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Abstract

This study utilized fresh okra seeds as the raw material and employed an orthogonal optimization
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experimental design based on four single factors: solid-liquid ratio, ethanol concentration, time,
and temperature, to determine the optimal extraction conditions for free phenolics from okra
seeds using ultrasound-assisted alcohol extraction. The scavenging rates of the free phenolics
from okra seeds against DPPH and ABTS radicals, as well as their ferric reducing antioxidant
power, were measured. The results showed that the optimal extraction conditions were a sol-
id-liquid ratio of 1:70, ethanol concentration of 70%, temperature of 40°C, and time of 40 minutes,
under which the extraction yield of okra seeds free phenolics (OSFP) was 36.57 mg GAE/g dw. Ad-
ditionally, the OSFP exhibited great DPPH scavenging activity and ferric ion reducing ability, while
their ABTS scavenging rate was comparable to that of VC. The experimental results indicate that
the OSFP possess good antioxidant activity, providing theoretical support and reference for fur-
ther research and industrial production of okra.
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1. 518

Fk#% (Abelmoschus esculentus (L.) Moench), =& )57 TR —FAE AR Y)Y, KB THZ%ER, 25
A TR FIE AT HOIX o PR HOMURR I BRI, KSR I B J - SRR I RS 28 4 Bk 20 il
B, AKEER SN, TG A & A R R B Rl I PTS IS 2. S YR R4 4
R [L], e R U R I R AN E, JCHAERER . BuE . BUEST . PUE . iR
o L3075 TLBTT 77 T P4 80 FH T S 46 52 QYR [2] . RS RKE R A 2 kb, HILRMWIER, SEmRREE
JERN BRI O 1) R [3] . EEXbX —BhER, IRAIRFCRKEEI G Rk sy, Fel 2 ZmABYm, AMUE BTk
XU, GEREFR T AR ZE M LR A R R ANME .

KEMTEEZMEFRR, FlRERMEARYEE LRMRE, FR, XEEFhF2 8%k, .
B % B S R ) T ) R AP RIR 4], RREERI TR S il R K05 20%, AT A L e M $ EURK S8 31l 1) AR
JEEHS]. ljarotimi [6]558F 7 I, AKZERN T8 O AR RIPTEAC R HORE PR AN o 1L s 1) AR 400
o HET, RTKEZBMIIA EEEPEKERZ T, AP EEFEE SRR, E, K
Fo ARMERSE[T], T REER 7 p 5 2K R SR BT T IR A b, HA R HILEREURAR, P g
P 22 58 ] R [8]

BT FRER, AW S TR R BB E R RO R U S, R IR A AR A R AR A B E
ZA . BEBUTTA R ZE RN T By T DPPH. FRAP #ll ABTS 75 VAl Heb AL e, DR s ik %
Tt~ 0 A D) FH 256 5 Dy o 7l B R B R B EOCRK 251U P 1 (1) b A A P e BR S RE R 258

2. SLHERSy
2.1. M5

KR T EMmEA: 1, 1-ORFEE-2- =R HHDPPH). 2, 27 -5~ -3- 2, FE 2K FF 19 M Ik -6 - Tk
FR(ABTS). —H{nedt =He(TPTZ), LilgFE wmMAENBEIRAR,; 42E% C, Lk TXFIEHRA A,
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HARARFAN B N A4l TDSA Bl W LA R AR AR A Fl; DHG-9070A Hi #AE I 3 X T 154 ,
LSRRI A IR A Fl; RE-52AA TefE 8 kAL, LW HRAANEE); UV6000PC KA ] W43t
i, B ERE R A A .

