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Using polysaccharide yield as the evaluation index, response surface methodology was employed to
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optimize the enzyme-assisted hot water extraction process of lotus leaf polysaccharides. The anti-
oxidant activity of LLPs was subsequently determined. Considering factors such as time, energy con-
sumption, and extraction yield, the single-factor experiments identified optimal conditions as fol-
lows: pH 6.5, extraction temperature 50°C, liquid-to-material ratio 30:1 (mL/g), complex enzyme
dosage 0.6%, and extraction time 80 min. Through RSM optimization, the ideal combined extraction
parameters were established as pH 6.8, liquid-to-material ratio 24:1 (mL/g), and complex enzyme
dosage 0.63%. Under these conditions, the maximum theoretical LLP yield reached 3.70%. The
study further investigated the free radical scavenging capacity and antioxidant performance of LLPs
in bread. The DPPH (2,2-diphenyl-1-picrylhydrazyl radical) scavenging rate reached 69.16%, demon-
strating excellent antioxidant activity. These findings provide a theoretical foundation for future
extraction of bioactive components from lotus leaves, research on their antioxidant properties, and
product development.
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1. 51§

faf - (Nelumbo nucifera Gaertn )WEA—FhZj &M TR, BAZMABIGE, EHERGEXRE. (K
BORE) $RH: CTEBHEBOR, it BRSO, SSEKIFRERZ A 7 RIEAE R I, A T
w, FEMEHTH. BMABZ, R&WSEH, =IMA. Sk iE2 oz 1]. MAREN,
2 BEE S A S I 2 A A YE Y B VARG, Hoh S St 2 0B 2] A S R3]y AR P
[4] S Arr M M [S 155 TR 5y o X SETEPEY) B IS Z 48 . 2 RV, fERZT . O
R AT S A RO TIAE 7 T3 R I 2 TRk 6 ]

faf I 2 B (Lotus Leaf Polysaccharides, LLPs){F Jufas A = EL R AEYNEHEA L2 —, HPEANE. AP
P RR AN A BERA B, BB IR . PUsa b PUMEEAL AN e R 5 2 R IRE(2] [7] [8]. KEMFFiTE
H PRI AR 20 2 E PRI AR WDERPE R | SRR s DA S AR i P = AR S R R [9] [10]
H AT 2 08 (1) 32 BT AR POKIRIRE . BRIESEIOE . RILSRIEFIPEIGE. A BB IGE . T
Bh3E 0L B EhvE . A0S S RS BNESE 1], LR A & alehs. Kk, #raEEx
FHBEE R B HOKFRIL LLPs #E47T T 214K, FF0E T LLPs X} DPPH H HZE RS FRACR, RN 47 T LLPs
FEMAL P S HBIEFE, o i 22 W8 B3R BOM 7 i iE R SR it 2% .

2. RS RE
2.1. EEMR SR

fit: WL AWM LB AR E 1AL BERE 8. ATERIR . AP4EREE: DUt RH A R
Ny A)JRNEAR: FTRMAEY TREARAR, 1,1- R 5E-2- = A28 JHDPPH): R AL K
FIEBRA R A RARE S WSk R AR DI RA R KO K8, WKRERER: [E=hr4t,
RIBMWERFIFIRA ] LB RRAAATIARAT Wl RAPMEREAAIRATR, DNEHFR . B
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B BAARMERER: AFE: BUWRRMEMERAR; . IIImseoamaRAn; & pEiE
WA A PR 7

22, FENUH/EEEF

J1224BC RT3 M R 8 BT XU IAACER | GZX-9076MB AU B F X TR . b i R i
WA RAFERIT %] s DK-S24 B AR /KIH: KR OBENH/ESERAF; WFZ UV-2000 B4
AN I T JEJERI(EI XS A PR A R L800 ALyl Bl LHl: ARG AGRI BB I R AR A
H]; FDA B mid Ak iel: B sl A R AR s SHB-IT BUEH /K2 B A5 M KIRE T 57
HIR2AH; DZTW1000 mL BUEE B n#EE: ) RBHEA IR AR ;. UPWS-I-100T 256 % 9 4l K Hl.:
BUMN A IE R PR 2 7 s MG38CB-AA BYHLIERE:  H 2L FE 25 41 A B & 7] ;. BCD-410WM
RUKAE: F SRR AR AR .

