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Abstract: This study aimed to investigate the optimal extraction conditions for phenolic compounds from Floccularia
luteovirens and to analyze their antioxidant and hypoglycemic activities. The extraction process for phenolic compounds
from Floccularia luteovirens was optimized using response surface methodology, and their in vitro antioxidant and
hypoglycemic activities were investigated. The optimal extraction conditions for phenolic compounds were found to be an
ethanol concentration of 48.19%, a solid-to-liquid ratio of 1:38 g/mL, and an ultrasound time of 35.70 minutes, resulting in
a yield of 7.74+0.24 mg/g. The ICs, for DPPH radical scavenging was 43.85 pg/mL, the ABTS" scavenging capacity was
7.81 mmol/g Trolox, and the FRAP ferric ion reduction capacity was 1.58 mmol/g FeSO,. In vitro hypoglycemic assays, the
phenolic compounds from Floccularia luteovirens exhibited an ICy, of 2.79 mg/mL for a-amylase inhibition and an ICs; of

9.85 mg/mL for a-glucosidase inhibition. In conclusion, the phenolic compounds from Floccularia luteovirens demonstrate
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excellent antioxidant and hypoglycemic activities, indicating their strong potential for development.

Key words: Floccularia luteovirens; phenolic compounds; process optimization; ultrasonic-assisted extraction; antioxidant;
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(p-coumaric acid) . 4-32HIRH L 2,75 (ethy] 4-hydro-
xybenzoate) . 4-¥5£FZK H iR (4-hydroxybenzoic acid)
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Che %5 (U7, FEVEIE L. HEREBLL 45 C
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ELEARLEIREE 1 W, B L 1:30, 750FE] 30 min,
B 50 °C &R, RIS B BE 30% . 40%.
50%. 60%. 70% X HEkAs Eas RIS o B B AL
1.2.2.3 BHE LLXTE2EY) B & nsen gt
BIEM R 1R, B E 50%, #8575 Bt E]
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Table 1 Response surface test factors and level design
KF
iSES
-1 0 1
ALBERRE (%) 40 50 60
BAH& [t (g/mL) 1:30 1:40 1:50
CHl7H i) (min) 30 40 50

1.2.4 EETFRRMEMZLALE SHIMED 1997
725, BRI . 4 0.1 mg/mL FIRFHEE 1~6 pg/mL
FHBEVI, INAARBARERIFN 10% BRERENIFUR, HEG
JZJ% 30 min JEIIRE 760 nm WOGHEE, @y bR i<k
1.2.5 WEETHHISTEWIIE B 1 mL #4E
LB E T 10 mL tbaf8 b, ZRIBKEZS,
RIS, ARPE=C (DA 2 i & &
CxXV,xV,
CV,xW

K. C RORBBUR AL, mg/mL; V| RRFEHL
WE AR, mL; V, RORFEBOEIAF, mL; vV, #£oR
PEBORE AT, mL; W Fon T AR T &, g.
1.2.6 LA ELEIEY) T UAE A LRI MBS P
1.2.6.1 DPPH H HEIEMRIGEIENE SRigHnaty
M7, I AEE R . FHJG/K Z BE R i DPPH % K
(0.1 mmol/L), #f 10~60 ug/mL FEFAH S 0.1 mmol/
L DPPH %W SRR G, #6130 min J5 &
517 nm WZOGEE . DIBTIR M aR A BHMAXT B, AR HE=0(2)
P45 DPPH F H IR R

_ (Al B Az)
Ay

28 B (mg/g) = X (D

DPPHi& R (%) = [1 x100 =X (2

o Ay /R DPPH I IOGIE; A FoRFE
Ah B BHPEXT BRI DPPH MW OGS s A, FRoREESD
IR
1.2.6.2 ABTS"H HEEREMNE RALSDUEA
ALBE SR & (ABTS 1) PP s st B ik 2
Y ABTS' H HBEERRRE ST . 0 2 IR S0

B . LIS IR e BE i Trolox ¥ WA Fm v il £ ) 52
W ok B Y B ABTS H 2L BB
mmol/g Trolox.

