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AL WS AWRIA Frh AFAHA
dArEo & F23% oidAE AHeEs BE
E17 2o AFES Eesie ¥t
A& Aspergillus awamori, Rhizopus sp., En-
domycopsis fibligera, R. niveus, chalara
paradoxa, Aspergillus sp. K—27, R. delemar
9 22 FHolrt Bulste AEo] BAYA
o] ¥& Aoz vEyth «—oldEA 9} B
—olde}A = Streptococcus bovis, Bacillus
polymixa, B.circulans F—2%3 & Aol
Bulgte 0] AR L3 4o =& A
o2 ¥3 HUh AF7X) Bud B 4A
£ 23 otdaA FANM A. awamori, Rhizo-
pus sp., B.circulans F—2, chalara paradoxa,

Aspergillus sp. K—27%°] #H 3t o}detA

Table 1. Some characteristics of raw Starch
Hydrolyzing amylases developed in
Japan.

Amylase | optimum | optimum [Tempera- } pH
Ongin type peraturd  pH ture | Stability |References|

(r) * | Stability
{¥)

Asperillus | gluco— - 35 - - |1,23,45
awamori
Rhmpussp. | gloo- | 4 | 45 | 26 [35-60] 622
Streptococeus | @ - % | 56 | 4 [50-n.0] 7
bovis
Bacillus g- - 7.0-80 - 50-80] 3
polymyxa
Bacillus cireu-| @ — 0 |6.0-6.5 - 16.5-12.0/8,9,3,3
lans F-2
Endomycopsis | gluco— - 45 - - 10,11
fibligera
Rhizopus gluco— - |40-60] - - 12
niveus
Chalara para-| gluco— £§ 5.0 85 4.5-7.5| 13,14,15
doxa
Aspergillss sp.| gloo— | B [42-59] 55 |40-T.1617,24,
K- %,2
Baills sp| A- 5 | - | % | - | BY
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(5).

Y e BH(F)9 Kunisaki® Mats-
umoto $& Z+% WS B3aAE FEA
gFdayel HePed w29 B AAE
22 tH(22). Rhizopus sp. 7149 E4AE A}
$3te B§ LAFE A pHIF4.83, AP &
Z FE7F 14.3%(v/v), BREEC] 81.8% %
A a3 #F& AAE AUt Rhizopus sp.
9] FaasAe SAEH YAE 714 o)
& 3 vkg pHe 47 5.0% 4.590. EF
ALY AR g §49 pH B4
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Table 2. Comparision of fermentation results
with various kinds of saccharifying
enzyme preparations.

Enzyme Enzyme Final Fermentation
prepartion quantity ™ pl | TA**| Ale | efficiency
Rhizopus sp. 40 48 | 30w | M3% | 81.8%

Aspergillus sp. 4.2 41 | 32 12.5% 7.7
Bacillus sp. 5.3 21 ) 62 9.8 6L4
‘ Endomycopsis sp. 3.9 45 | 57 8.6 514
% Units of saccharifying power assayed by the method of JIS K 700 per one gram

of maze

*% Total acdity.

2 pH 3.5-6.0AFo]Al| A el 38tA &3
AAE oig HH gz 427 55T
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Aoz AlgHUT. FA 28, $HE e
B¢ HEZYY YFFET EaAY B4
v e g AWEY 19 1, 29 2ok 1
gollA BZo]l AEA 7]do] EAde B¢
24 425z FNXM = Rhizopus sp. E&
Ao Aol FAHN LY, AR7Ho] A3}
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Fig. 1. Effect of ethanol concentration on raw
starch digestibility of glucoamylase pre-
paration from Rhizopus sp. in existence of
substrate.
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Fig. 2. Effect of ethanol concentration on raw

starch digestibility of giucoamylase pre-
paration from Rhizopus sp. in the abs-
ence of substrate.
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Table 3. Digestibilities of various kinds of raw
starches with crude enzyme.

