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Application of Phospholipase C from Thielavia terrestrisin the
Enzymatic Degumming Process of Crude Corn Oil
HU Ting-ting, WANG Ling, LIN Kang-sen, JIANG Zheng-qiang, YANG Shao-qingP<
(China Agricultural University, College of Food Science and Nutritional Engineering, Beijing 100083, China)

Abstract: The enzymatic degumming process of crude corn oil using phospholipase C from Thielavia
terrestris was studied. The key factors affecting the enzymatic degumming efficiency of crude corn oil,
including enzyme dosage, volume ratio of NaOH to citric acid, reaction temperature and reaction time, were
optimized by a single-factor experiment with the content of phosphorus in corn oil as the evaluation index.
The results showed that the optimal enzymatic degumming conditions were: enzyme dosage of 5000 U/kg,
volume ratio (NaOH to citric acid) of 4, reaction temperature of 35 °C and reaction time of 1 h. Under the
optimized conditions, the phosphorus content was reduced from 102.7 mg/kg to 24.0 mg/kg, with a
hydrolysis rate of 76.6%.
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TR E S ZFPAGITRR , ARSI R &
Bk 85% e A, MR 2 i 55% 41, T
TMERAE N —Fh AR A B ASBE & Y 27 BRI TR
ELAT R AR B O A PLAE . kIS .
I R 4 3 0 ok Al A 2 sk BT, 2 A B S Y
FORMZE M h B e & i, 2B AR
VPRSI, I 2k T I A7 A AN A 23 AT B F) U
sht . RO E A R e M, T LR T R
T s & R EOR I TR R . R, 7ETh
A ot A i i — A0 LB BR AL

LR, A0 A R 22 2R F A% Ge B I )y 12
7K Ak e R 3k O e 00 A G 4 e 1%
A LA R 25 Bk AR R AR AR K AL B AR M 25
WU, I e 2 3 3o A B e il A AR
IKABE i A2 SRy KA R A58 F K A v
W20 TR o B e A B W B A
(PLA, ). #5H A, (PLA, ) FIB§SES C (PLC ),
PLA, i1 TR AN 58 H LA A% B 5 g FH A
Tl R 22384 PLA, 50 PLC ZEATHE 4 i 1t
M, Horp PLC AR MR, ARSI
HESLH ANTE], BRASEE C AT LAJ> A NS e AE A4
SYERENEEE C (PC-PLC). WM BELE S S
figW C (PI-PLC) FAEF: S HEBEREG C (NPC ),
Hrpr, PC-PLC 7] LIRS MK i i A AR A% ( PC )
MBEIEEEZ Bt (PE), {HXTHTH MR Y
Hif; PI-PLC HBBHRE S MK B Rg BENLEE (P1),
RAE/KfE PC; NPC WIS EBENR HIEY, mILL
K PC. PE. BEARBEZZR (PS). BEAREEH
(PG) FMEkIRER (PA) ", PLC M /KMR™=4
A NBETRER (BERRANGR . BEIR £ B sk R L
BEAE ) H I e, BB RN A e R e
LVET R, HBRE RPN 1%~2%07K 5,
B KR T BRI A, X R TS e AR X AN
DRI B A2 7 kU FR, DA P2 KRB E 4] PLC
BT AR BB, WEREZER . KEE
IRy S =¥ RNIP/S £ =8 N TP s 28 |
BB, RS PLC AR FREEAT
KB & Rl 693 mg/kg R 7.85 mg/kg.
Cerminati Z5POM4BRTE ZEH0AT 1 PI-PLC RIS
PC-PLC & Fi % K BT, bR £ T4 91%
HOBERG . Jiang PV A BRIRZEAUAT B PLC XL

REMPE, B Ef%E 6.84 mgkg, MEHRIA
#) 98.2%. [FIF, #43Fl PLC (PLC Purifine®
F1 PLC Lecitase Ultra ) g h FH F BBk,
TR G BMAKER %Y (BRSET TR
2 R T 4 R AR X e 012230,

