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Abstract

In this study, the total polyphenols were extracted by enzyme-assisted ultrasonography from the
Rhododendron tomentosum Harmaja. On the basis of single factor experiments, the Box-Behnken
response surface optimization experiment was carried out by selecting three factors: enzyme amount,
ultrasonic power and ethanol volume fraction. The optimal extraction process was determined by
taking the yield of total polyphenols as response value. The antioxidant and hypoglycemic activities
of the extracted polyphenols were studied. The results showed that under the conditions of 3% en-
zyme dosage, 300 W ultrasonic power and 45% ethanol volume fraction, the yield of total polyphe-
nols reached 70.19 * 0.31 mg/g, which was highly consistent with the predicted value of 71.66 *
0.19 mg/g. When the polyphenol concentration was increased to 5 mg/mL, the inhibition rates of a-
amylase and a-glucosidase reached 80.1% and 85.6%, respectively. This suggests that polyphenols
have better hypoglycemic biological activities. This study can provide a theoretical basis for the
subsequent research and development of polyphenols.
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1. 58

#+# (Rhododendron tomentosum Harmaja), A4LHS{EF}(Ericaceae) tt % J& (Esculenta) 1) 7 4% B A7 /INEE
AR, % 50~80cm, FEAMAEFGE, JL3E. BRI LIREARIEHR, AN FHK il X 1], HoA
KPR X B F E R R, TR E (2], A E. BAMESEEEK, EgZNHTRE, i
TR DMENTRRRL, R MASESER I, BRESAM O WA DM ] £ 5 s
BARAEB]. CAMAEY, HEMLYRSTFEE, SR, HIE, FERE. MREFMIT
[4]. BUARZGBEERN], AAFHAPRINE . BEZARK . PR, PrE i ETIRL(5]. ZBmRNEYRHEY)
RN —Fh R AR BT, B FRMAEG]. HUEAL[7]. HTR[8]. PUm[9] M H/MIR [1015:/E H . JRTM,
H A0 T AL B0 70 32 SR AR T R A Ak, T St o B 22 T 2R B 1 i T 2 AR e, IRAEAR
KRR E BRI T AL A BRI T2 R A

HAT, 2RV H RO 2 Ve Bk . A VAR 20 BEME . A s Bk a5 .
AU RIEAFAE SRR ) K, IR B vl e S B2 By 2 30 R A o [ 11 ANV FI RSN 777%, AR
BRI, (A SR EANIEA[12]: BEME R, BRSNS A, JF BACK A b HE 20 il 5F A
HEIN[13] s B P VA e A SN AU RISE , BRI A () AR Bt A, AT S8 40 P DA RS 70 I a4
HA s SR . fERA R, 4 BE 2 PEAS 40 i N 22 W 2R A0 S A BV A [14], 2ETATN 22 B 2R o 11 2
Bus pem . Rk, ERBOIREPR IS 4EZREE, Aet 5oL a0 MRaE fmaErE, @ Y AT A,
M ES Z MR KL EMAE S N T EZ M RR, RaRERSs. —Jim, BA
(R 7S AU AE FH BE % A AR A O 5 A AR S i b, N5 S R AR s 59— 71, A mT DR
SIS R AN R EE RSy, R IR BE A . B R, SR AR i T A A e R T
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v, RN e E R [15] SRR s[16].

A SR T X £ 2 2R I D 7 ) VA SR IR A 2 s 3 e B Rl R R 8 T SR 6 E R AR
IS oo ] T AT THE AT TR A R )00 1) S 6 XA 75 22 Mgy FF) ok AR PR REAT 2B W 7, AT A e RO 5 A
PR PEE R SR, D 55 2 Wy W o ) L FH 4 AR -

2. ¥Rl E
2.1. SEIEAHRL S5 EE

A SREARISZIEPEAX, Bt JsCE 50CHA, BT ek, i 60 HIf, KrtmaEE, 48
& WA £F4EREG. PNPG. o-JEM B oM & M5 EE: IR AR A R A A 3,5- AR K
MIFZ(DNS): AL ZEERHEARAR: BB TR: LiFEZwRAENRHEARAH .