Sources Inittal_velocil Activity ratio

(#mol Gle/mmn/ml) (Gel./Raw)
Potato 0.409( 72* ) 12.2
Sweet potato 0.425( 75) 1.7
Wheat 0.476( 83) 10.5
Tapioca 0.518( 91) 9.1
Com 0.571(100) 8.8

* Relative Vaive

& 2o} Rhizopus sp. & EA4A7F A+
olF2 vz FHIo| AAE E&Hol Zd
Aspergillus sp. K—277 3%} chalasa paradoxa
o 5 %%017} el =tk Aspergillus sp. K
—27 FFT ®3NA Re upe) go] &5%
BAES 100%2 A& 24 AAE o
st 72% 9 EAES 2. AFAAY @
TE By IHAES viay F EEHAT
22, Fhrbal AETL B3] e A2
2 velgch Aspergillus sp. K—27 @571 A
Mt 2F Il 4,
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Time(h)
Fig. 3. Hydrolysis of raw com starch with puri-
fied glucoamylases.
Conditions, see Fig. 3.
Key:O, Aspergillus sp. K—27, @, R. deemar
GILL; A, A, niger. ‘

FAE wuohie A, 76}, Ak S
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"delemar, A. niger®] HZAAY YAE B

£ ving AJd F ALAC v B
o] & Aoz Uiy, 71#E9 Al niger(27),
A.oryzal(28), Rhizopus sp. (29,30), A. awa-
mori(31) 5ol Aste E2Ade AMRE B
o] E mAo 43 AV B EA)
gt 1 ol F%0l7t £l dts Z2H o}
Aol oA FFActUeAst REHO R &
7t dojuAY, £ a —FFIAGA A 9
A mad Belde ¥V AHuriez

AAE Zago] gt ASo] 77 HE
Ba ok wex FFo] vl g
"é‘i’l”‘—“.i’- EA3te ZHME APE £
gEe Ag 7HALe ¥lol Ha 9
Aspergillus sp. K—27 @F & wjdd Fol
4 ZaeolA #do] A flof e FF
EAARG AHE B & oz AzE
3 Atk o] BAAE o] 83d S5 HE
500« molst2 EHdn AT T= 20%2 A
At T2 4 HIE At XELY
S FFN2ZA dF 0.1%E 78t 32TCellA
20712t A2y ARE HUletd WAEIY
=4l 85AIL Foll €F F= 11.9%(v/v), T
AR L] 9% ol2Ro. ov 23 AABS
flele A9 0.2%01°de ALt AREHUC
T 70CHNA 308, £2 57CAAN 608 A2 5
AE e A 0.06% AA2AZE a3ty
th. oldd AAE EYE WY Aspergillus
sp. K—27 #F7} Evldte BaasAe dE
4 489 A23A, & 752 B3, ¢
o #8% &ty wAAT(16, 17, 24, 25,
26).
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A7t AR EHF/ 3508 Baigo] 3.3—
10.5% Atololl Ql=d WAl chalasa paradoxa
BAaAle 26.0%8He 253 AAE ZaHo)
=

& Aoz vestrh(13—-15).

Table 4. Ratio of raw starch digesting activity to

gelatinized starch—saccharifying
activity.
Glucose*( #g) Ratio( %)
Gel.** Raw*** Raw/Gel.
Chalara 595 155 26.0
Rhizopus 1 675 7 10.5
Rhizopus 2 400 17 4.2
Asp. niger 570 19 3.3

* Amount of glucose released by the enzyme(about
0.21U/ml) action or 15min at 40T
* % Gelatinized soluble starch as a substrate.
% % % Raw com starch as a substrate Raw starch diges-

tivity is defined as

Activity for raw starch
Activity for gelatinized starch

X 100

AF7HA A EE Bdte SFIZobEEA
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Fig. 4. Comparison of digestive activites of

Bacillus circulans F-2 amylase(F-2A), por-
cine pancreatic @ —amylase(PPA) and
Streptococcus  bovis X —amylase(SBA)  to-
ward starch granules of various ori-
gines.
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Fig 5. Digestion of various raw starches at 50°C
for 60min with B —amylases.
B. Bacterial No. 2718 P —amylase; S,
soy—bean B —amylase.
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‘4(41) By g3sh(F) 7ledTrdMe &
He] HE 93A4LE Screeningdt® Rhizopus
sp. No. 281 57} AR E3lEo] Hojd A
o2 B1 e (42), S5 JE Fsa
AZFE A niger No.557} #38|=e] & Aoz
B 3tg9rh(43). A5(44)& A. usamii IAM
21857} ©HE Aspergillus%9] FFRT YA
B3 2FodeiA 4o 2 Aoz Bu
sttt W5 (45)2 Bacillus sp. & E%NA
sl AL 2 A7E I, W@t
A(F)) wl5(46)& Rhizopus Kojig o] 83}
o gdFAz4 4F TEE sl €2
ko] Fu Ao AFHV Y H§FE Az
g AN

