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# E: BN HEFENZBHi(mulberry leaf polyphenol, MLPP), &M LM (mulberry leaf polysaccharide, MLPS)
FHE AR FIRT ILARSNE AR . REMERRAR R 5 A4 PRGBS MR sg e . 753 A MLPP. MLPS FISEIH 2 24
Z Y (mulberry leaf polyphenol-polysaccharide complex, PPPS) AHIFFYXT 4, s mr s iBAH € 2 Al B - 2n 4
21443 HT MLPP, MLPS 1 PPPS 7ERBLRIN AL T . B R BERAE (L, SR FIALIE o0 =B s AL it
FORR WIS ALEEM GG P, R AR RPAL SR (e s R I AE A . 885 MLPP 70 fE. B . BB
A HIH 5.26%, 20.91%. 59.49%; PPPS 7EM . B . BB BT L R K 2 20.75% . 39.01%. 79.95%, #*
WSR2 1 W IS AT 3R 2B 1L %, MLPS, PPPS fELIE . B . WM BE AL R B oRAG i s 2k, %
B Z2 1 1 AT ZWE T AL TE 00 . PPPS XVERY T AL a-VE M A PRI RIVE R, BRCR B &L T
MLPP, MLPS (P<0.05); MLPP, PPPS X a-HijZ it . 22 2FWEME . FEMNE AR e 0 30 0 7 1 2 2 18T MLPS
(P<0.05), {H MLPP . PPPS X122 2 Wil . FENHEGFIfR MG/ FHJC % 25 5 . MLPP, MLPS. PPPS 7£i# X411
W PRI ) B AL TR (ATCCS3103) A5 (i HEE AR, PPPS X HH 5 BRI (GIM L. 774) S5 R tik 2 1 T Fl
PEALFFE(ATCC53103) . HIYIFLAFE(GIM1.191) . TEEFUFE(GIM1.411), REERZLATFEE(GIM1.321), £ie MLPP
MZ WG v HE R Z W0 AR, RIS LT 5 — 415 DO B R BRI R R 25 A TR AF A

X8I R0h2m; R0 SR, WOMERINAL; BERRERRTE VL, A2 45 AE G AE
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ABSTRACT: Objective To investigate the effects of the interaction between mulberry leaf polyphenol (MLPP) and
mulberry leaf polysaccharide (MLPS) on the digestive characteristics in vitro, hypoglycemic/hypolipidemic and
probiotic proliferation activities. Methods MLPP, MLPS and mulberry leaf polyphenol-polysaccharide complex
(PPPS) were selected as the research objects. The changes of MLPP, MLPS and PPPS during simulated digestion of oral
cavity, stomach and intestine in vitro were analyzed by high performance liquid chromatography and infrared Fourier
transform spectrometry. The inhibitory activities of carbohydrate digesting enzymes and lipase were analyzed by
microporous method, and the probiotic effect was investigated by dilution plate method. Results The digestibility of
MLPP in oral, stomach and intestinal stages were 5.26%, 20.91% and 59.49%, respectively. The digestibility of PPPS in
oral, gastric and intestinal stages were 20.75%, 39.01% and 79.95%, respectively, indicating that the polyphenol
digestibility of mulberry leaf polyphenol polysaccharide could be improved after complex. No free monosaccharides
were detected in oral, gastric and intestinal digestion of MLPS and PPPS, indicating that the addition of polyphenols had
no effect on polysaccharide digestion. PPPS had good inhibitory effect on starch digestion and a-amylase, and the effect
was significantly better than MLPP and MLPS (P<0.05). The inhibitory effects of MLPP and PPPS on a-glucosidase,
murine maltase, murine sucrase and lipase were significantly better than those of MLPS (P<0.05), while there was no
significant difference in the inhibitory effect of MLPP and PPPS on murine maltase, murine sucrase and lipase. MLPP,
MLPS and PPPS promoted the proliferation of Lactobacillus rhamnosus (ATCC53103) in the appropriate concentration
range, and the proliferation rate of PPPS to Leuconostoc mesenteroides (GIM1.774) was significantly higher than
Lactobacillus rhamnosus (ATCC53103), Lactobacillus plantarum (GIM1.191), Lactobacillus casei (GIM1.411) and
Lactobacillus acidophilus (GIM1.321). Conclusion The digestibility of polyphenols has been improved by the compound
of MLPP and MLPS. Besides, the hypoglycemic/hypolipidemic activities and the probiotics proliferation effect of PPPS is
better than the single components.

