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Research on hydrolysis process and antioxidant activity
of polysaccharide from Periplaneta americana
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Abstract ; Periplaneta americana is favored by researchers because its wide range of pharmacological activities, but its poly-
saccharide hydrolytic process and antioxidant activity are rarely reported. The hydrolytic conditions of P. americana polysac-
charide were optimized by response surface method. The influence of hydrolysis time, hydrolysis temperature and the dosage of
trifluoroacetic acid on the hydrolysis of P. americana polysaccharide were determined by single factor experiment. The total
peak area of monosaccharides in the high performance liquid chromatography ( HPLC) was used as the response value,and
the optimal hydrolysis conditions for P. americana polysaccharide were determined, which were combined with response sur-
face method. The optimum hydrolysis conditions of the polysaccharide of P. americana were as follows : the hydrolysis time was
1 h,the temperature was 120 °C ,the amount of trifluoroacetic acid was 3.5 mL,and the total peak area of monosaccharides
were measured by HPLC ,under which the total peak area of monosaccharides was the largest. At the same time, The reducing
ability and scavenging ability of P. americana polysaccharide on DPPH,OH and ABTS free radicals were determined by an-
tioxidant activities test in vitro. P. americata polysaccharide have a good scavenging capacity for DPPH, OH and ABTS free
radicals , with ICy, of 0. 028 ,0.78 and 0. 07 mg/mL, respectively, which has a certain reducing capacity. In this study,a meth-
od for the analysis of monosaccharides composition in the polysaccharide of P. americana was established, and its hydrolytic
process and antioxidant activities were studied ,which provide scientific basis for the development and utilization of resources
of P. americana.
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Periplaneta americana L. ; % % #& ( Glu, it 5
171206) . H #& 8% ( Man , it 5 170921 ) 2 ZLH ( Gal,
it 171206) | B 24 (Rha, #it5 171024 ) 5 50
(Fuc, #1t*5- 170831) AME (Xyl, it 170912) FhM2
R EWE (Gah, L5 171210) (BTRLATHE (Ara, it
F171219) 0T FifERR BE 25 FHEA BRA L LA
EEORALEY) > 98% .
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PRI S00 g LY R M54, BH tE 1: 10,60 C
B 2 ¥k ,2 h/Yk,4 000 rpm, B0 15 min, B
TEWL, A0 I B i, 60 C ik 4, A 4 R KR
95% L WEVERIEIT 24 h, B0 HUOTHE , oK ¥ e , in
A 174 (KT Sevage i (S 05 IETBE =4:1) 5%

¥ 10 min, B0 BOKAH, Wed , Vo R T8 I RIAS 3G I
KL

2.2 PMP-HPLC 7AW EMEEZM KRS HER B
HE2H Y

2.2.1  E o R¥k % 4K AR A AL

e 2 RIS U K W 22 B 20 mg, B2 R, 1
mL ZRIB KIS, N2 mol/L =3 LR (TFA) , A,
JEE BT oK. R B K R R &
EZENR T, it FH RSk A 22 TR, DRV e B 2R e
R, 50 ChezE &= T, EEINHEE, 28 T 2 TR K,
YRS NN 1.,0.5.0. 5 mL 7K HE 75 15 R RE i, s H
A2 EP 5 B0 RIS SE U Rk 2 WK i
2.2.2  RAPAEATIR SR 6 AL

Fa BRI 0 H R U B
Wi ABE ERRR Z LA A TR A 29 1 mg 433
BEP A RSN 1 mL 7KV A, RIAS45 BB X HE A,
VW, FEURAC I U 29 0% 50 WL H 854 30 pl 2f
FLBE 40 pL BUZEHE 20 WL A BE0E 10 WL AR 10
pL EhPR Z S 2 B 30 L FfHi{a8% 15 pL 2 EP
b ISR A ST RS
2.2.3 FTALR B

HE 2% W HUIR A5 B 0 BRI U 100 L 1 S
U 22 K I 200 L, 23 A 0.5 mol/L PMP
H AR5 0.3 mol/L A S AL ANV W 45 200 wlL, IR
59,70 °C 7KV R 100 min, JKiB ¥ H), fim 250wl
0.3 mol/L WyERFRIEWE , 1RA o AT VRS 3 IR, BIK
2 mL, B0 B ,0.45 wm LB U8, RI7S AR
WEPRUESD S 2 05 PMP T 2E 9
2.2.4 HPLC &#

