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Abstract: Rice bran lipase can make rice bran go rancid, and conventional heat treatment methods are difficult to
completely inactivate endogenous lipase in rice bran. In order to evaluate the presence of heat-resistant lipase in rice bran,
the present study was carried out to investigate the effects of surfactant type and concentration on the lipase activity of rice
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bran’s crude enzyme solution using the rice bran stabilized by the wet heat treatment as the raw material, and further compare
the characteristics of the two lipases, Triton x-100 rice bran lipase (TRBL) and phosphate rice bran lipase (PRBL). The lipase
activity of the crude enzyme solution extracted with 10 mmol/L surfactant increased significantly, with the Triton x-100 group
exhibiting the best effect. Comparison on the properties of TRBL and PRBLrevealed that the optimal reaction temperature
and pH of PRBL were 30 ‘C and 7.0, respectively, whilst the optimal reaction temperature of TRBL was over 100 C and it
had good heat resistance, with the optimal reaction pH of being 3.0 and 7.0; The two crude liquid lipases had no significant
specificity in the hydrolysis of substrates with different carbon chains; Ba’* and Zn*" could activate the lipase activity of
the crude liquid enzymes, but the activation effect of Ba™" on the activity of TRBL was much higher than that of the PRBL
group. K™ and Fe’™ had the greatest inhibitory effect on the lipase activities of PRBL and TRBL, respectively; TRBL had
better tolerance to organic solvents than PRBL, and methanol had an activating effect on TRBL’s lipase activity. The study

proved that there were lipases that could tolerate temperature and organic solvents in stabilized rice bran, which provides a
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theoretical basis for in-depth exploration of novel rice bran lipases.
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Fig.2 Determination of optimum reaction temperature (a)
and thermal stability (b) of lipase in different rice bran crude

enzyme solutions

2.3 ) K AR A B M B B By 9 38 RS pHAE

VA VR pH 6T A [ KA AH i g 77 G 12 5 T &5
Skl 3 frzw, PRBL (1)1 177 5 50 S 82 pH AE A4 7.0,
JE TR, FERRIE R NIRRT, pH
{H 3.0 I, BFREE 50% DA BiEPE . AR uE: S MK
Wy BT BRI, HEOE RN pH fH R 7.5, JFHAE
pH 18 7.0 2 pH 18 7.5 B Fa e ChenZs: ! Mk
WP IS BT B PR IR B, AR iEE 1 AR
11 {85038 SN pH B 4 7.0 3 Rajeshwara 257 )i
JEKME 2 BRI AG, A& B pHAE N 7.5, X
bz BLREH, RO AE B B E e N pHL A — M4
H7E P B S R P 25 AR, ASHIE 7t PRBL AE 7 i 53
N pH -5 B AW FHFT -

ifi TRBL ] #%3& ) . pH {5 PRBL AN [H], 24
pH B AT 5.0 i, Fifi 35 pH AR (038 I HL v Mg i B A1

M4 pH E KT 5.0 B, W FE & pH E 5 s
PE R IR W T %, R pH {H 5.0 B35 P
BAK, 10 pH {4 3.0 1 pH 1 7.0~8.0 & Bl 4 % 3
WK ST, AL LR E £ R . pHIE3.0
A pH 1E 7.0~8.0 i [ 4 &R R I H T 88 v T
Al fe 5 TRBL M AAEZ NI lE, HEA AR
1) B & M. pH AEA %, X5 TRBL f¢id X Vi
JE A7 AE 5 AN U () TIF 7 45 SR AR DT IS o

120
de
100 |
X
~ 80t
g
E 60 +
= 0l f PRBL PBS (pH fi 3~5)
TRBL Triton-100 (pH & 6~8)
—e—PRBL PBS (pH & 6~8)
20 ab —vTRBL Triton-100 (pH 1 6~8)
3 4 5 6 7 8
pH &

& 3 pH &3t PRBL #1 TRBL KJBE B & £ 00
Fig.3 Effect of pH value on lipase activity of PRBL and TRBL

2.4 A TR KA AL B SRR R B B R A R R M

ANTR] () g 7 1 xoF JEC A B A AN [5) 14) e A o e 1
T R A TR A2 J 2 3 26 (1) (LA L5 il A ES ) - I 4544
SR, KM B AR R B B K P s, 3
IKAEVEVE WA 4 Fos .