1.2.6.3 FRAP #kE TIRIFEGEME RSP UE
ALBE SR & (FRAP 720 VRN #4345 B i 1y 21
Pt FRAP 2R T IRJFEET . B 5 pL FES 180 pL
TAEUWR (R 2% vk JE TR IS I=10:1: 1DIR A,
37 °C #EYGZ W 5 min J5 I E 593 nm B G E
LL FeSO, 1E M AR#E S, £ 0.15, 0.3, 0.6, 0.9, 1.2,
1.5 mmol/L ¥ JZ N HlVERRAERZE, FRAP [ 3L R
HESTHYLE SR FeSO, M {HEIN

1.2.6.4 a-UEMBEFIHIRGEIME S35 EAER 1
JTEE, BVEER . B 0.5 mL 1~3 mg/mL £ IR S
ZERFR 0.5 U/mL BFRIR A, 37 °C 7K 15 min f5N
A 1 mL 10 mg/mL JEMFUR, kSESZ Y 10 min J5 I
A 1 mL DNS 2 5], #7K# 10 min J5%E 540 nm
WG o DABRT-RIENE Ay BT R, dehm il i it
WRZH, #0203 T3, AR f th 2 155 2
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SRR vk, WEAEAE R . B IR R 2% vh i (PBS) it
il 1~5 mg/mL PIRE SV, 15 50 pL A SIEW 5455
{RFR 1 U/mL BF#E T 96 fLA b 37 °C JZ W 10 min,
JA 50 pL 5 mmol/L X fif R I -a-D- Nk g > ZLBE
FEY M 20 min Jii, A 100 uL 1.0 mol/L BREZ4M
VEIRZIE R, AE 405 nm WG . AR08
BEAE X BE 05 W6 EE (405 nm), 33X (4) T304
i,
(%) = 2

o Ay FORAS U BRI ; A, RomFR b
B BHPEXT HE ARG
1.3 HIEAIE

SR SPSS 20.0 844X Pa 2047 25 55 W 2 TER
6 AR 43T, Origin 2021 #AER . 1156
FI 3R, B L, EEbRE IR 227 2R, P<0.05 Bk
N EAA G
2 HBRESH
2.1 BFERSEER
2.1.1 BB Y S rsem E 1A
TN, B VR B IN, T2 IO S g g,
ZHEPIR I Y I B & B 5.37 mg/g, HLEE—IK
LI 25.50%, IR IR RY R B SRR
5.55 mg/g, (L ILIZIEPIIR$R S T 3.36%, JCH] AR

x 100 X @
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Fig.1 Effect of different factors on the extraction of phenolic compounds from Floccularia luteovirens

1 AR PR ING B R R R 2 7 B3 (P<0.05); K] 3~ 5 [,

e ARIEZAIAFFTET, B B R B TR 7 e B
W2 0T T4 M e SR G R P A2 BIEIR, tun] Rej2
g YR T (B B o =/ RPN A s et 7/ DD o i
2.1.2 LEFHRBEXTIy Y B & a s A 1B
JT7R, B 2 AR LRGN, Ak Bk Wy 2 o
BT K, R EE R 50% B, 2k 3 e e A
5.51 mg/g, X4 LBEHE AT 50% BF, My 2S5 &
IRFE(P<0.05), 3X AT RESE: PR Ry £ ek i 3k i, AT RE S
FEOCE S B T Y T 2 BT A AL T BB IR, BEAIR
Py S AL ; > 2 AR B30 e i 25 5 350 571
B P 0 v, RO SR A B4 T IR TP IR MRS BT A
i, 512 T sE S [RIRNA R, S EOE W IR IS
Yo BEREARY

2.1.3 ERE XTI Y BT S B sE e il 1C FF
7N, B AR L AR 70 A A N, B S B G e R
SN, 7E 1:40 g/mL Bk E)HKIE, “A 6.58 mg/
go WORHLHEIT 1:40 g/mL i, $EHCR TP IR FEAR(P<
0.05), "I REFH T S EEMARTR N Fb RO, FEka s ol it rp
A RERE AN TE 4, WLk B I i BRI
2.1.4 JEEFEEFEDT Y TS RS2 AnEl 1D
JIT7, BE S P AL RN, PR By 2 o
¥4N, 7€ 40 min BFiR 2] fHKIH 6.21 mg/g(P<0.05) .
O R B BRI SE R, Heakds Bas 2L G i
ST R S A T s e e SLiE: D) | b Ve DA I PN
T 40 min B, B8 BT 46 I 2 REAIR (P<0.05) .