AR ZH HT N K B i #5585 ( Thielavia
terrestris) H vo B F A 1S B — MO BB RS I C. 1%
fitg b 1 T R G BMBE, BESE 4R 2 PC 1 PI,
A /DR PE BRERT . TR IRZE B A
434345 PC. PI. PA. PE %, 33 PC #l PE,
B b 20%0L o L, X PC AT PE
Yy SRR AR AR I C AT 2 2 AT
HE— 25 ¥R 582 B AE K R ZF 3 B T 25 v i
FSCR, Podl TR IR 230 Bl ik i T 250 &2
BB, DIz J5 2 Tl Ak 245 3
HLR
1 #wRlER=E
1.1 SEIedFf

kIR ZE (B 102.7 mg/kg): HARAR
VMR Tl 5K s A B R 5 R i 40 2 A e R ol
JEME C (TtPLC): Hr A K27l TR S g = A
Hl; Tk DO, AN —IKEY . AAbEE. R
o . AR AR S e b gl . i e
MAERBHEH R AF

EHEARE.ON (TGL 12GB) : L 2e=F}
AR ARG SR (HZQ-F160)
LA R LR AT A EHRE D
(16-12TP) : i EFNAR WG A RA R 4
Ly (TDWYL-12) : v Z S ek i g A3 A
PR 5 g R 1% 1L ( Agilent 500 MHz DD2 ) :
K Agilent A W] /KIGHEIR IR Z % ( THZ-82A ) |
1 3 IARERE PH A% - Y90 & b v SR AR il 1 A PR
vuE] ERAMAT LA EETE (TU 1800 PC) : b
5B AR A PR TR A
12 XWHIE
1.2.1 Wl C mHl&

2 M8 Xiang M5 ok i £ KHR MR 150 B
NG Co MAS TR i 16 (7 78 14 Mg FA TR K I 7
M 175 %5 Thielavia terrestris CAU709 7[5 715 3w
B C BE[H, W HAE SR bR E T SRR A . K
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f® Pichia Fermentation Process Guidelines ( Version
B, 053002, Invitrogen) #efE Tk, 765 L K
W TP AT v R R TR A WENR I C, AR R
WERE G C B 71 98 970 U/mL.
1.2.2  WiRHE C 1% I

KX RSB IS R AR ( p-NPPC ) 750
WERSEE C BTG J1: B 20 L 38 245 B0 BRI A
#] 96 fLA ., FEMIA 180 uL & 10 mM p-NPPC
f) 50 mM HEPES pH 6.5 Z W& T 55 °CHi %4
FE . IV 30 min J5, HEEARCNE 410 nm
TR, BEIREE C WIS AN (U) S
FE LIRS RSB SN A 1 wmol Xof i B R 1
JIT e B il
1.2.3 TR ZE 0 A0 Tl i 1 e

BERR G C N T EORMZEM A B T 2 2 1
Jiang S B4 T . BRI 300 g FORARZEM T
1 LB, KIBI#E 70 °C, HIA 0.3 mL (¥
FIEERRIAIR (45 %, wiw) , 7E 200 rpm &1FF
AL FE 20 min, RIEXREHEBEE (25~
50 °C ), MA—Z &1 4%NaOH & (w/v, 0.3~
2.4mL) W75 pH, FMA 3 mL ZE1B/K M —E &
I IE B C 4 (0~10 000 U/kg ) , IRE2)
J&, TE 200 rpm FER N (0~4h) o WEEHR
J& B R T A AL B 10 min 26 0E SO
10 000 rpm #5.L> 10 min, B 2 hAEM 2 B 5 & .
DI I 37 (1) B AL 2L Sy Xof LA
1.2.4 BESENE

Z M EAR GB/T 5537—2008 Y5 Bl iE #
i, FHHIRFREL 3 g e, fA 0.5 g FALBEAEH
P A E A S, & TS8R 575 °CHike2 h
B KA. BURHERR A E R, H 10 mL £
PRI ( 50%, v/v ) K53 IFINFAZE S | 5 min
JE AR, R AR B R R = RS i A
100 mL 5, 5 mL $ok gk 38 F k48
3~4 K, FRIEMAH 2 =5 FH KOH i (50%,
w/w ) FRT 2 TR ML, SR8 N Eh PR IA T (50% ,
vV TR BETTVE 4 B0Vt o B Ja KRR B E 25
ML 10 mL B3 50 mL He @A, finA 8 mL
TR E AT (0.015%, w/v) , 2 mL 2.5%%HR
IR BRI IA I ( VORBRR) : VOK)=7 = 25) , J
FEPRPE 3~4 WK, WA ALEE 10 min, BAHEEHE