22. EWAE

2.2.1. RREERIRTALIE
KB AR R T8 RIS 60°C TR 24 h, % H

2.2.2. RREFTFIFEEHRE

R Wang 2[99 77 VA IR AR O SR HOBKCSE M 1 0 B . X — s EARKZE R 7R, AAFH
BREEEIANA TR L) QR A2 AN R AN [R) R 34T 8 A 52, 152 AR A 10 10 min BAZLER
Uit . BEEARSIREGICR M D101 KALMARgifk, SeMalkieit, CUXRIRERRE. &AM H .
i Jr QBRI 49 B KSR 1 Ui 25 B3 (OSFP) »

2.2.3. EFFHER ZE(TPC)SERMIE
TPC K HAEMIL[BIM E, LA B TR NEAEMZLNSHENAEY), TPC R N KR T T H I
B TIR M8 (mg GAE/g dw).

2.2.4. BREFFIFEE S BRI B E RKW

1) RHB EEXT M-I B TPC SREU S

FREL 1 g AKZEFFRYR, 7E60°C, #AIhE 144 W R, IIAAFEARNEH(1:60. 1:70. 1:80. 1:90)f)
70% W%, FHFEHZEL 50 min. A FPRNE LXK ZE R0 7 TPC SR IXHI 54 .

2) ZEEREXTF T E TPC RIS

FREL 1 g BEEFD TR, 7E 60°C, AR 144W T, LRI EL 1:70 23 500N 70 mL ANEKER 2
FE(50%-. 60%-. 70%-. 80%), 144 W R INFA] A 50 min. 5N [E] 2B B %o Ak S8 111 B 7y TPC $2HL
j AT

3) A MEIXF AP TR By TPC $REXHI B

FREL 1 g BKEEFD TR K, 7 60°C N, #ATHR 144 W R, LUBHRLL 1:70 I 70 mL 70% 2. 8%, BEo
252 N [F] 8 75 5 1] (30 min. 40 min. 50 min. 60 min)Xd Ak 1 TPC 2 H & 1 540

4) BEXNFFIHER TPC SR

FREL 1 g BREER TR AR, DUBHREL 1:70 AN 70 mL 70% 285, 7E#E S I 144W $2HL 50 min, %%
ANEHRFE(B0C. 40°C. 50°C. 60°C)XFFKZEF! ¥ TPC i H & Y 540 o

225 EXFEMUREHTHERNRERLZ

Table 1. The levels and factors of orthogonal test for okra seedfree phenolics
1. MEMFIFESEZIEERKER

K HE
A BRI (1:X) B ZEEIKR (%) C I A](min) D iR E(C)
1 60 60 30 30
2 70 70 40 40
3 80 80 50 50
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FER DR ZR SR AR A B, DARKEE M7 Ui S I SRR N NAE (Y),  IEBCRHRLE(A) ABFKREE(B) I
[8](C). S (D)4 MAIFK, FENMBIFRBE 3 NKTo F IR A 5 RK S 7- Ui 18 Iy 1A e EE SR R A
IEAE SR R 2K AR 1o

2.2.6. FAEMFIFEBRAIMASILIEERMNIE

1) DPPH H HEFERZIE

2% Peanparkdee Z5[10]f 773200 OSFP ff) DPPH H t3EiE K% . BL & 0.2 mmol/L ) DPPH /K Z
REISWR, REASIJE A4 A . 17 0.2 mL OSFP A A 2 mL 0.2 mmol/L ) DPPH &, #IRA G
WEEEEE 30 min, FEAMI B TILE 517 nm AIE R . LAEE TN E AXTER, DAgEAIER C
NBAMERTHE . DPPH B HHAEIERR# A% IR A (D) THE

DPPHI 5% / % = {1—%}100% Q)

s Ag: 2 mL DPPH ¥ 2 mL o7k ZEERIW O RE s Ai: 2 mL OSFP A7l i 2 mL DPPH FRIW G FE s
Aip: 2 mL OSFP fFIIEIN 2 mL JE7K 2B R B

2) KBS FiE R e /7l

R Zhang S5 [11]/ 7 L FF A MEAS S5O € 2K B 1 (I8 JR R ) o #F R 22 1P (30 mmol/L, pH 3.6).
TPTZ (10 mmol/L)F1 FeCls (20 mmol/L), UL 10:1:1 [ LLBIE A L & FRAP TAE#E . HCI (40 mmol/L). TPTZ
(10 mmol/L)FH FeCls (20 mmol/L)[F# L 10:1:1 fILLBIR A, BLE FRAP S Hl . PIAERAT 37°CHY
KA - BL Ve FERBEMEXT IR, 4 0.1 mL OSFP # 5 1 1.9mL FRAP i FIE 519 A FF 't = B 30 min,
SR G R AT WA e G FETHAE 593 nm b E WO FE  DABRER L2k A 2 LUAL &4, R bRl 251155 FRAP
B WS TR RAE L IR A Q)L TS RIS pmol/L Fe®* %R .