I=PA
5

AT B P K i R s, — Lo 2 o145
BTN, SRR P 2 o & R RER,
2.1.5 S IREXT IS SRS E 1B
JIT7s, PR 2 ot B A P R B (4 T e v
B, 4 60 °C BFiRBIE RAE . FHRSSESINm2EE L
P v BT AR, DRI SR v TR AT AR S 4 Bh B e E L
PAJFUREE 0T i 25, I sy HiGa e, AT H i H2
BN R ek F| 70 °C B, SREBCRBHRRRE, X 3
TR T IOEEEYI I, 255 vafb, 3R
BORETRE
22 MEERELZER
2.2.1 ma g RGBT AR S Tk
BUR, DASEBGR H H46 B s I 28 & SV i (.,
LA Z e B | R L . A RS BRIV S 15 A8 o, W L Tl
RGBT S G IR L 2.

B Lh L4 R AT BIEELA, 45280 R BE
& Y=7.73-0.13A—0.091B—0.17C+0.24AB+0.27AC+
0.15BC—0.8A2—0.54B%>—0.28C2, M 3 A LLFEH, M
RAEAERY P AH/NTF 0.05, FR/R1Z IR IG5 FRA A i
2, [RIFHZARRIISAUIT P AAE T 0.05, 15 BHARR e 4
TJUAS b 25, ] AR 1 4Eh & D00 i - il A T {5 B8
Sy AT AR R e 2R R? A 0.98, Ferm AR AU AR G
ARt A8 T BN 1.83%, Iz B An e, nf
DA W B0 i) LS PE o 28 TR, 1 B ASR X i
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Table 2 Response surface test design and results

*3 AR 20

Table 3 Anova for regression equations

R AL EER S BAHH L Citir ] YHREE
PY vas .
(%) (g/mL) (min) (mg/g)
1 60 50 40 6.32
2 40 40 30 7.24
3 40 40 50 6.21
4 50 40 40 7.66
5 50 40 40 7.68
6 60 30 40 6.09
7 50 30 50 6.73
8 50 50 50 6.91
9 50 50 30 6.78
10 40 50 40 6.21
11 50 40 40 7.88
12 40 30 40 6.93
13 50 40 40 7.72
14 50 40 40 7.70
15 60 40 50 6.59
16 60 40 30 6.55
17 50 30 30 7.20

2.2.2 BUERAR R AT A 2 BT, BEE 2
PSRRI T] A I, B LU RIS, IS & st
BRAEIE IR v AR, st FAE AT, 45 R T
IR M52 M /N A8 75 B TR] (C) > U BsEAe BE (A) >4k
WIL(B) ., TEXZHEIH, AB 5 BC X i )3 {8 (14 582 i)
35 (P<0.05), UL Wik B2 SRR L L B L 5
7 BF ] P P IR 28 52 T AE G e e B 2 W & s A9
FEMAEL G T IRTFI AR A2, B? X4 Bk 2 &
A R W R0 (P<0.0001), L YRIF C? B3

e it (mg/g)

& & i (mg/g)

FERE  HBE P ¥ FE P BEN
e 9 5.687 0.632 38954 <0.0001 .
A 1 0.135 0.135 8334  0.0234
B 1 0.067 0.066 4.106  0.0823
c 1 0221 0221 13.630 0.0077
AB 1 0.226 0226 13.908  0.0074
AC 1 0.286 0.286 17.644  0.0040
BC 1 0.09 009 5548  0.0507
A? 1 2688 2.688 165.699 <0.0001
B? 1 1235 1234 76.107 <0.0001
c? 1 0333 0334 20568  0.0027
B2z 7 0.114  0.016
AN 3 0.083  0.027 0.1254
4R 4 0.031
ISy 16 5.801
R 9 5.687
KFIER? 1 0.135

