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STUDY OF THE TOXICITY OF SINGLE-CELL PROTEIN
FROM HYDROCARBON FERMENTATION™

by

Pi-yao Lin**, and Li-chung Wang*®

Single-cell protein from microbiological fermentation is a potentially valuable new source
of protein. However, before accepting single-cell protein as a protein source of rations studies
of its possible toxicity to the organism are necessary. This paper reports such a study. The
crude protein (Candida) sample was produced by the Chiayi Solvent Works (the branch of
Chinese Petroleum Corporation).

Tests for the toxicity of single-cell protein were carried out using both the Trichoderma
Bioassay and rats feeding experiments. The results from both methods indicated no toxic
effects. Furthermore, from the nutrition point of view, the crude protein sample was

inadequate as the sole protein source in a diet for feeding rats.

+1, Supported by the research grants from the Chiayi Solvent Works and the National Science
Council.
#2. Department of Chemistry, Tunghai University.
*3, Department of Chemistry, National Cheng Kung University.
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MBI R ATE K e R i, ZE R AR ISR A E 2T J\B{iﬁl@ﬂﬂo RIE, BN
MERE TR BB % SRR MITES Y B,

TR B TER: B N RT RSB 8 i B IR 2 —, Ll 7 R B A s T2 M RS & —
REEY, Raliises, R, IR MG B Rl pas &0k, Bt
BREMEDT, MBI —EATRE Y B ANIEE B (Single-Cell Protein), [HAMLERRS#E 515,
FEVKBARE, ARSI, IR &0E, BIEER ST, i mmts
RAREEE, EACEARBREE, MMRROREREE, Uiy kbR RER B 5GE
WP HER RS 2. ERSHRAEIIORE L, FilEEEBRERRRRITESN
ﬁ}{ —~{/F0

R, A RIE S AR B AR R, TR A R R ORI
e, FEFORS R0V RN ST S R E R R, A AR e O AR T (A PR
AEMT PR B, BT R R A S B AR m e e A A T, Xu”f‘, T 1%
H:dy¥t#E (Trichoderma Bioassay) DA EI RGNS, G H A R G IACE IS M 75417
AHENE,  DUDBE SR 3 s AR AT PTG, YE TSR R AT

R0 Trichoderma {IFLTR/EARTEE, RULML AR M SR T 2 5 Ve B e TN T
PR, 18 Dr. Zimmer KRN $9H-EAEETWAOPIZE RS, B, & -& G
WA ELEY Trichoderma IG5 WIRAM AL RAMBIEIA, 180 Trichoderma % 9 7B A k55 11
MAREVER S A TRE L TR RIS RO TERLS A R 2 M — 2D B, AL
- BUERAEBR S A MR — P I

il

&r

AW TARZ AT, FRIREHR RS (Dr Paul S. Alexander) f33AMA FI B,
P pe R MG F T FET (NAMRU-2) #Fm e ghil, DAMAEAE IR Ly, &
5, FEEBREP, BB ERRE, IR R AR AT R B B AR
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I, BEYEESE (Trichoderma Bioassay)

I,P:
7
[ESH

W Z 84 Trichoderma Viride
Fi# & Potato Dextrose Agar (Difco. US.A)
Al AR
D OMEE: FRESA BRI s
2) HEREBEBRT, #5002,
1) SRR
M#&E (10.008)
@0 100ml phosphate buffer, PH=7.0, 0.1M

l@bﬂﬁ%} (0.25g 2 Diastase, 0.10g 2 Cellulase)

1@% 10ml 2 i
RS 37°C Z(RILBER, JRAS/IN, 75T L T

H Lf (10,000xg, 15505

T
LI , W (PPT,)
(SUPy) L —— J i 100ml, 0.1%

|

T D (10,000xg, 15 7348)
oL o
PPT,)
) SRR R T
MRS (25.00 37
| O 500ml, 15%NaOH Vst
l@%#m¢@
Wi (10,000xg, 15504

l
LT

J:f’%& L (PPT,)

IR | i

fili PH=3.4(PD) Wk

o PR PSR

Wk

f - PPT,(Powder)