FRAPIE 5% (%) = {W} x100% @

AH: A=0.1 mL OSFP £l + 1.9 mL FRAP TAE#; Ayp=0.1 mL OSFP f#ll# + 1.9 mL FRAP 75 [
W Ag=0.1mL ZTH/K +1.9 mL FRAP TAEH .

3) ABTS =H H#EH Rl E

ABTS H HIEIERREHEERYE Vinc E[12]F 5 E#ATIER, FIEES. ¥ ABTS (7 mmol/L)AN
K,S,0g (2.4 mmol/L) 25 AR R IR & i 9 B E BRI T 12~14 ho SR KR AU 40 mmol/L % 25 22 i (PBS,
pH = 7.4) M 2= G A 0.700 £ 0.019, il & hriE ABTS ¥A#. HX 0.3 mL ff) OSFP AR, JnA 2.7 mL
kriE ABTS WEWHR A, B, ERBEFIFE 30 min J5, FLANT L B THE 735 nm b &
WeRE, LA VC {EAFETEST IR . ABTS iR AE /4% 18 A X (3) it 5

ABTSIE 1% = {1—M} x100% (3)
A
o Apg: 2.7 mL ABTS AREVEIN 0.3 mL ZET/K MG s Ai: 2.7 mL ABTS AnifEi i 0.3 mL OSFP
RN L&
2.3. WS

ARG E 3 A TAT IR, SR PIME e ER R . KA Microsoft Excel 2019 #4754t 11
PR, K% H Origin 2019 AT EIGALFE .
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Figure 1. Effect of solid-liquid ratio on extraction of okra seed free phenolics

B 1. Rhgtbx#F iSRS ErEm

W 1 s, BEERNR LRI N, MRS E(TPC) EIE TS FHERass, Rhtt A 1:70 1,
FKEERD T Sy SR BBk, BNy 32.09 GAE mg/g DW. 3X AJ BE T Fh 75 B Wy 5 9 77 22 8] ik
JE ZEBEAE R LG B3 D O, DT IR TR B 1 SRR A B B . MR L 1070 B, RIS
Y R4 BNV S B P HTIRES o TELIEAL bt — D B IRk bb S ifi 2 5 B0l B PR B 1) N B, X Al R
50 Z RIS P 0 2 A I R DR LG T gt s e, AN T 5 M i 85 1 199 B2 E i R [13]

3.1.2. ZEERENFTFHEG TPC ZEHIF M
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Figure 2. Effect of ethanol concentration on extraction of okra seed free phenolics

2. CEEREXNMTiFEBRR S 2R

O — PG s B H RN, B RME R s e, (A 2t & 7 T e
BR[14]. il 2 Frow, FREERFUF 1 TPC M LB T 2 0a 5 PR s, 2IRE N
70%0 $REU R fefE, TPC & 32.61 GAE mglg DW. 1M 24 LBk BT 70%2 J5, $RECEZHT PR, X
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Figure 3. Effect of temperature on extraction of okra seed free phenolics
E 3. REX#FEEIRER S 2RI

HHIE 3 Al %, BKEMFIFE WA TPC JRINZIRE IS B2, 40°CH ISR 5 K{E(34.90 GAE mglg
DW), 50°CJ& TPC .3 F&A%. TR Tl 1 88 hn A= Wil Ak & W0 e T 77 b (VA i FE RN BOdE 2R 41, b
SRR W IR 5 40 B 4y (U 2 W RN B (R ROAR BARE T, E— 2B 3 iy 289 R R RR iR [16]. SR, i
SRS K B %, e SEBUEMEEAL S I R/, M BUSCR P2 A AR S [17]
3.1.4. KHEX#FisEE TPC 2T M
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Figure 4. Effect of time on extraction of okra seed free phenolics

Bl 4. BEXF TR RS 2R

W 4 s, 24EE FE 50 min B, FKEZER R TPC 2R & K. 2R, 24ial#E R 50 min )5,
TPC HIL R a3 . G2 0T i B T R KSR [R136n 1 B 2800 A K o0 A LA S 28 R LA I i o, itk —
Bk T AR [18]0 MAL, FEEINIT fE S BOL M AR AL S WA R, XL AT B S BRI S IR E
SL, 33— BRI AR MR O
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3.2. BEMTHFERRENRTLZAMRKL