Tecan Spark 2 DNRERALBAT AL ; FWJI-10 =0E 2 D REM#HL; Neolb /ey 2 0bL; 101-3A H
PTG RE-501 Jieds 28 KA

22. EWAE

Rt T Ia AL A e, 10, FREC 1 g ARy R T 50 mL fUE B, H— g LIRSy
N 3% LT 4 EE, LUBHREE 1:20 g/mL, AN\ 20 mL 45901 LR, 8 S A H IGR BE 55°C,
FEDIA 300 W 2 AF T, $RHL 40 min. $RHXAS S, BOHCETER, G205 2 BRI

221 HBELRZMEBENITE

ZHE IR ET[17]%5 (Folin-Ciocalteu FC)JI AL, XALE S 2 My AT hRdE 222 FE WPk &E
BEFRBRAMEN TAROARR T ER, MR E RIS, 778 1mL#KEH 0.1, 0.2, 0.3, 0.4, 0.5,
0.6+ 0.7 mg/mL HIARAEA T 10 mL B ELAE Y, KK NN 1 mL 10%AEMREE RS 2 IR G,
Fe&AF TERE 5 min J5, A 1 mL 10% NaCOs IR ST, B R PR RCT K8, 40°C %M FKif
lhe FRAHZEER, EEIMEK 765 nm NSO, LLER SR & T RIKEE (mg/mL) ity KA
BIROLE y AR, SLMENE, ARbrHEMZE: y=26.955x—0.0093 (R?=0.9992), & ZM1F2(mg/g)
S E R RIS R . SZWIIE SRR T K.

cxV xN
m

s W RRAF B ZHEER, mglg; ¢ RORZENRE, mg/mL; N RRBROFBBEEG VRRZHE
WERG AR, mL; m BRHFRERFE, g.

2.2.2. BEARKE

KA B, P SN ERR EE(1:10. 1:20. 1:30. 1:40. 1:50 g/mL), HnE&FE(0%. 1.5%. 3%.
45%. 6%), LEEAFSH0(30%. 45%. 60%-. 75%. 90%), H7H T2 (100, 200, 300, 400. 500W), #
HUEZ(35°C 45°C. 55°C. 65°C. 75°C), ##FHI[A](20. 30+ 40. 50. 60 min), XFHEHUFLF L mTHE
injEAT

2.2.3. M ERALIRLE

A AP R SRIR 25 R, B R S 2 MR BN BN R, LUNEESEA). BAEIIFEB)M L
FERF S B(C) =R N EA R, 85t Box-Behnken FFO 2 A9 = IR =ACFIULRER AL, DU &
Z A3 (Y) 9 AR, {8 Design expert 10 #4ExT & K 26 2 8] 1928 AR HREAT 704 BRI &R 5Kk
i 1 iR,

W:
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Table 1. Box-Behnken test factor-level design
= 1. M EREERKEE T

N7 %\%
wr A B RE%) B K T (W) C 2 BB ()
-1 1.5 200 30
0 3 300 45
45 400 60

2.24. SHMRIGENEER

SR8 I R R E I, 7ERRR L 1:20 g/mL, ARFR 23 %1 45% 2. BE s, #EH Th = 300 W,
U S 55°C, HEEUN A 40 min FISEEE T, 20 BRI BRI . MR BEAR AN B B A VA TR U
BEB, FFTEARREE TR L ZHmEER,

2.2.5. HEFZEMAIMNEMPEE R E

TERERR T 254 T2 & S 2 AR, R AB-8 B LI IR XS FEbAT WL bR, 25 B F /KI5 Ik
J&, FARFR D HCN 70% £ BN B S R FUR R HEAT B b, WOSE BRI, heit 8 R BRIk S, ¥
HTE, SRFE L2, 2506 AT o E P RN o-JE K B 5250 .

FHEBZEA o-TERMBEEVERIIIHIEH . 255 KRB LB, BUR R EE 2 B i
0.5mL 5 0.5 mL a-JEMBHEAR(L UmL)JES, 37°C/KE 15 min. SR IIN 1 mL 1%JERE R, FEAHE 4%
PR 10 mine B JEFMA 1 mL DNS R, /KRB 15 min, JRMEEH G, 755 5ME A 540 nm &b
AW AR, BT i W g BA X FRAHL, S 2R 0 7 vk