2.3, IR EH

2.3.1. TS ERNT ZiHE

TRtk AR 60 B, EFFE IR N TR, 100°C KEE 5 min, BES/EAFT pH. 42
HGIEE . ORHE . S2 A B IR PRI () R BT ROKIR IS, BE AT HIE RS 4E, JEH 0% Z
BELE 4°C NYULIE 240, BOHUTHE, /K EE. NERYEERUTE 3 IRCL LR EH AR, &G &A R TERIRE
o I 22 BEER )

2.3.2. FoERREZRRNLE]
KRR - BRENE SRS, SER/EENM T ELEREM L, REREME R y=
6.5686 x +0.0719 (R = 0.9766).

2.3.3. HHZESENIE
B 2.0 mL BB G RN, DL 1.3.2 Rl - BRERIEIE . “FATIE 3 Wk, ARG AnvE th 2R 1 H 53 EL

2.3.4. BERTE

(1) pH X 2 FEFE IR M2 Ml F7 a0 R . FEUERRE 5 4407 R R (2.0000 g),  H4 43 0 A K AR AR
I pH 435128 5.5+ 6.0~ 6.5+ 7.0~ 7.5 BIBERR 8N - #rR IRl o AEE VAL 1.3.1, WASHG 2
FEPEHCR . (2) FEHUE BT 2 BEFE IR IR 2 T A R REERR R 5 R K (2.0000 g), KK
R EE N 40°C. 45°C. 50°C. 55°C. 60°CiEAL 10 min JEHIN 2.0 g fiH-Hy, 2k 4E3CE AL IR 40°C .
45°C. 50°C. 55°C. 60°CHIZKIHRT /KIS 100 min. ALFE V0L 1.3.1, M50 2 HERECE . (3) WokHL
X} 2 BESEER 2 I 8 5w R FEHERRER 5 004 ok R (2.0000 g), %0k 10:1 mL/g 20:1 mL/g.
30:1 mL/g. 40:1 mL/g. 50:1 mL/g Fi#ll pH=6.5 FIBEERE 8 - AR M 100 mL, AbFEJ5E N 1.3.1,
WAt 2 HESE IR . (4) EATRRINEX 25 BER R m e EN R FUERE 5 MR
(2.0000g), MIAFREDEN 0.2%. 0.4%. 0.6%. 0.8%- 1.0%MIE SHHET4ERBEANEARK =1:1). &
HJFEIL 131, MAS T 2 HERE IR . (5) $REUN A 2 BRI BCR PRSI 2 ik R RSHERE S 0
FfHH R (2.0000 g), I 2.0 g iKY 5, FEKIBHAIRE N 50°C AR Rm#, $ZEE25 60 min. 70
min. 80 min. 90 min. 100 min. ACFEJFEEN 1.3.1, WA 2 HERIUR

2.3.5. BRI M 25 T 20 E L Seis
FE R RS2 I i al L, 32 ] Design-Expert 12.0 %t pH. R DL B S EE A INEH1T T 3
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R 3 KPR AR AR . R, ma R N 2 BERR IS R, DA TR, SEE TR R S KT L
= 1.

Table 1. Box-Behnken experimental design factors and levels for lotus leaf polysaccharide

= 1. o7t ZHERREVZEAY Box-Behnken KR ITER 5K F

PR & pH Rk i (mL/g) AT (%)
-1 6.0 20:1 0.4
0 6.5 30:1 0.6
1 7.0 40:1 0.8

AMFFEILHEAT 17 IRAHSCSRES, AR e S T A0 A S5 748 B (B AR 2 PR i i 22 BE B IUAR 26, 1594 3
TR EMPEAR R Z KR RHERE, SRV UEAL, BIRRHE B J5 R e
HE(pH. WL, BAERISINE), $S5hrIRS 1 2 b1 S5 5L BT 22 5 R 00 22 Bl S AR 22 EAT 0T 1L,
BEAIE [R1 VA 77 R R 1 [ 14]

2.3.6. RHZERENTEERR

(1) DPPH H 235 b fe

EHEEFR SR 1 mL [ 1 mg/mL~5 mg/mL fif - ZHHER, FHREEFMA 2 mL #KEHN 0.1
mmol/L ff] DPPH LAEW, HT/KOREERZZEL, RGEAG, £ TEESM 30min, AAE/KL
BEAE N 2, R RZEFH Z8 TR A g i 2 BV, SRR -l ik, THRHIESA 517 nm 40 E
FE RO AA -

(2) far 22 80T T L0 8L A T 12 ) B e

FE WRAR e far 1 22 0 S S REBCRHE GB/T 14611-2008 /N2y T A0 LT it B AR 562 B2 R i) R4 1D
FLHIAE, FEARYE SEBR BRI & AT VAR . S A i 2 BT AT B B VP . RN R 2 R

