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Abstract

As a primary study for SCP production from soybean curd waste water, selection of
yeast and optimum cultivation condition of selected yeast on soybean curd waste water were
investigated.

Eighteen strains of the genus Candida and Saccharomyces were tested to compare their
abilities to grow on soybean curd waste water. Candida utilis YUFE 1508 and Candida
guilliermondii KFCC 35120 grew most successfully. Optimum pH and optimum temperature
of the basal medium for growth of the two strains were 6.0~6.5 and 25°C, respectively.

The optimum culture medium of the two yeasts was soybean curd waste water supplement-
ed with molasses 2.5% (as total sugar), ammonium acetate 0.1-0.3% (as nitrogen), KH,
PO, 0.1-0.2% (as phosphorus), and K,HPO, 0.05% (as phosphorus). But yeast growth was
not affected by metal saits.

Under the optimum cultivation condition, the maximum cell weights of Candida wtilis
YUFE 1508 and Candida guilliermondii KFCC 35120 were 1.313 ¢ and 1.322 g/100m! of culture
broth respectiyely after 48 hr of cultivation. The cell yields of Candida utilis YUFE 1508
and Candida guilliermondii KFCC 35120 were 68.49 and 74.29%, respectively, based on utilized
sugar. On the other hand, crude protein of dry yeast produced by Candida utilis YUFE
1508 and Candida guilliermondii KFCC 35120 under optimum condition was 54.0% and

56.8%, respectively.
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Table 1. General composition of soybean curd
waste water

Total sugar (as glucose)?9s 0.18
Crude protein % 0.39
pH 5.8

Specific gravity (15°C)
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Table 2. Selection of yeast strain

‘Growth (OD Final
at 660 nm) pH

Candida sp. YUFE 1501 10.5 6.9
C. guilliermondii YUFE 1502 9.0 7.1
C. krusei YUFE 1503 1.3 6.4
Candida sp. YUFE 1504 | 4.0 6.5
C. pseudotropicalisYUFE 1505 | 7.8 7.1
C. utilis YUFE 1506 9.8 P 7.2
C. utilis YUFE 1507 10.1 7.3
C. utilis YUFE 1508 15.6 7.1
C. utilis YUFE 1532 9.1 6.9
C. utilis NCYC 0359 9.5 7.0
C. utilis 0396 4.3 7.0
C. tropicalis IFO 0589 10.5 7.3
C. tropicalis KFCC 35117 5.5 7.0
C.pseudotropicalis KFCC 35118 2.0 6.3
C. guilliermondii KFCC 35120 14.9 6.4
C. krusei KFCC 35121 2.3 6.3
C. albicans KFCC 35123 5.0 5.4
Saccharomyces cerevisiae 4.1 5.4

Soybean curd waste water (pH 5.8) sterilized at
1kg/cm? for 15 min was fermented by each strain
on a reciprocal shaker at 25°C for 24 hr.
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Fig. 1. Effect of initial pH of medium on grow-
th of C. utilis YUFE 1508 and C. gu-
illiermondii KXFCC 35120 (at 25°C for 24
hr)
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Fig. 2. Effect of temperature on growth of C.
utilis YUFE 1508 and C. guilliermondii
KFCC 35120 (pH 6.0 for 24 hr)
o—o ; C. utilis, x—x ; C. guilliermondii

Table 3. Effect of carbon sources on growth of C. utilis YUFE 1508 and C. guilliermondii

KFCC 35120
C. utilis C. guilliermondii
Growth (OD at 660 nm) Final pH Growth (OD at 660 nm)| Final pH
Molasses 40.5 4.8 37.1 4.8
Glucose 28.8 4.4 32.2 4.7
Sucrose 33.1 4.4 35.2 4.7
Lactose 12.2 7.3 10.7 7.1
Glycerol 31.8 6.3 21.1 ) 5.6
Ethanol 26.4 6.6 16.9 4.9
Methanol 12.2 7.0 10.9 6.6 .
Fumarate-Na 10.4 7.6 9.6 7.4
'Acetate-Na 14.5 7.9 12.7 7.5
Citrate-Na 13.1 7.5 10.2 7.3
Tartarate-Na 9.7 7.2 9.1 7.0
None 11.9 7.8 10.8 7.1

Each carbon source was added to soybean curd waste water (pH 5.8) at concentration of 1.0%, but
each organic acid was equivalent to 1.0% on a carbon basis.
Experimental conditions were in accordance with those of Table 2.
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Fig. 3. Effect of molasses concentration on grow-
th of C. utilis YUFE 1508 and C. gu-
illiermondii KFCC 35120 (at 25°C for 24
hr)
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Table 4. Effect of nitrogen sources on growth of C. utilis YUFE 1508 and C. guilliermondii