% A-A
MR =] 1-
( A

J x100%

A AL ASEIGHMOGE; A N SRAROGAE; Ao AT HRZAAMOGAE

BB LN o 2 M BT M A3 HEH . S8 PARK [20155 /0 J57%, ¥ PBS (pH 6.9) e il By ik
WE N 0.1 mmol/L, 43IHL 50 uL FEWRE N 1. 2. 3. 4. 5 mg/mL [ZEHARS 50 pL o- % B
(0.2 UImL)B R A, =i N 6 min, JIA 5mmol/L pNPG &7 50 uL, 4k%:/% )% 10 min J&, HX 100
uL Na;COs ¥ (0.2 mol/L) 5 2 iR & G RN 21k, TEE AN 405 nm AbIAF IR AR, B J800 S BH 14 6F
HRAH . THEHDH 20 70 R

FNHIR = [1—M]x100%

A Ao: SHIGHEWIEAE; A: ERWOBME; A BRI IEAE; As: BAMEXT RS RB6E.
2.3. BUEAE

AT LI TATEE =R, WIS R T + b ZERR . RS Origin 2021 #4174
K, fF Design Expert 10, SPSS Statistics 26 % ¥4 2k 47 A 437 .

3. IWFERS SR
3.1 BEAEREER

311 MEBEXNHEFLSSHERNRMW
TN EXAL T 2 2 IR AR AR A 1 R, (RN 0%~6% u N, BEE INEEE AN, LA
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BZ MR RIS EAHE T RERES . INBEE A 0%IENF 3%, FLAF S 2 MARECRIZETIG N, FEmEEE
N 3%, FF SIS RIAB R E. £ EEE N, BEL YRR, 20 EE KR 5E ) th
RN, T AR R T 4
CAEINNEE N 3% 7870 [, BT LML YE R Mg B 2k S8 e, S 2 MR AHA YRR, TREZR AN
JRA) 5 T 2 R B e AR S S DL B T HIADIRZS . WOARRBTE 280N 3% AT 4E R B R T e Be s Ak -

BEZ 3800, BEVE AN T A A Z WM, IR A 2

75
a% i ab
b
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ED
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Figure 1. Influence of enzyme dosage on the yield of total polyphenols in Rhododendron

1. MEEEXMHE B EZHMEROENN

3.12. ZEBFRSENHEE S SBERNTM
LA 7 BORAL A i 2 B S R AR AN ] 2 i, SEARAR 2> B 35% 5 459041 7 i 22 By 15 < 4

m, I HAE CEEARRT BN A5%I FE 7 5 2 I A5 3R 1A B i KA 68.7 £ 0.81 mg/g, AL 2 By ] S KA FERY
W ARSI CRER AR B, AL S 2 IS R LR AR BRI IR . LB BOE N,

— 3 T R KA PS5 P SR A A s Ao 2 My SR R R B B AR 3 — T T e —

IngE (%)

R RIS

Ko T 2 B SE40- 3500 A 22 (), TR 22 B 4S5, WU $F 45% LIF N e AR 1 3
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Figure 2. Influence of ethanol volume fraction on the yield of total polyphenols in Rhododendron

2. ZEFRDEIHE D SIS RIFNT

3.1.3. REUEENHEESES RN
ME 3 ATLLE Y, FESRHGESE 35°C~75 CifN, #& L ZMmaRE0L LR TREMES. Ll
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Figure 3. Influence of extraction temperature on the yield of total polyphenols in Rhododendron
3. REUREXMHE R SESERMNEIT

3.1.4. RIALENHEE SEHSENF M
MAnE 4 ATEAE H, AERRREE 1:10~1:50 g/mL I, BEERHREL ORI, A7 8 2 e R i

23800, BHREE A 1:20 g/mL i 753Kk 14 {E(68.4 + 1.17 mg/g), (HRENKELHE 1:20 g/mL 5, #HFRE
W32 A A R A . BEE RN LI ETIG K, VIR N, AL 22 W JEURE I ) AR ke i AR AR XS 1S
BEME R P AL S 2T S B X 2R KIERINES, 2F2 sk ERIK, WEEEKR,
TR T AL A 22 By D JORE B A 9 SO s (R WiE R Bl — e &5, EZmEAREE, HB%
A BB . Mok 1:20 g/mL iR EL .