34 . ZORBAX Eclipse XDB-C i # (4. 6 mm
x250 mm,5 pm) ;¥R 35 C; 0. 8 mL/min;
R 4 : 250 nm; sl AH: A:0. 025 mol/L iR £
S (pH 6.86) ,B: LN . FBREEVREL 544 (LA B 1)
e 5% ) 20 ~ 20 min, 16. 5—17% ;20 ~35 min, 17
—22% ;#ERERE 10 plL,

2.3 BEEXW(n=3)
2.3.1 TFA B&#%

KGR ARBCEM KRR Z 05 5 7,20 mg/ffy, B2 |
R, 1 mL ZE KSR, e A 2.3.4.5.6 mL
TFA, A W . B THEES, 110 TR 8 h, 544
LR RO e 78 2 e 7, b PR i
G, VR RS B 7,50 Chezg =1, EHE
JTH B, 28 TR0 . ARYOKE I 1.,0.5.0.5 mL 7K
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PN e 22 0 K £ ¥ 200 L, 43 51 A 0.5 mol/L
PMP H 75 5 0. 3 mol/L &4 Ak A %5 W 4% 200
wl,IR2),70 COKIB LN 100 min, pKIFA T, fin 250
pL 0.3 mol/L (ERMRVAWL IR A . EATEUR 3 I, B
K2 mL, B0, R, 0. 45 wm GFLUE R U8, 15
Z M PMP #i74E 4, HPLC ALK I , 3430 Aok 06 i
o
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FE PR ICSE N R 20 5 17,20 mg/ iy, B %
A1 mL ZE IR K MR, 3 mL TRA, SRR 15 3t
B THRE 110 Co3 3K A% 0.5.1.1.5 2 4 h SR J5H
LK RS R e ] SaE 5 2.3.17
IR —2, HPLC MR, 333 i e IR

2.3.3 KMBEFER

i B FRICE N A 220 5 03,20 me/ iy, B &
FOf, 1 mL ZE AR OK R, N 3 mL TFA, R4, &
. B4 ,90 100,110,120 130 CKf# 1 h,
SR W B T K W e B e 2 T, e A
592 3. 173 K —%, HPLC ALK, 1 i i
3Ty ;208
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FERLR S0 SR I, 4K 3% Design-Expert 8.0.6
Trial #f4 , 12 F Box-Behnken .0 2H & L 86 ¥ 1 5
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Table 1  Factor and level of response surface test
K12 Factor
Kor ‘ |
Level TFA i TR figk Bt 1) IR fiff
TFA dosage(mL) Hydrolysis time(h) Hydrolysis temperature( °C )
-1 2 0.5 110
0 3 1 120
1 4 1.5 130

2.5 HUEAE

G AT Design-Expert 8. 0. 6 470 17 T
S5 HT o
2.6 EMXKFESHERELFERR
2.6.1 &tk DPPH g b4k A egml 2

B U Li %15 F Feng 25 J7 1, I MM L 25
K% FRE 7. 87 mg DPPH, oK 2, 45 % 100 mL
(0.02 mmol/L) o 4 HIkEHL 2 mL AS[a] ¥ B (0. 01 |
0.02.0.04.0.06.0.08 .0. 10 mg/mL) [BE & 4 4=
% C( Vo) %W, K n 2 mL DPPH I3, IR A 394] =
RACE 30 min J5,4 000 rpm B5.0» 10 min, B EVE K
F 517 nm ZhIIR SR

DPPH & w4k if i % = [1-(/1‘/1&] % 100%
0

Hrr,A,:2 mL /K 4B +2 mL DPPH % 1Y
MR A, 22 mL RS + 2 mL DPPH 5 9% 19 W
JEE A, 2 mL BRI + 2 mL JooK & B
.