I | (Nonprotein)
R irp 4 PR
(SUP) J

PSR, S, T3

PPT,(Powder)
(Pure Protein)
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T EHE vk ,
I 1 TS SR 20ml JkEg, TEZEHR (121°C) InEh207r4, RN, MILIERK
WEETHR -SRI, e MR soml, HPERINRBRRER
4%, ST, TR EETTE. B R A AR (121°0)
ME004E, TS E A TRMEAR 90mm fyiEE M (GERTE e 1570
s, YT E5mmi 4 Trichoderma B kY5 2L T fE B R A 55 38 IR P AL
A 30°C LB B EGHA6/ NG, BT ICARE e RVERRE RPHX, I
HE) . B TR, MU R B SR (Blank Test), BASRIGHE
1. HEHE (Rat Feeding Experiment)
A, [F: Wistar, albino
M2 A B R e AT I SR s 2 T R, AR T,
7. ML JE5rE-L#L (Group A. B. C. D. E. F. & G) G136 £LL, Mt
2 SRR TE R R EE . AR AR, T
B, Al SR AL T M A B DR R 2, A e R AR R AR
6. STHEETR (TSC) 2 KMERS A F:
R DMERL6%; Mg RIER2.5%
HLAGHE: A8 %; Ky RilEis11%
K3 RBM1L%; b RHEE2%
T AihfEE 2z .
AL (R T, bR ZN) RPERR. -
#HURA M ER 2, RET,
%, R Tk
SE R, LTI ARERT R, DONBEIEREE, AREIAMUA TR
Fob, KA DA K L, bl SR DAL B T, AR R R R A
1R PIECER 2 A R, T B ALER4 B2 B TR, 49 1 L8 RSk AR T RE R
DOFETEEE LIS, EEAR, BRI, JCUTRE, Mg
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Table I. The Grouping of Rats and The Composition of Diet for Each Group

Initial Body

Diet Composition

Group Weight (Ave.)in gm.
A 40.5+5.8
B 451+59
C £0.9+5.4
D 40.2+5.3
E 41.84+44
F 42.3+39
G 49.74-6.6

Basal (TSC) Diet

60% of Basal Diet+4-40% of Crude Protein
(Candida)

60% of Basal Diet--20% of Casein--20%
of Corn Starch

100% of Crude Protein (Candida)

90% of Basal Diet4-5% of PPT,+5% of
Casein ,

60% of Basal Diet4-22% of PPT.+18%
of Corn Starch

80% of Basal Diet+-10% of PPT--10%

of Casein
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W K Pty Xl e N R 7

AmEREZEE:
TERLIE R BIAR, M FRAE T R, RS RAIAE T . ke RS (Cellulase) G
FrORRE, 153 90.16% MR AR W (SUP,+SUP) v MAAGIM 1.5%
NaOH fif [fl e[l 2 s, Frfe A B (SUPL) PR B ISR 95 % UL Lo TR0k
MEOBERY R, S DERGE g A A A
MM EL 2 EO & BNE20~25%, 1hlaRHE240~60%.
B R
—, B R ,
FERIPTR, L (SUP, X SUP,) ¥4 Trichoderma fi(p4 2 A 5 36 Al
IR, 73 Trichodormaflf ¥ idHl (Blank Test) M, HEHMHH L2
E\%%o
T [EReE RS
T P MBS, NRfEBER RIS RE SIS, WHEBEY 2 EREAPE,
PPT, J&B@R o HEREh RS G BERIKAERS, 3 Trichoderma fEiffE PPT?
MRS INTIE RS>, (HibEL PPT, FT&EaNaOHEAR, ik PPT.. &
m%m@<&m17m&aemwwmomﬁiaﬁﬂﬂm Lt 2 3k, PP
T, M EVE ISP LA LS, L Trlchoderma ERTE R, MBI
e, HAERWWITHRAG LT,
BB
—, — L2 s
AEDMEARP, KEBEPEDE, AR TRRRME, TCPIRs B,
HEIRL, Hy, WNEHEZRERS.
FEF ML, REEPRIETE S, fE2ppasE BN v B BLEI L B AR, FRGCZIREDL
Ko
N(ILES ﬁW“i&MMﬁ@%mﬂmo
L Rz Bl
EF@U\¢MﬁﬂA B, C, DIUMHER BRI B AMZ AR
BRI CHUZAE R —E N ARY, HHSENREEE . DDA, #EPSENE
W B2 Ak R B
£ Fig1B i, E, G FIMLZARRIZMARICE, DGR BIECSHET, BRIEA
EBAS, BRI, BRAFM, HIDAr, (B AMTEARNZE DR
RAR,  RENFEEE A RENBL S
Fig. 3 W Eias, WLIEHA mWﬁ4wmmmm, Hp Az (Standard
Deviation) (W[, PIHRHERTE B2 g HM¢#W¢ﬂh~&o
iy RN RE R BlLs
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f Fig.2A 1, B C lfLZ RS BRI CAD T, SRR, 4R D
HLAA HEE RO, BBEET Lz, LIPS DR S,

¥t Fg.2B th, EBGRALZ BIREEEM ARLILE, WBIEW . i F AL G MBS Y:
D PRI S, SR AMLILEE, LS DR A B RN,

e 2B

BRI 25, AERETE, MEE—PBERES BB HD; Rl
HAH RSN, AZET MR, LHF, BRNGEQSHEM2 Bz, I
MRCET R, (AR 2 Bl ne 388 (LHBIRE IR B M E % Dr. Paul
Alexander, BhEBZBEILZ 0,
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Table II. The Nitrogen Content! (N) and The Protein Content? (P) of Each Fraction
from The Purification of The Petroleum Protein

9‘

Method SUP, SUP, TPP TOTAL
TNt pr N P N P N P
(mg%) (mg%) (mg%h) (mg%) (mg%) (mg%) (mg%) (mg%)
Cellulase
Treatment 2.84 7.45 2.45 10.90 2.28 2.48
2.87 7.45 2.50 11.59 2.32 1.59
Ave. 2.86 7.45 2.48 11.24 2.30 2.04 7.64 20.73

Alkali-Treatment

Centrifuge

Method  5.18. 23.74 1.75 1.24 6.93 24,98
Filtration

Method  3.92 16.90 0.68 0.35 4.60 17.25

Crude Petroleum Protein......ccocceviviinviniinceinnnn, reerirenns 8.12 21.46

1. Nitrogen Content (N) estimated by Kjeldahl Method.
2. Protein Content (P) estimated by Folin-Ciocalteu Method.

Table III. Trichoderma Value of The Crude Protein and The Fractions
from The Protein Purification.

