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Efficient removal of cholesterol from fish oil by methyl-f#-cyclodextrin
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ABSTRACT: Objective To study the effects of methyl-f-cyclodextrin (M-f-CD) on removing cholesterol from
fish oil. Methods Cholesterol removal rate and fish oil recovery rate were used as key indicators to screen suitable
materials for removing cholesterol from fish oil from f-cyclodextrin (f-CD) and its derivatives. The optimal
cholesterol removal process conditions were determined through orthogonal experiments, and the quality of fish oil
before and after cholesterol removal was compared. Results M-f-CD was the best material for removing cholesterol

from fish oil. The optimal process conditions of M--CD removal of cholesterol in fish oil were as follows: M-f-CD
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dosage of 30%, temperature of 50 °C, time of 15 min. The cholesterol removal rate was 51.34%, and the fish oil

recovery rate was 84.84% under these conditions. When cholesterol was removed under the optimal process

conditions, the acid value, peroxide value, and anisidine value of fish oil significantly decreased (P<0.05), while the

iodine value did not change significantly (P>0.05). The content of eicosapentaenoic acid (EPA) and docosahexaenoic

acid (DHA) significantly increased (P<0.05), the proportions of saturated fatty acids (SFA), monounsaturated fatty
acids (MUFA), and polyunsaturated fatty acids (PUFA) were 31.33%, 16.81%, and 51.86% of the total lipid

content, respectively, with no significant changes observed among them (P>0.05). Conclusion

The treatment of

fish oil with M-4-CD not only efficiently removes cholesterol but also enhances the quality, making it a promising

method for cholesterol removal from fish oil.
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(eicosapentaenoic acid, EPA)., -+ Bk /\4ifik(docosahexaenoic
acid, DHA)% -3 F 41 Z A i i R (polyunsaturated
fatty acids, PUFA), HAEHIR . bréfb . B RIGIIeE . Hit
Jigeg . IR e BRI A A . SRS shRe Rk, T
TRIATEESY . (R, 6% isshaig! 2, JediE, o
S PR O RS, B 800 mg/100 P AR B
S N AR 20 i v T L [, SR R B e i B A%
A, AOZ MR R A, R AEAE R D L
B A RTR D0 . A RFFE R, 25 A A I [T 55
5, o BB BN ko PR AL S U A e DRI, AR Ak
o (P JE [ P e, AR A R S5 S Y
FEFE

£ o IR [ A R B vk SRR AR | I A
FEWOK . WAL SE . BERTI S5ChH it 4 F 28 R T 2L
JEH 2y 60% AR EE, (HFLAR IR 30%. CHITRA
SRR ARG AR 2Bk T AR WIRY - 55.8% ) il [ i,
LA B 3 B e ek i BRI . YILMAZ U7 Hde T
7 Fh 4 J& - Ml 'H 22 (metal-organic frameworks, MOFs)Xf 3%
AEFEIh A A (4 B BRACR, &3 AI-MOFs #il Ti-MOFs
FA JIEL T S G B B g, 4 01 27.45% 11 26.27%, (AR T-4H
[FIVR N B B-FRBIKS (B-cyclodextrin, A-CD)(JIH [ i k2
N 33.07%). B-CD J&—RIFRIRZERE, PRI AR SHE R
KM, HAZE4Tow, sk, st Ao T 5k
BRI, DAT S5 hE b 2E 05T T R E/A-CD
WEWH S Z AR S EAE R, IEW T 520
FEAE T RE AR Ty, X AR T S DTk A R (A
71o RATU Z5PVR ] B-CD-Y ST, 5 (1 5 725 JBE B AR v iy
JIH IR, IHE B RR R 95%, {HARH BRI 44.6%,
L Ao 7 3B O T i R TS I il K LA R AE S PR A

PR ESE . SRAOME ] -CD BB i I [, AR
BB BR N 56%, [HR A LA 70%, K B-CD
IR o3 e ek AL A A e R R, fEHAT B-CD KA TR S T O
R, FECI ESORE, BRI T %20 ol WY R A
[RIL, 75 SRR AL [T s 38 s 2% AR 0 9 [ A0 %6 fg iR [
WL BR 7 ik o

AW LU I SE X 42, AR T p-CD R HAiEY)
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1.1 RS

