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Abstract

This study was performed to provide information for improving the quality characteristics of tangerine peel Soksungjang.
Tangerine peel Soksungjangs were prepared with 10% tangerine peel powder by addition of different koji such
as Rhizopus oligosporus (RS, RTS) and Aspergillus oryzae (AS, ATS). As a result, the moisture content was not
changed and crude protein content decreased during fermentation in all samples. The pH of RS (Soksungjang
manufactured with Rhizopus oligosporus koji) and RTS (Soksungjang manufactured with Rhizopus oligosporus koji
and 10% tangerine peel powder) was not changed, whereas pH of AS (Soksungjang manufactured with Aspergillus
oryzae) and ATS (Soksungjang manufactured with Aspergillus oryzae koji and 10% tangerine peel powder) decreased
rapidly after 10 days of fermentation. The acidity values of all the samples increased during fermentation. The
major free sugars were glucose, fructose, and maltose; while, the major organic acids were citric acid, succinic
acid, acetic acid, and lactic acid in all the samples. The amino nitrogen content and protease activity were highest
in the AS and ATS. Conversely, the reducing sugar content and a-amylase activity were highest in the RS and
RTS. The major free amino acids in all samples were glutamic acid, lysine, leucine, and arginine. Sixty kinds
of volatile flavor compounds were identified from all samples; the majority of which were 21 alcohols, 14 hydrocarbons,
5 esters, and others identifies as acids, ketones, and aldehydes.
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Fig. 1. Proximate composition, pH, and acidity of tangerine peel Soksungjang prepared from different types of koji strains.

All values are meantSD (n=3). Means with different letters are significantly different by Duncan’s multiple range test (p<0.05).

B, Soksungjang made from Rhizopus oligosporus koji (RS).

L], Soksungjang made from Rhizopus oljgosporus kojit10% Tangerine peel power (RTS).

-@-, Soksungjang made from Aspergillus oryze (AS).
-O-, Soksungjang made from Aspergillus oryzae+10% Tangerine peel (ATS).
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Fig. 2. Amino nitrogen content of tangerine peel Soksungjang
prepared from different types of koji strains.

All values are meanSD (n=3). Means with different letters are significantly different
by Duncan’s multiple range test (p<0.05).

-B-, Soksungjang made from Rhizopus oljgosporus koji (RS).

-[ ], Soksungjang made from Rhizopus oljgosporus koji-10% Tangerine peel power
(RTS

-@-, Soksungjang made from Aspergillus oryzae (AS).

-O-, Soksungjang made from Aspergrllus oryzaet10% Tangerine peel (ATS).
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Fig. 3. Reducing sugar content of tangerine peel Soksungjang
prepared from different types of koji strains.

All values are meantSD (n=3). Means with different letters are significantly different
by Duncan’s multiple range test (p<0.05).

-B-, Soksungjang made from Rhizopus oljgosporus koji (RS).

[, Soksungjang made from Rhizapus oljgosporus kojit10% Tangerine peel power
(RTS).

-@-, Soksungjang made from Aspergillus oryze (AS).

-O-, Soksungjang made from Aspergrllus oryzae+10% Tangerine peel (ATS).

Table 1. Free sugar content of tangerine peel Soksungjang
prepared from different types of koji strains

RS’ RTS" ASY ATS”
Fructose S 1.540.1% 243£0.1°
Glucose 6.5602° 49104 292402°  268+02°
Sucrose - - - -
Maltose - - 1.23+0.1a -
Total 6.56£0.2 64404 415202 51102

”-, No detection

PAll values are meantSD (n=3). MeanSD with different superscript a-d within a
row are significantly different (p<0.05) by Duncan’s multiple range test.

IRS, Soksungjang made from Rhizopus oligosporus koji

“RTS, Soksungjang made from Rhizopus oligosporus koj+10% Tangerine peel power.
IAS, Soksungjang made from Aspergilius oryzae.