Table 2. Sensory evaluation form
2. BREITMNR

Bz LA PEAMBRAE NI

ARG, & T N 11~15 43

F&(15) G, RS ER X 6~10 2
FUREE FLF, XL R 0~5 4

BIRABL SN 11~20 43

#2(20) B BLRTC Ik 6~10 4%
BT 0~5 7%

TEARSEHEM, REDGHE, AR 16~25 43

PHURZE(25) WEAT BRGNS A L 9~16 4
PRk, RO R e 0~8 4

Ll STL LMY S 5 25~40 43

LR (40) ORI D, IR I 10~25 43
TR, TERERZ 0~10 4
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HEAR P 0 8 HH PO 85 St 7O A 4 AL LR BAE TARARCIREE 25°C IRRE 60%M0FRBS )W
1. 30 5. 7 RELREARIEIT DPPH [ SRR, MRT A 2341, HAESH AT L.

3. BRESH
3.1. BEEIEER
3.1.1. pH WS FERINER M

4.00 r
350 F

3.00 F

PRHR/%

250

2.00 F

1.50
5.5 6 6.5 7 7.5

pH

Figure 1. Effect of pH on polysaccharide extraction yield
1. pH Xt Z HEHR AN R A #2MT

B 1 AP0 pH B 5.0 395 6.5 I, ZHEFRE LTHEH, M 2.72%F) 3.67%, FATERMESRMT,
ZHE TR R S 2B E R TG, SR TR, o7 N IR AU S SR 2R
TEH, BRI ERA VR, WA DI INSE . A4 R AR R I REE R VE A BE T S %2
), g 2 BERSEHUE12]. 1E pH 6.5 B HUS KB N 3.67%, 1124 pH i 6.5 J5, ZMITFG
HIRARE 3.35%. {F pH RSN, BRAOIEMEF O R RESZ B SRS MR A, TR AR
1 pH EE TR SRR, (A 2k, AR 0 M EE 1 iR R ) 2 BT, S8
22 KRR Rl D, BB 2R AR 13]. PRI 35 pH 6.5 A Jgmi B [ e i1 (0 5o pHLe

3.1.2. ERREXZERERENTMD

350 p
3.00 }
NS
& 250
bicd
200 F
1.50
40 45 50 55 60
HBUER R/ C

Figure 2. Effect of extraction temperature on polysaccharide yield

[ 2. {REURE X SRR AR/
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FH ] 2 TN 30~50°C G Y, HEHCR B IR T = RARVEIE K, M 1.87%F 2.96%, TEAREAMHT, £
WEo> TS BN RE 18055, ZhE 07 IR EAEF 0k, SRS MR KR IS MR, (R 5 B0 13
PERRAR, Jovf AU - 4E i RE , AT 2565 T 2 MR 14]. SOCRIIABIEME 2.96%, Z J5 B i
gz BIF, RECER TS, TBE 2.71%. BEEERRKIEE LT, KST3haesn S 80550 E g
R, 55 2 R B S RE AR AR A EAE T, R R A AR . & G iR B T LTS AL £ 4
FERAANE ARy, (et 20 BE I befR, BCEZ M2 M. MiREHEE SRR EuER, BEA
DR, FEOEMETORSMBIR, AR TREERETE AR, MRS SRR, S5
SRR, TR TR, HEBRRREEGERES N TR XA 2 PEN IR, b

RHAFE[15].
3.1.3. R SEREN R
3.50
3.00 }
X 250 F
=
= 200
1.50 }
1.00
10:1 20:1 30:1 40:1 50:1
WORLEL/(ml/g)

Figure 3. Effect of liquid-to-solid ratio on polysaccharide extraction yield

& 3. BRI S PR R B R AT

H P13 R Ry - 22 42 B B ROR PR B T SR IS a3, A 2.53%31) 3.10%, 7EMORH LR
BT, WHRIREEURMSEER, SBERLIET R, EBRCRER. SR IAF] 30:1 21,
Aif I 22 W A BRI TE B T e =i 7KCT 3.10%, 38 Aok LI IR BERS 78 70 R IR, (82 20A 1R
BOGF B E[15]. BEaREE BBt — DT, HIRIERITIRIZHT T 2.46%. BEA& 1A R,
i Ry 5 R A R A AR AR 2K 3R OB 1] B AT R PR IRIR R SR AORG S, M2 ik 22
I TR Y USSR AR B 5271 2RI AR, RIS thid sl 1 S0 205
BME . W E R & R R SR T, 2E T 59 AR, AR 2R AR OO,
VEBLR R T 2 WEAS R B IAT N AR A R BRI [ 16]. 3T B3R 04, wasfE 30:1 mL/g FIVEHEL
DN T P A 8 ) B (S K