TFPEAh, FHEEES 88 980 mg/100 g(HiiTFF1LHr
WA TRARTHTEAF).,

B-CD. IECHE. ZAMH . JOK R4, EZ54E
27 50 AT R 2 w] ) R B BRI RS (methyl-p-
cyclodextrin, M--CD). 3. 3-p-# M (hydroxyethyl-4-CD,
HE-$-CD) ., #NEE-B- 214 (hydroxypropyl-g-CD, HP-4-CD) ,
Tl T - B- B HS (sulfobutylether--CD, SBE-$-CD) ., & FH 2-4-
MK (carboxymethyl-4-CD, CM-A-CD)(43r#rafi, | B
LT HEACRHE R A BR A wl); B CNE(Gagat, 75
NN
1.2 UFE5E%

Agilent 1260 FERAH A RE{L . Agilent 7890B S AH{T
WAL HP-5 AR B HE(30 m=0.32 mm, 0.25 pm)(E[H
LA H]); SunFire Cpg 3541 (250 mmx4.6 mm, 5 pm)(3E
[l SR A2 ]); HC-3018R 85 W VR 5 WL (2B R A
Bl PR ), UV2600 48] T BE T (H A 5
HAF]); Milli-Q 4K R 585 B (1) 5 5 A IR w1
ZDJ-4A TG A S HALRG AL AR E A SR B A TR
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ZALFRATBR/A F]); CR-400 T H(H e R EREA R & 1t) .
1.3 XWFFE
13.1 & p e B B3 o Bl ik it 42
SR T ISR, K 0.9 g IREBR MR
T 2.1 g ZKH, A 3.0 g fa3di, 50 °CHI 150 t/min T $RHE
90 min, 5000 r/min .0 15 min, FH b2 AMPREIFNE
JIFL G A e, R O 8 S £ v [l e
JOE [ O o 23 5k 4 =X ()36

Hﬂﬁlﬁ%ﬂ%l&%%ﬁ/%% x100% (1)
1

A €y BRI R E SR, mg/100 g5 C, AMiBR
J i P IR R R 4, mg/100 g
£ 3 [ R T A 20 )

I o % %100% @
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b My R IRBRET I BT R, g5 M, A BBR S Bl E, oo
1.3.2 kP Re B BE LA A A 00 it 45

L B-CD. M--CD. HE-f-CD, HP--CD., CM-8-CD
Al SBE--CD AMLBRAA AL, FiHE 1.3.1 A5k, DUERLBRHS
ARk 1187 FIEL ] S I 23 7R 8 9 T 28, 0 vl P IR T )
FERRBRAA Ak o
1.3.3 M-p-CD FLi & i o 2 [B] B3 64 % ve B &

LI M-B-CD M IR E B RR A R, #8131 Bk, 7
JBEBR IR 50 CCHIBERRI ] 5 min A4 5544 F HF58 M-4-CD %3
JEE(10%. 15%. 20%. 25%F1 30%)X] I £ i i JH (]
FIFEIR, 7E M-B-CD Z3 10%F BRI 5 min i 25545
TR BRI EE (30, 40, 50, 60 F1 70 °C)¥t it B £ il - AR
[ SR, 76 M-B-CD BRI 10%FBEFR IR EE 50 °CHY 4%
PR WS BRI (5. 10, 15, 20 F1 25 min) % BiER i o
JIFL T R S M0
1.3.4 M-B-CD Btip % iy o B2 ] B 64 Sk 4L

K FH 1E 38 SE G A Ak M-B-CD Jlid 4% #8238 wh JIEL 36 7 i 4%
P, IEZKF IR 1R

1 EXIEMEARKEE

Table 1 Factor level table for orthogonal experiment

K- -
A: M-B-CD #NME/%  B: i/ C C: WAl /min
1 20 50 10
2 25 60 15
3 30 70 20

1.3.5 M-p-CD BLER A2 B B33 2 5% & it & R 6 % v
7E M-f-CD BB fith A B fre I T 22264 T, I
et N g RN Dl 1 NI I R A (AN I 7 (RN

