTTGGAACAGAACGTCACAGAGGGTGAGAATCCCGTGCGATGAGATGACCCAGACCTATGTAAAGTTCCTTCGAAGAGTCGAGTTGTTTG
GGAATGCAGCTCTAAGTGGGTGGTAAATTCCATCTAAAGCTAAATATTGGCGAGAGACCGATAGCGAACAAGTACAGTGATGGAAAGATGAAAAGAACTTTGA
AAAGAGAGTGAAAAAGTACGTGAAATTGTTGAAAGGGAAGGGCTTGAGATCAGACTTGGTATTTTGTATGTTACTCTTTCGGGGGTGGCCTCTACAGTTTACCG
GGCCAGCATCAGTTTGGGCGGTAGGAGAATTGCAAAGAAATGTGGCACTGCTTCGGTAGTGTGTTATAGTCTTTGTCGATACTGCCAGCCTAGACTGAGGACTGC
GGCTTCGGCCTAGGATGTTGGCATAATGATCTTAAGTCGCCCGTCTGNAAAACACGGNACCAA

H o w 4
MNN 7 AVIUFADUD VOSUaA Candida parapsilosis

Fig7  DNA sequencing of Candida parapsilosis



CGGGATTGCCTTAGTACGGCGAGTGAAGCGGCAAAAGCTCAAATTTGAAATCTGGCACCTTCGGTGTCCGAGTTGTAATTTGAAGAAGCAACTTTGGTGCTGGTC
CTTGTCTATGTTCCTTGGAACAGGACGTCATAGAGGGTGAGAATCCCGTGTGGCGAGGATCCCAGTGCTATGTAAAGTGCTTTCGACGAGTCGAGTTGTTTGGGA
ATGCAGCTCTAAGTGGGTGGTAAATTCCATCTAAAGCTAAATATTGGCGAGAGACCGATAGCGAACAAGTACAGTGATGGAAAGATGAAAAGAACTTTGAAAA
GAGAGTGAAAAAGTACGTGAAATTGTTGAAAGGGAAGGGCATTTGATCAGACATGGTGTTTTGCGACCCTCGCTCCTTGTGGGTGGGGATCTCGCAGCTCACTG
GGCCAACATCGGTTTTGGCGGCAGGATAAAACTTTGGGAATGTAGCTTGTCTTCGGAGAAGTATTATAGCCCAAGGCAATACTGCCAGCCGGGACCGAGGACTG
CGACTTTGTCAAGGATGTTGGCATAATGNTTATATGCCGCCCGTCTGAAAAACCCCGGACCAA

Y o v 4
MNN 8 SrALIUFADUID YBITEA Zygosaccharomyces fermentati

Fig 8 DNA sequencing of Zygosaccharomyces fermentati



CGGGATTGCCTTAGTACGGCGAGTGAAGCGGCAAAAGCTCAAATTTGAAATCTGGCGTCTTCGACGTCCGAGTTGTAATTTGAAGAAGGCGACTTTGTAGCTGG
TCCTTGTCTATGTTCCTTGGAACAGGACGTCATAGAGGGTGAGAATCCCGTGTGGCGAGGATCCCAGTTATTTGTAAAGTGCTTTCGACGAGTCGAGTTGTTTGG
GAATGCAGCTCTAAGTGGGTGGTAAATTCCATCTAAAGCTAAATATTGGCGAGAGACCGATAGCGAACAAGTACAGTGATGGAAAGATGAAAAGAACTTTGAA
AAGAGAGTGAAAAAGTACGTGAAATTGTTGAAAGGGAAGGGCATTTGATCAGACATGGCGTTTGCTTCGGCTTTCGCTGGGCCAGCATCAGTTTTAGCGGTTGG

ATAAATCCTCGGGAATGTGGCTCTGCTTCGGTAGAGTGTTATAGCCCGTGGNAATACAGCCAGCTGGGACTGAGGATTGCGACTTTTGTCAAGGATGCTGGCGTA
ATGNTTAATGCCGCCCGTCTGAAAACACGGACCA