Table 2. Orthogonal experiment design and results of the okra seed phenolics

2. RRETFITSE E SRRt REER

RS A (1/X) B (%) C (min) D (°C) TPC (GAE mg/g DW)
1 60 60 30 30 28.19
2 60 70 40 40 28.64
3 60 80 50 50 23.83
4 70 60 40 50 34.88
5 70 70 50 30 30.75
6 70 80 30 40 30.84
7 80 60 50 40 28.41
8 80 70 30 50 28.74
9 80 80 40 30 26.11
Ky 26.89 30.49 29.26 28.35
K, 32.16 29.38 29.88 29.30
K, 27.75 26.93 27.66 29.15
R 5.27 3.57 1.59 0.95

TR A>B>C>D

A G A, B, C, D,

172 2 AT AT, SEIRRK 5 Fh 7 TPC I R ZAK N : A (BHEEL) > B (4 FEEH %) > C (7)) > D (L)
AW FUEE RAE ML 50T, #E T ERRIIRBRAE: BRR N 1700 ZEEIREE 70%. R BT
9 40°C. BHEA 40 mine fEX—HAKMT, BEM I TPC 153 36.57 mg GAE/g dw, #UE &
T Ong ZE[19]H FH AN A BO2AF B ARK ZE D 2 By, ARII 1 75 4 B I R V4R I 2 T e A T B L 3
BB IR $RECR & B 45 M B R AR RT3 S5 AR R

3.3. A LiEH
3.3.1. DPPH HHEIE &K D
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Figure 5. DPPH radical scavenging capacity of okra seed free phenolics

5. MEMTIFEEE DPPH BHEERREE
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DPPH B HEEISER AOBLHZ A A it BOFR3E IR 7 808 7864247 DPPH H i, A AR € )
DPPH 731 W15 5 o, AR 7 My R BLHI Xt DPPH B BRI RRAE 1, ik ®] 80%, LT
2 R[9SR MU ZE 2 M 1T sy, I HYALLT 9 DPPH Ji5 Bk AE
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Figure 6. Ferric reducing antioxidant power of okra seed free phenolics
6. FREFFiFSEEp L RS FiTR R

FRAP J&— 7 TR HLEL BE JI R 735, C il /R R 26 1F N o6 Fe®-TPTZ i Ji ol Fe*'-TPTZ i 2
HHEASEARE SR I E AR B3E PE[20] . 14 6 B, OSFP [ FRAP B 2 A MG n, ok 7 2k
HTMRE 1S Ve MY, X—4REE ST Xia 55 A [8] AT i Rk 2 38 Hr 2 B3 25y ) FRAP {H .
FAENX AT R T A G PAAEE R, SEIEWETEAR, RN HiEl] 7 OSFP 18
SR PR I 2k 5 04 JiR

3.3.3. ABTS & EMEEN

—a— V¢
—e—OSP

0.0 25 50 75 10.0
Concentration (pg/mL)

Figure 7. ABTS radical scavenging capacity of okra seed free phenolics

Bl 7. RREMFIIFEE ABTS BHEBMREEN

ABTS & —Fiid AL A B, TERREREH AFE F R T Bufe e i) B B 2E ABTS. PR B 2 3 3UA T
PR, TTER A 734 nm A WO B 178 Ak AT Ok S e P AT M [21] . B 7 AT, MR A E]
10 pg/mL i, OSFP %F ABTS Hif i R IAF N 100%, 5 Ve #124. OSFP [ 1Cs, N 3.54 pg/mL, FH OSFP
HA RUF &R ABTS [15E
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AT IR Tl B R I T 204, 8 IEAVETE 1 SRR R R L 1:70. 41

WRPE 70%. iRE 60°C. HFIA] 60 min. fEMLZAAF R, $EEUEILF] 36.57 mg GAE/g dw. FKZEFPTIif B i
T 1) DPPH I ABTS TS IR RE 1 Je Wk 3 Tk R B 71, B4 EE 1 S5k s R B AR K. 5
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