fl e 22781k .
B 2% GB 5009.229—2016¢ & W&t e E FhpifE £
ai FPER A I A ) AV R B Sl S E TR T . 2
FAEZ% GB 5009.227—2023 (£ b L4 B hrifE £rih
Hrad SRR ) AR e R A T . T R S
2 GB/T 24304—2009 (Shtdrimle wid FAE A E ) E
FMAE . BUES% GB/T 5532—2022 { St imis U
MSE ) PEATINAE o (022(AE)S % R Iy d 004 T A,
AE i@ AR 3) 5
AE= (L' ~Ly) +(a" —ag)* +(b" ~ by)? 3)
S LA R Ak L 1 i 2 s " G AR L e £
TMEILLLRAE L b F 53R JIEL [ 1t I e ol ) 5 5 €38 Lo I
Bk IF B £ 0 S B ao S MO TR 8 B £ T A 21 S
JE 5 bo Sk 0 i IR T BT £ 900 %) 3 €0
13.6 2B BEA S
%% ALBUQUERQUE %'k, BL0.30 g il T
50 mL 25,04, A 5 mL 9 0.4 mol/L A Z AW,
RIERA, 50 CCKIBEMF 30 min, BULE TSP RHZE
ZEiR, A S mLBLKFFBIERA, A 10 mL 1E O 5eFF
WIERA, BESZRIREZ, BEREWK, a0
Ao BU3 mL A HAESKT, A 3 mL FahH% R, of
0.22 um JEJE 66 JEME, FAHLINAE .
{03 25 Waters SunFire C g (0354 (250 mmx4.6 mm,
5 um), FEH BN VB V(Z0E)=50:50, H:if 25 °C,
W 1 mL/min, #1371 210 nm,
JIR T T AU (4) T
I [ 5/ (mg/100 )= % %100 4)

A Co ANHE MR E, mg/mL; V NIECBEARF, mL; m
Ak, g.
1.3.7 &3k Jig 5 B 28 A, 9 ) 52

NeImR R EEfL: 2% LI %P, B 100 mg ZE 4+
AT 1 mL 5% H,SO, 1Y B W, IRIEIR A 1 min;
90 °C/K¥ 1 h, REEZWEMA 1 mL ZEF/K; A 2mL
TEGERER, IRHER S, 2500 r/min 5.0 10 min B 1 mL
HWEWE, MAECKE R, 1B EFE.

KGRI S Tk, BAA S
BTSSR B AR RS, (A HP-5 AER B4 HE(30 mx
0.32 mm, 0.25 pm), FUNAER, WHEN | mL/min, SERE R
JEE4 250 °C, FMEREREE S 270 °C, 25 fihiH 400 mL/min,
AAFEA 30 mL/min, FHEFEFUF: 160 °CHHF 5 min,
PL 5 °C/min AYFHRHEZEE] 190 °CHEE; 5 min, FLL
2 °C/min A FHE# R F] 230 °CH-fEEF 20 min,

1.4 HIFEAIE
IR E /P EE 3K, FH Excel 2021 B MEHRES




LERE Ul

AREE Je, S W JE-p-PRORIAS e A0 B £ Tk R [T e

77

ISR, S5 RAPEBE bR 22 £ oR; H SPSS 25
BAFHEAT Tukey K, P<0.05 Bl HA G245 X fi
F Origin 2018 X FHAEA

2 GERESH

2.1 RERBRAMEAITFIE

B-CD J HAS [RIA7 A= 4 Mo I e 5 L T 5 ) 43 SR (L
i 58 o A £ 31 RS2 A 1 TR . B-CD T M-B-CD i1
HE T 5 3 2 20 1 28.65%F1 26.38%, P 1A JG i 3%
P 22 7 (P>0.05), {H B 2 & T 17 4= 9 (P<0.05),
HE-B-CD. HP-B-CD. CM-A-CD #il SBE-4-CD 1) I [&] s i3t
BRRIMET 10%, 5 F -CD fiAE P faih Bl Ry = T
80%, H. G 325 5 (P>0.05), {H B-CD (1 EI AL H
54.24%, WEHEALT 5 FATAH)(P<0.05) L5575 JEIH & B
B fh PSS, AR EE M-B-CD 1E i o iH &
4 o R TR B A e o

0. 77 R R T BCE o,
A A A
7 E
40 80
o\\°
4}@%30 160 2
2
T 10 b b b bl H20
B e (88

/o No MRNO VY (YO oY
¥ X N g g N
¥ ¢ 8 & ¢
RIS

TE: ANFIRS T EE3IR AN IR 41 8] 0 A i [ S S AA T i 2 e
(P<0.05), AI[RI/ING FEEZRIRANRIZL 5] B4 RH [ B8 B R A A 2
2 5(P<0.05), T,
Pl B-CD R HATTAE Ak B Ayt 7 L RSt o3 B Al (R (n=3)
Fig.1 Cholesterol removal rate and fish oil recovery rate of fish oil
treated by -CD and its derivatives (n=3)