9ATS, Soksungjang made from Aspergilius oryzaer10% Tangerine peel.
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RS % RTS(6.44 3 6.66 mg%)7} AS 2 ATS4.15 & 5.11
mg%)°ll Blal =Sk=dl, o= a-amylase 24 *Fo] 2 Q13|
Uehd Azt gy 123 S47%d 299 HrkE
A3l fructose”t T8 E AL, 1 TS ATS(2.43 mg%)7}
RTS $4%H(1.54 mg%)Et}h &9k}, ol #3)9] H77}
RTSETH= ATSS] freld A o 24 3= & 2%
=2 Aztdrh

5 gelote] Azt 23 S47] f7]4F &
A7 3044 =33t YERA 2 2= Table 29+ 2tk

RS2] 7%, citric acid, succinic acid & acetic acid”’} 57 =

o
El

=
T

32

7

1al, T % acetic acid el 6.70 mg%E 7Y =3d
HHH of] ASE acetic acid 2 lactic acid¥teo] AEE A1, 1
% acetic acid &&°] 8.46 mg% = =UdT} L3, RTSY
F714H RS v 2 A 79 f714te] S =
3, I % acetic acid®] -2 1025 mg% = RSl B
E3kom, ATS= AS®} 2] succinic acid WAl citric
acid(0.57 mg%)7} - = al, 1 Z acetic acid &2 AS
o vl8] 743 BHA| lactic acidE 5.57 mg% &= AS(4.02
mg%)°l vl =dct Al 2] D] F714F X E lactic
acid, acetic acid, citric acid, oxalic acid, formic acid, succinic
acid, propionic acid®] & Holw, 72 A A=
citric acid, acetic acid, lactic acid, oxalic acid, succinic acid,
formic acid® 7]4ko] X ¥ Actn Bud v UTh?20).

Table 2. Organic acid content of tangerine peel Soksungjang
prepared from different types of koji strains

RS’ RTS” ASY ATS”
Citric acid 0412027 050£0.15" S 0.570.1°
Succinic acid 2.5540.1" 2.70£0.2" - -
Acetic acid ~ 670:04°  1025+1.1°  846:04°  298+02'
Lactic acid - - 402402"  557:0.1°
Total 96705 1345806  1248t15  9.12:04
1)-, No detection.

PAll values are mean+SD. Mean+SD with different superscript a-c within a row
are significantly different (p<0.05) by Duncan’s multiple range test.

IRS, Soksungjang made from Rhizopus oligasporus koji

“RTS, Soksungjang made from Rhizopus oligosporus kojir10% Tangerine peel power.
IAS, Soksungjang made from Aspergillus oryzae.

9ATS, Soksungjang made from Aspergillus oryzer10% Tangerine peel.

a
=
1

W o it

gste] Azt 231 £ FHTFe )=
ol Al A7t FE s Skt A% 20
2 743 v ATSE A% 109 o] %
tl, o] =#32] M7t ATS9
o=z Aztew, A2 27
. coli, A niger 52} 22 A&l i) gt
th21,22).
to] Azt 23] $474] ar 9
T(Fig. 5= RS9 4%, A% 20¢71#] &% ¥
F7F 9] btk o] 2hAagk b, AS9
F3o| = A7 FF AT Egh RTSS
2 FFo] Fe A% 104 ol F Ha 9
A

Jpx
o
O

SUNEUNE IR
= )
oo ~ N

o = o
by e = |o

2
2
o
Q
to rfr
o)

Pt 10 ofje of\ o |
o,
™

K%
N
%0
0,
f
k
X%
o
Y
%0

|
Ac)

ol
o

Fre o

ol okl
o oft
)

o
td

o kb
Lo o 0 owe

=] T=

Bgo] £ A% 20871
ya

> o W2 M
%
rr
2
PN
i,
b
oX, o
Oz
il

At ot
% dlo
ol
ol
)
o2
o%
tilo
N
N
il
s,
o
il
4
4
)
Rui!



s El%kﬁ Azxg =29 H449 T8' F a
=33 A3 Fig 63 Zrh RSA a
-amylase a*é & kg %7] 3829 unitjg2 a7} 28 2

3 0L A 63.47 unit/go] AT} Lndoﬂ, AS-J
a- amylase e HE 27] 34.02 unit/ge] Ao, TE 30
A 30.58 unitjgC = TE7 T 2 tﬂi}ﬂ AT

Total bacterial (log CFU/g)

10 20 30
Fermentation Time (day)

3

Fig. 4. Total aerobic counts of tangerine peel Soksungjang prepared
from different types of koji strains.

