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Abstract: Red clover (Trifolium pratense) is a resource-rich perennial leguminous forage species that is cultivated
worldwide. Its polysaccharide components have good hypoglycemic and antioxidant properties, and have potential
applications in the development of new, high-value products. The polysaccharides can be extracted using enzymes,
and milder extraction conditions are conducive to retaining their beneficial properties. In this study, the effects of
enzymatic hydrolysis time, enzyme dosage, enzyme ratio, and enzymatic hydrolysis temperature on the extraction of
red clover polysaccharides were investigated. The extraction conditions were optimized and screened by orthogonal
experiments. The results showed that the best enzyme extraction method was as follows: enzymatic hydrolysis time
of 90 min, enzyme dosage of 1.0% , enzymatic hydrolysis temperature of 60°C, and enzyme ratio papain: cellulase:

pectinase of 7:2: 2. The crude polysaccharide content in red clover was 8. 85% . We compared the enzyme extraction
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method with two other methods; ultrasonic extraction and hot water extraction. Red clover polysaccharides were
extracted using all three methods, and their physical and chemical properties and antioxidant activity were compared.
All three polysaccharide extracts showed antioxidant activity, with stronger abilities to scavenge O, free radicals
than that of the positive control, vitamin C. The molecular weight ranges of polysaccharide samples prepared using
the different extraction methods were significantly different, and the enzyme extract and hot water extract were more
concentrated than the ultrasonic extract. The three polysaccharide samples were composed of eight types of
monosaccharides, among which glucose, galactose, and arabinose had relatively high molar ratios, accounting for
approximately 3/4 of the monosaccharide components. The proportions of monosaccharides varied widely among the
samples, and the molar percentage of glucose was highest in the enzyme-extracted polysaccharides (1. 6 times that in
hot water-extracted polysaccharides and 1. 4 times that in ultrasonically extracted polysaccharides).
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1.2.6  Z BP0 S AL M FHORE Wl 21 = nf Z 5 B 5 2847 DPPH AT O, H MR BRIGEIE M. 2%
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T WA HEAT A I . FRELAY T R (3. 05X 10°~5. 56 X 10°) g-mol 4 % B M b5 M 5 (b 5t R RHE A R




108 ACTA PRATACULTURAE SINICA (2024) Vol. 33,No. 6

ANFED BRI 5. 0 mgemL AR HEE R, IR ERE 24 hJE BT, 1 0. 45 pm S8 A T, 20 = 220 00 i Ak B
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Hy 32 2 (0% 2% 45 BT R 32 3 00 05 22 40 7 7T A1, AR Table 2 Results of orthogonal experiment on enzyme extraction
method
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'EJ \Eﬁﬁz‘[% \@@%EE 3 /|\ %Xig%/ﬁ\iﬂg ?ﬁ ﬂl'ﬁlﬂﬂ num-= Enzymatic Enzyme Enzymatic hy- Enzyme charides
R E (P<<0.01) , i L B 52 = Z S i ber hydrolysis dosage drolysis tem-  ratio content
: . 0 ° (%)
SR R 525 (P=0. 05) . 38 3k 44 B 2 1 K (& 1 nmel(mln) (IA) peratrre(C) 1 6
.79
MBERAT WS BT 4 W E AR Rk I A ) ) e
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min, & 1.0% , B R R R 60 °C, B L ] R 0 2 2 3 1 0. 84
7:2:20 FRHALL LR AR R A P AT B0 AE L 40 = 0 ‘ ’ i ! 3 8.42
7 3 1 3 3 3.96
N ) A EL > + 0
FLZ B & 1 (8.8540.07) %6 . ; , . , -
2.3 B B FERHARERG EILE 9 3 3 2 1 8. 92
2.3.1  AN[EHRHO il 45 By 20 = it 2 b AN [F] K, 21.87 19.08 22.45 20.85  —
PO kA 0y 2 =k 2 o0 & 2 proR iR K, 22.59 21.91 25.38 218z —
1. 2.5 19 J5 WK 20 40 g R 7 A K S JEOR ) S e e o0 ekt
R 3.17 3.81 9.33 0.97 —

Z A1 0.23.0. 14 F1 0. 26 g, $& WO 43 L 43 5

‘ . : e IORRMRIUE. KK KRR R KE 12,30 S 2
H70.46%0.0. 2856 M0 5276 o % ZHHFE il R I E A, F A 2. 19 indicates the sequence of tests. K, K,, and K,
?ﬁ:%’ﬂﬁ{ﬁ‘lﬁ \gb%%%i*n%ﬁﬁ%gﬁﬁo represent the sum of polysaccharide content at a certain factor level 1, 2,
2.3.2 4T 0BG DPPH M O, [ B 3L g and 3, respectively, and are used to calculate the range.
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Fig. 2 Red clover polysaccharides prepared by different extraction methods
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Fig. 3 Antioxidant activity of polysaccharides with different extraction methods

DPPH H f HEWE BRAE 1 (A) 5 O

A 3L PR EE 11 (B) . Scavenging ability of DPPH free radical (A); Scavenging ability of O,

free radical (B).

