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Studies on the Utilization of Pentose by Microbiological Method.
On Pentose-assimilable Yeasts.
Chuji Tatsumi and Hideo Katagiri

In the previous papers 1’ our studies on alcoholization of saccharified solution
of cellulose materials by Scholler’s method were reported.

Pentose—assimilable yeasts were isolated in spent wash obtained from the
saccharified solution of Mulberry~tree added with d-xylose and in an artificial
medium containing d-xylose as the only source of carbon.

Among various kinds of materials including corn, waste parts of vegetables,
potato, rice hulls, barley straw, rice straw, stablemanure and soil, the most
usefull strains of yeast No0.100, 103 and 107 were isolated from the former three
materials respectively, from which better yield was obtained compared with
the known yeast Torula utilis. :

Any noticeable difference was never pointed out on the chemical constitue-
nts of yeast cells, therefore these yeasts would be useful for food—stuff.

From the characteristic natures, these yeasts were found to belong to
new strains of Torulopsis according to Lodder’s classification, and we named
the yeasts No. 100, 103 and 107 Torulopsis xylinus a,b and c respectively.

The spent wash (pH5.5), the distillery waste liquor of the alcohol solution
obtained from the saccharified solution of mulberry—tree, contained 2.043g
organic matters, 0.633g reducing sugars(as glucose), 0.470g pentose and 0.084g
total nitrogen in its 100c.c.

In order to know the availability of these constituents for yeast, experi-
ments were carried out in the spents wash added by Reader’s nutrients, with
three strains of pentose~assimilable yeast isolated by us and with Torula
utilis previously acclimatized to pentose. During 120 hour ordinary culture at
30°C, 1/3 parts of reducing sugars including more than 2/3 parts of pentose
were consumed. It was pointed out that small amount of organic matters
other than sugars was assimilated, and noticeable toxic substance was never
detected.

In case of shaking—culture, the amount of sugar remained and the yield of
yeast were observed on 12, 18, 24 and 36 hour incubations.

The yield of yeast, especially newly isolated yeast No. 107, attained to a
maxium on 24 hour cuture, when 41-46%, 30% and 75% vyields of yeast were
observed as the organic matters, total nitrogen and pentcse respectively.

The chemical compositions of the yeast (7-9% ash, 43-47% crude protein
thus obtained) were found to be very much the same as the yeast obtained
from the spent washes of ordinary wood or pulp waste liquor.

1) Katagiri and Tatsumi: This Bulletin 15, 16, 17, 18 19, and 20.
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AV b R EEMSREE THRETR T L BFER (G HAL Ty Y O THRACE
AL, RELT~3xar ~RERLTHS. A, FHl, FE, v~ §F o, i
FHRIBESCEB 2R TS, I~y My e X OTESCHKSIHEE LT

b2k B. T Scholler #kic & 3 AR T2 PR IREL 1ML IR O BTSRRI
BEHK, EERRAR-SA 7B, ABBERECRTK YO - 2BRENTHKS. 2EO~Y
P~ 2 OFIHNIE TR B & SO bbb BEEABR LIS OV OTH 3. v | ~ 2 OERHL
2RI BL TRy ¢~ ABRE o T HENEZ N 3. MEE B L TikigEnc
XOTHED, 8P, Trbv s ) —a® SOHBLAYIERINS C EMAbI
T3, AMRCEL CIXTSERE LR I3 Saccharomyces BOBERRCIE <~
—~2EEME T2 N ED O ORISR EBRVCH, Torula utilis 28k (FMk+3 z &1k Fink,
Lechner &% X O TR EINTH 3. RL HE TIZR> F —~ R OFEREL2E0IFTR
CRET2FRIEEZ PO, BRITHREEO7 2 2 —~ Mbic T 28 D @ TR R
BERTBHE Y b — % OFRIFHHEE LTHES <> I ~ 2L Ot B 05 B 110,
WS E ¥ Bhic Lk, FRBBERORTY F — 2 oMb inicifiroxad, E
HEos5E% T. utilis & HEHFL L.
RECZEOH L L HHEL B2 U TR OfF i L 7o BL IR O TaIEI Beik @ X
RS E 170, BRETOEEE OB oRRR 2N .
£ B 22 &

