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Seizen Tovama, Masanobu IsHIHARA and Kazuo YoNAHA : Enzymatic
degradation of raw sweet potato tuber tissues

Summary

The enzymatic degradation of the raw sweet-potato tuber-tissues was
examined. As the result of screening test, the crude enzymes of Asp. saitoi and Asp.
niger were found to degrade the raw sweet-potato tuber-disks so strongly to cause
maceration of these tissues. Among the strains used in this experiment, Asp. saztoi
gave the highest macerating activity. The degree of degradation of the raw sweet
-potato disks and pectin from citrus was dependent upon the enzyme concentra-
tion and incubation time. The minced, raw sweet-potato tuber-tissues was
liquefied by an addition of the enzyme from Asp. niger and not by that of enzymes
from Asp. saitoi. The enzymes from Asp. niger showed a higher activity against
filter paper (FP) and carboxymethylcellulose than those of Asp. saitoi did. The
combined action of Asp. saitoi enzyme and Meicelase could not accelerate the
degradation of pectic substances in the tuber tissues. On the other hand, with this
combination of enzymes, the minced tuber tissues were almost completely macer-
ated and liquefied.
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Table 1. Distribution of sweet potato tubers—disks degradation activity in varaious strains of
mold
. Degradation Reducing sugar . Degradation Reducing subar
Strains Strains
(%) (mg/ml) (%) (mg/ml)
Rhizopus  oryzae 3056 59.6 33.2 Aspergillus  aureus 3291 924 32.6
Javanicus 3063 54.8 13.1 aureus 3293 79.5 24.3
delemar 3060 385 16.1 aureus 3294 96.1 20.7
Aspergillus  oryzae 3117 334 29.0 Aspergillus  saitoi 3295 100 32.1
Japonicus 3107 26.2 44.3 saitor 3296 93.3 13.2
sojae 3111 13.9 21.6 saitoi 3297 89.4 39.8
Aspergillus  niger 3121 95.3 40.7 Penicillum  notatum 3301 49.4 16.9
niger 3125 92.1 43.8 notatum 3302 73.6 294
niger 3280 100 40.0 notatum 3303 83.9 119
Aspergillus  usamii 3109 84.3 45.2 Trichoderma viride 3603 6.2 1.0
usamii 3200 99.2 44.8 viride 3604 17.4 5.8
usamii 3202 98.4 45.1 viride 3700 46.7 25.7
Aspergillus  awamori 3136 80.2 344 Mucor javanicus 3021 65.0 13.5
awamori 3138 87.1 37.1 Monascus sp. 3404 6.4 2.5
awamort 3147 94.0 41.7 Neurospora sitophila 3450 23.7 114

The conidia of mold were collected by adding 5 ml of sterilized distilled water in the slant culture and was inoculated to a
8 g of wheat-bran containing 8 ml of tap water in the petri dish which was previously autoclaved at 120°C for 20 min. After
4 days incubation at 30°C, which were added distilled water double. The extraction of enzyme from wheat-bran Koji was carried
out at 25°C for 1 hr with an interval shaking. The enzyme solution was prepared from wheat-bran-Koji extraction by
centrifugation. Enzyme-reaction mixture contained 0.5 ml of 1 M sodium acetate buffer of pH 4.5, sweet-potato disks (2¢x 1
cm) , 0.5 ml of 0.19% potassium pyrophosphate and the crude enzyme solution in a final volume of 5.0ml. After incubation at
40°C for 24 hr, the weight loss of sweetpotato disks and reducing sugar increased were determined. The rate of weight loss was

calculated from the following equation.

R= (W—-W;)/WX 100,

incubation.

2., HERBMRURI FUOIBRICRIZTHEREOKE

TEVIEAEROBER I L 2 BRI, FCVFF— P LRI 2BEROERICL > 582 &
NLIEVRDONT VB3, £ IT, Asp. saitoi RV Asp. niger BRI L 2 HERBE® L~ +
YORERICARBE S B 2 0 Y ) R ARSI, TBEOBE»E(Ls v TEREREER I~ +
YO EHE L O Fig 1 THS, MBERICL 24 HEBORBEER N, F o DR IBEZEE

R ; rate of weight loss, w ; weight of potato disks before incubation, w, ; weight of potato disks after
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Maceration, % (®)

0 0.02 0.04
Enzyme, mg

Fig. 1. Enzymatic degradation of sweet potato
-tuber disks by the crude enzyme of Asp.
saitoi and Asp. niger