2.6.2 FILJRAE A egm
S0 Wang 21 J7 g I OM B 8. 78 10

mL B0 RS EL0. 025 mol/L pH 6. 86 AYREMR
R SZ WP 2 mL AN R (0. 04 ,0.08 0. 12.,0. 16,
0.20.0.24 mg/mL) FJFE S FT Ve 3 2 mL, A0 2
mL 1% #REALET B A1) T 50 °C 2 20 min, B
JERE N 2 mL 10% =4 R % 1k i, 4 000 rpm 5
> 10 min, AFHCEVEW 2 mL KGMA 2 mL Z518K
0.5 mL 0.1% FeCl,,iR2)J5HE 10 min, 7£ 700
nm ARAGI R G
BREES = A, - A,

Horb Ay FE A RO RE 5 A, FE AR IR O
( DAEFARBRZE IR /KACES FeCly ) o
2.6.3 HawikEnfen e

S0 Li 1Y 97 5k, I MO BE 18 B, RS B 9
mmol/L FeSO, .9 mmol/L KGR - R4S 1 mL,
1 mL R[F¥BEE(0.4.0.8.1.2.1.6.2.0 mg/mL) [
FEdh A Ve 8. K 1 mL 1% H,0, J5 3,37
C Wi 30 min, LAZEW K N Z: e, 78 510 nm L0 5E
AU ERE S O BE

OH & vk if i = [1-%] x 100%
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1,4, :1 mL KR + 1 mL FeSO, +1 mL 7K
+1 mL H,0,;4,:1 mL 7K#2 + 1 mL FeSO, +1 mL
Fefh +1 mL H,0,;A4,:1 mL 7K + 1 mL FeSO, +
1 mL &£ +1 mL H,0,
2.6.4 ABTS B s Akt A agm 2

%% Zhang %' )5 i, W AE B B, A 25 1R
7.4 mmol/L f¥J ABTS F1 2. 6 mmol/L {43 Bi R #P A
WIRA , IREDE T 12 ~ 16 h, il ABTS fi# 45
W FHpH 7.4 W05 28 vh WOAR R0 25 W, 1l LA
734 nm T AR SEETE(0.70 £0.02) , il 5l ABTS T.
VEW . FEBUASTEIMEE (0.01.0.02.0.04.0.08.0. 16,
0.32 mg/mL) [ ZBERE i M Ve IS4 1 mL, K5
ABTS TAEW 6 mL,iRG34%5), & T ## & 6 min, I
JE 734 nm R RBOGREE

Amsamgﬁ%ﬁzhi%#ihlm%
0
Horp Ay .1 mL ZE4%7K + 6 mL ABTS TA/EWAY
52

WA, .1 mL ARG + 6 mL ABTS TAEW Y%
HIE A, 1 mL AR + 6 mL ZEIRK IR
3 &R
3.1 BEREXRER

TFA FHEH 545 R A KRR EE R 110 °C K il
BFE] 8 h (Y454 T, TFA H N 3 mL B, U S
T FRGR B B R 5 7K g [R]85 21 . 7E TFA 5k 3
mL, KR 110 C 454 F, K 1 h, BB S ]
TR 3 fe K5 7K e Ui B2 25 B8 45 51 . A6 TFA & 3
mL JKAFEFE] 1 h (40T, KBRS 120 C R,
PR S TR FRGA B B K
3.2 EMKESHEKBHILEZER
3.2.1 mmp &\t AER

HR A B DR 25 51 56 o 45 45 L i 47 ) 1 T AR T
PMP-HPLC #3: R4 Az 75 0 7 45 21 SR b S 0 T AL, i)
JOf TS B R T A 2 SR N 2 o

Wi Rz T SR 3R T R G5 R (n =3)

Table 2 Response surface test designs and results (n=3)

B KL

VLAY S TN

No. Hy«froliifézﬂz—]( h) Hydrolysis TFi:;::::giFEL) Total peak area of

temperature ( °C ) monosaccharides( mAU + min)
1 1 120 3 4 456.3
2 0.5 120 2 2425.4
3 1 120 3 5160.8
4 0.5 130 3 3997.4
5 1.5 120 4 3607.0
6 1 120 3 4726.2
7 1 110 4 3326.5
8 1.5 120 2 3211.6
9 0.5 120 4 3956.4
10 1 130 2 2234.3
11 1 110 2 2726.2
12 1.5 130 3 3274.3
13 0.5 110 3 2423.4
14 1 130 4 3803.7
15 1 120 3 4446.1
16 1 120 3 5026.0
17 1.5 110 3 4207.1