3.14. EEERMEX S ERINENE

FH [ 4 AT 22 B SR R S TS I & 2 IE TR IR a S, TN 2.45%3 3.48%, TEREH]
BIRAEET, AT A AR (AR, BG5S RIS, BARERAIR, REEFR IR ILEH
SR, SR 2R e 4, IRBUSCRBIR[17]. YR AREF B E 0.6%0, FRHCERIAF|IEE 3.48%,
TE P R B AT PRGN EE, AT BT 2 RE VA the . kS I O 5 BURBUSCR PR E 2.48%.
Mg S, BRI RE T R 2 TR, A PSR S N TR . BT AT REK
AR, PRI R 18], RIE RS AR & 0.6% A B I T A B & iR N &
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SEBFRINE/%

Figure 4. Effect of complex enzyme dosage on polysaccharide extraction yield

4. EEHRMEN SHRERMENZMN
3.1.5. RENET A SRR AN R AR

340 ¢
320 f

3.00 f

PEEUE /%

FEELET A)/min

Figure 5. Effect of extraction time on polysaccharide yield

B 5. $RERETIEX AR AN A RN

H & 5 FTAI7E 60 min~70 min [X[H] Y, ZHEHEHCE 2ELPGE EFH3, M 2.21%3) 3.23%, TEHEHUR ]
BN, 2RO R EARES, BRI ARG T 2 A S A AR BE AR AR, R R
FETRANE 785 . T 80 min Ak B KAE 3.23%. &I [RIFRHNET Z RN HTA H, SRR B E IR E[19].
KRS AT RE 08 705 MR BE, (2 E 2 PRIV H o A3 U] (AR I I SHE(80 min) 5, 2 Hi1S 2 B S S
IMREK 52 025 RS, FRE 2.43%. $REUE A1 G FHE R PR B nT Rk B . BRA A (R 32 EL
ARE SRR TR, PR AR BRI IERE S N TR AR (N B T 3R AR B R N 20].

3.2. WRLESCI G

3.2.1. MEESFTERKEMSR

AHEFKH Design Expert 13 #AFR % T =K 3R —/KF Box-Behnken MR & TH T . %R &
I 17 A5 6, AR L BRI T = OPATINE . 6 3 R 1 O H A B s AR
A % 5%t I A P 22 B BB R Sl 45 B . 32 FH Design Expert 13 BRI EEE AT BI04, 27 7 H=RE
25 A:pH. B: #EH(mL/g). C: S EBHRINE%)Z IR FEIEGFE: Y =3.67+0.0738 A —0.0447 B +
0.0453 C —0.1559 AB + 0.1786 AC + 0.0488 BC — 0.1551 A2 —0.1186 B2 — 0.3866 C2.
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Table 3. Table of response surface optimization experimental design and result analysis

3. M EAERER T SER SR

Ehass A: pH B: ikl E(mL/g) C: HEMININE % PRI/ %
1 6 20 0.6 3.26
2 7 20 0.6 3.21
3 6 40 0.6 2.95
4 7 40 0.6 3.66
5 6 30 0.4 2.94
6 7 30 0.4 3.67
7 6 30 0.8 3.64
8 7 30 0.8 3.05
9 6.5 20 0.4 3.64
10 6.5 40 0.4 3.26
11 6.5 20 0.8 3.45
12 6.5 40 0.8 3.64
13 6.5 30 0.6 3.47
14 6.5 30 0.6 3.17
15 6.5 30 0.6 3.16
16 6.5 30 0.6 3.13
17 6.5 30 0.6 3.72

Table 4. Table of variance analysis results of response surface model

4. WM EARE G ESERR

Ti ZERYR 7R H ¥1J5 F 1A pfH TEM
i eit] 1.16 9 0.1293 51.48 0.0001 *
A: pH 0.0435 1 0.0435 17.34 0.0042 o
B: Wik 0.0160 1 0.0160 6.36 0.0397 *
C: BEAMRMNE 0.0164 1 0.0164 6.53 0.0378 *
AB 0.0972 1 0.0972 38.72 0.0004 o
AC 0.1276 1 0.1276 50.82 0.0002 ok
BC 0.0095 1 0.0095 3.80 0.0922 #
A2 0.1012 1 0.1012 40.32 0.0004 o
B? 0.0593 1 0.0593 23.60 0.0018 o
2 0.6294 1 0.6294 250.67 0.0001 o
7= 0.0176 7 0.0025
KAYIN 0.0138 3 0.0046 4.80 0.0819 #
aR 7 0.0038 4 0.0010
RiR%E 1.18 16