All values are meantSD (n=3). Means with different letters are significantly different
by Duncan’s multiple range test (p<0.03).

-, Soksungjang made from Rhizopus oljgosporus koji (RS).

-[J-, Soksungjang made from Rhizopus oljgosporus kojit10% Tangerine peel power
RTS).

-@-, Soksungjang made from Aspergillus oryze (AS).
-O-, Soksungjang made from Aspergrllus oryzae+10% Tangerine peel (ATS).
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Fig. 5. Yeast & Mold counts of tangerine peel Soksungjang
prepared from different types of koji strains.

All values are meantSD (n=3). Means with different letters are significantly different
by Duncan’s multiple range test (p<0.05).

-, Soksungjang made from Rhizopus oljgosporus koji (RS).

(), Soksungjang made from Rhizopus oljgosporus kojit10% Tangerine peel power
(RTS).

-@-, Soksungjang made from Aspergillus oryzae (AS).
-O-, Soksungjang made from Aspererllus oryzae+10% Tangerine peel (ATS).
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Fig. 6. a-amylase activity of tangerine peel Soksungjang prepared
from different types of koji strains.

All values are meantSD (n=3). Means with different letters are significantly different
by Duncan’s multiple range test (p<0.03).

-, Soksungjang made from Rhizopus oljgosporus koji (RS).

[, Soksungjang made from Rhizopus oljgosporus kojit10% Tangerine peel power
(RTS).

-@-, Soksungjang made from Aspergillus oryze (AS).

-O-, Soksungjang made from Aspergillus oryzae+10% Tangerine peel (ATS).
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Fig. 7. Protease activity of tangerine peel Soksungjang prepared
from different types of koji strains.

All values are meantSD (n=3). Means with different letters are significantly different
by Duncan’s multiple range test (p<0.05).

B, Soksungjang made from Rhizopus oljgosporus koji (RS).

-[J, Soksungjang made from Rhizopus oljgosporus koji+10% Tangerine peel power
(RTS).

-@-, Soksungjang made from Aspergillus oryzae (AS).

-O-, Soksungjang made from Aspergillus oryzaet10% Tangerine peel (ATS).
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Table 3. Free amino acid contents of tangerine peel Soksungjang prepared from different types of koji strains

RS’ RTS” ATS’
Amino acid

0 30 0 30 0 30 0 30

Aspartic acid S - 188 408 92 344 204 trace
Threonine 2 424 212 36 112 65.6 272 trace
Serine - - 284 392 10 68 304 46.4
Glutamic acid trace 1.6 52 168.8 232 204.8 19.6 trace
Glycine 26 72 12.8 184 64 28 128 trace
Alanine - - 40.8 49.6 19.6 85.6 40.8 16
Cystine 0.8 trace trace 0.3 trace 0.8 04 1.6
Valine 216 464 27.6 49.6 17.6 928 352 68.8
Methionine 04 48 04 48 trace 248 04 112
Isoleucine 12.8 288 148 36 124 73.6 208 4
Leucine 39.6 89.6 43.6 95.2 352 1512 448 9%
Tyrosine 184 44 204 44 228 76 20.8 544
Phenylalanine 36.8 672 344 72 312 106.4 376 72
Lysine 50 140.6 55.6 100.8 56.8 125.6 544 1112
Histidine 72 20.8 4 144 5.6 192 84 16
Arginine 75.6 1344 76 504 73.6 177.6 70.8 168.8
Tryptophan 04 trace 0.8 trace 04 trace 04 L6
Total 3116 692.6 451.6 820.8 3352 13344 4452 708

1)-, No detection.
PRS, Soksungjang made from Rhizopus oligosporus koji

IRTS, Soksungjang made from Rhizopus oljgosporus kojit10% Tangerine peel power.