HIH] Design-Expert 8. 0.6 %3 2 Tty BBLEATIAN i AU S T R L5 L 153 5

SEESBAR AT oA, LA ST AR Y X A s RE W RIHAIE TR Y =4 763.08 + 187.184

PR i P R (R ) AT 22 53 B A U4

+78.31B + 512.01C -626.70 AB —283. 90AC +
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242. 27BC -505. 05A?-—782 48B° -957.93C",
XIS RI AT IR AL () ANOVA J7 22531 W
3, MER3 ﬂ%mj%ﬂp < 0.001, B A1) J5 2
BWE ESIF ARG R P=0.7951 >
0.05 A3 %R R® =0.960 3, B 7 ] §¢

2T RERAU B M A B

TS AU ) — K I

B C*HkFIH B EKFE (P < 0.001) 1T C.H
T AB L) B ASE BT (Y kI A ik B T i 3 K
(P <0.05);454 FAETTLIA H,3 A X e g
AT 0 . C > A > B %R R, =
0.909 2, Uk HiZ BRI S G045 BE 4

®3 EPEARBWMFES
Table 3 ANOVA for response surface quadratic model

T H S5 F ¥575 P p
Source Sum of squares df Mean square
34 Model 1.29 x 107 9 1.43 x10° 18.79 0.000 4 * *
A KA 1] Hydrolysis time 2.80 x 10° 1 2.80 x 10° 3.68 0.096 6
B /Kf#iR ¥ Hydrolysis temperature 4.91 x10* 1 49 062.78 0.64 0.448 6
C:TFA Ft TFA dosage 2.10 x 10° 1 2.10 x 10° 27.54 0.0012*
AB 1.57 x10° 1 1.57 x 10° 20.63 0.002 7"
AC 3.22 x10° 1 3.22x10° 4.23 0.078 6
BC 2.35x10° 1 2.35x10° 3.08 0.1225
A2 1.07 x10° 1 1.07 x 10° 14.1 0.007 1*
B? 2.58 x10° 1 2.58 x10° 33.85 0.0007**
c? 3.86 x 10° 1 3.86 x10° 50.74 0.0002**
#% Residual 5.33 x10° 7 76 153.47 - -
ST Lack of fit 1.10 x 103 3 36 605.26 0.35 0.795 1
4lii5% 2% Pure error 4.23 x10° 4 1.06 x 10° - -
BB 2% Cor total 1.34 x 107 16 - - -

T ERREE (P <0.001) ;" 2R BE(P<0.05),
Note; * * Very significant difference (P <0.001) ;

3.2.2 e @ T

¥ H Design-Expert 8. 0. 6 ¥ {4-X} 5256 2% 47
ST A R T Y 3D FNAE R AT L, T LUE 4
Hb SN A% B S B S T AR A, iR 1~ 3

AN A T O YU T PN A AN B0 O e e i,
R L T
a e Total peak area of monosaccharide (mAU-min)

Hydrolysis temperature ('C)
|

* Significant difference( P <0.05).

SEAE S dre/ I IR 1) P s, HATTHSBORE K, D AR K A
S5 N7 T P RS UL S W 45 DR 28 5 i 7 {19 5%
RERAENHRAZ TR A, SR LR
RS R Ry VA EE R U NS E N
PRI M EE N5 Z A 5o o PR TR KAt

o

FURE R T
Total peak area of monosaccharide (mAU min)

‘\\\\ \@\ = - )

NI L

- .
it S * B T
Ar KRBT
Hydrolysis time (h)
1 kEEEHEFKRREEES S (a) R EYESEEFR (b) 2200 Y I 5L &
Fig. 1  Contour plots (a) and response surface plots ( b) for effects of hydrolysis time

and hydrolysis temperature on the total peak area of monosaccharides
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L S AR
Total peak area of monosaccharide (mAU-min)

B2 TFA REF/KEREESK (o) R AESIERRIZITE A EE (b)
Fig.2 Contour plots (a) and response surface plots (b) for effects of TFA

dosage and Hydrolysis time on the total peak area of monosaccharide
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£ \// )
i
B T // "
S, N o A
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o s iy ks y
B: KRR
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U S ST AR

Total peak area of monosaccharide (mAU-min)