75 ¢ ; \ . .
b
60k ) 7
@
on
E45¢
w
F30f
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3
15}
0 A 72
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Figure 4. Influence of solid/liquid ratio on the yield of total polyphenols in Rhododendron

4. BHRELITHF B S EMS RIVE N

3.15. BAIIERINHEZZBMSENTN
w5 s, EAEIERM 100 W FHE 2] 300 W i, A& S 2SR Hm, DR IAT] 300 W
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Figure 5. Influence of ultrasonic power on the yield of total polyphenols in Rhododendron

E 5 BENEIHELSBMSRNZMN

3.1.6. BAERENLEDSSHMSRHRMW

il 6 Frros, (LRI R) 20 min~60 min VIR PN, A7 A 22 W 45 5 Bt 6 7 I [R]85 T i e PR IR
Y. R E 40 min I, A0 2 SR IA B, BRI EE R, AR 2 WS RITAE TRE,
RAEOL AT EAE B T AU AR I T, SR R B2 BIRR, AL B 2 A R K. &

e 40 min A AL A A .

~
W
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Figure 6. Influence of ultrasound time on the yield of total polyphenols in Rhododendron
[ 6. BARMEXTE D SHMISERIFZM
3.2. MNEERERE T RERSH

321 MEEEBMETSREERE
FERPIR NI b, WK CUnBEE . BADR. LA BONERE, T =R =K

Box-Behnken H.L A GIEMAHFZ WM TZ, LRS54 W0E 2 Prs.
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Table 2. Response surface optimisation test factor design and results
2. MM ERAIREE R &I RER

s A NG E (%) B 1 Zh R (W) C LIRS H1(%) A2 PR ENAS 28 (mo/g)
1 45 300 30 68.7 +0.13
2 3 300 45 71.68 +0.08
3 15 200 45 65.31 +0.08
4 3 300 45 71.45+0.16
5 3 200 60 67.69 +0.25
6 3 200 30 65.4 + 0.06
7 45 200 45 67.97 +0.03
8 45 400 45 66.89 + 0.25
9 45 300 60 66.89 +0.04
10 3 400 30 68.46 +0.17
11 3 300 45 7157 £0.31
12 3 300 45 71.65 +0.06
13 15 300 60 68.69 +0.16
14 3 300 45 71.78 +0.08
15 15 400 45 68.76 + 0.53
16 15 300 30 66.54 +0.03
17 3 400 60 67.12+0.14

Wi 37 T 2 06y 4 SR A 4% 2 Fis, A 4t Design-Expert 10 X $0E #E4T [0 A 2087, #5937k £ 15 al )4 7
F2: Y =71.63 + 0.1437A + 0.6075B + 0.1612C — 1.13AB — 0.099AC — 0.9075BC — 1.93A2 — 2.47B2 — 1.99C2,
Hrp, Y /B ZWHER, ANNEE, B AEFAIIE, CHLFEMIEE.

3.2.2. Wiz mE EVABRRE N HFE S

J7 AN RN 3 Frax, 7 3 A, BRI P < 0,001, BEHIEIATRENR G, FIRLMIEP =
0.3318>0.05, PiHHZESFMARE, UM T ZERIAG R, TEtEE s, R IRET PR A 2
BTN . £ B. AB. AC. BC. A%, B2, C2{fJ P {H¥)/NT 0.001, 5 BN FEF 2 W15 2 A5
W3 Horh F AR VPN & g 8 22 VR 2 H 40 b5, BDF (EEROK, 30 BH I R 3200 SIEB 245 SR 52 il bk
K[21]. S BN FR S FAER KNI, B (HA D) > C (SRR /410 > A (B, 1B S D)%
SR S 2 I MR K. 10 A (INEEE)F C (LEARR )M S L WS R B —

Table 3. Response surface fitted regression equation analysis of variance results

=3 WEEMEEREFEAESTER

HIH H H 75 i B F 18 P fH
it 80.34 9 8.93 470.72 <0.0001**
A 0.1653 1 0.1653 8.72 0.0213*

B 2.95 1 2.95 155.69 <0.0001**
C 0.2080 1 0.2080 10.97 0.0129*
AB 5.13 1 5.13 270.53 <0.0001**
AC 3.92 1 3.92 206.73 <0.0001**
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ot as a3
i3k

BC 3.29 1 3.29 173.71 <0.0001**
A2 15.65 1 15.65 825.34 <0.0001**
B? 25.59 1 25.59 1349.67 <0.0001**
c? 16.72 1 16.72 881.92 <0.0001**
W7 0.1327 7 0.0190
KANI 0.0714 3 0.0238 1.55 0.3318
=% 0.0613 4 0.0153
a1t 80.47 16

E: “*” BREREF 001<P<0.05 “**” FREFWEF P<0.01.

