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Effects of Sweet Potato Cultivars and Koji Types on General Properties and
Volatile Flavor Compounds in Sweet Potato Soju
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Abstract Alcoholic fermentations with rice koji [Aspergillus awamori Nakazawa KCCM 60246 (black), Aspergillus
kawachii KCCM 32819 (white), Aspergillus oryzae KCCM 11372 (yellow)] and improved nuruk were carried out for the
preparation of sweet potato soju using two different potato cultivars (Jinhongmi and Hobak). The Jinhongmi mashes
showed 9.2-11.4°Brix, 195.6-260.5 mg glucose/100 mL, pH 4.6-4.9, 0.53-0.83% acidity and 13.2-16.2% alcohol content.
The Hobak mashes showed 7.0-8.4°Brix, 31.9-47.4 mg glucose/100 mL, pH 4.4-4.7, 0.22-0.24% acidity, and 9.6-11.2%
alcohol content. The alcohol yield of the Jinhongmi mashes using black, white, yellow koji and improved nuruk were
229.2, 194.5, 238.6 and 229.3 L/ton, respectively. The alcohol yields of Hobak mashes using black, white, yellow koji and
improved nuruk were 132.8, 144.4, 141.6 and 167.4 L/ton, respectively. All types of sweet potato soju showed stronger
flavor and taste than Kurokirishima (Japanese sweet potato soju). Especially, soju made from Jinhongmi with white koji
and Jinhongmi with improved nuruk showed the strongest levels. Flavor components of sweet potato soju included
decanoic acid ethylester, dodecanoic acid ethylester, tetradecanoic acid ethylester, hexadecanoic acid ethylester, 9-
octadecanoic acid ethylester, and octadecanoic acid ethylester. Although the flavor profiles of Jinhongmi soju, Hobak soju,
and Kurokirishima were very similar, the flavor content of Kurokirishima soju was lower. The results of the GC volatile

analysis were in good correlation with flavor and taste.
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Table 1. Proportion of ingredients for small scale soju production
using rice Koji

Raw materials Firststep”  Secondstep”  Total
Rice koji (kg)” 1.0 ; 1.0
Dry yeast (g) 6.0 - 6.0
Sweet potato (kg)* - 5.0 5.0
Water (L) 1.2 3.0 4.2

YIncubated at 25°C for 6 days.

JIncubated at 25°C for 14 days.

9The strains of koji are Asp. awamori Nakazawa KCCM 60246, Asp.
kawachii KCCM 32819, Asp. oryzae KCCM 11372.

“Sweet potato steamed at 100°C, 20 min.

Table 2. Proportion of ingredients for small scale soju production
using commercial improved nuruk

Raw materials Firststep”  Secondstep”  Total
Raw rice (kg)” 1.0 - 1.0
Improved nuruk

20.0 - 20.0
R-type ()
Dry yeast (g) 6.0 - 6.0
Sweet potato (kg") - 5.0 5.0
Water (L) 1.5 3.0 4.5

YIncubated at 25°C for 6 days.

JIncubated at 25°C for 14 days.

3The raw rice was first soaked in water, then ground to powder.
“Sweet potato steamed at 100°C, 20 min.
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Fig. 1. Weight reduction of mash used Jinhongmi sweet potato
during fermentation of second step. Each value is expressed as
mean+SD of two experiments.
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Fig. 2. Weight reduction of mash used Hobak sweet potato
during fermentation of second step. Each value is expressed as
mean+SD of two experiments.
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Table 3. Analytical results of components in the final second mash and yield of sweet potato soju

Final second moromi

Cultivar Koji Reducin cidi Aleohol yield
°Brix g sugar pH cidity Alcohol (L/ton)
(glucose mg/100 mL) (%) (%)
Black" 11.2% (£0.8) 260.5" (£34) 4.6"(+0.2)  0.83"(x0.06) 15.5%(x0.6) 229.2% (£16)
Jinhongmi White? 9.2" (0.6) 195.6" (x42) 4.6*(*0.1)  0.53™(£0.04)  13.2"(x0.8) 194.5° (£9)
Yellow? 11.4° (+0.8) 220.4° (£28) 49" (04) 0619 @*0.02) 162°(x0.8)  238.6°(+12)
Improved nuruk”  10.8" (x0.6) 200.6" (+30) 4.6*(*0.2) 0.58% (x0.02)  14.9* (x0.6) 229.3* (+18)
Black 8.4° (+0.8) 40.8" (£16) 45°(*02)  0.23°(*0.04) 11.2°(0.6) 132.8° (+14)
Hobak White 7.8 (£0.6) 415" (£14) 4.6*(£0.2)  0.22°(x0.02)  9.6°(£1.2) 144.4% (9)
Yellow 7.0° (£0.4) 31.9° (£9) 44°0.1)  022°(x0.01)  104°(0.6)  141.6% (10)
Improved nuruk 8.0% (0.8) 47.4° (£16) 47°0.2)  0.24°(0.04) 10.0°(£0.8) 167.4% (£18)

Values are meantSD (2 times).