2.2 AEFEZEX M-p-CD Btk & i e EE R
A
2.2.1 M-B-CD #in& 3t BLIx & ik P Ie B B L R 49 %7

Pl 2 S M-B-CD R I %F JI58 B3 4 7ok v L] 2l 2R 7 s
Wi, 4 M-A-CD eI 10%34 2] 25%, A8 B EER %
M 16.05% 8 % T3 49.25% (P<0.05), 7] GESE: M--CD %
IR g R T REEE S M-B-CD M E AL S Y
M-B-CD s kLI mE] 30%, HE 15 B 5 2wt fin
#) 51.29% (P>0.05), WANG Z£IESE ST B-CD B hin %o il

Bag i b AR EE RS2 R e, B-CD I hnE it 7%, BRI
R BB AR — R, SRR, Y4 M-4-CD
IINER 10%~30%, i [ BRI B 222 5(P>0.05),
TEM T 2BHF, M-g-CD BNy 25%58 M8 B

80 - 100
—m— JHERBRERE - e - iR
{90
A A A A
0 & * - * o .. °
g . i m gy s
= — %
£ 40 - c_— =
= {70 E
:Eg:l
20+ d 460
1 1 1 1 1 50

10 15 20 25 30
M-B-CD¥ /%

P12 M-B-CDS % IE [ 28 5 2 Ao 3 [ A P 3 0 (n=3)
Fig.2 Effects of M-f-CD dosage on cholesterol removal rate and
fish oil recovery rate (n=3)

222 BEABLR &P AL E B RCR 60

PR3 Syl 8 b Jt e e 9 o AL s R A S i, 4 T
DA 30 °CHEIME 50 °CH, JIH [E B3 B 3 A\ 13.83% B 3
F15.13% (P>0.05); 4iELE G INE] 60 °CHF, JIF [ BERFR %
LRI E] 20.86% (P<0.05), XAl BESE A iR AN,
BT RAL, HAFTF M--CD a4 faili b i fia EmE, 18
KT R AR o O 2 T R 3] 70 °CHsF, AH [ AR A
R E TR 9.49% (P<0.05), X AJ fE S Ry B 4 v,
Sy TFis s, REES M-p-CD 2yt MRy
30~70 °C, Faif IR FT0 W35 2 5F(P>0.05). I T.ZS4
T, W 60 °CHNEH

50 ) - 100
—m— HEFERERR - -@- - FIR
400, A A N A 1%
8 LA S o ° °
M 30t 180 ¥
E ; =
20 - 170 =
E b b E/
= n — c
10 b {60
0 1 1 1 1 1 50
30 40 50 60 70
IR/ ,C

PEI3 R X Il e 5 25 8 3l [ 3R 1) 5] (n=3)
Fig.3 Effects of temperatures on cholesterol removal rate and fish oil
recovery rate (n=3)
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P14 Ay RO 83 EsF (0] e o 83 8 iy e AL T sl SR B S D, 24
BEBREFEI AN 5 min 34003 15 min B, [H [ SRR 2R
15.13% 55 BN F) 25.12% (P<0.05), 3 0] RS2 0 bl i
Bk ] A 380, M-B-CD 5 H [ BEaR i ks T 51 . 240
FREFTEI AN 15 min 3EH0FE] 25 min BF, A [ 6 R 28 M
25.12%M WO N B 26.47% (P>0.05), iX AT AE 2 0 [ W
M-3-CD BAK B G, BN 5~25 min B, i
FICRTC 35 25 5(P>0.05) . TEM 2B H0T, JBEBR I E
15 min BREH

o —m- R e mer |1

OF 4 A A A A 1%
S o - o - o . o ... ®
g 30+ . a a 180 ;?:
= b g——oa—#8 "
- — =

20| |
=" i h

10 b {60

0 1 1 1 1 1 50

5 10 15 20 25

U BRFSF [E] /min
Feld BRI ) el AE [ P PG 53 25 A0 £ 34l (RSO R A 520 (n=3)

Fig.4 Effects of removal times on cholesterol removal rate and fish
oil recovery rate (n=3)