R?=0.9851, AdjR? = 0.9660, Pred R? = 0.8086, Adeq Precision = 19.5004.
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AR S0 A I 22 BE BB (B R (1) 7 ZE T 4 A% 4 B, B A W gt B & e =
0.0001 <0.01), TR (p=0.0819 > 0.05)if —FHESL TG B . BAGTM RN, RER
HR2=0.9851, WHSG R?>=0.9660, —FZHAH 0.0191, Ui BHBIALEA O 5 4L E 00 B A0 g
ATHERA RN pH BURHG RN S BV I 2 R IR I a3 . T 2 as R, SR B 1)
KEENRHF N pH > EABMINE > Wkltk. tah, ZEER SR, pH SR ELAB). pH 5
HAEBERNINEAC)IZE BRI &2, Mok b5 8 A B IN 2 (BC) 38 BN ARk B 7K.

3.2.2. W ES T
PRI /% PEEUER%

B: WRHH/(mL/g)

64 66 : 7 B: WEH/(mLg)

A: pH

Figure 6. Effect of pH to liquid ratio on polysaccharide extraction rate

6. pH 5l b33 2 PE IR IR AR
RIE%

0.7
S
I
=2
06
4o
®
@)
0.5-{
0.4 08
6 6.2 6.4 6.6 6.8 T CESHERINE %

A:pH

Figure 7. Effects of pH and compound enzyme addition on polysaccharide extraction

7.pH 5 E ABEERME X S HER RIS
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RIEE 6 TEH, pH(A)FIORL L (B) 22 ELRZ RN A 1 22 B4 232 A 52w ST 20 A1, it T 25 i A2
FERLRE, UiHIBORIEL(B) AR, BEHE pH(A)R R, fifrt 2S5 LT A T, HEhi\ERsk. B,
pH (AN E IS, FEEBURHLB)EN, i 2 Hie R 12 S B Wi w5 AR . AL TEE pH i B
TORFE AT Dy AR B iy - 22 BE SRR P AR AR A, 3L 3D B ARIE RS SN &, PR, AR XIS
PIZR B AZ EAR R pH(A)YKS T i 22 B SRR A SN 2 25 K TIORHLE

fRHE 1 7 I, pH(A)AIE G MRS I (C) Y A2 TS X fif - 22 BE A5 R (R 5 i SR THD A1, T
TR RERLRE, W IR SRR (C) AN, FiE pHA)R S, Mt 2RISR RL LT A TR, HEshE
JERK . T35, pH(A)NEDEER, S EREA IS (C)BGIN, fif it 22 B A58 th 2 S8 T & i 5 B fIC. AL
T 5E pH T AR & B IN ARy B AR i 2 R BCR P A AR a3, 2 3D B AR AL AN B
s P, RPN S TR F R B A BRI R (C)R T r - 2 B SR ICR 520 2 25 KT pH

el " HRHLE %

C:REAMRINE/%

Bk /(mL/g)

Figure 8. Effect of liquid-to-material ratio and compound enzyme addition on polysaccharide extraction rate

8. MR S E S BRI E X % PER RIS

WRHE ] 8 W, R (B)FI S A BRI E(C) AIAE LA faf I 22 FE A3 28 1520 S I T /34, il
LR RERBE, VLRI BYNERT, W& S SR INEC)IE R, it 2 ie3R%e LAE N, Hikahig
JER K. B, SAMRINEC) N EER, BEEREHLB)IN, a2 s 280 R S R i 5 AR
AR LG T ] R LG I LA S5 B VR D AR SR A 1 22 MR DGR Pl AR AR a5, 3 3D IR e
AN, B, EXPAEZR A EAERH N E AR IS (C)XS T i 22 BEHE IR R 8 2 25 P X TR
3.2.3. HRISE

2 Design-Expert 13.0 {0 /G 13 BS540 pH6.8 R 24:1 (mL/g). B & BEAINE 0.63%,
FEVGSAT T AR Z RS RS R EN 3.70%, FEAEGSAT THT 3 R 5206 5 15 £ pifg
PMEN 3.73%, SHELSMHE 3.70%%0L, WHZ T2, SEBRmEAKR, BAEXRRHNSHNE.
3.3. T ZHEREWEMSER

