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The possibility of producing Imo-shochu when applying solid-state saccharification of sweet potato

Gengiao Liv!, Yumiko Yosmizak'? Kayu Oxursu?, Taiki Furacamr'?, Hisanori TaMakr? and

Kazunori TAKAMINE**

(The United Graduate School of Agricultural Sciences, Kagoshima University, 1-21-24 Korimoto, Kagoshima, 890-0065, Japan,
?Education and Research Center for Fermentation Studies, Faculty of Agriculture, Kagoshima University, 1-21-24 Ko-
rimoto, Kagoshima, 890-0065, Japan)

Shochu is produced by fermenting rice koj7 followed by mixing the main raw material. This method is
often referred to as the second shikomi method. On the other hand, Chinese distilled liquor called “Rice
flavor Baijiu” is made by a unique method called solid-state saccharification (SSS). In this study, we ap-
plied the SSS method to Imo-shochu making and produced imo-shochu using a saccharified sweet potato
with rice koji. The optimum temperature for SSS was 60 T, and the glucose content reached its maxi-
mum at 24 hours when 10 % of rice koji was mixed with sweet potato. The saccharification rate reached
70 % by the addition of protease. Subsequently, we investigated the fermentation quality and sensory
characteristics of Imo-shochu prepared by SSS. The fermentation quality of shochu by SSS was not inferi-
or to those with the conventional method. The flavor was evaluated as baked sweet potato-like and flower-
like, and the taste was rich and sharp compared to the conventional shochu. In addition, most of the 42
identified volatile components containing Imo-shochu prepared by SSS were in a slightly higher concentra-
tion than conventional shochu. Therefore, it is possible to prepare Imo-shochu by the SSS of sweet potato
using rice koji.

Key words : FEHEEN (Imo-shochu), B &#E 1L (Solid-state saccharification), =& AkA&E (Second shikomi
method), ¥V <4 %E (Sweet potato)
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Fig.1 Diagram of the Imo-shochu and solid-state saccharification (SSS) Imo-shochu production processes.

EWMLTHAIL, TEEEOSH EITo 7,

6. /MEAHER
ERDMAAARTE (DL, fEkiE) L EAME LB
Kk (Utk, BEEEE(LEE) 122oWT Fig 1 I3RS, it
R, BK 140 g S OKEICEEREREW 2 mL %
BOHIEK 168 g # N2 T—RERAREITV, 30CTH
[EimAKAERC 4 QMRS S, ZO—KRBERIZH

K 394 g LT LB YA ET00 g 2MMAT,

30T T 7 HBERAR R I CHBEE, —F, B
PEALEEIE, 38K 70 g MY DKEBITHTE L BT
NAET0 g wMABHBHEL, 60T T 24 BrRHERE
HALS W7o Z O ER L BisEK 479 g%, 5
PLOHKT0 g MY DK L BHERET L mL 25
TRk 84 g T—WAAAEITV 30T T 4 HHIFEE
SEL—RBIZIZ, ZRAERAZITVWI0CTT H
MRS ¢, XBZBIE, BOES2BANELE
EROED? OB L7z BEIIBI0gZ 2LEDH
T ARBERERICC, BREERE AR L BEERT
714

TIT o720 B OMFIIKEND T IV I — VEHKAHY
10% ICEHE L 2B E L Lice BEOT7 VI —IVEH
OBE I EEFRIEE R DMA-35 (7 >~ b 78— -
Ty 2V, RiEE TV - VIBED
25% 127 % & 9 BidEAKIC CEIK L CFLEE S5 um DFIK
HPTFE A Y 7L Y74 V% —ThABL, BEANZT
¥or AMSRTHRE Lz, B, RIEHMHIE,
HBEIHEELTHRERST VT FHEDO N ARG %
BEL, HTANKTEIE2F) POMR LR, B
B OAT & B REFFMICMER L 720

7. ZRBHLUBRE O

FREERE & 7OV O — VIEE T ESATERICHE - THIE
L7729 7ova— VigEoflE S EERESREEE
DA-155 (AFE T TEMILE) % Hvwiz. BRI,
H—EHBLAE05 mL, BilEK2 mLBLO AT
Ly 7V — 25 mL 2 BEBREICMZ, RVvrv s
AIFH—TRAEL I5HMHEL 2. WEMICHE
BB Sk, AT M A—F —FAWCHEMEEET

B i (2022)



20 - FHh - BLE - - EE - B VY <A EEEERMARIC K S EREREO TR

240

(A)

180 r

120 r

D
[«
T

Glc and Mal content (mg/g)

~9€$ L S A
S Saccharification
temperature (‘C)

N
<)

®)

w W
whn O W
T T T

= = NN
wn O
T

o

Fru and Suc content (mg/g)

S WD

& Saccharification
= temperature (*C)

Fig. 2 Effect of temperature on soluble sugar content production in solid-state saccharifica-

tion for 24 hours.