KFCC 35120
C. utilis C. guilliermondit
Growth (OD at 660 nm)] Final pH |[Growth (OD at 660 nm) | Final pH
Ammonium acetate 25.2 8.5 25.7 7.9
Ammonium nitrate 14.6 7.5 13.2 7.1
Ammonium oxalate 12.6 7.7 14.0 7.2
Ammonium sulfate 13.9 7.6 13.8 7.2
Ammonium chloride 14.2 7.5 13.1 6.9
Urea 12.0 7.9 11.2 7.4
Peptone 17.6 7.7 14.7 7.4
Yeast extract 16.4 7.7 14.8 7.3
None 11.9 7.8 10.8 7.1

Each organic nitrogen source was added to soybean curd waste water at concentration of 0.19%, but
inorganic nitrogen sources were added at concentration of 0.1% on a nitrogen basis.

Cultivation condition was the same as that described in the legend of Table 2 and 2.5%

(as total sugar) was added to each mediun.
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and C. guilliermondii KFCC 35120 (at
25°C for 24 hr)
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2.5% molasses (as total sugar) was added
to each medium.
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Table 5. Effect of metal salts on growth of C. utilis YUFE 1508 and
C. guilliermondii KFCC 35120
C. utilis C. guilliermondii

Relative growth (%) % Final pH Relative growth (%) Final pH
None 100 | 6.9 100 7.1
MgCl,-6H,0 96 6.8 96 7.1
MgSO0,-7H,0 g5 6.9 95 7.0
FeSO,-7H,0 102 7.1 116 6.4
FeCl;-6H,0 106 7.0 117 6.3
MnSO,-H,0 100 6.9 91 6.9
ZnCl, 91 6.9 102 6.6
CuCl,-2H.0 ‘ 102 6.7 112 6.6
CaCl, 96 6.8 98 7.0

Each metal salt was added to soybean curd waste water (pH 5.8) at concentration of 0.01%

on a metal ion basis.

Cultivation was carried out on a reciprocal shaker at 25°C for 24 hr.

Table 6. Culture conditions for cell growth experiment

Medium

Sterilization

Volume of medium
Volume of seed culture
Cultivation condition
Initial pH 6.0

Temrgerature 25°C

molasses 2.5%
CH,COONH{ 0.1% (as nitrogen),
KH,PO, 0.1% .(as phosphorus).
K;HPO, 0.05% (as phosphorus).
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100 m! in 500 m/ shaking flask

1mi (105 cells/ml)

Shaking (120 strokes/min, amplitude 7 cm)
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Table 7. Effect of carbon sources on cell yield of C. utilis YUFE 1508 and C.
guilliermondii KFCC 35120 cultivated for 48 hr

Total sugar Dry cell weight | Sugar utilized Dry cell weight per
(%) (€] per total sugar (%) total sugar (%)
ar | - 0578 | - [ -
None
B** | - 0.599 — -
A | 2.5 Lz | 92.0 54.7
Glucose
B | 2.5 1.294 l 91.9 55.7
A } 2.5 1.239 } 91.7 ' 53.4
Sucrose
B 2.5 1.214 | 92.5 | 51.9
A 2.5 1.313 } 72.6 | 68.4
Molasses
B | 2.5 1.322 67.4 I 74.2

Cultivation conditions were the same as Table 6 except for carbon source.
* A ; C.utilis YUFE 1508, **B ; C. guilliermondii KFCC 35120
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H3l HNEEBEEAA o4 g1 e AL
molasses| o] &H% ¥ Llste] BHERS 2o ohd
7t 42, molasses§ ALY o FEFE =z
¥ w C. guilliermondiiz} C. ufilis_ul_c!- mHEEe 3
ol A2l ul HEMIE] Fomg SCPAEES A4

B 34 ¢ Bl 5= 4.

i R FOL ool B BEAKE $49
o 2 o] &8l Saccharomyces cerevisiae® v}k, ol
Wl o] HEETA +8o] 50.1%¢] 2 glucose, molasses4}
fo] 22+ 30.3%, 43.4%%ctx Bwmdta gk ol
sl at o] REB AL EKE] ¥EE x2€ ¢
T ook, =¢ HE Atk gz WS As Az
4] #o] molasses® H7H = 9 40% A A 4
Aoz vebwd.