KEY WORDS: mulberry leaf polyphenol; mulberry leaf polysaccharide; compounds; in vitro simulated digestion;

hypoglycemic/hypolipidemic activities; probiotic proliferation
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FeF 5 4 43 1R N A B AR FRIE A & % AR
BRSO 2 AR FR A 2% . R F SV 58 SUFR R B
RIS YA TRE R W& 258 B — 2 5 (R Tk,
20 T AR Z B AHEVER, SRmaeERAMYTEE
Yok, T REE L 43 76 1A P9 23 AN BT ik B tth, 2 A= A LA T 52
M 45 A AR

SR LT AR Rz N T R T SR A TS 5
BR2F, TEMEDRG . s S8 . NORE. Sk ke Ak A i
SACHHEBSR IR T PR E B, Ry . 26
S B A R N BN AN S AR B S
RERERERE VR, L FZEm a0 2 Uk | iy
BT, AR R EN: . SEEhUE RRE T A
T8 TR ARG 18 T RE AR e NS 1 Qs 1 ok, 24
A, FEFZFZ B (mulberry leaf polyphenol, MLPP)  Z&iH- Z ¥
(mulberry leaf polysaccharide, MLPS)FHH A/EHEAT MR
RIS IEAZ I, AREHFTTII R R, FHEHhE
BT W 38 B AR AR VA AR AR A i A B RV F, e
filh I, AWt —47%8 MLPP . MLPS Hi—4143 K &I )

ZHHE Y (mulberry leaf polyphenol-polysaccharide complex,
PPPS)IASMEARE . fe 4 2k RIS FEAE T RREME AR TG 1,
BE— AR R AR G T B F I T R B R N, A TR
ML HIRE R M F R IR IHE 5.

1 MR5ERZE

L1 #E5RF

a-D-7 % B H B (= 50 units/mg) . a-JE ¥ B (300~
1500 units/mg) . ARIEFCRIE T3 BR, =2000 units/mg)
AN | 4- TR AR BR(ZEE =95%) . WA
-a-D-ME I %5 (p-nitrophenol glucopyranoside, p-NPG, 4
FE=99%) ., MERF(=5 units/mg) . 2 (=250 units/mg) |
R i (8xUSP)(ZE [ Sigma /A ]); AHIHER(ARER & & =
60%, FiEIEM A PRHA RA F]); MRS HEFREE(T AR ER
AL A D AR A PR A FD ), BAEMEFLAT A Lactobacillus
rhamnosus (ATCC53103) . #i ¥ 3 #F Lactobacillus
plantarum (GIM1.191) . T B FL#F B Lactobacillus casei
(GIM1.411) . W W FL FF Lactobacillus  acidophilus
(GIM1.321) . # B 5 2R Leuconostoc mesenteroides
(GIML774)( KA BEY IR .0); KR . RILER .
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THEmR. ILER. LR, S48t mikg. IR,
P RER . WE TR, R . R s AR (A
=98%). HERWE. AW, W, WA, BTRasE. kAl
WL P FUMETR . %0 W T8 TR s v FM (2 = 98%) ()M
W5 = AR IR ), il 5K 482 (dinitrosalicylic
acid, DNS)(4r#rli, RET R FEL7 ).

1.2 UFE5E%

SB-1300 RUJEHE 2% Ja AN (H A A5 #AL 1 bk 20 A 4
2H)); UV-2450 RBUERSNAT ULAF SO (H A S 3 FRA
l); TECAN infinite 200 BIEEHRIX(F+ TECAN 24 +]);
Agilent 1260 TR AH @3 {% . ZORBAX SB-C 5 £:(250 mmx
4.6 mm, 5 um)(EE Agilent /A F]); BS124S BI43H1 K-k
B 0.1 mg, 1EEIEZHFMREERA A,

1.3 /7 &
1.3.1 MLPP. MLPS. PPPS #44|%

MLPP [$ L FREGE B MK (10 @), TIA 70%2 B,

AR R JE O 0.03 g/mL, 1 400 W (TR F 5
PBHEI 60 min, FEBURF B4 JERE 78 L (U 55°CUR ik
4, i E 30 min K HEEUR 5 0(5000 r/min, 10 min), B
T 8~11 pum e PE g 4CHh g, 75 2078153 B MLPP
FBORP,