1. B¢BOREE : S EOXRIBRIKIZSMED Scholler BT X 2 YLK GER O]
THRECI OTHERL 724 ©) OEHBRZANBER (Bk{3) © d- > » — XE&EM
LZ DL d-Fo v~ xOR TP E T3 ATIHBERTSS. 2.5 %o LK 100cc
i© (NH,):S0; 0.1g, KH,PO, 0.1g, MgS040.1g, ~<7" F ~ 0.05g, # 7 %> =% = 0.05cc
EHRMLZSOTHB. pHIZ 4.5 TH3. HEHRETESR AR HIE, 18,78,
W BB, BEE T3, HHRCETRE PERFEEHAEE L BRI AL o
THIIC L 2. SEFEROR DB EE R D O KSR No.100, B2 No.107, JEE52E No.100
O 3R THRMEE RUCRA I 2L .

1. SBRBORFRMER | B4 No.100—fmfE-—337130°, 48 WHIREEREHS I 3%
54u HER (1~2)x6u 3 3. FREAMESHPEHE, WERCBIREKZ H 3. ®EAHR
F-RIENB0°, 1 HIEE, ¥R TR0 offfdyc L 2 ~ 3 BHMEEREL 5 BB
v, TRFEWPELEZ. MEHECPEZE CRECHER L. NEHIE—ZYHR30°, 5
HEFLAC (), AL (k) RS OTEE R C&L b hlsficesd 5. 95
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ARHCAIR B F . FFEPRE—FEHURERFHEEFHMCHZT VRF LAV DR ¢
RE+3. HARK--F2YHY s+ SROKNERLENERKER T3 (P \BEd3)
& 25~45mm & & dmm. JBT—AF L 25° 20R AFE RO . Rk Talic #ic &
2 AR BO R, HETEE—30°. 5ii pH—5.0. ZEREE—T70°105. %afiik—H
., b w s Molish #uck 3% 4K 23 R, BEI—FRY7T7H 10.64%
ARHE2.6.

fi%EE No.103—-ffif—EH5 . 2.4x6p BKHF -1 B, HRROFV-RIEZ4L,
38 FTHIMCEEMTS. 5 ABHE A, REPPHRTER, REH -BCFEOLER
OFRCEBEIE Y MR E TH 3. NERE--BIALAAAERE ( EEHFER CRP—E
cihs. JABMAKRE ARG, FREIRE-SR NI X (RF T3 8B HIBC iR D
HHLARL., HARK—Z2E OB 80 L 28 CHEWERL 3 (BED3) . BTRE
R — A U, BEREEERC pH, ZERIEE, 5#—No.100 LFgETd3. »
u F v ARRE—-RO . BEET]--28.73%, FREE4.6

REENO. 107— SIS AHSM I 8X 9 ML 8X 3 b B3 HUMIRE— 1 BILE, 4%
BEC Ay TR OD &L, 3 B2 THYECEMTS. 5AERLRD. RECPOEKRTHA
CHROSBEOEBIEE D HREFLECTHs. MNEME-FAG/NE (80 FHAAG
AR (B OHEHRERLAERdOTP Vv &LRS., BHBEKE (HAT3EL L. 8
FIR—No0.103 L[k, FARK - AOBSELEHERE T3 (BEds) dREEA
4558 FLFte, R 20mm #23 2mm. JET- RO BER—ER L ARG, BEREEERG
pH #%iik— Nol00 &kt &5, JEWBEE—65°. 104, »w 7Y AE—RORL. BEf
J1—35.15% ARIE2.6.

PR ORI —Z Y ERIRR W o T Lindner Kiic X O THo%. Hbsik
Table 1 TH3.