J5 FK R R R 20 BT 74048 5], ##E 10 min, fx
J& 436G BE T E SR 650 nm T IO EE(E
1.3 HEAE

K H Excel X SZ 50805 #E 4770 # , Origin 2018
YER
2 HERE5HGW
2.1 [z iz B 18] o i S 5 SR B B i

FEWIHR 25 BRI SA 5 000 U/kg, NaOH Al
FERRARFR L 4, IREESN 35 °CH, 43 3IAE IR
WHE]M 0.5, 1. 2. 3 Fl4 h FobfThilescss, L
Wi TN FE AR, BN I ) X T A R 25
FORMRZm , LIS RILE 1, BUORE, ME
SN B RE S, B A R R, FLAE 0~1 h
PR & i PR, [N 1~4 h I, BE
A T2 . L5525 TR R B B 1]
1 2 B S R IR) A 1 b

F 1 &R AR X 3 oK B 3 i A B S R B 22 i
Tablel Effect of reaction time on the degumming
efficiency of crude corn oil

fisf 8] /h 0 0.5 1 2 3 4

Biaa/ (mg/kg) 67.6 381 240 216 212 19.1
IR Y% 342 629 76.6 790 793 814

AN EIROR i A O €S A TN
Sampaio 25 H FH Tl PLC Purifine®#h 3 £ K iR
ZEWH Y S A S N ] 2 h, Xiang ZEUYHETT R T
B TH A A 0 5 1% Il i Bsf 1] 5 AR A R 45 2R —
o XORR TR R i R AR, AT
[, BEIREER AT A, BRI, AR
L EF AT ARG, BBk R4 w8, R g o [T 4 252 444
o, RSSO N T, O R N ) K
75 kA MIRRAL, AR TR B sah,
iR Pt 2 i 5 0 i) 4 S T AR TR
T L 2 B[] B A 41 e R T B PR IR
2.2 NaOH Fn#r5 B2 a4 R bk Xt it B 30 SR 59 82 im

TEWIUG S5V N R 5 000 Ulkg, MREHR
35 °C, ORI 1 h, FAEREBINEHR 0.1%
(v/w ) B, 383k 7 0E i AR Y NaOH K735 )X
AR Z Y pH, 43> BI7E NaOH FIFF B IR (AT L
1. 2. 4. 6 1 8 (ZRAF T AT S0, LIRS

100
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TEONAEHE, 86 pH TR IR 2 BB R (9 5 B omak 1%
i, SERLERILI 1 BT NaOH IR (AR | Los
HCHOHEAN, B R IUERE IR TR R, S <
NaOH FIFEEMIGUBIL Y 4 I, B hEASIR 5 25 10 &
I, UL, B NaOH A BRIIVEIEIR I & | |
N 4.
15 30
60 - 180 25 30 35 40 45 50
WLEE/°C
£ 0r man | s B2 RN EXEERBRL RGN
& sl —— KA 60 ¥ Fig.2 Effect of temperature on the degumming
Eﬂ % efficiency of crude corn oil
® 301 450
. 18, BEEREE M TR, ISR, SR
20 140 \ . \ .
. . . . Yoy TGS G SY, WA SN R, (EE
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V aveomian

1 NaOH F#rHRER B9 A FR bk X F oK BE ZF i B B LR B9 2 1
Fig.1 Effect of volumeratio of NaOH to citric acid on the
degumming efficiency of crude corn oil

AN T B TR Bk B %o 5 K JUS 2 3 o e R SR A AR K
(5N, Xiang %N FHBEIREG C #-47 KT Bk
WA I B R AR el 122, BRESPIH
14 i A X SRKF M AT I, e AR R AR R L Ry
1:4.5, XA h T pH {0 35 52 00 Al A0 15 1 % il
P S BEE BT HodRl pH & T A REA 2 i
o WA S MK, Y AR RS = pH AR
fity 45 K0 23 52 BREIR G 118 0% e o g I 2 2 25
THVEEO R, SR HE A BB HE AR AR
it 1% 00 S PR AR o
2.3 R AR RN