Y o v 4
MNN 9 SrALIUFADUID YOITEA Kluyveromyces marxianus

Fig9 DNA sequencing of Kluyveromyces marxianus
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Fig 10  Antiyeasts activity of cinnamon extract was screened by disc diffusion technique at

the differences concentration.
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Fig 11 Antiyeasts activity of cinnamon extract was screened by disc diffusion technique at

the differences concentration.
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Fig 12 Antiyeasts activity of clove extract was screened by disc diffusion technique at the

differences concentration.
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Fig 13  Antiyeasts activity of clove extract was screened by disc diffusion technique at the

differences concentration.
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Fig 14  Minimum inhibitory concentration (MIC) of cinnamon extract was determined

by the agar dilution method.

2.0 mg/ml



C. humilis C. humilis

L orientalis
C. parapsilosis 1 orientalis

Z. fermentati
K. marxianus

0.25 mg/ml 0.5 mg/ml

v Y
[ YR 4 [ A,
MUN 15 A1 MIC MITUIBAAVIAITAZABTITTNANIUNG 1A87T agar dilution
Fig 15 Minimum inhibitory concentration (MIC) of clove extract was determined

by the agar dilution method.
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Fig16  Minimum inhibotory concentration (MIC) of potassium sorbate was determined

by agar dilution method.
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Table 17  Experimental data for the three-factor, three level response surface analysis *

Independent variables

Dependent variables

Treatment Sucrose (()Brix) pH Cinnamon (mg/ml) C. parapsilosis ~ Z. fermentati K. marxianus

X, X, X, Y, Y, Y,
1 1(20) 1(4.0) 0(1.0) 6.05 4.36 5.93
2 1(20) -1(2.0) 0(1.0) 5.34 3.49 0.00
3 -1(10) 1(4.0) 0(1.0) 6.64 4.07 5.67
4 -1(10) -1(2.0) 0(1.0) 5.38 3.65 0.00
5 1(20) 0(3.0) 1(1.5) 6.11 0.00 0.00
6 1(20) 0(3.0) -1(0.5) 6.77 6.79 7.57
7 -1(10) 0(3.0) 1(1.5) 6.27 0.00 0.00
8 -1(10) 0(3.0) -1(0.5) 6.81 6.74 7.77
9 0(15) 1(4.0) 1(1.5) 6.32 0.00 0.00
10 0(15) 1(4.0) -1(0.5) 6.84 6.90 7.62
11 (15) -1(2.0) 1(1.5) 423 0.00 0.00
12 0(15) 1(2.0) -1(0.5) 5.39 4.57 3.69
13 0(15) 0(3.0) 0(1.0) 6.27 4.14 4.27
14 0(15) 0(3.0) 0(1.0) 6.34 4.17 4.25
15 0(15) 0(3.0) 0(1.0) 6.20 4.23 4.20

a . .
The experimental runs were performed in a random order
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Table 18 Experimental data for the three-factor, three level response surface analysis *

Independent variables

Dependent variables

Treatment Sucrose("Brix) pH Clove (mg/ml) C. parapsilosis ~ Z. fermentati K. marxianus
X, X, X, Y, Y, Y,
1 1(20) 1(4.0) 0(1.0) 4.17 3.30 3.62
2 1(20) -1(2.0) 0(1.0) 0.00 0.00 0.00
3 -1(10) 1(4.0) 0(1.0) 0.00 0.00 0.00
4 -1(10) -1(2.0) 0(1.0) 0.00 0.00 0.00
5 1(20) 0(3.0) 1(1.5) 0.00 0.00 0.00
6 1(20) 0(3.0) -1(0.5) 5.75 5.65 5.88
7 -1(10) 0(3.0) 1(1.5) 0.00 0.00 0.00
8 -1(10) 0(3.0) -1(0.5) 5.57 3.49 4.11
9 0(15) 1(4.0) 1(1.5) 0.00 0.00 0.00
10 0(15) 1(4.0) -1(0.5) 5.54 5.75 6.00
11 0(15) -1(2.0) 1(1.5) 0.00 0.00 0.00
12 0(15) -1(2.0) -1(0.5) 4.30 0.00 0.00
13 0(15) 0(3.0) 0(1.0) 4.53 3.30 2.77
14 0(15) 0(3.0) 0(1.0) 3.77 3.49 2.63
15 0(15) 0(3.0) 0(1.0) 3.71 3.25 2.65

a . .
The experimental runs were performed in a random order
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Table 19 Experimental data for the three-factor, three level response surface analysis ’