FYAAE AHE £ Fo] 2 W¥EY S
creening® Aol Y A77F 83 IYH
T Yot oA Z+ BelEFte AHE
g AAAA vnY g4 MY, F

FHolY o]87tsAd Fol FEHA R3jn
A obgol Utk 2AFo] AR £ AL
Ao Ao AAH] ATV o Roz
Atz gt}

3. MHE 2HE =4Fc JIE 5o
AARES Bede oldeA ol = X']"?”
aE°l At Tobias
(47)%2 SRR Z3lo] AFeAE H7t
sAed 29 A £=7 F7HEN L 78
9 g #2AZ F ARG ) Svend-
sby 5(48)2 pectin depolymerase’}, Uedas
(49)& =3 Kojigol 1€ xylanase®t cellu-
lase”}, Yamamoto%(50)2 protease®} pectin
depolymerase”} A9 Fstet HHEE FJ
AR Bnasg olHyd AL2EL AEY
Ao AEY AR BastAY Azl EA

St 2EA BASS Rasel I AE
g BaAlEEA 23, UE S8 M
2 Aoz AzEn Ao

AAEH Aiol o EHHL o35l
A e H5NA B vie} go] AEHY &
AT a0 548 97 n@stofor drj(sl,
52). dwtHo g B4 a9} g AFARL
FEIG Z& AFPARRYG E278L W] o

#e Aoz ¢A Atk aY nTn AE
He AtE AstlA WA oeks] )
Table 5. Some properties of various starch gra-
nules.
e Re(l;':fti:; zﬁs:[ca&f‘illl)ilsily Photopastegrams
starch-iodine | Blue to pancreacin X-ray | Tnitia
coinplex | valuc diffraction | pasting | Pattems
(am)  [680nm| Dusation of reaction | diagram (temperature
Gh (ol )
Red com (o 1w ] 1 A 5 2
Rice s ozl w06 | 10 A o 2
Wheat 60 (o3| 16 | 1 A 8 ?
Nomalcom | 5% {0.48| 10 | 1 A 8 2
Taro 8% oz % A £ 1
Sweet potato | 612 [051T|  & 9 | Ca ) ]
Kum o 06| 6 B | Ca £ ?
Chestauts W || 4 U ¢ C) 1
f;h“:jg‘; o ® | s | ¢ | & | 1
Lotus 56 [0 % B | Cs 57 1
Gingko 0 o] B 5 A 6 1
High-amylosd 600 [0.719] % B B
com
Lily 0 |08 % 2 B % 1
Banmalgreen)) 5% [0.457] M il c ) 1
Banana($ 0 |04 12 E) ¢ ) 1
days)
(Clg;‘:*wpf‘)"‘ W o o | B | ¢ | & | 1
Potato o || 3 7 B o 1

7t & HE7) 819, amylose—extender? (ae)
FAAE Ze notREZR S44, wh,
w239 AREEY 2L e AN A
AEAT 27t AL A ) ol d B
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P w2t FHY ¢ €A77 FUrEkR

AR FHAKoz E37 AYHJoy 2
YA WRTZ7E Roln YAt A He Fd

< HAY &4 Bt o8 A, &4,
v 5o dEHel A old e FEARA
o o] e RFol Arle Axo|,
A7 Fev e Tl YoM BAE A
A ¥ AT H zpolg Hojx Ut 1
gy gFel gadolel S AM-sE AR Pl
FEHA 871 dolvz e Z(#R)7 &
Fedy B3 "5 dok(sl, 57). o9 Ze]
A AEHL 2= ofae AR s
g, A r1&d uie} Zo] B FAlA
223 B. circulans F—29 a —opdElA&
gE e —ojdetAle] HAA AR AEE F
B3 £ & ¢& ALY S SEMez
BFs B AEH FFH o FH2
Aol dojut FHAR] 34E AN Ha‘?d
g 4 Aok