TERIUR 2RIV N>~ 5 000 U/kg, NaOH Al
FrETRIIRALE S 4, BT 1 h B, 23l 7E
25, 30, 35, 40, 45 1 50 °CF#EATBEKE 525,
DAWE & 5 W A8 bR, 5 R 3 X T K R 2R B AL
RIEZm . LSS ILE 2, R N IR T
L B R SIS TR, YRy
35 °CHE, B akik S5kt Kk, #fe el
N EE R 35 °Co

Tk B A 2 5 e O SRR M R R 2
— o Qu VAT R 7 I TS ORI 4 e A S
JJE N 55 °C. Jiang P UHEAT A 0K b 0 G i
O feE I VIR E A 53 °Co IR AR, MR B
PEREAR, NI F RIS & AT, B e S 4

TR L A B AR M, R A T AL
SORNT TR PN O Rk, SE R IR Y
FEl B 100 5 8 e ol O e S8R
2.4 FgER 0 E X R L R B B N

NI AF NaOH AFFIERR IR 4,
WEES 35 °C, JKAFESTEN 1 h B, 23 BIAE RS
0. 1000, 2500, 5000, 7500 A1 10 000 U/kg
ST AT IR e g, DA & i ik bR, B
TRl A o0 X T K VR 2 RS SR 1 5] S e 4
UL 3, BEAE DB G, B S B,
MG E R S 000 U/kg B, 8 75 ik 8 AR5 .
ZRG 75 I8, BhE PLC I s N>k 5 000 U/kg.
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Fig.3 Effect of enzyme dosage on the degumming
efficiency of crude corn oil

AWFE NG [ Xiang 21 T B b wE G
4 Re—3, (HRMK TR PLC Purifine® ] T
TR I B P BRI (12 000 U/kg )o XS T
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INIEAE TG o VR RS B, AR SO R R, R
R S R T AN 25— LB A = 7 b T
P, P, YRR IR B AR, R
2Bt TV 92, 25 Pk SL 3 i 4 (i F &t
B, SO AN PR AR AR

L LT, SRABENREE C X K IR ZE M AT
BERR WIS 0 B A 2 Ay . BRBK LS 4. SO0 Tt EE
K35 °C. JeNiEFIE A 1 h, A 5000 Ukg.
FEZRMAMETS , EORIRZE B i & S B AR 2

24.0 mg/kg, KRN 76.6%. 128 IS RCERAR
T =2 A F Y DSM BEAREE C (BLEE, 64.70
mg/kg ) PIHIFG . PLC Purifine® ( 27 mg/kg ) 2%,
fiZE FHEILA IR R (%2 2), (A& MR
iR E, A5 OOy He B T
2 50% AT (£ 2). WL, L6 % BRI
M%7 . WERRCR iR i i, B 2 W AR Al
C (TtPLC) 7€ ERMRZF ML Tolk ih HAF 5K
AR P

®2 AOMEHEERRUELE
Table2 Comparison of enzymatic degumming efficiencies of partial phospholipases

p 3 fif§ IR Y% F R /(mg/Kg) TG R (w/w) % SCHER
Thielavia terrestris PLC 94.2 7.9 45 [11]
Bacillus cereus PLC/PLAL1 98 6.84 45 [12]
Bacillus cereus PLC 97 4.3 50 [15]
Bacillus sp. PLC 93 7.34 50 [13]
DSM PLC — 64.70 45 [26]
T. lanuginosus/F. oxysporum PLA1 92 9.30 45 [19]
Novozymes PLC — 8.20 45 [21]
DSM PLC 86.5 27.0 45 [23]
Novozymes PLA — <10.00 45 [9]
Thielavia terrestris PLC 76.6 24.0 20

3 ggi/k\' Chinese Medicine, 2019, 39(6): 837-840.

K E K ST R se SRR C, ik
TR T2, HERETZ35
9 : NaOH FIFFERER L 4. WEN
35°C. fnfEE A 5000 U/kg FI/KfiflE] 1 h, 7¢
BAEFMET, BRSO 3, o
i 102.7 mg/kg FEIEZE 24.0 mg/kg, KRN
76.6%. PLC WA Z 2R, Kigr-=Yha
PUBERRTE S Hh — e, A= e R &, A
IR A, W AR K D (LR 1%~2% 17K
43 ), AT D K HE R o DRt oK s iR A e
BEWERR B C 76 FOR IR ZE I B B Tolk b HoAT
FE I A 18
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