Sweet-potato disks and 0.29% of pectin were
incubated with various concetration of the
enzymes of Asp. saitoi and Asp. niger at 40°C for

5 and 1 hr, respectively. After incubation, the rate

of weight of potato disks and reducing sugar was

determined. (a) Asp. saitoi enzymes (b) Asp. niger
enzymes

p—t
(=]

sedimentation activity
(sl
(4]
T

1 i L '
0 5 10 15
Incubation, hr

Fig. 2. Liquefaction of minced sweet potato
tubers by the crude enzymes of Asp.
saitoi and Asp. niger

Fifty grames of the minced raw sweet-potato
tubers were incubated with the enzymes of Asp.
saitoi and Asp. niger at pH 4.5 and 40°C for in-
dicated times. After incubation, the remaining
potato tubers were recovered by filtration through

Toyo filter pater no. 2, and poured into a small

test tube with tap water. The height of sedimenta-

tion was expressed as (initial height-residual
height) /initial height x 0.5. (a) Asp. saitoi enzymes

(b) Asp. niger enzymes
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Table 2. Degradation of various substrates by MR ZEFRFCIIZ T L BEBEOMHEZIRIZFED
the crude enzymes of Asp. saitoi and s ot, BERIGETDOFN S YO L BE
Asp. niger AR, LT — CIRINTIR D 7 5
Substrates Asp. saitoi enzyme Asp. niger enzyme svaLEBED i%)j[”i PN RS Asp
(formed reducing sugar, mg/ml) - ’
Pectin 0.48 0.32
Xylan 0.48 0.58
Carboxymethylcellulose 0.14 0.32 .
Filter paper 0.45 0.85 (Fig. 3-1)
Avicel cellulose 0.08 0.10

The cellulase activity of the crude enzyme of Asp. saitoi and Asp.
niger were measured with 15 mg of Toyo filter paper no. 2, 0.2% of 100
CMC and xylan and 1% of Avicel cellulose in 0.1-M sodium acetate
buffer of pH 4.5. The reaction mixture was incubated at 40°C by 3
-hr shaking. The reducing sugar increased was determined. Other
conditions are stated in the legend to Fig. 1.

Maceration, %
[$2]
<D
T

TR EbIEHE - BRLcBS L Tw3
bOELBEbhzDT, o —ASEHDOEN
ENZ—XH] (A4 ¥ F—X) & Asp. saitoi BE
FEAOTEHEORENIC DV TH~NI (Fig. 0
3-1), EHHEMEBIL Asp. saitoi BEE & BT IE

REE2 I TELIBEEINLY, LT —

YTIRRBRIZEAY AN D>, 77,

i | 1
10 20

Incubation, hr

O b

(Fig. 3-3)

(A) (B)

(Fig. 3-2)

6F (A (B)

[¢]

=S
T
sugar, mg,/ml

1 1 1 i 1 1 ?

b 30 0 10 20 30

0 Incubation, hr

—t 1 1 L . 1 1 1
0 10 20 30 0 10 20 30 (A) Reducing sugar

(B) Glucose

Galacturonic acid, mg/ml

O -
[—
(=)
(s
(=

Incubation, hr

(A) Free galacturonic acid
(B) Total galacturonic acid

Fig. 3. Enzymatic degradation of sweet potato-disks by the crude enzymes of Asp. saitoi and
Meicelase preparation
Sweet-potato disks were incubated with the enzymes of Asp. saitoi and Cellulase preparation,
Meicelase, at pH 4.5 and 40°C for indicated times. Asp. saitoi enzymes and Meicelase were used
separately, as well as in combination. After incubation, the rate of weight loss of potato disks
(Fig. 3-1) , uronic acid (Fig. 3-2) and sugar (Fig. 3-3) formed were determined. Glucose
was determined by a glucose oxidase kit method. Total galacturonic acid and free galacturonic
aicd were determined with the carbazole method and the thiobarbituric acid test, respectively.
(a) Asp. saitoi (b) Meicelase (c) Asp. saitoi + Meicelase