H1 & 4 B %1, PRBL A1 TRBL X} A~ [F] 4 K- ) Jg
VI R A KRS 1. Hoh PRBL X B BE K BN 12
(1) 4- fiF Ry H EERRER K K Ve PR B ok, (H S ke
KR 8 MIRYIK ST R EEZESR (P>0.05),
T 0T G AR e B K R 1) 4- i 25 R T JEC A PR 7K A PR 35)
BE T 4- WO M H R BR R K s 1, L Rp
PRBL 5 HH 88 TR A0 114 7K AR 1 A R T 66 K B T
Y HERH—L,

1M TRBL X i 8 K & o8 4. 8. 10, 12 i
V) B e K AR s PR, HLU 2 () o B 3 1 =
S (P>0.05), HrbxlCc4 (4- BYFEFER T Rl H
A e KR, T AR B K R R (K A
TR R BT 4- A EEOR T T R RN 4- A LR
HFERREE, ) TRBL X A 8% #0555 4 b A BE
W) AP KBRBE T P RORE IO S [ Bk
FE ) 4- SRR A KRR TE, RXTTRe S HASH
B RE R I, AT T B K IR R P AR
HA— 2 K fgiE .

177



MK ESBHL

Modern Food Science and Technology

2024, Vol.40, No.10

120 - C—IPRBL
a =1 TRBL
100 be [ abab ab 23
C c iy R cdbe bebe
¢ & £ s I
= sokEl| g | H h
Z 60
.
= 40
20
0

C2 C4 C6 C8 Cl0 Cl12 Cl4 Cl6 CI18
&Y
4 PRBL 1 TRBL g RhBERI 45 1%
Fig.4 Substrate specificity of PRBL and TRBL lipases
i BYFHELATRN, ArHhZmAERELE
& (P<0.05).

2.5 AT TR B KA BE T 8 Fg B B
M %

250

[ PRBL &
[ TRBL
200 b b
N e
N
e C
>~ 150 d
= 100 Fh of e ode od cdd | edeff | £
z g h
h
0

Xf i Cu?® AT Mn?* Fe?* Fe¥™ Na® K Mg?" Ca’*Ba*" Zn**
A SRET
B 5 & B & XI5 BeiE R R0
Fig.5 Effect of metal ions on lipase hydrolysis activity
E: BYRABFELATRN, RrHaZliFEeR
£ (P<0.05).

&8 BT AT LA i 7 v ME AL s b SR
FERRBR ARG &, T BIE B b B 2. R
IF) 4 5 0 KRR 1 Y 10 I s 9 P 2 i) 5 R
WK s FTas, BB S AW, 0 Fe¥'. Fe'. Na'
% PRBL flig i Ml % 1 7€ & & 52 W, 00 Cu™'y ALY,
Mn®. Mg™. Ca’. K’ X} PRBL fli i filg i o 45 42 1
MR, 3 K iSRS K, 40% (1
T s A Al B ok, T B, Zn® MERBLH T B
G i 7 P S PR A S LB MR B T 8.91%
AN 22.86% . 5Kl 25 P01 i b 4> B 45 2] g £5 g s
B, %5 W EEH A VE FF R R, &8 BT Ba®,
Fe''. Cu™ XMy B A BGEH, BEsERa AR
JFEIPE = -

%f F TRBL, L g Wi B 3% 1 7€ Na's Mg™"
Ca™. Ba’'. Zn” f77E FREMGHE 5 HAE, L Ba™

178

(RS ROR A, O BT e = 1.3 155 Cu™s
AL Fe’ Fl Fe’ %t TRBL s 2 A5 W S 4 15 A
Forp Fe® X AR WS M HIVE B R, TX 69%. Uk
4b, Mn”', K" X TRBL fIEES AR % . & IF
R R &R B 2 B Fo44 IR I i B2
RIL Ca® F1 Mg™ RE4R = i iR (435 /7. 10 Sugihara
PR TR DL, Zn® Xt i IR A 0
TEA, AXOREE 2% MIBRREGTE 1. Wi, &8
B8 0F A 7 S 4 R S — B, &b
5 g s T 1) AR T A T 25 5

4 J& B 1 %} PRBL #1 TRBL H fi 5 i 7% 1 5%
Wi 2% SRR, W Fe' X PRBL J6 3% M g2 i, (H 4]
X TRBL Jlig 1y g v P B A S R A 7 A s T KO %
TRBL Jlig 7 B & PR 2L A TG 2 m,  (H X PRBL fig 17 g
EHERARKIMEER . BT 2R, WAL
YERT, 40 Ba®™ Ml Zn®™ #FRENEHE W9 & O EEEE, (2
MBS R R 7 T, Ba® X TRBL Jli 1 i P S
i 7 PRBL 41, iXsbst ], P
HRAE LR 2 T o 2 S R T T

2.6 A HLIE A A ] K MM B A A8 BE B 0E
M5 ]

R F7 T (1 2 Ak K A 00 200 R AR AE K ST B, —
ST ML 7 B 0% R ALK P TR K RS ORE, AT S
SR AN R W S PR P o AN TR LA 7R ) AR R Al
(¥ i o g 9 PR S 4 SR Pl 6 BT, B 6\l
A ELT TRBL, PRBL A i il Aridk it 8 R HLiE
FUFRERRILH T RIS IRIE R, 5k B AR S
P 10%, ENEAFE T, SE4K LIEE.