MLPS FFEIG K st R B SR ¥ 0.04 g/mL,
HRFEIIE 300 W, #7510 min J5 7E 80°C/K HHiZ4R 1 h, 242
WS PGt E, B.00(5000 r/min, 15 min), B E W RHE,
A 4 R TEK 2, BT E R, B0(5000 r/min,
15 min), FUT5EA R T BT MLPS 425U,

PPPS 94l #5: XF b 348 1 35 4 S B 16 4 7 2 2 43T,
SR JH A R 2 00 2 2 W i, DA TR R VR
(ng/mL) K& A b, 251 JiF (optical density, OD) 244+,
TEARAERNZE, MIHJ5 A ¥=0.0379X-0.0016, 1°=0.9994,
LR L R 0~24 pg/mL o R 2R BB R 12 P00 o 2o 0 5 it
DA WS v B (mg/mL) AR A8 AR, OD AZhAAR, filfE
Fruh2s, AR Y=1.1733X-0.0261, *=0.9975, £
PEYE R 0~1 mg/mL, ERIT)E, FHH 70%BEHEEL
Yy rb 2 B S 5% K BRI W 2 R L 1021, R
Io¥E 1:2 19 HL A5 BC ) AN [R1 ¥k B2 PPPS, £ HH o
1.3.2 MLPP. MLPS. PPPS /RsMERLH LB & AR AR &,
ot

A AL 52562 IR INFOGEST 2.0 i 5 1%
&k, 4354 4 mL BTRHEE A 1, 2 mg/mL () MLPP,
MLPS } PPPS(£ Wy £ #i=1:2, Bl 4 mL PPPS KR rh £,
LRSS 1. 2 mg/mL, R FARIMERINY
fbo i INFOGEST 2.0 {7 ik ELHl A b EiA . B
THALER R . T IHACERE, FERLIHALZ R, 0] PR Ak
TR A MERERT(75 U/mL), 1L 2 min; 55kt FE

th, JETTRESE pH A 3.0, 7E B IHALERE W PO B
(2000 U/mL), VHfk 2 h; fgiEfkidfEd, 38795 pH R 7.0, 7EM
THALER AW AN ABEER (100 U/mL)FIHAH$:(200 mg/mL),
WAL 2 ho R B RO AE 5% (high performance liquid
chromatography, HPLC)#H TEAZ AR st e PRI E AT

(1) 28 PR 1) 7 1 R Sk o0 #

WEFRBOERR . RILER . THER. LR, Mk
B LM, ieERR . eRHER . AT . SRR, WE T
. FER., L2, PREESR, BCHE | mg/mL B,
2 0.22 um A HUAHBE RS g, 20°CIAF& A AikE&t2S
A N ik

(2) R 1 5 M AN B AT

WERRPRIBCH S50 . AHE . OBl . 20 . BTRLAbE |
SEFUME . US| AP BRSSO, TR Al
B 5 mg/mL $, SRR )G 4T HPLC 4347 fisd: 1k
Wb 51527 DAL Sk BUS ARV 100 pL T3
LA, A 200 pL 0.5 mol/L 1-4E 3E-3- B Ji- 5tk i opf il
(1-pheny-3-methyl-5-pyrazolone, PMP) H i i %, T A
300 puL 0.3 mol/L NaOH iHIEA], BT 70°C/KiEH 1 h,
A EEFIA 300 pL 0.3 mol/L HCI % 1, A 1.0 mL 4
17, W&4HE 20 s, BILA8500 r/min, 5 min), W EIERT RS04,
A 1 mL 845, TEEAEE 3 WEBEFwRGL 0.22 um AHL
AEERE A o (B3 551 Agilent 1260 EVEAH A5, ZORBAX
SB-C s #1250 mmx4.6 mm, 5 um); F3IAH: 0.1 mol/L R ER
2% i (phosphate buffer solution, PBS) (pH 6.7)M ZJEIR &
W (83:17, V:V); Wii: 1 mL/min; iZ47HfH]: 60 min; #1E:
30°C; Fili 4 245 nm.
1.3.3 {82 et4msh 5 45 k38 047

P el L 21 A0 A 480 51 1 4SR5 AT 4K B B R
BEAT A B 2SR e 1 A BT o F & T AL B Be i B B 5
KBr #4100 g)iE4A, HRAPUEGIK | mm # 5 TLLAMG
P EIR, BRI 4000~400 em ™'
1.3.4  BABTERE M6 m 2