B ZE(%) 1 0.066

I TRARERM R E (P<0.01), PR R B2 (P<0.05),

(P<0.05) . 3E b N A DS B iR A FE B T2
Shy: WS EE 48.19%, BHA EL 1:38 g/mL, A7 B[]
35.70 min, TRINAS 2 ) B m 2SS 7.78 me/g.
2.2.3 WA AL RIS S T I TR A 1
MM EUERTE, 2SR BAEIR I T 24 F T T T 8
S SR Sy i H L e sLy/ DI NS M G B U VAT IR W Y
TS BN B AR T 20 LW 48.19%, BRI Lt

2 1t (mg/g)

45 50 55 60
A: LFEHREE (%)

52575 it (mg/g)

50-e

45

40

C: A (min)

35

30
40 45 50 55 60

A CEEREE (%)
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Fig.2 Effect of two-by-two interaction of ethanol concentration, material-liquid ratio and sonication time

on phenolic compounds content

1:38 g/mL, B IFIE] 35.70 min, % J& #5256 Al
VEVE, ¥ iR AR RIS R : LB 48%, K
WL 1:38 g/mL, M7 ES[R] 36 min, SZE-PATEE —
WK, SEBRUTINAS 1 B S B AR I 2 o & 5ol 7.74+
0.24 mg/g, STIMME 7.78 mg/g FeAs— 34, F2 B i 137
TSI A BRI T 2S5 5, HoAT S2brn
Ml

23 EGZEEHMAEYIFIMENFEES

2.3.1 DPPH H HZIWFRWETESTHT  DPPH 53
M5 LR ORI (DPPH- 2L 1) 53 8 A7 = B s 1Y
AR EOFRE (4, =517 nm) K PPAL [ i SE7E BRI e, 4R
AR SPUALRE I B IEAHIEP, 1C, & XAk
50% DPPH F| Hi FE BRIt A bRl B2, 2 bt
TG R B AR AR, AnlE 3 FiR, S TR aEE T
5 Py 2 W) R e BE i ke, X7 DPPH [ i L A975 B R
B BT, MUE N 50 ng/mL B, Vo FIEE S E
FH L 38 5 R 53 51 93.14% . 52.64%, 1C, 43 5l N
10.12., 43.85 ng/mL. #fE4h IC,, ¥ B = F BH X AR
Ve, B HEAT B2 A HLERREE T . 2tk
Yy Th R R BRI, AEAR IR RE o
T EMPUEAERHRESPY, IS4 R, et s T
T B HAT #03m i) DPPH. [ i EE0E R BE T, X
] Be 5 B A IS ST 45 A o

100 1

®©
(=
T

[*)
(=)
T

I
=
T

DPPH H I ZEEERE (%)

1.() 2.0 3.0 4.0 5.0 6.0
W (ug/mL)
B3 Byt DPPH M HILMiEG%

Fig.3 Scavenging of DPPH radicals by phenolic compounds

2.3.2 ABTS'H HIEERIEIEIAT  ABTS H Hi Ak
TH RSP WL g, PS5 25
FAE RS LA TS RREE TIPS, LIAS IRl &
B Trolox EMRNEPRMERZE, DL Trolox FRUEIE R HE
(mmol/L) K y i, LIIIE Y OD 1H-A x Fl, 52835
PRUERTZR [P 5 RE: y=—0.354x+1.7572(R*=0.9911) ,,
gk 4 FroR, AR AR S Y ABTS' H o BEis BRAE
43174 7.81 mmol/g Trolox, 3 HH #5445 B4y 25 it
HA RBIFM ABTSH HIL7EBREE ST -

T4 HIYBRPURTE

Table 4 Antioxidant activity of phenolic substances

ABTS" [ 1 bGP FRAP#R B T8 J53 1
= N y=-0.354x+1.7572 y=0.3345x+0.0785
bt (R*=0.9911) (R*=0.9943)
LHi{E 7.81 mmol/g Trolox 1.58 mmol/g FeSO,

2.3.3 FRAP % Tk 50 PESr T FRAP Bl i
MR SR Fe? o Fe? AURE 1 P Habt A1k 1%
PEP, LA FeSO, brifidt il EPRE £, LAIbRUEW
HRE (mmol/L) 2y y fill, LAIEE Y OD {E >k x fill, 455
e 4, /RS ARMERT L RN 7 #2E R : y=0.3345x+
0.0785(R*=0.9943) . 1AM FRAP 251
R JEEE F1°A 1.58 mmol/g FeSO,, <1 #4345 B 1 1)
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