Table 1 Fermentable sugars

— Strain
\\ No: 100 No. 103 No. 107 T.utilis
Sugar

Glucose
Fructose
Mannose
Galactose

++ + +
I+ + A+

Sucrose -
Maltose + (slightly)
Lactose -
Raffinose -
Xylose -

+ (slightly)

- +4- (slightly)

U+t
A

(852



LEHFEFHREHE T R

LHOFMME R CH LA OBAR KB & U RTIFRHLC HRUNR L THE
¥ 8%+ 5. Nol100, 103, 107 0 3FEHcT 215 ¥y, X7 v, W7~ ®=7, Bk
MBS T 5. e No. 100, 107 7 x5 ¥ v, *7 v eh (, No. 100 XL 7T
ve=Trd R, HEAERIZANEE d- F o v~ R ER 2 (FOISTE O XX
ok, BRMEAME L TEMN BYRE 270 v vk 3FELCR (BRI T 5. Hlc
X No. 103, 107 /xR %S No 100 ZFFEETH 2. BRI XM S FEREL o,

I <2 b=REMERER:

(1) BRI BB+ v~ 2 zMi—OBEE E L(1.58% ),%#45 & L TReader
IO L7+~ (0.05%) Z#mlr. SLHEEEK 50cc WREHEFED HEHE
L LT—HESH L300 SRR L 2, RIEISERK 100cc AL 30°7 B
BE L%, BHRS OB X oTHREE» LEAREMEEL, FEERBRUCRHEGCE L E
L7e. H§5Hix Table 11 ©53.

Table II Ordinary Culture

Strain Beginning ‘ After the Cultur ‘; Assimilation| Weight of zz:fclgl:tfegeff:)tm
pH Xyloze/ 100ch pH }XYIOSge/l()Occ of Xylose ¢ | yeast g/100cc consumoeA sugar

No. 100 | 54 1580 54 | 0080 0442 \ 061 4030

No. 103 | 54 1.580 5.2 ’ 0.250 8421 | 058 4360

No. 107 | 54 1.580 5.2 0.143 | 9093 ! 051 35.89

T.atilis | 54 1590 54 0.176 ’ 8849 ! 048 3343

(2) HeEIgss RWIE d- +> v~ =z 1.5g (NH,)2:S0, 0.1g, KH:PO, 0.2g, MgSO,
0.1g =7t~ 0.05g /KK 9cc winfil, FU 3cc £I~T 100cc &L AP D
T PH 135 .3 TH3. IURFEK 300cc % 11 ZPEBCEO R L TiiE o ¢ KET3
Sl R RERERK c30° 48MEIIRTEL /2% O FEREREL L, 30mg/100ce. 4L 2. ¥ ©
it & FRRCHEIER L 170 3¢° T 12, 18, 24, 36 ¥ 3 BRANE R UREERUCE
IR L7z, HiEaE TableN T 3. BzolFNHlR X Table ¥ Oifib T& 3.

#4544 : [FMEERBRO#E 5 No 100. 103, 107 © 3B Xy T.utilis & W EHHOH
HEVCEAKEOZOHE Aok, $ic No. 107 TR EEAEREE Bk, £Rdh
ZEERBOKSE R CRAESHEPR L O, BERE L CRHHHK HeB Lz, &
HEME D b 2% SEoOME oM Eofii e T3, Mitd TEEZHRL A0
FEanfERE O s +3 . Lodder [Lo4Eic# 2@ Torulopsidaceae TS -wikt
Torulopsoideae @ Torulopsis JEICAZNES DT H 5. ILEOYHOBBREM:D 5 BT
% &, N.0100 /% T. holmii ¢, No103 /& T. holmii & b HicEYPi+ L @E%L, No. 107
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' Table § Shaking Cultur

Period of
it 12 hrs | 18 hrs 24 hrs 36 hrs
Weight | Weight | Weight | Weight | Weight | Weight | Weight| Weight| Sugar [e1d of
of sugar of Sugar of Sugar of Sugarc ooy Houlated.
Strain |of yeastremain-~|of yeast remain~of yeastremain-of yeastremain- from
e ed ed ed ed consumed
g/ 100cc |g/100cc |g/100cc |g/100cc |g/100cc |g/100cc |g/ 100cc jg/100cc 9% |sugar %