3.3.1.DPPH BEHHEFRSER
DPPH {ERN—FifaE &R EH HIELEY), EPUEALTE TN b B BN ANE. 12 LR
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VR IURFIEVE R O, HaR KSR T 517 nm SR AR[21] . IXMOMARE G AR P A8 H ORIl T 1L
e ST H FARET 4 7o DU SR W], DPPH B HBE7E SHUE S E F I 2 R A SR SR, A2
DPPH-H (A5 L), 3K — i A mT I it A il WS HAC Ve PR S R AT 0 141 9 Jeois 1 i it 2 4 ¥ DPPHL 5
H IS BR AR o RFERN AT o, M ZHHRZEH | mg/mL 3% S mg/mL B, HIE R 5000 81075
HABAPEIG A, IHIIRH 22% 235 THR 2 69%, R 208 B A 25 AR FE O ST 8 AL

80 r
70
60
50 F

40 F

DPPH H & B2 /%

30

20

WP /(mg/mL)

Figure 9. DPPH free radical scavenging rate

[ 9. DPPH B HREERZER

33.2. M ERNEERERRERENEEREER
(1) fir 2 W T AL CE VP E

Table 5. Sensory evaluation results of lotus leaf polysaccharide bread

F 5. AN EZHEEAREITNERE

WA AR VE R
1 2 3 4 5 6
(WP 7 8 6 6 7 8
HR 7 9 6 9 8 7
HIRE 20 21 18 23 19 22
AUN 20 23 28 26 30 33
My 57 61 58 64 64 70

HIZE 5 TR, HEAS D EERAE 6~8 7, BRI L, A3 800 VFE 53w £ FRELRE,  MH IR
KA. FTRERIR AR BERERBEA E AP INEA L, SEUNGRMMAIE. & MAE 69 77,
SAPE LT, KIS VERE PP T A A A R . (HES S BN UBGR,  TRES fT 2 RSN
RS TZH K. HIURSEMERDY 18~23 70, BRRILRL, MBNMEHECNNS, AORIEE
GIR TR AN R BB, W] fE-55 066 i I R AR SEAZ AN 7 0% BAWRAS 70 Vi A 20~33 7F, BEARRELES
HR I VFRE ST L AR B o R0V SE D3 SRR, PR S I RD RS I LD %
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Figure 10. Changes in antioxidant activity of bread in two groups

E 10. MEARBRELEEEL

fif 22 W THI AL A B T AL DPPH H HIETEBRFRWIE 10 Aras. w] LTS H i I 22 00 T 6 R i T A
DPPH [ H1 375 2 B 25 i (8] (84 0w 1 B, fif 22 4 DPPH H B 3875 IR M 64%3) 7%, 538 [ DPPH
H HIETERR R 45%3) 0.1%, (HAETH 28 DPPH [H HHEi5 52 T BR0E B /N T Sl i 4, 28 W f - 22 ki

OERI A e AT
4. &Eig

AHIE TR H M R £F 4 RS AR VR (LB (1: 1) R A BRI 45 & POKIZSE M B R R BRI , RGRE
T fim 2R T2, JRRAHN T HPUAE R . R A R R AR AR T T pHL REURE .
WORLEE 526 B A N B B AR BT [8) 56 2 00 2 BEAS 221050, 0fiide th pHLL Y30 LU A & = AN QB
WX 2 . i F] Design Expert 13 %44 8 Box-Behnken M 37 [ 5 B 3E 4T T 2004k o LA AL T -5 4 565 56
iE, IR SHHE AN pH6.8. WELL 24:1 (mL/g). EAMHE 0.63%. KM, LHEXRE
3.70%, I UFEE-FIME R 3.73%, S TMIME & YA (FHXR ZE 0.03%). i DPPH H H 25 B ik
TN T ZHEIPUEARE /). IR R R (1~5 mg/mL) iR, faii 22 5 (1) DPPH 15 K 28 2 I 2 2 ik &
eAFTE, H 22% (1 mg/mL)IR T2 69% (5 mg/mL). i 45 17 M- 22 K 0 = 10 iR 56, i — B irse
THENII R PR EIE RN, BT S, A 2 0 I E U DPPH B S
W RE 77 1 3 R 2R BH SR %, U A A I 22 i AR 0 RO SR T AL IR R . BB VRN S R ORI
Far 22 BB TR A AE LR, A/ A BUIRAS AR S 7 H BRI R A, R 2 AN B A LA T)
BE, L REFE T 0 SR

AW T s i BEUR AR BE T R AN R G R FHER L 7RV AKEE, 9 i 2 B8R T DhRe v w AE 7
TRAg T BEE T B6Al . S5 2R RIBI LR A BT BRI i 22 B AE A AR TR T TSR I, st . P Al
PETAE, AR R 2 A i AT ) B AR AR BE 2 R B SRR

EEMA
WHLAZE T — BRI H (Y202352649).