H1 1 3B AT, 3 7 5 S MR 21 = i 20 %0 O, A i HE B9 BR A58 T FHPE X IR Ve, A FPOK B 2
BEWREZAE 0.6~1. 0 mg-mL "W O, B35 BR A8 AR A, B B2 U 288 XT O, 19 175 B 25 B 22 0 vk 32 9 1 K S~
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a1 mg-mL B, 3F O IR RO Z X O, MR T 50% . AR5kl 2T (R 4)
7 R IOK R IR Z2 B B DPPH AT O, [ H 3£/ 1C, fH 2 A 6 B 1 22 5 (P>0.05) . JEBRAI A i 20 il
R IUIR TC o {8 2 8 75 R B K S B 1. 22~1. 41 4% , 1 mg-mL ', il | 8 75 R B K 42 31 22 5 24 ELA %5 s I L R
e, H R — M e R,

F4 FTRRBSHEERNBAEFRFENIC,E

Table 4 IC,, value of free radical scavenging activity of different extracted polysaccharide samples

FE ity L1 #¢ S Semi-inhibitory concentration (mg+mL ")
Samples WK DPPH [ 1 3 Wk O, H 3
Scavenging DPPH free radical Scavenging superoxide anion free radical
[ 12 L Z B Enzyme extraction polysaccharides 0.65+0. 00a 1.1640.05b
8 7H P HUZ B Ultrasonic extraction polysaccharides 0.48+0.01b 0.92+0.01c
UK PEHLZ BE Hot water extraction polysaccharides 0.460.01b 0.954+0.01c
PURIMLIR Ve 0.02+0.00c 2.0140.02a

TE /NG TR [ — S BUE 22 ] 1 22 5K 7 (P<<0. 05) .

Note: Lower letters represent the levels of difference among values in the same column (P<20. 05).

2.3.3 ZHESTFRAN WEERS TRX T 'S FTRRBRAFL=MIESTE
LB R B TR X, 5 A, 3 fl Table 5 Molecular weight of red clover polysaccharide with
R e e AT L Y I Y P different extraction methods

% 4 A T ¥ 140 T 4
BN S 7 RER ], 0 A 00 v ] 414 A WRRTR BT SR

Samples Com- Weight-average ~ Number-average — Z %
i) 22 5, DT 52 ) 22 5 0 e SR AR 0 M i L S R po-  molecular weight molecular weight  Polydis-
POK BB Z 0 B 5 8 4 0 o (1057 X 10~ nents  (gemol ) (g-mol ") persity
1,66 10°) g-mol ', (8. 89X 10°~2. 40X 10°) gemol *  MHEMZM 1 16610 L0 L
F1(1.87X10'~1.82X10°) g mol ', i 1 b #% 3 Fl 42 anzymeexrtw ° ree e e
° tion polysac 3 6.00x 10" 5.97x10" 1.00
W7 VL Z A 53 ) 1) 22 5 B0 2R B, e B 3 v R L charides A 1 57%10* 1 50X 10* Los
1) 22 20 53 2.3 LA S Tl AV RROK S IO 2 2 4y A 1 2 WEERIR R 1 2.40% 107 1. 56X 10° 1.54
THABEZET L, 2 FrEaEY - AN THE Ultrasonic ex- 2 6. 48 10" 6. 28 10* 1.03
gtk traction poly- 3 8.89 10° 8. 64X 10° 1.03
2.3.4 WERALEMT  WE4 PR 3R =g e , _
W o S FOLBEALI, S0 300 H AR (Man) BUZRE L MR n e
ot water ex 2 9.06%10 9.03% 10 1.00
(Rha) i B EE R (GluA) CEFUIRE R (GalA) | H %5 traction poly- 3 7 38%10° 7 34%10° 100
BE(Glu) CEFURE(Gal) AORE (XyD) F1 BTS2 A7 8% (Ara) o saccharides 4 1.87% 10" 1.79% 10" 1.04

Ho A AR (Glu) 22U (Gal) F BT R0 AA B (Ara)

P B, =& G B i 710 LA (£ 6) . {H

AN TR B 1 S 3G 3 LM 1 BE AT B S 22 L R I 2 MR T Glu B R A3t R R HOK SRR R 1. 6 4%
(7] 1, i 52 M 22 8 b Glu g & T Gal, 40 e 3630 T 10 1, 0 88 75 A1 HOK 32 B 2 88 b, Gal /Y b 9] % 1 L 2 Glu
1.5~1.84% . Ara7e i 2 B He B 345, S Glu i 64 %6, {H 78 8 7 AR K 42 B 2 88 b B ) 2 8 20 %6, 2 Glu i)
1 10A 1. 144% . 3FPHRIRZ B, GluA A BE JR 11 43 HE ¥ B, A %) 4. 1 mol % o