3.2.3. EERGMZEIEA

Ay 2 [ 58 ELAE B R d s i B2 TET 3D PR 1) BE IS B RN 2 v 2R ok S e [22] . 4 m 2T 3D R 3 P
FRBEDY, Sk EUG TR T IR AT, B IX =3 2 (058 EAE PG, S 7 5 22 T 4556 (1 B ik
K Rz, WM 3D EURRIME LR, S EG R T BRI =5 2 (8 A58 BAE FH RS
[23]-

HRAE R 7(a)s E 7(b)~ B 7(c)rpaT DL B A A5 R 3k Z T 122 HAR R o 1B a Ho il 35 8 7S Th R f) 3
I, HESZE AR RS LT NS, BESERBENEN, HELZMERBERTtEE
TR . B B TR AR R T A TS AR, SRS D kL S 2 IS R K T
IR, SEfEGEMEAE, WIHEFIE SR 2 RN EERRE: AE b hafbER, ME
R ThERIE N, ZMFERINE R, B SRR BN N, 2SR inE TR, HET B T
o FR KT C I R R, 0B S Th St 22 By A SR KIS K T LR AR Bkt 22 45 26 1 s
[ A ] ey 5 e 2 PR A S IS, 0 D 5 Sh o RN AR AR A B 2 18122 EAR A %, B ¢ T bR
i, Bl SRR BORINEE R 13N, T AL B 2 IS iR R e R A s JEE, B e
A TS MFEES C S MfEEME, Sa&RGEEE, VWIINERS QARS8 /128 HAE
GiENTE R

EREEmYg)

—
(22}
= 2
= g
<
5 ~
"
E ;
S BRRRARERREXS
] AR
o = RS

AMMEE (%)

@)
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Figure 7. Interactive Response surface 3D and contour plots

E 7. ZE{ERRNRE 3D BfMFSLE

3.3. mELZ&HE0IE

AR 0 7 T (] U g R AR T AT A e 2 By ) e SR T 2 IS 2.99%, S TN 312.15 W,
CEERFR Y HUN 45.19% . N T HAE T8, B4R INBEE 3% A TR 300 W, LEEAFR /340 45%.
BE=VYCPHTIRE, SB35 2mER N 70.19+£0.31mglg, SHEATHNE 71.66 £0.19 mg/g AHIT, ViEHi%
BEALE SRR A A B — s T AT

3.4. SHRMRIMITERLE

HIZE 4 WL, JEREASF R R 2 AT SR X B 2 IS SR A B Le A B B B
TR P VAR I e A e 22 T A 2 ol ey TV R IR L B AARVE R P . X 3R ] i Bl R VAR U —
i T BRI AV A REOR, ATEHE H AR PRI, RAARCR R BRI PRAR[2415F I AT

“Hne
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Table 4. Comparison of Polyphenol content in different extraction methods
4 TPEREG XD ZHMISELR

PRI 1 FR E(g/mL) LR (%) fif [ (min) S W (mg/g)
AR 1:20 45 180 45.41 +0.61°
il fEy: 1:20 45 40 43.24 +0.35¢
P 1:20 45 40 52.12 1.2
oty 4 B 7 vk 1:20 45 40 69.15 +1.132

3.5. #ESEMAINFEFERERS E 1RO E

3.5.1. HEZENT «-EREERYIIEMER

o-VERY B2 — TP 2 5 HoK A E W53 R R DGR, 5] I 72 U428 I 7K P 7 Tt R 4 DB E
AR, JEIXT a-E B BEEE A0S, AT DLRGEGE R JE VI B AR IS AR, 3T ek 20 Sk 2R B ) Hh
BRI, AT M T s [25]. [ 8 HR, SRR EE MR 2 I o- SE R BESS BA — 2 140
HIVER, ZMHAIR LS, X a-EX B A0SR FBRGE . 9 2 IR RO EE 1~4 mg/mL B, i St
Al ZEIE R ELE 4~5 mg/mL B APHIZR 88 0, 7E 5 mg/mL B a-VE K B 04 1) 215 21 80.1%, i
SRR AN 2RI F) 90.1%. X PEEA KL Z WX a-E B BEEA —E M HIE R -

100%

—O—fi
—m—H L) a a
a/§/§
i o 2
80% | i/i

b E’/

a-E R A 1) 2% (%)

40% -

20% 1 1 ] ] 1
1 2 3 4 5

W (mg/mL)

Figure 8. Inhibitory rates of a-amylase in acarbose and polyphenol extracts
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