H= s@EHe ol gk

Table 60 viebt npsp 2 A oA @R} 24
oAl A 4847 EEE Wikt ohE Wt g &

Table 8. Crude protein content of dry yeast
determined by Biuret method and Kjel-

dahl method
‘ Biuret | Kjeldahl
C. utilis 50.5*% 55.4
C. guilliermion- 56.2 57.3
dit )

*  Figure indicated percentage based on dry yeast.
Cultivation conditions were the same as those
described in the legend of Table 6.

Agestd wWEE 2o, ol % oA ARAEK
o 2, FF5d 1@ ANLE G4 L4 EEEa &
Jhdel o] 105°Cell 4l 18417t A x41A Biuretyjs}
Kjeldahly € tFste w3 4R 24 sgd(Ta-
ble 8).
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I &g x=9R ool C. uhilisyl oF 54.0%,
C. guilliermondii®] 7397 56.8%A =3 th. el o
FEE=A RN DL FFE, Saccharomyces cerevisiaes}
C. tropicalis® BEWEEKA WA ] 54~60%4
AmY Zaiy el 4bg o] 88 Saccharomyces cerevis-
ige W o¥ol AL 56.96%% o Els]estAEHRe0E
FIRRE C. utilisw] ok} 4 50%, Fxs4E FAL
C. steatolyticawi<ke] 7% =il ¢heko] 13~44%4
g V3§ F4e | AKBEAA dola AzFAY
il g o] ulmA L Helglich.

28y Bl Ko 2R AL Adg @4, A
A, &, 389 ojujxAge & gog o d47H
sAlole =8 FYA4F ER4Ed FAYL €2
ERulokdl 9§ BODZ &g stel widhe = 3elA
PEAA AL QTE ek T Aol

® #

FEA 48 FIAY SCPAES sz 724 £H
R BE, AAaA8Y 9 wekzAo] KA.
% 18189 24 T 4E b A MAste A2
C. utilis YUFE 15083% C. guilliermondis KFCC
35120¢ A B8P ol £ #HAEF pHe 6.0
~6.59 2 AAwer: 25°Cygcl.

B4y o 2HE molasses 2.5%(ABAE), L44
o2 ammonium acetate 0.1~0.3% (N&%7]%),
P 9K oz KH,PO, 0.1~0.2% (PEHFHET) ¥
K:HPO, 0.05% (P& %#71F) & F¥A o &% &
o] ER4HAN JA HEMIG o SBHS A
€ AF o}y 98¢ mixA X3

A oFxANA 48417k wl kgl ool B E£Fo
Tyl on os s vkl 100 mie) AzxFAFTHL C.
utilis YUFE 1508¢] 1.313 g, C. guilliermondii KF-
CC 351209 7 %7} 1.322g0|3ict. o] & HEE AXF
A5z BASY 224 68.4%, 74.2%9%. =¢ A
ZHERFA Y 2wy ¥$& C wtilis YUFE 1508
ol o 54.0%, C. guilliermondii KFCC 351209 7
$-71 56.8%4 =4 .

X R

1. Laskin, A. L : In “Annual reports on fermen-
tation processes (Vol 1), ed. Perlman, D,
Academic Press, New York, p. 151 (1977)

2. Litchfield, J. H.:In “Microbial Technology

T4 Al E AT SR

(99)

(Vol 1)”, ed. Peppler, H. ]J. and Periman, D.,
Academic Press, New York, p. 93 (1979)

3. oA : ¢FAA-I 4B A, 8, 207 (1980)
4. Peppler, H. ]. : In “Annual Reports on Fermen-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Yokote,

tation Processes (Vol 2)”, ed. Perlman, D.,
Academic Press, New York, p. 191 (1978)
Litchfield, J. H. : Food Technol., 81, 175(1977)

. Ratledge, C. : In “Amnual Reports on Fermenta-

tion Processes (Vol 1)”, ed. Perlman, D.,

Academic Press, New York, p. 49 (1977}

. Cooney, C. L., Levine, D. W. and Snedecor,

B. : Food Technol., 29, 32 (1975)

Y., M. and Abe,
Ferment. Technol., 52, 201 (1974)
Ogata, K., Nishikawa, H. and Ohsugi, M. :
Agri. Biol. Chem., 33, 1519 (1969)

Mimura, A., Wada, M., Nakano, T., Hayaka-
T. : J. Ferntent. Technol.,

S.: /.