YBlack: rice koji cultivated by Asp. awamori Nakazawa KCCM 60246.

DWhite: rice koji cultivated by Asp. kawachii KCCM 32819.
IYellow: rice koji cultivated by Asp. oryzae KCCM 11372.
mproved nuruk R-type.

“Different superscriptive letters in a column indicate significant difference among samples at p<0.05 level by Duncan’s multiple range test.
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Table 4. Sensory evaluation of sweet potato soju making with the
different sweet potato and Koji

Sensory properties
Cultivar Koji PP
Flavor" Taste?

Black 3750470 3.00(0.76)
Tinh . White 4.00(x£0.93)" 2.50(£0.64)
fnhongmt Yellow 3.50(£0.93)  2.88(+0.35)
Improved nuruk ~ 2.88(£0.64)®  3.25(x0.46)°
Black 3.50(x0.92)" 3.00(x1.20)"
Hobak White 2.88(x0.64)"  3.13(x0.99)"
° Yellow 3.00(£0.92)"  2.75(1.04)
Improved nuruk  3.78(+0.74)" 2.75(0.74)*
Kurokirishima b A
Uapan) Black 2.00@0.54)  2.13(0.64)

Values are mean£SD of eight sensory panel.

DFlavor of sweet potato soju: 1 weak, 5 strong.

JTaste of sweet potato soju: 1 dilute, 5 concentrate.