Independent variables Dependent variables
Treatment Sucrose('Brix) pH Potassium sorbate (mg/ml) C. parapsilosis Z. fermentati K. marxianus
X, X, X, Y, Y, Y,

1 1(20) 1(4.0) 0(2.0),(1.2) 5.84 4.82 3.62
2 1(20) -1(2.0) 0(2.0) ,(1.2) 0.00 0.00 0.00
3 -1(10) 1(4.0) 0(2.0),(1.2) 5.59 5.55 5.25
4 -1(10) -1(2.0) 0(2.0) ,(1.2) 0.00 0.00 0.00
5 1(20) 0(3.0) 1(3.6),(2.0) 0.00 0.00 0.00
6 1(20) 0(3.0) -1(0.4),(0.4) 5.86 5.79 5.67
7 -1(10) 0(3.0) 1(3.6),(2.0) 0.00 1.93 0.00
8 -1(10) 0(3.0) -1(0.4),(0.4) 5.71 5.94 5.83
9 0(15) 1(4.0) 1(3.6),(2.0) 5.98 1.99 0.00
10 0(15) 1(4.0) -1(0.4),(0.4) 5.80 5.87 5.54
11 0(15) -1(2.0) 1(3.6) ,(2.0) 0.00 0.00 0.00
12 0(15) -1(2.0) -1(0.4),(0.4) 5.49 5.17 5.04
13 0(15) 0(3.0) 02.0), (1.2) 4.82 2.15 0.00
14 0(15) 0(3.0) 0(2.0),(1.2) 4.78 2.11 0.00
15 0(15) 0(3.0) 0(2.0), (1.2) 4.87 2.12 0.00

a . .
The experimental runs were performed in a random order

potassium sorbate concentration(0.4, 2.0, 3.6 mg/ml) for C. parapsilosis and (0.4, 1.2, 2.0 mg/ml) for Z. fermentati and K. marxianus
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Table 20  Experimental data for the three-factor, three level response surface analysis *

Independent variables

Dependent variables

Treatment NaCl('Brix) pH cinnamon clove Potassium sorbate (mg/ml) L. orientalis
X, X, X, Y ,cinnamon Y,, clove Y, potassium

1 1(42) 1(4.0) 0(2.0) 0.6 1.6 4.55 3.54 4.25
2 1(42) -1(3.0) 0(2.0)0 0.6 1.6 2.44 0.00 0.00
3 -1(32) 1(4.0) 02.0) 0.6 1.6 4.63 4.36 4.56
4 -1(32) -1(3.0) 02.0) 0.6 1.6 2.50 0.00 0.00
5 1(42) 0(3.5) 1(3.0) 1.0 2.4 1.53 0.00 0.00
6 1(42) 0(3.5) -1(1.0) 0.2 0.8 6.46 5.76 4.53
7 -1(32) 0(3.5) 13.00 1.0 2.4 1.36 0.00 0.00
8 -1(32) 0(3.5) -1(1.0) 0.2 0.8 6.60 6.00 4.80
9 0(37) 1(4.0) 1(3.0) 1.0 2.4 2.55 0.00 0.00
10 0(37) 1(4.0) -1(1.0) 0.2 0.8 6.51 6.20 5.43
11 0(37) -1(3.0) 1(3.0) 1.0 2.4 0.00 0.00 0.00
12 0(37) -1(3.0) -1(1.0) 0.2 0.8 5.66 5.66 4.07
13 0(37) 0(3.5) 0(2.0) 0.6 1.6 4.04 0.00 0.00
14 0(37) 0(3.5) 0(2.00 0.6 1.6 4.17 0.00 0.00
15 0(37) 0(3.5) 0(2.00 0.6 1.6 4.20 0.00 0.00

a . .
The experimental runs were performed in a random order
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Table 21  Regression coefficient and analysis of variance of the second order polynomial for response variables