Sugimoto,

wa, S. and Iguchi,

56, 443 (1978)
Minami, K., Yamamura, M., Shimizu, S., Oga-

wa, K. and Sekine, N. : J. Ferment. Technol.,
56, 1 (1978)
Masuda, Y., Kato, K., Takayama, Y., Kida,

K. and Nakanishi, M. : U. S. Patent, 3,868, 305
(1975

Ridgeway, ]. A., Jr., Lappin, T. A., Benjamin,
B. M., Corns, J. B. and Akin, C.: U. S. Pat-
ent, 3,865,691 (1975)

Enomoto, K., Ueyama, H. and Fukimbara, T.
: J. Ferment. Technol., 53, 637 (1975)

K., Ueyama, H. and Fukimbara,
T.: J. Ferment. Technol., §3, 643 (1975)
Matsuura, S., Takahashi, H. and Minabe, M.
: J. Ferment. Technol., 58, 658 (1975)
Champagnat, A. and Filosa, J. : U. S. Patent,
38,193,390 (1965)

Evans, G. H. and Shennan,
ent, 3,846,238 (1974)
Cooper, P. G., Silver, R. S. and Boyle, J. P.
: In “Single Cell Protein I” ed. Tannenbaum
S. R., and Wang, D. I. C., MIT Press, Cam-
bridge, MA. p. 454 (1975)

Sonoda, Y., Someya, J., Futai, N., Tagaya,
T.: J. Ferment. Technol.,

Enomoto,

J.G.: U. S. Pat-

N. and Murakami,
51, 479 (1973)

Ueno, K., Asai, Y., Shimada, M. and Goto,



22

23.

24.

25.

26.

28.

29.

30.

(100 )

S. : J. Ferment. Technol., 52, 861 (1974)
. Ueno, K., Asai, Y., Shimada, M. and Goto,
S.: J. Ferment. Technol., §2, 867 (1974)
Ueno, K., Asai, Y., Shimada, M. and Goto, S.
: J. Ferment. Technol., 52, 873 (1974)
Thanh, N. C. and Wu, J. S.: Can. Inst. Food
Sci. Technol. J., 8, 202 (1975)
Church, B. O., Erickson, E. E. and Widmer, C.
H. :-Food Technol., 27, 36 (1973)
Romantschuk, H. : In “Single Cell Protein [”,
ed. Tannenbaum, S. R., and Wang, D. 1. C.,
MIT Press, Cambridge, MA, p. 344 (1975)

. Shannon, L. J. and Stevenson, K. E. : J. Food

Sci., 40, 830 (1975)

Delaney, R. A‘. M., Kennedy, R. and Walley,
B. D.: J. Sci. Food Agr., 26, 1177 (1975)
Reed, G. and Peppler, J. H. : Yeast technology,
Avi Pub. Co., Inc., Westport, Conn:, p. 6 (19
()

AFE, 4TS A4 ERN A, 6, 173
(1978) '

31. Wk, wldel, g, WRw: AETHA, 2,
" 56 (1970)

32. b, wivie), W R, Aesh: A EesA], 2,
61 (1970) ‘

33, W, Welg: e EIHA, 9, 95 (197D

(34, o[ 8¥, WGk, Welst:AEFAEs A, 4, 200
(1972)

35. Wfe, Welg, AFu, AEecAEFHHA,
4, 252 (1972)

36. wele), WRY, At AEAEHA, 6, 219
(1974)

37. W fF, wWelel, At AZAge A, 6, 231

(1974)

B ER-KFR

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

34 E54 %)
dqta, AFH: LTALCIAEGEA, 5, 20 (1
977)

L8, FE, K5 T4 Y B A, 4,

71 (1976)

258, 4f, FF A AN A, 4,
43 (1976)

FFA, o5&, o&f: TTAGAEREA, 2,
83 (1974

A, HgAl, AEA : FFAAN 45T A,
2, 95 (1974)

AdAl, AFTF TP ESE A, 4, 1 (19
76)

A, AER, AL ¢FAde A B A,
4, 51 (1976)

A E, EFA:A4TA A dEa o A
A gAd g AT, ATALEH 4F FLof
2 (1976)

e, A, 49, ARE S EH o
FAL A9 naA (1975)

A4, HEd, AAY AF ATRA(RI)), 3
1 (1964)

AEE, A AFEA,
(1980)

Az gd s = 4G4 EA, F94, p. 80
(1979) )
Herbert, D., Rhipps, P. J. and Strange, R. E.
: In “Methods in microbiology (5B)”, ed. Norris,
J. R., and Ribbons, D. W., Academic Press,
New York, p. 244 (1971)
Lane, J. H. and Eynon,
Ind., 19, 150T (1925)
HEE - EES oA E FY, A F3h4}, po 42
(1979)

Azel T4, p.o 128

L.:J. Soc. Chem.