9AS, Soksungjang made from Aspergillus oryzae.
IATS, Soksungjang made from Aspereilius oryzaet10% Tangerine peel.
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Table 4. Volatile flavor compounds identified in tangerine peel
Soksungjang prepared from different types of koji strains

Peak Area (%)

Compound RS? AS” RTS” ATS
Acids
Methanecarboxyle acid D03 - -
Dimethylmalonic acid - 1.7 - 02
O-phthalic acid anhydride - 149 - -
Esters
Acetic acid, ethyl ester 26 - 94 73
Formic acid, hexyl ester 72 16 84 -

Propanoic acid, 2-methyl-,1-(1,1-dimethylethyl)-
2-methyl-1,3-propanediyl ester

Propanoic acid, 2-methyl-,2,2-dimethyl-1(2-

hydroxy-1-methylethyl)propyl ester al 63

P{opanoic acid, 2-methyl-,3-hydroxy-2,4,4- 107
trimethylpentyl ester

Aldehydes

2-methylbutyraldehyde - 1.6
Ketones

1,6-dioxacyclodecane-2,2,7,7-tetra methyl-4,9-
dione

2,3-butadione - 210 - 04
2-methyl-3-hexanone 21 - - -
3-butylcyclohexanone 2.8 - - -
2-tetrazolin-5-one 14 - - -
6-methy-5-hepten-2-one - 20

Isopropyl ketone - - - 1.0
Hydrocarbons

2-methyl-6-methylene-2,7-octadiene - - 12 15
1-methyl-4-bromocyclohexane - - 1.1 -
Dimethylhydrazine - - 1.3 -
1,2-dimethylhydrazine - - - 1.8
2,3-epoxy-4,4-dimethylpentane - 03
2,6,10,15,-tetramethylheptadecane - 32 - -
2-butyltrtrahydrofuran - 03 - -
2-isopropyl-1-hexene - 03 - -
1,3-dimethoxybutane - 30 - -
3-methyl pentane - - - 14
5-n-propyl-delta[2]-pyrazoline - 1.1 - -
Ethenylbenzene - n7 - -
Toluene - 23 - -
L-limonene - 164 166
Alcohols

1-octen-3-ol 60 45 16 24
1-penten-3-ol - 1.0 - 0.6
2-Amino-2-methyl-1,3-propanediol 14 - 1.1 -
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Table 4. Continued

Peak Area (%)

Compound

RS AS RTS ATS
3-methyl-1-butanol 102 - 121
2-methyl-1-butanol 38 67 21
n-pentanol 12
2-ethylhyxanol 38 01 L5 17
cis-3-hexene-1-ol - 29 - 25
L-linalool - - 71 106
p-menth-1-en-8-ol - - 21
1,2-ethanediol, monoformate - 0.2 - 0.9
3,4-dimethylcyclohexanol - 28
3,5-dimethylcycloheanol - 03
alphe terpneol - - - 10.6
Hexanol - - - 112
n-butanol - 03 - 0.2
n-decanol - 02
Neopentanediol - - - 0.9
n-heptanol - 1.0 - 04
Pentanol - 1.9 - 0.7
4-terpineol - - L7 19
Miscellaneous ones
1.8-cinelo - - - 02
Dicumene 23
Glycol monoformate 14 11
p-cymems - - - 1.6

])—, No detection.

’RS, Soksungjang made from Rhizopus oligosporus koji

IRTS, Soksungjang made from Rhizgpus oljgosporus koji10% Tangerine peel power
YAS, Soksungjang made from Aspergillus oryzae.

IATS, Soksungjang made from Aspergillus oryzae+10% Tangerine pecl.
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