SDifferent superscriptive letters in a column indicate significant
difference among samples at p<0.05 level by Duncan’s multiple range
test.
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Table 5. Volatile flavor compounds in sweet potato soju making with the different sweet potato and Koji (% peak area)
Jinhongmi Hobak
No. Volatile compound - £ - Kurokirishima
Black  White  Yellow NV Black  White  Yellow
| Bersaldehvde l0og 0150 0264 0043 0473 0215 0186 0058 0830
y 98 0.04y @0.084) (£0.018) (£0.0) (£0.0) (£0.044) (£0.012) (x0.184)
. 0.02 0.037 0036 0046  0.647
2 Hexanoic acid ethylester 9T 40006) - T (0008) T (#0012) 0.016) (0.062)
3 Phemvleth aleohol lago 0036 0539 0298 0271 1902 0535 0805 2277 1682
ylethy 09 (£0012) (#0.162) (*0.0) (£0.064) (:0246) (£0.0) (£0.142) (+0.872) (:0.64)
0018  0.03 0.034  0.055
4 2-Nonenal 1533 - - @0.0) (£0012) T (0.016) (£0.008) -
L 0035 052 0200 0389 0315 0254
5  Butanedioic acid, diethylester 1623 - - T (#001) (£0.08) (£0.84) (£0.082) (£0.082) (+0.048)
6 Benzoic acid, 2-dydroxy-, 1630 . ) ) 0.018 ) ) 0.150 0.089 }
methylester ) (£0.006) (#0.02) (£0.014)
7 Oetanoic acid. ethvlosier 630 0090 0137 0175 0454 2024 073 1412 1033 3681
, ethy 39 ©0018) (0.068) (:0.0) (20.042) (10.94) (20.128) (20.408) (x024) (£0.876)
g Aceticacid, 6o 0016 0119 0063 ] 0.194 0038  0.135 ] 2,665
2-phenyletheylester 69 (£0.008) (0.046) (£0.016) *0.066) (£0.01) (+0.064) (+0242)
o 0.033 0.036 0256 0268
9  Nonanoic acid, ethylester 19.21 - - - (£0.008) - (£0.012) - (£0.084) (£0.086)
0021 0202 0059 0305  0.064
10 2-Buten-l-one 2087 - - T (£0.008) (£0.062) (:0.014) (0.061) (:0.008) -
. 0017 0018 0030 0060 008 0051 0099 0050 0432
I 3-Heptenoic acid, ethylester 2097 1 61y 10.008) (£0.006) (£0.018) (£0.021) (£0.014) (£0.028) (£0.016) (+0.088)
19 Decanoic acid. ethviesier Sip 0871 0693 1220 2097 8198 4393 8574 5052 12389
, ethy 21 £0128) (0.138) (2042) (+038) (20.64) (£0.72) (20.62) (+048)  (+1.04)
0025 0105 0057 0136 0074
13 Undecanol 2235 - - T @0.008) (£0.028) (20.012) (20.042) (£0.018) -
14 Octanoic acid, 3-methyl- — 0.025 0023 0022 ] 0.054  0.039 ] 0.386
butylester : (£0.006) (£0.004) (+0.006) *0.016) (0.011) *0.072)
15 2-Propenoc acid, 3-phenyl-, 2341 ) 0.015 0.016 i i i 0.042 0.047 )
ethylester : (*0.008) (+0.006) ©0.016) (£0.008)
0014 0020 0028 0064 0170 0055 0228
16 Unknown 2451 T (#0.004) (£0.005) (+0.009) - (+0.018) (0.08) (+0.018) (+0.068)
o 0015 0018 0024 0243 0044 0297 0050 0852
17 n-Capricacid isobutylester 2493 - ,504) (:0006) (:0.007) (:0.062) (:0.013) (:0.064) (:0.018) (£0.094)
. 168 1040 2428 2669 6431 4215 13884 5043 2720
18 Dodecanoic acid ethylester 2550 40)  (1038) (£0384) (:0.82) (20.82) (£0.84) (£121) (£044) (20.38)
0022 0025 0039 0059 0125 0042 0084
19 Unknown 297 (:0.008) (£0.006) (:0.008) (:0.014) (:0.034) (:0.012) (+0.022) - .
20 Pentadecanoic acid, 2651 0.048 0.051 0.073 0.084 0.191 0.187 0.580 0.206 1.792
3-methylbutylester ST G001y @0.024) (£0018) (0.021) (£0.028) (£0.041) (£0.061) (0.041) (£0.21)
0024 0025 0043 0038 0089 0089 0272  0.080
21 Unknown 2639 10.06) (£0.008) (:0.006) (:0.014) (:0.032) (:0.016) (:0.094) (£0.01) -
2 2Dodecanone b5 0034 0093 0054 0045 0251 0293 0773 0089 1066
20 10.012) (0.018) (£0.024) (0.01) (£0.068) (£0.068) (£0.069) (£0.021) (+0.36)
. 0016 0038 0031 0.104 009 0141 0067 0792
23 Bl 13-Teradecadien-lol - 2745\ 006y (20.014) (20.012)  ~  (£0.024) (£0.024) (£0.038) (£0.016) (£0.15)
24 Hexadecanol b7y 0054 0052 0149 0089 0160 0190 0168 0249 0323
P4 (£0.014) (#0.017) (£0.028) (£0.017) (£0.043) (£0.028) (£0.023) (0.039) (+0.041)
25 Decanoic acid. 2-methv] bgos 0038 0042 0057 003 0105 0067 0106 009 0483
g Y 0% (©0.008) (+0.013) @0.014) (£0.013) (£0.011) (£0.013) (*0.025) (£0.017) (x0.073)