%} b7 PRBL, TRBL R H T8I HIH
MUAFI 20, WA SRR T BEs g, HAE
HBEAFTE T, 3 P A 88 B 2 S, A 0 g 75 48
1 28%; LW, IECHE. &4 BRI ZEES 5 R
A HUAFIXT TRBL Jlg i B PG S sgm, (B g2
GIR, BT AEASEAAN,  HoAh R B AR
50%. TR B L AR A& g ¥ 71 o6t TRBL i 7 435 P 410
HVE BRI HLE R, (EARX T PRBL 41, JLi%
Yo% B AT 20%. H-Kittikun 255 1 BF 58 % 9L,
AL B TG EQ3 W 1E 2 RN RER BN, NI
Ab R I HAE MR B 80%, (BN 52 HoAth A HLIE 7,
YA T T FR I (1 S ) B M PR 22 2%~8%, L,
TRk AN kA ZFREAE M B TKU009 1)
J 07 i L AT B U A ML R 52 1, 7RSI TN
M ZBEAREE T 50%~75% HE 1, 7E B o )4



MK ERBHL

Modern Food Science and Technology

2024, Vol.40, No.10

BT 80% HOTETERY,  SARHE IT R B T B A AR AL A
B e 52 1k

1 PRBL
140 A 1 TRBL
wl [
B B
a B
100 [rHE

C
I‘I"I D F E
20 f J G
b b r—‘
C cd C
0 d d

b
YT R OB SRR 1Y ECKE ST AN ORE
AL
& 6 BEnEsFE B HLAF T A =2 14
Fig.6 Stability of lipase in organic solvents
Z: AR —AY KRR FEATHRZN G EDENE
# (P<0.05).

3 ZEip

396 FF B8 TR s £ e Y R o 3 K TR % 1 T M B
JE Kb B KA RS2 B/ 2] PRBL #1 TRBL JIi i i AH
B, A R T P MG 7 R M R I K 22 e
#HEEF PRBL 20, TRBL EA5 9 & 5008 S B i
HVEE 4 (iR TP 5 PRBL i i X 5% B 420 1) 7K i
TE PR R A IR EE AR, T TRBL JIi 197 1 J0) %
W FEEE IR E B mLE s S PR T RE I
7% TRBL B, R4 Ba™ Fl zn™ Wik &)@ 5 1
R A% [7) I X6 79 A 2 23 v g s Tl v P R A s 4
A ML X PRBL AR B B v PE 52 i 45K, 1 TRBL
W) 2 I B A A LIS T S2 P . B TR R o —
HTRANFZ 38 37 B AR g 177 Pl 2 A 3 0 B

F Lk

(1 AR K E I8 B2 5 R B 1) 45 A 55 4% 1 [ D] 7
B B K,2022,
[2] GUL K, YOUSUF B, SINGH A K, et al. Rice bran:

nutritional values and its emerging potential for

AR EEE / %

development of functional food-A review [J]. Bioactive
Carbohydrates and Dietary Fibre, 2015, 6(1): 24-30.

(3]  RUbis s, R 22 0, S RMRTE 77 By 0 #r S AR iy £
P () R A (AP 9 [J] R 5 A MY, 2018,3:34-
37.

[4] SAPNA I, JAYADEEP A. Influence of enzyme
concentrations in enzymatic bioprocessing of red rice bran:
a detailed study on nutraceutical compositions, antioxidant
and human 1dl oxidation inhibition properties [J]. Food
Chemistry, 2021, 351: 129272.

(3]

(6]

[7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

o FEORBERGE AL M BT T (D] ) AR RE, 2020,
29(8):44-46.

WISETKOMOLMAT J, ARJIN C, SATSOOK A, et al.
Comparative analysis of nutritional components and
phytochemical attributes of selected thai rice bran [J].
Frontiers in Nutrition, 2022, 9: 833730.

SAPNA I, JAYADEEP A. Role of endoxylanase and its
concentrations in enhancing the nutraceutical components
and bioactivities of red rice bran [J]. LWT-Food Science
and Technology, 2021, 147: 111675.

OMARINI A B, LABUCKAS D, ZUNINO M P, et al.
Upgrading the nutritional value of rice bran by solid-state
fermentation with Pleurotus sapidus [J]. Fermentation,
2019, 5(2): 44.

HUANG S, BENCHAMAS G, HUANG G. Whole
processing and use of rice polishings [J]. Innovative Food
Science & Emerging Technologies, 2020, 63: 102373.
YILMAZ N, TUNCEL N B, KOCABIYIK H. Infrared
stabilization of rice bran and its effects on y-oryzanol
content, tocopherols and fatty acid composition [J]. Journal
of the Science of Food and Agriculture, 2014, 94(8): 1568-
1576.