(1) MLPP., MLPS. PPPS XJvEH 1k im0

WIAETER Bl 25 BOH 2% BE R, AR B
F 100°CoK ¥ HI1E 30 min, FAREAISHEIG, ZANA 4 mL
B E S 1 mg/mL 9 MLPP. MLPS. PPPS %
INFOGEST 2.0 M5k ik, S H Lo B4 o ik
K 15 min KEFHE, #5.0(8000 r/min, 10 min), B F
o R DNS 3505 46 9 Hh s SO 02

(2) o-TERNE . o 4] A T WA < 355 M P

S8 JIANG P s, B S0 L REHR:
W RRAESS T 96 FLAR, JIA 50 uL 10 U/mL o- 250l
i(pH 6.8, 0.1 mol/L PBS fitifl), F 37°CIHIEIFF 10 min.
GRSEMA 50 pL 0.5 mmol/L p-NPG, 37°CfEIEIF & 20 min,
VKK 5 min BEAREEE, 050 pL 1 mol/L Na,CO5 %
BB, F 405 nm AN FHEWOGRE(E . DABT R 508 S B
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YRR, $ NS THEE o125 0 S P 1 ) 2.
BT A 3/ %= 1~(4,~Ap) (A—=A) ] 100% )]
e A, WFESLAOERE, A, AR T St O GRIRTRSE
IR, Ao Xt BRL WO (S AR G2 R AR
), Ag %F BT S R RE (S AR 2 i A CRE S R -
B 50 uL RANFRR B AR & 96 FLAR, A
50 puL 10 U/mL o-JEMEHAM (pH 7.0, 0.1 mol/L PBS At i),
F 37°CIEIRIFE 10 min 4kEL/NA 50 uL BTk BE R 0.1%
HITERA T, 37°CIE IR & 20 min, A VKK 5 min FEAE
FEvG . PN 100 pL A2k ER, WhoKIE 5 min, ¥4
J& T 540 nm 20U E LG EE(E . AR 0E Ay [T ot B,
Fe (DT o- T8 43 g Il 16 P 1 ) 26
(3)ZZ ZEAR . TR A ) 35 4 P )
Z R L1 AU 7 3R s ek . B 20 uL R0 R R
VR I RF DRSS F 96 fLARH, A SO uL 27 254 it A
TR/ TS B RS BE D, I 56 mmol/L A4 T WR I T 2L
7 mmol/L FZZ ZEHHSI 50 pL Ja sl i, #£ 37°CIA 30 min,
B 5 A 50 uL 0.05 mol/L # Tris-HCl I 11 R LU
B[~ W4 BT R, PBS (pH 6.8)f R FE S 23 (I X IR,
PBS RFBHRAE %t BRZH, SR 4 26 ) o2 12500 0 22 I
I 7 R R AR
(4)N1E 7 Tt 400 ) 55 Pl
TE LA Ho 38 13 2 Sk 0 g s st 1) e A LR
A 50 uL 0.1 mL 4-F LT RIMERER A1 25 pL N[R)He
BERORESS, TSI 25 pL 50 U/mL (9 JERE I RGAE 25°CHE &
30 min, FFMA 100 pL #7EERREN(0.1 mol/L pH 4.2)Z 1 X
N, ERURBEA 355 nm AUA S 460 nm FINZEILE.
USRI wi) At A PR X R, e 203 (2) T35 g 7 Wt o 3 41
A& 105 B 2/ %=[ 1— (B,—Bu)/(B—~By)]x100%  (2)
e B, WRE AL BH T RO BE, By S TT SR
W B (SRR ZE vl R AR W BER), B. X RE A W B
CERFIE PRI SR, By Rkt B St G (R o
WEAETR, KA.
1.3.5 MLPP. MLPS. PPPS 1% i 4 i 3 71k Al
# MLPP .MLPS ,PPPS 43 5| Bt il B A [F) e BEAE i, 3
0.22 pm JEAE, SFIIIAAAIRIE 121°CKIE 15 min fJ MRS £
TR . LL 1% R A AP FLFF I (ATCC53013)
FFAFE(GIML.191) . TRAFLIF R (GIM1.411), FERRFLIT
H(GIM1.321), JAIERH SRR R (GIM1.774), 37°CIRJE, K%
180 r/min 51 N HEATHETEIESR, SRR AL, L
MRS A RE %50 B, K B 0T B2 7 o B B0k
100%, HIMFH,