No. 100 | 0211 | 0980 | 0340 | 0654 | 0522 | 0.228 | 0585 | 0.215 | 85.66 | 4553
No. 103 | 0.134 1354 | 0215 | 1.171 | 0446 | 0.785 | 0471 | 0329 | 7805 | 40.26
No; 107 | 0209 | 0928 | 0411 | 0373 | 0569 | 0.275 | 0.632 | 0.242 | 8386 | 50.16
T.Utilis | 0.182 | 1.295 | 0385 | 0627 . 0461 | 0243 | 0490 | 0211 | 8593 | 37.91

Table ¥ Chemical composition of Yeasts

Strain Ash % Grude protein Crude fat
% %
No. 100 5.51 47.62 3.56
No. 103 5.51 49.67 283
No. 107 4383 4807 2388
T. utills 5.82 4395 320

Table ¥ Composition of Spent-Wash

Total Sollid Matters 3.058g/100cc
Ash 1.015
Total organic matters 2.043
Recucing sugars (As glucose) 0.993
Pentose 0470
Total nitrogen 0.084

X T.colliculse wHRxiithn b OTds. HAEHEORMEME Hibaokikd, i
OHEREE 225 No. 100, 103, 107 XHIETH2 LD, MHACHEE L TR { &
%1 3EEL .

No. 100 Torulopsis xylinus a
No. 103 ” b
No. 107 ” c

V. 2B EROEHBEIEERAC L IHBONE

(1) HEABEIE 2 IZBERS CR 3 Sl OMBIL I OISR AN & /KA L 7o
BETHz. WEREBRKL 72d 0OBS Ik TableV T# 3.

BB IE LTHI2 % YA Ly ML I OCRE S B2 0 b REFHRERR & R L8 3 28
LHEZBLVARTZ S5 cBbia. pH Z5.5 CHEMTH 3.

(2) PR OBEFLREHERE R O BRI oA 6 . IR35IK A BEHOC Reader FIRKORK
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HEXTIF=rvoFxRERNMLZSOTHS. BEHEE T. utilis & EREIEEKIC 30°,48 B
5L T 50mg/100c.c oHAKT, FREEIREK 300c.c. (Mi2585a5In 0.3% RO @ezsin)
CEREL , 30° 120BMIRRIRE L 1io%. BITE R UFEHIY R X TableV oOilib T 3.

Table y| Assimilation of sugars in the spent-wash

Feriod Weight of ‘Assimilation Weight of |Assimilation| Weight of Y‘ie]d ofdyeast
sugar rem- ca'culated from
of ained of sugar Pentose | of Pentose Yeast consumed sugar
Culti g/100cc % g/100cc % g/100cc %
ultiva-
. Gluco- Gluco- Gluco-| Gluco-|
tion se none \Ise None [se None [se None G;g(cigze None G;t&cé(;?ie None
added added added added
hrs 0.993 |
0 0.300 0.993 — — 0.47()l 0470 — — 0.050 0.050 — —
24 .0827| 0.875) 2911 1189 — | — | — | — | 0235 | 0088 — —
72 0.750| 0.747| 42.00, 2483 — — —_ — 0.329 0.154 6243 62.45
120 0.673 0.703] 47.91 29.21 0.183; 0.195 61.15f 58'5?} 0.383 0.190 61.77 65.22

* Weight of glucose added tol00cc of the spent-wash

VI b ofiR b b B OB T ORI A0SR X O TR i, SERMETENS Y 3B ©
Ry P = R OFIAIE ZNT H 3 ERNICABEORINC T Z KRS BE I Tha L
Do BEPCHELCHEEN 22 T3 OBFEL B CEE MO,

(3) iREREC X 2HEHME, FBEERE Tolulopsis xylinus a. b, ¢, X% T.utilis
O 4 FETEKIC Reader RIBRBKORSRELT ) F=v =% 2% HML 2% oLk 2z 30°
ASBRIEEFR L 228 ©% 40mg/100cc. oH|ACTE R 300ce (% V) IEEL, 12, 18,
24, 36WHNCING 2 BAER R CEHIKE ZIBE L 2. HiH4E Table l o@D TH3. XK
CHBED, vt~ 2 RCBROFMERIL BRI L 2244 4LX Table. I, X T, B4fHIO
R Ix Table X TR RFTHITH 3.