42 FERAZBEHEHMES 5 35 2 (1988)
saitoi BEREMZA 2 2 LICLDFELSEML 72, MR EZRBCMATO A Z 7Y a Y BBEIX, Asp. saitoi
BRERHEBORLIZIZRIC T -7z, LL, BERGKIOES S 7V urBERHIEL HER, 1
S—EEMABECIBRERICHBORBE LI T 7 v a s BBIIMINL, Asp. satoi BE %
MZ7-EEOERES 7 7Y o VBBV L 72 (Fig.3-2). - T, 7 —EEHIIZEHEHBRD <
7F VEWIHERL TES TR F U RAIBELE LD 2BEOFEENRB ENT:, BERKIGEPOET
WERU IV -2BZ2HELERE Fig.3-3CRL, ¥V 7 —YEBTREETEERS S Va—
ADEREIZ Vo158, Asp. saitoi BER TR RICHFHIOZBICFELVWEL (ML, 2hid, H
HEMEBOBRBI E R > THEML - BLEE (735 —F) KIoTHE - BbashizZExRLTY
5, BT —¥ & Asp. saitoi BREZREES L TEBIRTY, BUEERUV I VI —REI] Asp. saitoi
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BRI L5 — ¥ R Asp. saitoi BEERINZ, pH 4.5, 4CCTEBRRICE21TRV, BRbOBE %
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Fig. 4 Degradation of the minced raw sweet
potato tubers by the enzyme of Asp. saitoi and
Meicelase preparation

The minced potato tubers were incubated with
the enzymes of Asp. saitoi, Meicelase and the
combination of Asp. saitoi enzymes and Meicelase
at pH 4.5 and 40°C for indicated times. (a) control

(b) Asp. saitoi (c) Meicelase (d) Asp. saitoi +
Meicelase

x K

WYHHBORE (L —yay) CEET3BRHCOLTEES MRS TN TE D, Bk
SHEALLFH I TL S5m0 SEE, HEZSOBMEYICER2MA T, Hllr iR -wkel
D3I L LV BN OBELEEES Y, EXETT NI - LVEBORENIHET 570 DT
b T z2e109 KBTI, AHEEBROHE-BRLCBEE T 2BERTES LT 2HWNT, £H
HEBFBEESEOBVOEE B L, KBERENE LR L OBRIC OV TN, FEBEOBERIC
DL TAHEYIE FBEE S BT RER, Asp. saitoi 32958V Asp. niger 328003 LLERIE VG2 H
LTWw3 I Ebhotz, Asp. saitoi BERX Asp. niger BER L D HERBER U2 F > HEEENE
otie LU, Asp. saitoi BETREHHEBRYOBRE - L34 5hch, BREERD sz
DKL, Asp. niger BETRERYIAE T2 L e b ML ans Ze s LIk 5T 2T,
AHEEROBBERUVCERRILEIZAZNRER > HBERERICE > TiITRb2 bD EE LN DHRIC,
RO LT —PEERUNRY FF—CIEE LB U R, Asp. saitoi BERIZ Asp. niger BEFR &
D~y F o SMEERHLE <, FER VU CMCEIEERE N 2 L3bh ol AL S Id, BEHEYIAIC



LilEs | BRI L A EHEHES O SR 43

MRS R A (EF S € 2 LSO BRENIE 2, THICFHRAEL LS — ¥ 22 5 L B 2 HA
TLHHRENIEI N, BRREARHEEND ZE2REL TWwd, KEBRIIBWTYH, Asp. niger B
FEER ¥ L HHEABOBRE - WML HELOERRNOBEB BE SN 2 0o, HEERYO
A, WRRticiE<r7 FFr -t 7—E¥»EELTwsbDeEzZ6NS, 7 FF—CEHDOE
W Asp. saitoi BBEE L THIRE LT —XHE| (A T7—¥) 2RVTEHHEHBRDHE - BRI OWTHA
NIHER, AHEORERZ, Ty FF—BilioTHIsRIEN, EAT7—FREEAYESLE
WZ Ebhol, AT —EEMIZE, LT —EEEOMIZRY F U E2AEE T 2BRDFENR
Doy, ABEZIHFEVFORBCESL Thuaznb D0t Bbh b, A, SHEERINT
% Asp. saitoi BER VXL 7 —EDIERIZ DV THANTHER, 22 OBFEEMTITHEHABORIK
fBizgAa oo, MEREZERBIAMT 2 LRI 2 oIk o7, MO/ -
TR R B A S 7Y oy BROBTCHEESEML 72, BUEE08ig, F& L THBTOEHR
BESEINTIEICLE, INSOER,S, SHEERYORBRER, FLLTXI7FF—XiZLo
TUOERIEN, BRI~ FF—C L L7 —CPOWEIERICE > TR IAMRTHLEEZON
%