ProtS
35 \\\\

N 2
C: TFAHR w— s
TFA dosage (mL) 2

B3 TFA REFABREESESK (o) R AESIERARIITH N EE (b)
Fig. 3 Contour plots (a) and response surface plots (b) for effects of TFA dosage

and Hydrolysis temperature on the total peak area of monosaccharide

[i] 5 7K i 15 B 33X PR 37 22 ) A7 7 ik 35 19 58 BAE T 5 i
TFA FH & A fife iR 22 0] 6 B 2% 28 AR s TFA
SR AR ] 22 ) A G i 3% 28 BAE 5 28 BAR i
§5°K: AB > AC > BC , 577 25 Hrai R —5.
3.2.3 EEEH
Wi 7 TR 2 56 000 A1) B FE 7K A8 25 1 A < 7K i i ]
1.04 h, /KARIEREE 120. 62 °C, TFA & 3.26 mL, fi&
RITHIAE Sy 4 839.97, R TR SRR A vl 171, %
ZETM 25 R AT S vE  FEOUAL ) T 2 S50 #1750
RIS, 5 8 B S PR E 551, SEPRA IE S W e T
SBBUEIE Sy KR 1 h K A# IR 120 °C, TFA
Mt 3.5 mL, Jirfg ST AL R 4 740. 15, 5118 i
MEAITRZE N 2. 1% o F 4 P 00T I 1Y
I YN e B K o o B VRO 2 1]
3.3 EMKBSHERSLFEER
3.3.1 £ K¥k %4 DPPH & d A eh Frkse
2.6, 17 W77 3300 78 Ve F1SE P R 205 %5

DPPH [ L8 bR il 45, ULIEL 5, B 2 25 24V B 11
BN, Ve FSEUNRIEZHE X DPPH 17 i 31975 Fr g
JIHER S SE PN KRR B R 0. 08 mg/mL B, ¥
F% ok 88.34% , IEHT, Ve G K 96.43% , %
PR WRZ AT DPPH H i B G BRAVE B9 1C5, 808 K
0.028 mg/mL, 455 7R 56 P K B 2 W5 — & WE
Fx DPPH [ 37968
3.3.2 EWM KB SBAHLEREN

FH“2.6. 27 W J7 00 8 Ve F1SE Y KW 205 1Y
SIRTRRE T AR LK 6, Bl Z BT Ve Wk BE 3
I, SE YN R 24 0 340 T #  BRABC I 8 A T
3 Ve BUREZIRE] 0. 16 mg/mlL i, W' {35 3
KR 1214517 S LRI MM 2 0. 16 mg/
mL B, SRR 0. 667 , A IR SR K& Ve fHARSE
S ATSRETE ] S YN KW 20 B — o IR R RE T
3.3.3  EM KRS Z 4T OH 8 AR FTRAE D

H L7 AT TEZ W EE N 0.4 ~ 1.6 mg/mL
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T U \L L’U\
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1

E) 2 ¥ %
£5f ] Time (min)

4
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\ | \ 1 2 3 N Ne7 s

/WA e SV Y  SE— W e—— T & © ¢ 3

0 2 4 6 B 10 12 14 16 18 2 2 24 26 28 D WV 3} 3B 3B 40 2 4

Fif [E] Time (min)

B4 BEXNRMA(A)REZMKRAYEAM (B) HPLC BiEE

Fig.4 HPLC chromatogram of monosaccharides of reference substances solution (A)

and monosaccharides composition of P. americana (B)
WL H R0 2 AR LA A0 ;3 - BRI ;4 . AW 55 2 FU0E ;6 . ARWH ;7 BT RLAIME ;8 : 253 . Note:1:Man;2:Gah;3:Rha;4:Glu;
5:Gal;6:Xyl;7:Ara;8: Fuc.

100

—e— & Sample

—=— Ve

RZE Scavenging ratio (%)

iEF

0 (P PR T T e (o |
0.00 003 010
¢ Concentration(mg/mL)
BS ZilKiEE¥ES DPPH B HEMNBRE
Fig. 5 Scavenging activity of P. americana

polysaccharide on DPPH free radicals

—*— {5 Sample

—=— V¢

% Y& & Absorbance

S e 7 T W0 (T WO 0 T T T .