Table VI Shaking Culture

Period of Cultivation

12 hrs 18 hrs 24 hrs 36 hrs
’ Yield of
Strain . Weight . Weight . Weight R Weight 1Assimil yeast
Weight of Weight of Weight of Weight of |ation fcalculat
yé);st sugar re yg:st sugar re eoafst sugar re :;St sugarre, of |ed from
2/100c mained g/100cc mained’ 3;100“: mained‘ 3/'100“: mained | sugar |consum
2/100cc g/ 100cc_g g/100cc' & 2/100cc! 9 |edsugar
I R : . ! %

T.xylinusa| 0.085 0863 | 0.190 0.781 | 0.240 0.692 0.267 0.580 | 41.58 i 64.63
I

T .xylinusbh{ 0.135 0833 | 0.159 | 0817 | 0249 0.682 0.253 | 0.603 39.31 | 6482
T.xylinuse| 0.200 | 6821 | 0.273 | 0.755 | 0.285 0.648 0271 | 0512 | 4949 56.26
T.utilis 0.136 0843 | 0229 | 0.763 | 0.265 0.636 0.244 0.546 | 4498 | 54.62
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Table V| Assimilation of organic matters Cafter 36hrs culture)

I \ | Yield of | |
Solid Ash 1;Orgamic Consumed,%reazt calcu-| Total Consumed Assmila-
; matter . matter organic [lated from | . s tion of
Strain remained remained remained matter!consumed nitogen | nitrgen nitrogen
g/100cc | g/100cc | g/100cc | g/100cc ‘organic g/100cc; g/100cc l %
matter 23 ( -
Taylinus of 2281 | 0883 | 1308 | o665 | 4137 | o058 | 0027 | 3148
T.xylinus b 2.326 0.802 1425 0.618 4091 0.056 0.028 3349
T.xylinus ¢/ 2366 0.910 1.456 0.587 46.13 0.059 0.025 30.16
T.utilis 2.339 0.857 1482 0.561 4349 0.057 ; 0.027 32.07
Table X Assimilation of Pentose
) Pentose g/100cc Assimilation of
Stain
Beginning After the culture pentose %
T.xylinus a 0.470 0.111 75.26
T.xylinus b 0.470 0.116 79.85
T.xylinus ¢ 0470 ) 0.090 76.45
T.utilis 0.470 ) 0.096 79.49
Table X Chemical Composition of yeasts
Strain Moisture Ash Crude Protein 1 Vitamin B,
% % % _r/g
T.xylinus a | 7.80 8.70 % 40.25 6.9
Txylinus b ! 8.00 6.90 | 4356 108
T.xylinus ¢ ! 7.90 ; 6.80 \ 40.24 87
T.utilis ‘ 7.95 7.90 | 39.37 : 7.8

BRCRTILET ORMERCHRT2 X 0 S BEBOSHEIRIET 5. BBFEOLHL¥E
SOFRERERTs L EL2bN5. HOBRRAEERS LBLHOo-MEIR(FELkINns
HERIEIET L S M. B ORI E <V b = 2B E B T3, LMK ITED
TR (MOFEBML AN T3, ZEBREBCH s R oRETF 251508
BEnz. LREHREABBELL THs 2 bMEBCIOTRHH AL Y OEE2 RS, 5
TeBERF ORI IS SRR, EHMRBERROY OLMETH B v 12 1 BB 32
Lo ZRBRRCHEM L B3 ME OV D EHL NS,

(4) (NH4):S0; % KH:POs BRIMOKE : BHKIC X5 M, SBMos o3t
ALEERDLHAD-T . TableM (€ aiifi b (NH,;).SO4, KH2PO, EZEML, Torulopsis

xylinus o ZMN L IMIREE 1 0%, #5H1.2% (BEIKIC+ > v — %0.29% 75 0) 18°, 12
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KU 24 KHEETSS.