C. parapsilosis Z. fermentati K. marxianus
Coefficient Y1 Y2 Y3
k= k=2 k=3

2.58 0.22 -13.00
-0.27 -0.19 0.14

B
p
B 3.81 3.68 10.76
B

-1.30 4.59 0.84
i3
B 0.009 0.004 -0.006
k11
B -0.55 -0.40 -1.17
K22
-0.09 -3.64 -0.95
Bk33
B -0.005 0.02 0.01
k12
0.01 0.004 0.01
Bkl}

0.32 -1.16 -1.96
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Table 22  Regression coefficient and analysis of variance of the second order polynomial for response variables.

C. parapsilosis Z. fermentati K. marxianus
Coefficient Y4 Y5 Y6
k=4 =5 K=6
B.. -9.95 -26.43 -17.65
Bm 0.85 0.86 0.23
B 7.18 11.64 9.82
k2
B -5.45 9.94 6.02
k3
B -0.04 -0.03 -0.01
ki1
B -1.50 -1.68 -1.39
k22
1.14 -0.89 0.81
Bk33
0.20 0.16 0.18
Bkll
-0.01 -0.21 -0.17
Bk13
-0.62 -2.87 3.00

B k23
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Table 23  Regression coefficient and analysis of variance of the second order polynomial for response variables.

C. parapsilosis

Z. fermentati

K. marxianus

Coefficient Y=7 Y =28 Y=9
k=7 k=8 k=9
B.. -11.68 6.03 20.94
B 2.01 -0.20 -1.28
k1
B 1.88 0.77 -3.37
k2
B -3.54 -6.14 933
k3
B -0.06 0.01 0.04
k11
B -0.27 0.15 0.99
k22
-0.09 1.52 2.58
Bk}}
0.01 -0.03 -0.08
Bklz
-0.004 -0.11 0.01
Bkl}
0.88 0.40 -0.15
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Table 24  Regression coefficient and analysis of variance of the second order polynomial for response variables.

1 orientalis 1 orientalis 1. orientalis
Coefficient Y10 Y11 Y=12
k=10 k=11 k=12

-21.17 93.54 107.91
0.41 -2.64 -3.13

B
p
B 13.02 -22.48 -26.43
B

-6.01 -20.85 -6.88
k3
B -0.006 0.03 0.04
k11
B -1.82 4.00 4.49
k22
-0.001 12.28 1.95
Bk}}
B -0.001 -0.08 -0.03
k12
0.01 0.02 0.01
Bkl}
0.85 0.67 -0.84
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Table 25 ANOVA : overall effect of independent variables on response variable.

Sum of squares

Independent

df C. parapsilosis Z. fermentati K. maxianus I orientalis
variable
Sucrose or NaCl concentration 4 0.24 0.10 0.13 0.10
pH

4 5.67%* 3.63* 39.12* 8.80**
cinnamon extract concentration

4 1.15* 82.69%* 93.00** 49 73%*

* Significant at 5 % level, ** Significant at 1 % level.



d‘ 1 [y 1 1 ~ 4
M3197 26 MaNulsdsivvesilatenngnomsauevessda

Table 26 ANOVA : overall effect of independent variables on response variable.

Sum of squares

Independent
df C. parapsilosis Z. fermentati K. marxianus 1 orientati
variable
Sucrose or Nacl concentration 4 11.45 10.21 8.26 3.83
pH 4 16.76* 31.75%* 30.99%* 12.86
clove extract concentration 4 56.76%* 37.39%* 41.94%** 84.15*

* Significant at 5 % level, ** Significant at 1 % level.
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Table 27 ANOVA: overall effect of independent variables on response variable.

Sum of squares

Independent variable df C. parapsilosis Z. fermentati K. marxianus 1 orientati
Sucrose or Nacl concentration 4 10.68 2.28 6.62 4.40

pH 4 47.66* 22.01 15.37 18.09
potassium sorbate concentration 4 43.91* 49.17* 71.18% 50.68*

* Significant at 5 % level, ** Significant at 1 % level.