0.0 o I 02
i1 FE Concentration(mg/mL)
El6 EiMKikEHERSERRE
Fig. 6 Reducing ability of P. americana polysaccharide

BF, OH [ B I B 38 B o 22 v B2 9 18 o vy 384 o
MR BEIAF 1.6 mg/mL B IR0 94.28% |
BT, Ve W5 BR 3K 99. 91% , — % 15 M fE 1 5%k 4
Vo SEPNRMEZMEXT OH [ 08 BRVE FH Y 1C,,
9 0.78 mg/mL, 3R W] S Y KM AT RAF 0975 BR
OH A HhEEmaE T,

100 ] k/_,_,—o—

—— {£5 Sample

- Ve

%22 Scavenging ratio (%)

*

0_'|||||I||III|IIII|IKIIIIII||I!I1II\||
2L 0.5 10 L5 20
i EE Concentration(mg/mL)

7 EMKEZHEX OH B HERFRRE
Fig. 7  Scavenging ability of P. americana

polysaccharide on OH free radicals

50

—— 5 Sample

RZE Scavenging ratio (%)

—-— Ve

O O i R M i O O (o 1 O i I

=3
AR

0.0 0.1 02 03
* fgConcentration(mg«‘mL)

B8 =ilKRESHEX ABTS B HEMFRE
Fig. 8 Scavenging ability of P. americana

polysaccharide on ABTS free radicals

3.3.4 £MRISBFAR ABTS B b A agsk A

H g 45 R (TP 8) WAL, 3 N K Wik £ M A
0.01 ~0.16 mg/mL Fif, 3& I KUk £ MHE bR ABTS 4
P SRR 7 I ZRAR S BE , V7 B 5 1 i 2 i v 4
HEEHL; XS ME 0. 16 ~ 0. 32 mg/mL i, 2247
T M2 MU 0. 32 mg/mL, 3¢ Y I W 22 X)
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ABTS A M LR HEBR R R 97% , BLiT, Ve 7 bR bk
J102% , FEMKRWEZAER Ve Xt ABTS B 35 5
A 711 1C5, {63514 0. 07 0. 035 mg/mL., 3% B 2 Y|
KU WA —E 15 RR ABTS [ 5L fig
4 Zi5itie

AR F R FH B DR 28 52 560 55 ) 17 T S B AH 25 5 1)
D5 R SE N R Wik A A SR BT 24 A T T Rk,
FEXT BT E AR ST AT T 01250 o 45 50 35 0 e
KSR I TS KA B E] 1 h, 7K i
Ji 120 °C,TFA FiE 3.5 mL, 6w £k 4 740. 15,
PUAEALTE I e 25 5 2 B, 36 N K ok 2 W 1A 354
BT EALTE PE , Hoxt DPPH OH  ABTS H 3 HA
I RRBE F1,1C5, 4053147 0. 028 ,0. 78 0. 07 mg/
mL, B BA —E R AE ST . Zhang %' & BL%i T
T2 W ZUBE R BT R RE 6 L 9] 55 L5 B ABTS
FI B3R 1C, fEAE— 2 M IEAI ¢ E . Shang 25 ¢
5 Bl FH B 2 B B A 2A 4R R PR AL Y S PR Ak
TEPE (1G5, ) 47 Pearson AHICHEAM T & B, 5 BE 0%
HEEH R ZLBE N & X 20 ABTS [ L3 B
T 176 5 5 4 2 W RN H R T 2 M) OH [
FH I BRI A R, O R 2
SERAE T IC, (L IEARSE . ALY R BUH S L R
M P EURE TR  2E ZpE EATE HEA RR
SO, AHOCSCHRFE B, 208 0T S0 TG 1 5 Pt
RS AS HRE S A HE B VIR, LR ISEMN
KWt ZpEx) DPPH OH (ABTS [ i 3 54 84107
BRAE 77, HPLC TR 45 5 2 B0 K S & A H 22 b
IR S LA AR | B A AR UM AR T
FOAE 5w b, BEJR L 17,01 13.2:9. 6: 53, 4:
21.8:1.0:4.6: 1. 3 ; JEYH K e 2 b e E AL AVE F 0T RE
5 H RO A G, T K it I 1Y) 55 DI K Wi 2 A b 4
A% T RE A R R E BN, A T SE B (R i — 2B 9% .
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