CHOI N, KIM H, KIM B H, et al. In situ lipase-catalyzed
transesterification in rice bran for synthesis of fatty acid
methyl ester [J]. Industrial Crops and Products, 2018, 120:
140-146.

YU C, HU Q, WANG H, et al. Comparison of 11 rice bran
stabilization methods by analyzing lipase activities [J].
Journal of Food Processing and Preservation, 2020, 44(4):
e14370.

YU C W, ZHENG L F, CHENG M Y, et al. Purification,
identification, characterization and catalytic mechanism of
two lipases from rice bran (Oryza sativa) [J]. LWT- Food
Science and Technology, 2021, 140: 110693.

CHEN C C, GAO G J, KAO A L, et al. Two novel
lipases purified from rice bran displaying lipolytic and
esterification activities [J]. International Journal of
Biological Macromolecules, 2019, 139: 298-306.
AIZONO Y, FUNATSU M, FUIJIKI Y, et al. Purification
and characterization, of rice bran lipase II [J]. Agricultural
and Biological Chemistry, 1976, 40(2): 317-324.
BHARDWAJ K, RAJU A, RAJASEKHARAN R.
Identification, purification, and characterization of a
thermally stable lipase from rice bran. a new member of
the (phospho) lipase family [J]. Plant Physiology, 2001,
127(4): 1728-1738.

YU C, PENG B, LUO T, et al. Bound lipase: an important
form of lipase in rice bran (Oryza sativa) [J]. Food Science
and Human Wellness, 2023, 12(5): 1779-1787.

179



MK ESBHL

Modern Food Science and Technology

2024, Vol.40, No.10

(18]

(21]

[22]

180

LAOKULDILOK T, RATTANATHANAN Y. Protease
treatment for the stabilization of rice bran: effects on
lipase activity, antioxidants, and lipid stability [J]. Cereal
Chemistry, 2014, 91(6): 560-565.

T BRAIR AR X 5 T, 4 e e R 28 TR AR TR KR 3
PRE SRR PE RO RZ W [7]. DGR i FH,2022,38(9):143-
152.

O’CONNOR HARWOOD 1J L. Solubilization and
purification of membrane-bound lipases from wheat
flour [J]. Journal of Cereal Science, 1992, 16(2): 141-152.
AIZONO Y, FUNATSU M, SUGANO M, et al. Enzymatic
properties of rice bran lipase [J]. Agricultural and
Biological Chemistry, 1973, 37(9): 2031-2036.
RAJESHWARA A N, PRAKASH V. Purification and
characterization of lipase from rice (Oryza sativa L.)
bran [J]. Food/Nahrung, 1995, 39(5-6): 406-418.

147 MG 107 BESMG 1] % i 40 B T i — IR 9F 7E (D).
MR HE TR 22,2013,

COLAK A, SISIK D, SAGLAM N, et al. Characterization
of a thermoalkalophilic esterase from a novel thermophilic
bacterium, Anoxybacillus gonensis G2 [J]. Bioresource
Technology, 2005, 96(5): 625-631.

R, 0 it B4, IS Vb, B W AR i i & R NI T 4
IR R P R 7E [0]. H B i 27412,2019,19(11):62-69.

[26]

(27]

(28]

[29]

[30]

(31]

K, TR e, 52 307, 5 G 5 1R 107 i A TR A O 08 B
LG 5[] 5 A 738141, 2009,36(1): 14-19.

EPIEE LA E =8 B i B F04415 107 i 1) 70 125 44k
el PR A2 (0] 269 AR 574, 2007,1:96-100.
SUGIHARA A, SHIMADA'Y, TOMINAGA'Y. Purification
and characterization of Aspergillus niger lipase [J].
Agricultural and Biological Chemistry, 1988, 52(6): 1591-
1592.

CUNHA R L O R, FERREIRA E A, OLIVEIRA C §, et al.
Biocatalysis for desymmetrization and resolution of
stereocenters beyond the reactive center: how far is far
enough? [J]. Biotechnology Advances, 2015, 33(5): 614-
623.

UNGCHAROENWIWAT P, ARAN H. Purification and
characterization of lipase from Burkholderia sp. Eq3
isolated from wastewater from a canned fish factory and its
application for the synthesis of wax esters [J]. Journal of
Molecular Catalysis B: Enzymatic, 2015, 115: 96-104.
WANG S L, LIN Y T, LIANG T W, et al. Purification
and characterization of extracellular lipases from
Pseudomonas monteilii Tku009 by the use of soybeans as
the substrate [J]. Journal of Industrial Microbiology and
Biotechnology, 2009, 36(1): 65-73.