1.4 BUEALIE

Kl GraphPad Prism 9 #4172 B 54047, FrA 58
W 3R, SR N T-BERAEwW2E. FH SPSS 23.0 #fF
XPECHEIEAT 434, 45 B AE R 24 Zo il ¥k BE (half maximal

inhibitory concentration, I1Cso){ii; F} Duncan’s Z & L&)
AT T

2 HRED

2.1 MLPP, MLPS X PPPS HUE L4 M

2.1.1 MLPP #= PPPS &9/l {taFis

i MLPP. PPPS [y HPLC (o3& (& 1) £ By S i AE
KIH . DAL B TSR B BE H A ] g
16 A5 4 MLPP ., PPPS £ AR SMERIE b5 % Z B s ik & i
FIZRALIE LR D)o dnk 1 BiR, MIERTARINILAY MLPP, £
M. BIHIER MLPP SR & EiA i/, ZBHEE
SR 5.26% . 20.91%, LML B MLPP Sk & 5
BB Ak, 2B EEN 59.49%; MK T R IELW
PPPS, M. B . iHILAY PPPS i £ sk S i i
Wb, 1E 3 BB EZBIEAES N 20.75% ., 39.01%,
79.95%, 4435 TF MLPP 2B,

MLPP Wbt ferp, WETFIR. SRR . THRSE
- ALY B A b e B 2 22 5, AR Ak, mi
TR, FRILKE ., P TEILB B E B, BR300
8.38%. 9.75%. 19.35%; TEMATHALBTEL, BT 12 . WIHERR |
THMR. RHBAKGH, SFR. FHmR. BILEE. AT
WAT FTREAR, FRIES> 51K 63.78% . 12.54% . 37.96%.37.29%

PPPS f{iH Akt AR, W& FIRAE M-8 AL B B &
BT REER, METRELNE, FER. SRR .
P O - B AL B B A AR, R A R
7.94%. 11.67%. 65.22%. B IHILBTEL, MIHEER . TR .
FILLEE T HBRE 2T fEHEI B, BT8R,
FEmR ., WHERR . T &M . RILKE. KM, 4
JRER . 7T 4RI 66.87% . 83.13%. %% b, MLPP, PPPS
& Z AR TR TE A B S i B 2 TR

W IR B m B E Y 3R 5T th el MLPP,
PPPS " FIRAE - B B S A e o 22 . 4k
JEUIR 43T 45 ¥4 v 5 A T SE R AR RUUREE b Bl fige e,
BT W MLPP R4 SRR 7 TH AL B B i 0 2 A1, ot
Gb, —Sem b G ITE B B R AR KRR L RS R AL
AL RN R S R, s A — s TR BE R ARRED), e B Ak
BB, MLPP il . RILZZE, R, T & REE
W/, PPPS HmIMERR . T MR . RILFE . BIHRIEIZM B
WARKEH, TETHALR B, RILZEE . FHERTE MLPP 419
AR (11.569+1.418) pg/mL. (11.978+0.960) pg/mL,
7€ PPPS 2 Ak, e8] MLPS A itk PPPS e JLAS
. OAERINA, B2 A A Z B Ak, B
WIIRA BEGRUE, JR R B SR R LS R A LS 2= b
B AT AL S OGRS, kAL &9 al ek LS
SoE 2 A 0 A5 MR i 021, — T T - A T AR A
K, 55— R R AT AL A LA AT R 3 o 5 e
43 VB )3 BRI T I 2R 5 M 2 28 i 1) Ak R i
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ol
=

Tt Tt
Wz Wz 1

e AL . AL

.L A Has J A o
_MLL A mpibirig —”t A D%?ﬁi%

A 5 ‘ FIas
L2367 8 9 RN e 2330 678 O R
0 5 10 15 20 25 30 0 10 15 20 25 30

5 B it 8] /min 5 84 i 8] /min

el W TR 2. BIEER; 3. SRJRER: 4. HEER; 5. MIMERR; 6. T HER; 7. RILAE; 8. ILEKZE; 9. T,
& 1 PPPS (A)fil MLPP (B)Z: A& 4MERLI AL )5 (1 HPLC &
Fig.1 HPLC profiles of PPPS (A) and MLPP (B) after simulated digestion in vitro
#F 1 MLPP #1 PPPS Z{fIMELIH LG & 4H 7 BT {L(ng/mL, n=3)
Table 1 Component changes of MLPP and PPPS after simulated digestion in vitro (ng/mL, n=3)
ERELe s " W
MLPP PPPS MLPP PPPS MLPP PPPS MLPP PPPS