DOI: 10.12677/amb.2025.142013 115 AR


https://doi.org/10.12677/amb.2025.142013

HoRhl, R 4

&5k

(1]
(2]

(3]

[10]

[11]
[12]

[13]

[14]

[15]
[16]

[17]
(18]

[19]

[20]

[21]

iRE, FMER, E5E, & WS RS A, ) R4, 2020, 47(5): 100-102.

Song, Y., Han, A., Lim, T., Lee, E. and Hong, H. (2019) Isolation, Purification, and Characterization of Novel Polysac-
charides from Lotus (Nelumbo nucifera) Leaves and Their Immunostimulatory Effects. International Journal of Biolog-
ical Macromolecules, 128, 546-555. https://doi.org/10.1016/j.ijbiomac.2019.01.131

Yang, M., Chang, Y., Chan, K., Lee, Y. and Wang, C. (2011) Flavonoid-Enriched Extracts from Nelumbo nucifera
Leaves Inhibits Proliferation of Breast Cancer in Vitro and in Vivo. European Journal of Integrative Medicine, 3, e153-
¢163. https://doi.org/10.1016/j.eujim.2011.08.008

Do, T.C.M.V., Nguyen, T.D., Tran, H., Stuppner, H. and Ganzera, M. (2013) Analysis of Alkaloids in Lotus (Nelumbo
nucifera Gaertn.) Leaves by Non-Aqueous Capillary Electrophoresis Using Ultraviolet and Mass Spectrometric Detec-
tion. Journal of Chromatography A, 1302, 174-180. https://doi.org/10.1016/j.chroma.2013.06.002

P, FRUbEb, BAPER, S RO R E S R R R R AL D). & A Tk, 2009, 30(6): 12-14.

Zhang, L., Tu, Z., Wang, H., Kou, Y., Wen, Q., Fu, Z., et al. (2015) Response Surface Optimization and Physicochemical
Properties of Polysaccharides from Nelumbo nucifera Leaves. International Journal of Biological Macromolecules, 74,
103-110. https://doi.org/10.1016/].ijbiomac.2014.11.020

Zeng, Z., Xu, Y. and Zhang, B. (2016) Antidiabetic Activity of a Lotus Leaf Selenium (Se)-Polysaccharide in Rats with
Gestational Diabetes Mellitus. Biological Trace Element Research, 176, 321-327.
https://doi.org/10.1007/s12011-016-0829-6

Wu, D., Feng, K., Huang, L., Gan, R., Hu, Y. and Zou, L. (2021) Deep Eutectic Solvent-Assisted Extraction, Partially
Structural Characterization, and Bioactivities of Acidic Polysaccharides from Lotus Leaves. Foods, 10, Article 2330.
https://doi.org/10.3390/foods10102330

Li, M,, Li, T., Hu, X., Ren, G., Zhang, H., Wang, Z., et al. (2021) Structural, Rheological Properties and Antioxidant
Activities of Polysaccharides from Mulberry Fruits (Murus alba L.) Based on Different Extraction Techniques with
Superfine Grinding Pretreatment. International Journal of Biological Macromolecules, 183, 1774-1783.
https://doi.org/10.1016/j.ijbiomac.2021.05.108

Abuduwaili, A., Rozi, P., Mutailifu, P., Gao, Y., Nuerxiati, R., Aisa, H.A., et al. (2019) Effects of Different Extraction
Techniques on Physicochemical Properties and Biological Activities of Polysaccharides from Fritillaria pallidiflora
Schrenk. Process Biochemistry, 83, 189-197. https://doi.org/10.1016/j.procbio.2019.05.020

ARTE. i RIS EILAL . G5 RAL S ARSI R PUEAE YRR FE[D]: (W22 6018 50). RN IR 27, 2023.

Chen, S., Shang, H., Yang, J., Li, R. and Wu, H. (2018) Effects of Different Extraction Techniques on Physicochemical
Properties and Activities of Polysaccharides from Comfrey (Symphytum officinale L.) Root. Industrial Crops and Prod-
ucts, 121, 18-25. https://doi.org/10.1016/j.indcrop.2018.04.063

Zhang, Y., Li, S., Wang, X., Zhang, L. and Cheung, P.C.K. (2011) Advances in Lentinan: Isolation, Structure, Chain
Conformation and Bioactivities. Food Hydrocolloids, 25, 196-206. https://doi.org/10.1016/j.foodhyd.2010.02.001

Liu, Q., Li, P, Chen, J., Li, C., Jiang, L., Luo, M., et al. (2019) Optimization of Aqueous Enzymatic Extraction of Castor
(Ricinus communis) Seeds Oil Using Response Surface Methodology. Journal of Biobased Materials and Bioenergy, 13,
114-122. https://doi.org/10.1166/jbmb.2019.1812

BZse, Xy, A, INEDA. B EBEKEEEERRUE M IR RR AL /b [)]. & dh Tolk, 2021, 42(12): 108-112.