The difference in the content of glucose (), maltose (), fructose (N) and sucrose
() after 24 hours of solid-state saccharification at 40T -80TC.
Sweet potato and koji were used as raw materials to be analyzed before solid-state

saccharification. Sweet potato was used after being steamed for 1 hour.
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Fig.3 Effect of temperature on the thermal decom-
position and invertase decomposition of su-
crose for 24 hours.

The open bar graph ((]) indicates the differ-
ence between the initial sucrose content with
distilled water and the sucrose content after
24 hours of culture with inactivated crude en-
zyme or the thermal decomposition amount
of sucrose.

The closed bar graph () indicates the dif-
ference between the sucrose content after 24
hours of incubation with deactivation and not
deactivated crude enzymes or the amount of
invertase decomposition
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Fig. 4 Time-dependent changes in soluble sugar content and enzyme relative activity during

solid-state saccharification.

Glucose (==C==) maltose (==>==) fructose (==O==) and sucrose (==fw=) contents
change during solid-state saccharification at 60C for 48 hours.
a-Amylase (={J=) and glucoamylase (==fe=) changes during the 24 hours solid-state

saccharification process at 60T.

Vertical bars indicate the standard deviations of three independent experiments.
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Fig. 6 Effect of the rice koji or enzyme content on

the degree of solid-state saccharified sacchari-
fication.

Glucose content () and saccharification
rate (==C==) were solid-state saccharified at
60T for 24 hours. Vertical bars indicate the
standard deviations of three independent ex-
periments.

a : Rice koji (1.0 g) was added to sweet pota-
to (10 g).

b : Rice koji (1.0 g) and «-Amylase (30 mg)
were added to sweet potato (10 g).

¢ : Rice koji (1.0 g) and Newlase (10 mg)
were added to sweet potato (10 g).

d : Rice koji (1.0 g) and Newlase (100 mg)
were added to sweet potato (10 g).
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Fig. 7 Time course of alcohol fermentation.

Alcohol fermentation of Imo-shochu (==O=) or SSS Imo-shochu (=w=).
Alcohol fermentation was monitored by determining the amount of carbon dioxide gas generated,
which was calculated by measuring the reduction in weight of the fermented sample every day. The
integration curve for the weight reduction was plotted on a graph. Vertical bars indicate the standard

deviations of three independent experiments.

Table1 Analysis of fermented 2™ stage mash
Imo-shochu SSS™ Imo-shocho

Mean SD Mean SD
Alcohol content (%) 146+ 0.1 146+ 04
Volatile acidity 0900 1002
Moromi acidity 6.9=0.1 6.6+ 0.2
Total sugar (%) 11£02 13%01
Direct sugar (%) 02%00 03%01
Total yeast count (X 10® cells/mL) 40%01 42%06
Viable yeast count (x10% cells/mL)  1.1%0.1 1.0£04
Viable yeast ratio (%) 26+ 30 23+50
% 1 : Solid-state saccharification.
félcohol (A) Sour (B)
8
6 6
Flowery. AR Fruity Bitter 4 Sweet
2
N vl
v (),
0il Steamed \ ) .
Ly sweetpotato  Sharpness Stimulating
Baked Rich
sweetpotato

Fig.8 Spider plot for sensory evaluation of odours (A) and tastes (B)
Tmo-shochu (s===) and solid-state saccharification (SSS) Imo-shochu (= == <) are indi-

cated by the solid line and dotted line, respectively.
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Table 2 Volatile compounds identified in Imo-shochu and SSS Imo-shochu