3 it

A4 I 2 — 2D DR ] B0 2R PR IRLR AR B 2 (22 2 i 3R IO 0 s LA G R A T R R I
L1 = 2 1% 7 VR T (R A R AR A 1 0 R A P R D S ST e S A S B[RRI T 2 R
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Fig.4 HPLC chromatogram of monosaccharide composition in different extracted polysaccharides

RA PR (A) (BRI I HE (B) 5 I BE (C) MUK IRILENE (D) . 1.2.3.4.5.6.7 F1 8 43 31| Jy H #& B (Man) . BLZ= il (Rha) i %5 Bl i 1R
(GluA) EFURERE 2 (GalA) A5 (Glu) EFUBE(Gal) ABE (XyD) FBTHRLATHE (Ara) . Mixed standard (A), enzyme extracted polysaccharides (B),
ultrasonic extracted polysaccharides (C), and hot water extracted polysaccharides (D). 1, 2, 3, 4, 5, 6, 7, and 8 are mannose, rhamnose, glucuronic

acid, galacturonic acid, glucose, galactose, xylose, and arabinose, respectively.

F6 ARRHAZLAZM SR BEARK

Table 6 Monosaccharide composition of red clover polysaccharides with different extraction methods

W7 B2 B Monosaccharide composition (B /K B 43 & mol %)
Extraction methods HEEM RN WAIREEER CRILWMEmM WA P PN [CEVRTER
Man Rha GluA GalA Glu Gal Xyl Ara
fiff $12 B Enzyme extraction 5.09 6.57 3.31 5.05 28.55 27.28 5.84 18. 31
A $i B Ultrasonic extraction 5.44 6.62 3.45 3.69 20.92 30. 81 6.12 22.95
FOKHE I Hot water extraction 4.93 7.59 4.02 6.35 17. 86 32.95 6.00 20.29

TR B B R AR 7= BAR , /D T ERBE TS Y L ARHIE SO B U YR HEAT TR B T R R R A K B B A Y 2T
= Z Xt DPPH O, A MM TE BRI X 2 W 7 i 22 5, 0000 17 sl 40

21 = I 22 M 1 Al T ok Bk S ) O R A S R L) S AR R R S AN [ B R SR A
£ T Tt e DR 0T 21 = 2R S R R [R] o OE S R R e ) Dk R R T X 2 W R B e A
3 (P<<0.01) , 48 U2 Tt B A 5% i f B.2% (P<<0. 01) .

SRy b R AR I 2 S BR O, B 3R RE R . R TS 4R U A5 1 2 A P AR B L O
L 7 B i) 2o 4 S5 RS AT v M o W R R B L 2 W T SR T T S L A OGN 2 Y 4 S B Y
R AL Y A O, BB IR R R, 2 0 2 T BE R TR, T A Ak T R R, 2 1.0 mgemL
i, 3 Fh $ BT 5 (4 Z2 B B DPPH [ 35 09 76 ME 35 84 F 70 %0, o #ROK 32 B Z B B DPPH H H 3% 19 fiE ) i
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ARSI Z0E AL 54 F /N TR R B N R K S R M Y A TR L B 2R TR 3
FhEE B A5 3 0 2 08 F 2 2L Glu.Gal il Ara B2 Y, 1X 5 Zhang 5538 1 $OK 3 BT £ 09 20 = ik 2 B8 0 1F 52
ERME B OIFIE 25 . KE (Glycine max ) §E£5 25 4 i 2R 2 i b Gal BE R A 40 Hodme v o, AN I 5 8 7 AR
KR B &5 5 5 A 26 B A SR IR 2288 R Man Xyl Fl Ara & FE 23 1) w5 T I R PO B B, 3k 4 25 S AT RE R &2
WP A ARTE R P AR R gk b R SR AR IO 2 Oy T R R P R AR TR AR

4 &R

AR5 38 A8 B PR 28 T 58 B 06 A5 3 21 = I 22 1 A Bl R U 9 Sy R e [R) 90 min, il FH A 1. 026, T HE BB
7:2:2 BRI 60 °Co FEMLAME R MM S o 8.85% , 4 F it (1. 57X 10°~1.66X10°) g-mol ', ZH
LA Glu,Ara il Gal 2 2 1 8 Fh BB B, Glu (4 BE IR FT 0 Bt o o A 2 BB 22 T ST 76 i 59 T 0 7 R RO 4R B,
[Fi) B il 2 1Y 22 0 26 B A1 B 47 A B DPPH FI O, H I EERRE 7, JLIC fH 43 %I 4y : 0. 65 F1 1. 16 mg-mL ', [l
P2 UL 5 8 7 R AR OK B UM EE A LR R D % 0 Tk A PRI AR AR R A AT R T R
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