Experiment Sample Trichoderma Value (mm)
Crude Protein (1.0%) ) 56265
Crude Protein (2.0%) 56.5+4.1
SUP; (1.0%) 54.7+4.3
I SUP; (2.0%) 50.1+3.1
SUP, (1.0%) 59.5+2.1
SUP; (2.0%) 55.3£34
Blank 56.4:1.6
PPT; (0.1%) ; 535425
PPT, (0.5%) ’ 51.8+0.6
PPT; (1.0%) 50.91+1.7
I PPT, (0.1%) 547+1.0
PPT, (0.5%) 53.94+1.0
PPT, (1.0%) 53.9+1.2
Blank 53.843.7
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b T PTRARIORS AL, FURRE R RIE, e300 LRI R R K (Diastase Bl Cellulase)

lase, LTI IMAEAAEIATI I, L ARG LACERE,  SRILH IR
8510, $438 NaOH JEILES, 76 B3l iBs (R MMt PHL 6, 195 PH=
34, RUBAHSS (Yield 7208914 1) WYMEVETTLLTHI. ANRRRESH Pl AUk
LR,

BENEER R

ME N ARERAT, FRE ORI, (ERCEDIRRIE, I 2k
REMALR B L, A%, S5 (Saponin) $H Trichoderma 22 FeAr R U

i —

R RIDEIEN . FEMORTER 2N, A8 Trichoderma 7238 5T 2 5% 1M I,

I

KRBT, PRECOEAT RN R BT 5 2008, LS 0 T 0 S
M BT |

BERE:
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IR RV E SREAB S0 1 2 R P, TS 8 L TR MR L 5 i A 115
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HEY (Fig 1A 7 EL B UG T B,

FHC AL, FEFDRAM B AT, SRR AT T AN, 5 TR AR 1R
MO T IR AR IR B B, hFig 2A0RE4, By C AN
FERAIENIR, AR R RIS By C AR R iU BOE M, Ik
AR 0 AT B, K3, M R AE T 8 S AR 1 B

BT ME— 25 e 2 L R P, TR I LU, TG
Ry PPT,, DARGEE PPT,, Jp ik "R ASSUBRP, 474 REl%, 7EE.
G, PPT, fEfDRRIOTT /bR, th Fig 1B JF RO/ Bl e B i 22 2,
B G AU TN B B, 2 AR R IR 4 R, RS A
Fig 2B AILIEH, Wi L2 i DD R T AE A BB In, MG IR FIR L, PPT,,
SN ARTER S 1 I 2 e PR — AT 178 T P 75 B TR R R4 2
CENTESAE) TP BRI BT A2 L, IR0 B TS R A RO, T
HURFEMR R TIN22% PPT,, 5N (A SR R T b, kR R0 B S T
PHEH o FEMDRMAIRSY b, C B F SR RATERY, 7RRIATR 1T B S R S AT
R, AORARA R AN, RIERRZIEE L, FAURET RS,
HIRHEFHEC=): FE A ARSNGB R AT TR R L
BIERISLASIRFIE . SR R A E A W LR, TR R L TR
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TEABRBE I ARG IR A, T LAE TR 8 A — BT 5E

B, FREMAFREG (Table I) ZkaTi, W2 MM 2EREA0 %AV 12271
PPT, KI18%MFHRIIPIIAN, K RACE R IAA IR, WAUGRs, kA
A LB ER PR ML, BN PPT, BREHEMENG B RREE L
AR e, EARFBHEE PR MR AR RE, g R P SRR &
i (%25 Limiting Amino  Acid);  IHRRf85 7T LAE Sis b S5 i 5 By & D
EBR P iR, ULRETETY, AURMEB. DRF ZHUINDAMGHEE, B CF ARG GRS R G
D IR sE R R 28R

FEMR e L, PR B 23 45 RGBT B e gl 5 B, ORI ke, IBIRIETT .
IR BRI BRI RS, DTSR RS B A 2 & R AR A RN T BB
Wz, MMmamESE, B Trichoderma WIRHIRAUR; (HE¥RERGER,
NSRS B EE T AR, ASEILE RS T DU Pl KB LTl PPT,
FEEHE, "TEREEERETEREREASFIZE LR WTE, BB
AT R VAR S AR B LR Rk,
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