2.3 M-B-CD fiBrea i BB EIEE K41t

TSI Ak M-B-CD Bt 3k ey rfIF [ e 45 01 1) 25 R
e 2 ML 3 PR, AR EE B bR AR B AR, E
IECH . WELREW 3 ABEEMERITN: 4
(M-p-CD 5 i 4 )y>C( I [8])>B( il B2 ), 7 22 73 B & W,
M-B-CD ¥ Jil 2 it B[] Sk AR [ e 0 ok % A . 2 M 5 )
(P<0.05). K B 8 M A B BR 8, LA G R
A3B,Cy, Bl M-B-CD 5l K 30%, WK 50 °C, BE N
15 min, #REERARALE S HGHEAT 0l b IR [ R 5 R 5 56 56
WE, MASRE B SRN 51.34%, filElEEN 84.84%,
F £ 2 PRIEA IR .
2.4 M-p-CD fii bR B EEE % &l R A S2 00
241 HiRIPALEFES M

PR S e 1 S B K SRR R, TR A/ N 3 e g ) £
JFERATUS IBRRERAS M 5 & KR, AR IS SR
i, AT BEAE O A E RN, B3 4 AT, M--CD
Jt Rk i R AR EIEES, FIRATERIN A 0.467 mg KOH/g i 5%
53] 0.228 mg KOH/g(P<0.05), FEIREARIL 50%, %7l AER
M-B-CD {45 T #4025 Ne Vi i, R £ vhoite 6 N8 i
Mo, SER M TR,

®2 EXZR/IHTRER

Table 2 Design and results of orthogonal experimental

e M TR e
A% BPC  Cmin  RE% BCE%
1 20 50 10 27.90 84.13
2 20 60 15 3447 84.48
3 20 70 20 3337 83.90
4 25 50 15 41.00 84.19
5 25 60 20 36.75 83.78
6 25 70 10 26.65 84.53
7 30 50 20 4574 83.57
8 30 60 10 37.07 84.22
9 30 70 15 4477 84.36
K 3191 3821 30.54
K, 3480 3610 4008
Ks 42.53 34.93 38.62
W2E R 10.61 3.28 9.54
FIRET A>C>B
A A A3B,C,

#®3I BESWER

Table 3 Results of analysis of variance

KR WA HBRE FH B EE
A 184.126 2 81.184 *
B 13.244 2 5.840
c 151.318 2 66.719 *

R 2.27 2

e B ESR, P<0.05,

#Fz 4 M-p-CD iFRAEEERAIE &R IR IR AR
Table 4 Physicochemical indexes of fish oil before and after the
removal of cholesterol using M-f-CD

EiEtan IS A [ L3 L
. 0.467+0.057" 0.228+0.029"
B2 r/(mg KOH/g)
A (2/100 g) 0.0720.003" 0.058+0.005"
AT A 4344£0.956" 2.808+0431°
WYA/(g/100 g)
199.341+3.967* 201.211+5.890°
L 29.000+0.684° 30.697+0.582°
a ~1.043+0.049" ~0.827+0.127°
o
b 2.557+0.160° 1.867+0.420°
AE / 2.480+0.761

e TR — A5 AS B S0 - RE 27 B 53k RH 6T Wiy J 104 a3 A7 S 2 v
2 52(P<0.05), Tl /FnRICHAARRE,
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T g T AN AR R B Bl Ak A L AR, A
e [ B, AR Ak, R S BOm AR IR I
T E A R S W AR kS & R e bR, R E
080 150 B e LT R B ™ . i 3R 4 AT, M-B-CD i
I a7 P IE B AR, AT Y Ao AU AR BB 3 T B (P<0.05),
XA EESER A M-B-CD 5 B-CD Z5t ML, i 141t
At

T i o (3 2o W00 2 9ol B b R R4 7 0 S el i 1)
ST B, T 7 T {1k v 0 A iy S AR AR ™ R 12T
Wk 4 frn, M-B-CD JBi B F i o fE [ B2 s, f v A el 7
(B 4.344 B T FF] 2.808 (P<0.05), % A A& fai
Fh TR S5 Yk G B AL TR B M-B-CD f14 . KIBICI 4523
WhoE BB L B-CD Ah B JF R I 1] 7 e (5 K IR R 1%,
LIRS AR AU

T 2 B T 3 0 A S AR 0 R, UL v AR 2 vl g v
AN R R 5 bR P4 2 4 AT 1, M-A-CD B i
FPIH RS, ff iR E A 199.341 g/100 g MRS ME
201.211 g/100 g, A &A= BE R E(P>0.05), X1 — 5> il
f-CD BRBRF Rl AN I ERT e, MUA R & B WAE, 54
SRR .