2 M

AHEEBOBERIC L 2HEE - RIRMEEE LB T 2 BT, SERREORE, S FARL -8B
FRICOOWTAEHBEREESE2RAND L £ b0, ABRENE L EHEEBOBRRIL L OBFRIC DOV TH
N7z,

BRELRBEOEHHERBEEELTD 5N, TTH Asp. saitoi 3295 T Asp. niger 328012 & G HED
HONT MAKRERIC L Z2EHER VY F 2 RSB RBE & BRUCR A L T 72,
Asp. saitoi R TIIEHEERYORRILIIA S o708, Asp. niger BEER TR A &7z,
Asp. saitoi BEFZ, Asp. niger BRI D LAHEBRBERVOY F o EENE L - 7203, FPHREUC
MCHLIEMNIRE» 5720 Asp. saitoi BER L vV 7 — ¥ 2#EFICMZ THLEHEORBIIREEI LD
S720 UL, A7 —VYREGEIZAFHHMEBCIEAL, &0 F7F 2@l i, EHEERYIC
Asp. saitoi BERE R UL 5 — ¥ 2 BTHEML TRtz A sz o7, MEBEREREFRRFICMNZ %
EWIRIET B Z EBBES NI T2,

AHROERBCH IS NI ILIECEH# L 9
5| AR

1. Chua. J. W, Fukui. N., Wakabayashi. Y., Yoshida. T., Taguchi. H. 1984 Enzymatic hydrolysis
of sweet potato for energy-saving production of ehanol. J. Ferment. Technol. 62 : 123—130

2. Hayashida. S., Ohta. K., Flor. P. Q., Nanri. N., Miyahara. I. 1982 High concentration-ethanol
fermentation of raw ground corn. Agri. Biol. Chem. 46 : 1947—1950

3. AHEE, JIINE, BFE 1970 WEYHEAOBERK SRS 505 (38 3 %) Aspergillus sojae
No48 DO 4FET 2 Pectolytic enzymes £fk 44 : 299—305

4, AHEZ, )RR, #FEE 1970 EYHEBOBRMEICET 2% (8 4 ) Aspergillus sojae
No48 ¢ macerating activity {27 E1t 44 : 306—311

5. 8 B, BEJIE, SFEETER, EBEET 1972 Bacillus sp. F-11 07 F 53 EEERIC & B HEY)
B O BARIER  B{t 46 1 509—516



44

10,

11,

12,

13.

14,

15,

RERAZRFHAMME 5 35 5 (1988)

Matsuoka. H., Koba. Y., Ueda. S. 1982 Alcoholic fermentation of sweet potato without cooking.
J. Ferment. Technol. 60 : 599—602

Markovi€. A., Slezarik. A., Labudova. I. 1985 Purification and characterization of pectinester-
ase and polygalacturonase from Trichoderma reesei. FFMS Microbiology Letters 27 : 267—271
Suga. Y., Kawai. M., Noguchi. S., Shimura. G., Samejima. H. 1978 Application of cellulolytic
and plant tissue macerating enzyme of Irpex lacteus Fr. as feed additive enzyme. Agric. Biol.
Chem. 42 : 347—350

Svendsby. O., Kakutani. K., Matsumura. Y., lizuka. M., Yamamoto. T. 1981 Ethanol fermenta-
tion of uncooked sweet potato with the application of enzyme. J. Ferment. Technol. 59 : 485
—487

Sreenath. H. K., Kogel. F., Radola. B. J. 1986 Macerating properties of a commercial pectinase
on carrot and celery. J. Ferment. Technol. 64 : 37—44

SLEE, BHER, /NIEABE 1965 HMfas BB & cellulase 12 & 2 HERMOBE (B 1H)
HE#E, BGEHS L UGB 2BREIOER BT 43 756—765

LUEE, AIRER, SHEME, KARM 1983 £HEOBRC I Va1 %8B &
KEF$#, 30:185—192

LIUNEE, ARER, SHBEA#E, XXM 1984 EBERFFBC L2 HEE DY ) — V&
BE HWABF#Hk 31:35—42

Ueda. S., Koba. Y. 1980 Alcoholic fermentation of raw starch without cooking by using Black

—Koji amylase. J. Ferment. Technol. 58 : 237—242
Yusaku. F., Puangpen. S., Poonsook. A., Ueda. S. 1984 Alcoholic fermentation of raw cassava
starch by Rhizopus Koji without cooking. Biotechnology and Bioengineering 26 : 315—319