@ wa WHe Ae A ARYolU
o} AEYNN FAHA BAE + U o]

128 EAAEY JE
e EA43A dges A, a8y
NOVOALE] Norman%(58)¢] 7Hst, Aol
g F2 A 2E YAAs e ooty

A FAALS & 23sted © F¥e 2
o] A

o —ob2ehal 7t ZRA

A
P6—49 A B nko) P Y gUTx
Aol ¢ke] A-gte the £ FEE R
tH59). olEd A+ 22 z% AAE} g
sidEle ZH83he 249 {4
e B Fgol gd2de A
At

B =

22 Az $He 9= AR Any 57,
AEED 5o olA Aol ot AEA

% ad o] 24E 2L Ved 944

d oz FAA Uk Loz FANE A
& HEe A3t 29 ohe} 9 588 ol
1, EENY F3 4B FFS] 2i
#&¢ ®ol ¥oh I9u BHezy wi}
9 ne %}% A7t Basn & 2% A
Y9 A% AR ZHY) Wb HES R
248 gzl Am o] YY) WEo DEE T
s, 97 } %7}—81 39 Agel Atk 13

3
-?#—H% A}%, @ }—2— ¥ o 138077}

A 7tEEa o] 2EE 25~3087 #XF ¥
Wzs 238l HaTPe s dolzith. a8y
olg1g FE2 ZAYoE 3 batch® 3417
PREMALT
FROM 132.6% MALcToxs‘gLv};gER
MALT SLURRY CONCENTRATION
SLURRY VACUUM 4044 GAL OF MASN/BU.
CORN oo FXTRACTION TIME 45—9
wATER\ | MEAL MINUTES
17-20 GAL/BU. © 100G TEMPERATURE AFTER MALT

ADDITION 62.8C, RAISE TO

62.8~64.4C IF BELOW.
48.9C(16.7C) T

8101720 2530 } 15-30 lS—ZSJ -, J15—20
I P ) B

PROCESSING TIME IN MINUTES
Fig. 7. Batch pressure cooking of com and
milo mashes.
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2293, A FYHA 2R o2 g
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Aol 49] Slury® eI F718 2o
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Fig. 8. The outline of flow diagram of
continuous cooking system.
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Fig. 9. Flow diagram of alcohol production from grain by LTC* system.

LTC*

. low temperature cooking.
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A, BHAS £2A 2 3 3 TR 7}
dite A2FAE e FA3 729 flow—dia-
gramg YER FHolth ALZARY Bee
7A@l 9% slunry =9 44¢ @337 9
A FAAA A7 AEA 7L SHE] g
2 gt 32, Wz A ) ALEHE
FAE F 3ol neFAYPe Hese 28
WZHA TA] @ —otdEtA & A7HE PaAol
gtk 80TCAA Y FAFA AL 22FAY
3 o] 5802 Fr

4, SEX YUY

13102 Matsumotos o] MNEE FHREY
F3ALSLE 339 NMFE Ul AHeld
(22). S4E A4 2A7Z2 E43 1 Al
E FFH=Z 1:28 Yol dgA7l1 o9 F
Ao BEELANE FIst Wt thgol
BEPIE o] FAF| 2 26~32T A 96T
SEANNF ZFITHLE oz, ¢Ze
AN 24Xkl 8%, 48X 7Fo 12.9% 7 A
AEAY. dadF FE AHFYZE A
Z8N LA%EAFAT LEV} AYHEAN F
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Fig. 10. Flow diagram of the noncooking fer-
mentation system for use on an indust-

rial scale.

Capacities : mill, 6tons/hr; mash tank, 5 ki ;

fermenter, 140K
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Table 6 Analysis of the mash after fermenta-
tion by noncoking system on an in-
dustrial scale.

Volume 112. 5kl

pH 4.8
Total acidity 3.3mli
Alcohol 14.5v/v%

Residual total sugars
Residual direct reducing

1.57% as glucose

0.16 w/v% as glucose

sugars 6.5X10" cells/ml
Viable yeast 3.5X10° cells/ml
Bacterial number 83.5%

Fermentation efficiency
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