. 0051 0023 0043 0044 0219 0093 0184 0054 0342
26 13-Dicxolane, 2-pentadecyle  28.82 614y (10.006) (£0.011) (£0.021) (£0.068) (£0.018) (£0.052) (£0.012) (£0.039)
57 Tetradecanoic acid, bo3s 3674 1845 5631 5962 4144 3837 6910 4368 2909
ethylester 33 G082) (#0219) (*0.67) (£0.82) (£0381) (£0.367) (+0.671) (£0.366) (£0.63)
28 Hoxdecanal so73 0219 0684 0179 0336 0406 0422 0259 0323 0457
73 (©0.069) (+0.083) (£0.043) (£0.061) (£0.059) (£0.061) (£0.063) (:0.034) (+0.087)
20 Tsoamllaurate 3007 0016 0020 002 0025 ] 0039 0089 0089 0877
y 27 (0.005) (+0.007) (£0.008) (+0.007) *0.011) (£0.027) (£0.026) (+0.109)
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Table 5. Continued
Jinhongmi Hobak
No. Volatile compound - - Kurokirishima
Black  White  Yellow NV Black  White  Yellow
0.038 0042 0105 0027 0098 0094 0105 0470
30  Unknown 3055 0.011) @©0.009) (£0.021) (£0.009) @©0.025) (£0.019) (£0.021) (x0.064)
0.065 0041 0073 0168 0190 0130 0210  0.198
31 1-Cyclohexylheptene 3062 10018) @0.017) *0.017) (*0.027) (£0.029) (£0.016) (£0.067) (0.019)
. 0245 0185 0276 0366 0363 0346 0524 0316  4.102
32 4-Decanoic acid, ethylester 3080 o6y (10.037) (20.064) (£0.054) (£0.031) (£0.054) (£0.021) (0.057) (0.63)
33 Pentadecanoic acid, j004 0359 1450 0275 0344 1395 2229 2530 0686 0724
ethylester 94 (0.049) (£0.183) (£0.057) (0.037) (£0.167) (£0.62) (£034) (£0.053) (+0.068)
34 Hexadecanoic acid, 59 0035 0028 0043 0058 0121 0072 0126 0071 2040
methylester ’ +0. +0.007) (£0.005) (£0.017) (0. +0. +0.027) (£0. +0.
hyl *0.011) (#0.007) (£0.005) (£0.017) (+0.029) (£0.024) (x0.027) (£0.019) (£0.331)
35 Unknown 130 0244 0132 0171 0338 0763 0199 0585 0226 1169
S (@0.061) (£0.039) @0.061) (£0.027) (0.19) (£0.029) (£0.049) (:0.048) (x0.162)
. 1255 0992 1377 2770 1976 1747 3520 2434
36  Dibutylphthalate 3246 10341) @0.067) (£0.57) (X0.61) (£0.55) (£0.59) (£0481) (0.394)
37 E-11-Hexadecenoic acid, 32 64 0.078 0.189 0.063 0.075 0.148 0.095 0.245 0.089 )
ethylester 0% (©0.023) (+0.023) @0.014) (+0.021) (*0.029) (:0.024) (£0.022) (+0.028)
38 Hoxadecanoic acid. ctfwlesier 32,97 SLS18 56633 S6TI1 44874 45475 52138 34922 49297 38499
» ethy 92 (16.879) (+5.491) (24.973) (£3219) (£3.916) (£2.879) (22.988) (£5.866) (+4.867)
0022 0023 0026 0034 0107 0034 0053
39 Unknown 373 1£0.007) @0.005) (£0.003) (£0.006) (+0.021) (+0.011) *0.013)  ° -
4o Hexanedioic acid, 3404 0029 0021 0024 0045 0080 0035 0093 0074  0.180
bis(2-ethylhezyl)ester 24 (£0.005) (0.007) (£0.007) (£0.013) (£0.016) (£0.009) (£0.029) (0.019) (+0.027)
4l Toradecanoic acid. ctfwlesier  34g] 0421 0434 0331 0173 0212 0201 0106 0148  0.178
» ethy Bl 20.067) (£0.053) (£0.041) (£0.024) (£0.051) (£0.028) (£0.037) (0.046) (+0.037)
o 0.033 0018 0024 0066 018 0050 0116  0.089
42 Octadecanoic acid, ethylester 3384 . 515y (:0.006) (£0.009) (0.018) (£0.039) (0.014) (:0.037) (0.021)
43 %12-Octadecadienvicacid, 550 0105 0041 0102 0091 0214 0159 0082 0158 10248
methylester 99 (£0.032) (#0.027) (0.016) (0.011) (£0.061) (£0.036) (£0.029) (+0.039) (+0.864)
44 9-Octadecenoic acid, 3633 27804 23902 21633 29358 14319 17019 15755 17757 3979
ethylester 33 (3764) (£2.976) (£1.98) (£2.677) (£3.094) (£1.671) (£2.671) (+2.184) (+0.579)
. 8303  7.056 5955  7.191 5374  6.186 3808 5227 0453
45 Octadecanoic acid, ethylester 3649 957y (10687) (£0.961) (:0.97) (£1293) (£0.677) (£0.596) (£1.119) (:0.067)
46 Unknown 375 2169 2970 1746 1284 2590 2958 0869 2649 1114
21 (£0227) (+0.163) (:0264) (027) (:0.586) (:0.393) (£0274) (£0.573) (+0.298)
47 Unknown 1565 0198 0221 0173 0152 0317 0252 0098 0292 0387
03 (10.063) (0.055) (£0.032) (£0.021) (+0.082) (£0.034) (£0.028) (0.067) (+0.084)
UIN: improved nuruk R-type.
IValues are mean=SD.
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