TR 12.616£0.456° 12.616+£0.257° 12.243+0.231*°  12.27+0.539° 11.281<1.020° 11.804+1.132° — —

SRR 85.956+0.382° 81.809+2.389° 84.372+1.602°  75.44+2.148° 70.589+5.760°  70.2+2.460° 31.136+0.469° 29.208+2.843°

THEIR  13.696+0.153" 13.322+0.484* 12.641+0.257" 12.364+0.195" 12.548+0.368"° 12.016+0.277° 11.978+0.960" —

WIMERR  3.875+£0.026°  3.823+0.2032° 3.812+0.255"  2.016+0.220° — — —

it H

THR  4.713£0.683"  4.713+0.398*  4.312+0.744° — 3.658+0.167° — — —
FILEKE 18.648+0.253" 14.354+0.869° 18.232+0.979*  12.62+0.530° 16.828+0.708° — 11.569+1.418¢ —

JEMHER  11.664+1.865° 10.763+1.218"  6.526+£0.556°  6.526+0.585°  4.201+0.298° — — —
BT 29.597+1.966° 30.149+1.307° 29.114+1.341° 14.672+1.051° 23.868+0.269° 10.604+1.385°  18.56+1.134°  5.188+0.830°

TE: ARVNE TR RIE AR B2 AT 35 22 5%, P<0.05; —RR AR

2.12 MLPS. PPPS #4iffbtsit HAXH MLPS HYIALTCRN . HU 25265 ok 42 ji 2o
2 Jy MLPS. PPPS Ze11 . . WAIHALRH HPLC e pesMETLl S K i R AR BCERS, 75 B B 74
igrl . MLPS 80 . BRI T Ak A AR g o B T AR Fh ke Ko 357 255 2%, SANDBERG 23 hg th & rs i 1
B T ARG S DX, D6 MLPS £k, 18 | JAE B B/ NG SEAA AL, A4S R —3, MLPS.
WAL Gl 25 SRR B A PPPS 221 W AUAIHALIUETRT  pPPS vy 2mie s . 8 . Witk P Ra s, SO HAess
FREGRF R T8 18 WO 9 g e v RRUOC ] e DX, 158 9] 13 PR R A R AR T W SRR, 5 2] e A 1 2
PPPS ZeFI . W WHTHALIG G B AR A, R MLPP 1 iR 42l B /L et MLPP . MLPS, PPPS (RS

A B
N T Witk M Wik
i W75 1 Tz
AL F 1L
| EESLE I G
| AL FE AL
— . . : . el 1 R , : : : S
0 10 20 30 40 50 60 0 10 20 30 40 50 60
AR s [E] /min A5 B 15 1] /min

Kl 2 MLPS (A). PPPS (B)ZAASMELIE 1L 1) HPLC 14
Fig.2 HPLC profiles of MLPS (A) and PPPS (B) after simulated digestion in vitro
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2.1.3 MLPS. PPPS J§4bsT /& ersb ki B

& 3 2 MLPS. PPPS {RSMERIE Ik F 5 R 21 51 i
P (4000~400 cm ™). —EIA N 3600~3200 cm " 4b 4% i
& O-H 43R sh i i, 3200~2800 cm™ &b>h C-H Hfih
FER NI IE, 1400~1200 em ™' 4b2 C-H A28 MR Sh i
I, H C-O-H LRI C-O-C WAl C-H B4R {R
X HBLT 1200~1000 cm ' 4024 MLPS | PPPS 1AM
ALRITE 3600~3200 cm ™', 3200~2800 cm™', 1200~1000 cm™
S L BUARRAE R i, T MLPS . PPPS FRSME RIS LIS 75
3600~3200 cm ™, 3200~2800 cm™, 1200~1000 e $EE IR L
HAHER I, 2280 MLPS . PPPS IHbJS7E 3600~3200 cm ™',
3200~2800 cm™ . 1200~1000 cm™ 4MJ3#£7E O-H., C-H. C-H
A, AT L, MLPS, PPPS () M TS Al # vh 20
BRI e 2 A 2 A= 70Ak, M] MLPS 78 1 B i kB
BEBONEASE, MLPP BRI 243 0 I A A P A 5

2131.18 1042.34
| 164827 ) >tk

2930.83
mdmws

1406.72

A

— pif

2932.80
NS 1647.78

200043 N\
Z __—1413.85 .
7 TS292934 0 S % A AL
2977.98 163429 103346
' — R

~ 618.56

~
160584 114‘50’761 10791,80 |
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Fig.3 Infrared spectrograms of MLPS (A) and PPPS (B) after
simulated digestion in vitro
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