RS i € BE 32 21 eh i P OBR U b R e PO
M-B-CD Jit B fa 3 v BB [ )5, fam i o W B B T (P>
0.05), bWE TR FE(P>0.05), L™ 5. T (P<0.05), i
JEHER, AIfES M-B-CD MiRR T i i s b iR
KBTI B ER, M AE KT 5 uf, Bial pyaRis e,
M-B-CD JiiExfaim I E LS, AE N 2.48, WIRAREME
2| B 5 0 AR

£ 1, M-B-CD 7£ it b Fa i A [ W ) e A ey, mT A —
FEFRIE EARTH I A 50 T
2.42 WA LA AR,

M-B-CD it 5 AH &1 R, £ A 4R A B R (saturated
fatty acids, SFA)(5RARIFERMY 31.35%, &N G REMR
(C14:0) FEAAEER (C16:0), FAALFNE T R (monounsaturated
fatty acids, MUFA) 5 B Wi B2 1) 17.00%, 22 MR
(C16: 1)UL (C18:1), PUFA (i BIEIBRAY 51.65%,
FALFE EPA (C20:5)H1 DHA (C22:6), H:ff EPA 11 DHA 3t
b ENE T FRIY 38.65%, M-B-CD JBBRAAEIm S, 464 s
iR (C20:4) & & B #F T [ (P<0.05), Cl6:1 F1 b il iR
(C18:2n6¢) & o i 5 AR (P>0.05), HAtAE IR 1 & 2
BT+ (P<0.05), M-B-CD R85 RH 13 e e i i R 4L
MISEIRANZE 5 Fi7R . (AR Y2, M--CD Bt R AR [ i A
WM SFA. MUFA. PUFA 3 Z5IENimRM 5 L
(P>0.05), 5 LIFERFFERLE RIMP-0, Ik, M-g-CD i
I e ity JE T e ) e R A R T il R R A A e R
D R I 3 o, HSA W 3 AR v R RS R D e DL R
EPA+DHA 1 i It

5 M-p-CD Bikxf i E B A1 S A0 RS A BR LA AL
Table 5 Fatty acid composition of fish oil before and after the
removal of cholesterol using M-#-CD

Ng 52 JI58 o UL e i JIGE 3% L [
C14:0/(g/100 g) 8.90+0.21° 9.42+0.22"
C16:0/(g/100 g) 17.95+0.53° 19.42+0.51°
C16:1/(g/100 g) 12.07+0.27 12.25£0.27°
C18:0/(2/100 g) 3.68+0.13" 4.08+0.12°
C18:1/(g/100 g) 3.99+0.22° 4.65+0.13"

C18:2n6¢/(g/100 g) 2.04+0.21° 2.2240.07*
C20:4/(g/100 g) 1.11£0.02° 0.76+0.06"
C20:5/(2/100 g) 27.32+0.72° 29.37+0.38°
C22:6/(g/100 g) 17.70+0.47° 19.32+0.57°

SSFA/% 31.35+0.25 31.33+£0.27°

EMUFA/% 17.00+0.04° 16.81+0.12°
SPUFA/% 51.65+0.22° 51.86+0.38"
EPA+DHA/% 38.65+0.27° 38.73+0.25°

3 %4
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WER RO, L IEASSEIG AL M-B-CD B3 # 7l v A [ e
H A4 4h: M-B-CD BNk 30%, HREEH 50 °C, B [A]
29 15 min, TR R BBR AN 51.34%, il EIICE
84.84% . SR M-B-CD FESRAE ST IR B3 £ 3 o 1% fIE [,
IR . A AE | T BB B 3 T B (P<0.05), MUHE
R BE W (P>0.05), SFA. PUFA ., MUFA 3 2&JIERiTR Ay AH
Xt b R S AR (P>0.05) . ARBFR S T — AT
M-B-CD )6 i P IR G R BE IR T i, AS(SE B T vy fIF ] e
JI5E g% 3R A e g [T, T L — R R R R T T A A S R,
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