Concentration (u/L) Odor OVA™

Imo-shochu  S$SS*! Imo-shochu threshold 83s*
Name Odor description Rl m/z __Mean _ SD__ Mean SD (ngrr)  Tmoshochu ppogpochu  geg
Alcohol (4)
Isobutyl alcohol Sweet, Fruity 1079 43 105436 = 24127 122312 + 22574 40,000 26 31 25)
n-Butyl alcohol Alcohol, Pungent 1133 56 3,750 = 579 5098 + 1121 5,000 <1 <1 26)
Isoamyl alcohol Banana, Alcohol 1192 55 181,119 = 27583 195155 = 22244 30,000 6 67 25)
B -Phenethyl alcohol Roses, Floral 1866 91 61817 = 9937 79280 = 5070 * 10,000 6 8 25)
Ester (26)
Ethyl acetate Fruity, Sweet 866 43 71195 = 26963 82599 * 25719 12,000 6 7 27)
Isobutyl acetate Fruity, Floral 989 56 75 £ 11 87 £ 1 - 1,825 <1 <1 28)
Ethyl butyrate Apple, Pineapple 1011 71 588 + 167 473 £ 152 220 2.7 2.2 29)
Isoamyl acetate Banana 1114 70 5697 = 636 7011 = 652 ** 300 19 23 30)
Ethyl caproate Sweet, Pineapple 1218 88 238 * 38 268 = 33 ** 5 48 54 30)
Hexyl acetate Apple, Cherry 1252 56 21+ 026 29+ 031 * 115 <1 <1 31)
Ethyl heptanoate Fruity, Brandy 1313 88 21 = 047 29 = 047 ** 220 <1 <1 27)
Isobutyl hexanoate Sweet, Fruity 1333 99 13 = 0.10 14 + 0.04 - - -
Ethyl caprylate Fruity, Winey 1429 88 2,864 = 427 3239 = 177 2 1432 1619 30)
Isopentyl hexanoate Cheese 1443 70 52 = 0.85 56 % 041 900 <1 <1 32)
Octyl acetate Orange, Floral 1455 43 24 x 6.0 33 = 6.0 50,000 <1 <1
Ethyl nonanoate Rose, Fruity 1515 88 53 + 14 81 06 ** 3,150 <1 <1 32)
Isobutyl octanoate Fruity, Green 1533 127 32 = 0.54 39 = 044 800 <1 <1
Ethyl caprate Sweet, Apple 1636 88 3546 = 1660 5710 = 1,014 200 18 29 30)
Isopentyl octanoate Sweet, Fruity 1646 70 10 = 20 12 = 2.0 125 <1 <1
Ethyl undecanoate Floral, Waxy 1719 88 022 £ 0.01 022 £ 0.00 1,000 <1 <1
Geranyl acetate Floral, Rose 1730 69 71 % 1.24 747 % 0.35 - - -
Methyl salicylate Mint 1736 120 50 64 56 + 54 - - -
B -Phenethyl acetate Floral, Rose 1781 104 3045 = 405 3978 = 301 ** 1800 169 221 33)
Ethyl laurate Sweet, Floral 1826 88 47 = 15 61 = 7.0 500 <1 <1 27)
Isoamyl decanoate ‘Waxy, Banana 1841 70 35 % 057 41 = 061 - - -
Ethyl myristate Sweet, Waxy 2024 88 54 £ 19 66 = 9.1 500 <1 <1 27)
Ethy! cinnamate Sweet, Fatty 2084 131 30 * 47 65 * 52 ** 1 27 59 34)
Ethyl palmitate Fruity, Creamy 2231 88 307 = 92 448 = 140 ¢ 14,000 <1 <1 27)
Ethyl oleate Fatty, Oily 2451 S5 26 * 6.8 47 £ 13 * 870 <1 <1 26)
Ethyl linoleate Fatty, Fruity 2498 95 1,181 = 342 1,321 = 213 450 26 29 26)
Acids (4)
Octanoic acid Fatty, Waxy 2013 60 1,000 = 72 1026 = 75 - - -
Decanoic acid Rancid, sour 2224 60 684 = 96 733 * 129 - - -
Lauric acid Fatty, Coconut 2435 73 301 = 35 331 = 53 7,200 <1 <1 26)
Myristic acid Waxy, Fatty 2643 73 396 = 88 410 = 125 - - -
Others (8)
2-Penthylfuran Beany, Vegetable 1211 81 10 = 0.08 11 + 010 ** 5 <1 <1 28)
Rose oxide Rose, Spicy 1330 139 08 = 0.04 09 = 003 ** 48 <1 <1 29)
Nerol oxide Herbal, Green 1448 68 18 = 34 25 = 9 * 80 <1 <1 30)
Linalool Citrus, Floral 1520 71 16 = 23 16 = 20 50 <1 <1 36)
Nerol Sweet, Neroli 1767 69 14 £ 18 19 = 09 * 5500 <1 <1 29)
B -Damascenone Apple, Rose 1790 121 22 = 032 31 022 %" 029 76 106 29)
Geraniol Floral, citrus 1806 69 18 = 5.7 24 14 640 <1 <1 29)
5 -Tonone Floral, Woody 1902 177 041 = 0.09 11 * 007 ** 1 <1 11 36)

¥ 1 Solid-state saccharification. 3 2 : Odor activity value.

The concentration of volatile compounds are corrected depending on a 25% alcohol concentration. Asterisks
show a significant difference (** :p < 0.01, * : p < 0.05) between Imo-shochu and SSS Imo-shochu according
to Student’s t test. MS, identification by comparison with the NIST05a mass spectral database. Mean * SD (n
= 4). Odor threshould obtained from references : (25) H. Guth et al., 1997. (26) P. Salo et al, 1972. (27) L. Zea
et al, 2001. (28) Y. Fu et al, 2021. (29) Y. Osafune et al, 2020. (30) M. Crandles et al, 2015. (31) G. Takeoka,
et al, 1996. (32) P-P. Wang et al, 2015. (33) B. Zhang, et al, 2020. (34) R. Lépez et al, 2002. (35) H. S. Lam et
al, 2003. (36) T. KAMIWATARI et al, 2009.
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