Table Y Effect of i:he addition of Ammonium sulphate and Potassium biphosphate

Nitro Dotass Period of Cultivation
. . Ammo- |Potass- |, -
Nt Jgen in Ao ' R e T s | ot
Run gpent- jum sulphate, SulPhate biphos - phﬂte Weight Weight
"no. |wash |sulphate! added b;ggggr:pgggeed added | of 1Wei%z,ht ig Weight
. {0 o
mg/ e | added |mg/ipee % |mg/ e by soggar sugarr- O sugarr- O
mg/ 100ce % [emained 750 emained o0
g/100cc | B | g/100cc|
1 84 — — - — | — | 0927 | 0993 | 0852 | 0210
2 84 | 1050 50 5 — | — | 0875 | 0.182 | 0877 | 0.158
g 84 21.0 100 10 — — | 0902 | 0223 | 0852 | 0239
4 84 10.5 500 50 — — 0.877 0.327 0.822 0.354
5 84 21.0 100 10 50 5 0.902 0.287 0.877 0.318
6 84 21.0 100 10 100 10 0.902 0.285 0.852 0.265

(NH,):S0s Oo@mmEfuECH L TEL (HEBL T, 0% oBARE cHStd
3. KH:PO, OFMIE T RICH/BER 2 TUd, LR ORIMEHESHT 55, HICHESO
SR TR B LTI B3 FRMEHET B30 b, AR FRML X 5 & ko

\ &, FREOESBHE T M dork.

L2 #

(1) X&% YRk, BHEDIL Y L~ ARAMEOR - IMOMEZHBL, 250
ORI L, d- ¥ u — A ¥HE— OB E 3 IR CREBREE E v,
Torula utilis Ll -OBHRKE =8 x%.

(2) 2&03BOMBLPREL#BH, Lodder KROSBHET Torulopsis xylinus a,
b, ¢ EaslLre. . . ,

(3) FEMSHEE ORI RO RN XA B 2.04%, 50HE 0.99%, ~v
b~ 0.47%, %%E# 0.08% T pHIZ 5.5 TH3.

(4) B XOTRHYG NS 3 BT OB TTHIGHIA T~ b — 2280 ER LT
3. CRELISOFEBMASFEFIH IR T3 Hd o, BRI IXiESgECHEL (M
FEMERT30RFAELRCXSTHS.

(5) BEWDIREIBHRC L 3 B T Torulopsis xylinus a, b, ¢ 3FEH
T. utilis X v EHTH 2 HEEROL. ARUMITIHERL v EWINBESh 3. B3 hk
TR 5 BEERI340~46% T H 5 . £7e b OB IS A PHE K, EEpIARBRHRE
DY OERFERGH, ¥V 4y v By FIlERedo,
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(6) BEEKIc (NHs)2S0s OBRMEZRCEERS 725 4% KHPOs X% b8k

LI EZR 04 8E L 72843 Torulopsis xylinus a, b, ¢ M L, &< (NH,)2504 %
wminniE, ©PEROEMRBOGIE FFENE OWS | Ok D 3 4% BIKD b &k
BRSO AR RO .

#e b CER S KBl T) L 28—, BIHEIE 0% Rl 5 . WILRRIL I SR £
SERFRAC X 3 IR M ERRL TR YR T

k4 &
1) Dietrich : Z. f. Spiritusind., 63. 11 (1940)
2) KM Bk, 10, 942 (1934
3) Weinstein : J. of Bact., 25, 201 (1933)
4) Fink, Lechner : Biochem. Z., 300 (1938) 301 (1939) 304 (1940)
5 KiE, RT : &&& 15 (1946), 16 (1947), 17 (1949), 18 (1949), 19 (C1949), 20 (1950)
6) Kl RT : A3 20 (1950
7) Lodder : Die anaskosporogenen Hefen (1938)
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