Feng, K., Huang, L., Wu, D., Li, F., Gan, R., Qin, W, et al. (2022) Physicochemical Properties and in Vitro Bioactivities
of Polysaccharides from Lotus Leaves Extracted by Different Techniques and Solvents. Journal of Food Measurement
and Characterization, 16, 1583-1594. https://doi.org/10.1007/s11694-021-01256-3

EZRR, B, DUl K2R 708 RPTEA TS 7], o E 52, 2022, 22(4): 196-207.

Fourniére, M., Bedoux, G., Lebonvallet, N., Leschiera, R., Le Goff-Pain, C., Bourgougnon, N., et al. (2021) Poly- and
Oligosaccharide Ulva Sp. Fractions from Enzyme-Assisted Extraction Modulate the Metabolism of Extracellular Matrix
in Human Skin Fibroblasts: Potential in Anti-Aging Dermo-Cosmetic Applications. Marine Drugs, 19, Article 156.
https://doi.org/10.3390/md19030156

Huang, C., Peng, X., Pang, D., Li, J., Paulsen, B.S., Rise, F., et al. (2021) Pectic Polysaccharide from Nelumbo nucifera
Leaves Promotes Intestinal Antioxidant Defense in vitro and in vivo. Food & Function, 12, 10828-10841.
https://doi.org/10.1039/d1f002354¢

HRAKER, FHES, MARE, & R 2R S E . A R AR E R D] EERAEYIR ST E, 2019(128):
546-555.
Zhang, Z., Kong, F., Ni, H., Mo, Z., Wan, J., Hua, D., et al. (2016) Structural Characterization, a-Glucosidase Inhibitory

and DPPH Scavenging Activities of Polysaccharides from Guava. Carbohydrate Polymers, 144, 106-114.
https://doi.org/10.1016/j.carbpol.2016.02.030

DOI: 10.12677/amb.2025.142013 116 AR


https://doi.org/10.12677/amb.2025.142013
https://doi.org/10.1016/j.ijbiomac.2019.01.131
https://doi.org/10.1016/j.eujim.2011.08.008
https://doi.org/10.1016/j.chroma.2013.06.002
https://doi.org/10.1016/j.ijbiomac.2014.11.020
https://doi.org/10.1007/s12011-016-0829-6
https://doi.org/10.3390/foods10102330
https://doi.org/10.1016/j.ijbiomac.2021.05.108
https://doi.org/10.1016/j.procbio.2019.05.020
https://doi.org/10.1016/j.indcrop.2018.04.063
https://doi.org/10.1016/j.foodhyd.2010.02.001
https://doi.org/10.1166/jbmb.2019.1812
https://doi.org/10.1007/s11694-021-01256-3
https://doi.org/10.3390/md19030156
https://doi.org/10.1039/d1fo02354c
https://doi.org/10.1016/j.carbpol.2016.02.030

	荷叶多糖的提取工艺优化及其在面包中的应用研究
	摘  要
	关键词
	Optimization of Extraction Process and Bread Application of Lotus Leaves Polysaccharides
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 主要材料与试剂
	2.2. 主要仪器与设备
	2.3. 试验条件
	2.3.1. 荷叶多糖提取工艺筛选
	2.3.2. 标准曲线的绘制
	2.3.3. 荷叶多糖含量的测定
	2.3.4. 单因素实验
	2.3.5. 酶法辅助提取荷叶多糖工艺响应面优化实验
	2.3.6. 荷叶多糖抗氧化活性研究


	3. 结果与分析
	3.1. 单因素实验结果
	3.1.1. pH对多糖提取率的影响
	3.1.2. 提取温度对多糖提取率的影响
	3.1.3. 液料比对多糖提取率的影响
	3.1.4. 复合酶添加量对多糖提取率的影响
	3.1.5. 提取时间对多糖提取率的影响

	3.2. 响应面实验设计
	3.2.1. 响应面分析因素水平和结果
	3.2.2. 响应面分析
	3.2.3. 模型验证

	3.3. 荷叶多糖抗氧化活性结果
	3.3.1. DPPH自由基清除结果
	3.3.2. 荷叶多糖对面包感官品质及抗氧化活性影响结果


	4. 结论
	基金项目
	参考文献

