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Abstract: Pectinase clarification and ultrafiltration were used to clarify okra juice and the juice was vacuum concentrated at different
temperatures. The quality change and processing technology of concentrated okra juice were studied in terms of nutrient composition and
phenolic composition. The results showed that the optimum preparation conditions of the enzymatic juice were as follows: the enzymatic
hydrolysis temperature was 40 ‘C, the enzymatic hydrolysis time was 65 min, the enzyme dosage was 0.21 g/L, the optimal vacuum
concentration temperature was 41 ‘C, the ultrafiltration membrane with an aperture of 67 ku had a better ultrafiltration effect, the light
transmittance was up to 96.24%. And the concentrated okra juice contained 9 phenolic substances. In addition, the changes of various nutrients
in the production process of concentrated okra are also studied to verify whether the optimized production technical parameters can well retain
the original nutritional components of okra. In the process of concentrated okra juice production, its main nutrients contents increased by
4.81%~23.42% during pectinase treatment. It was obviously lost in ultrafiltration, with a retention rate of 65.38%~83.59%; it was less lost in
vacuum concentration, and the retention rate was between 93.56%~98.82%. The clarification and concentration processes are the main processes
for the production of concentrated okra concentrated juice. Controlling enzymolysis, ultrafiltration and vacuum conditions can provide
theoretical guidance for the technical production of concentrated okra concentrated juice.
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Table 1 Factors and levels of BBD Design

Yol N A% :
BB E X,/°C AR atia] X,/min R IR & Xy/(g/L)
1 30 30 0.15
0 40 60 0.20
1 50 90 0.25

1.3.3  EAHGRITAIEAEFTRE
o SR it v v A FE BT A5 1 3 RK 56 T 40 ) FH A RS

DTEHN 6. 20, 67 100 ku 2 P4t 4748 0E,
ACFRYRFE 25 C. HEUEE /7 0.70 MPa. #EEHALE 5.50
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BZIERE, BT 25 C/AKUHINA 60 min, LIASIIEE
ABCAXTHR, TE 750 nm KA TG, 2
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FbrAE I 2R E ATl e, BRRET & &,

(2) BT R L EEN e, S50
WP, s, HERFITREL 0.20 mg/mL 75T
FRUEA 0.004 0.50. 1.00. 1.50 2.00. 2.50. 3.00.
3.50. 4.00 mL T~ 10 mL &R, I S%ILASEREN S
030 mL, $£5), HHE 6 min; N 10%hEEEATR
0.30 mL, $£5], i & 6 min; I 4% EMENER 4 mL,
30% BB RZIRE, $55), §HE 10~15 min. DA
FESBORTR, 7E 510 nm P T G,
LR R 2K

PR ) 2% 77355 S 1 A [R), TR A W BB B 2
mL, FEbrAEMZRHIE e, SR A S = .

(3) WiERg: S GB/T 8312-2013 (Z% WhmHED
MsE) PR AN FA AT I RE

(4) Bl KB E, 2% 5E
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Fig.1 Effect of enzyme dosage on transmittanc of okra juice
E: B ar BB ATERRITERARG YA, B b B
fa R EAR T E R, B o BA ST RARTE
KEGTR., BYFH ae ATHEZNN EFGTEME,

HIE 1a WIA1, BEEBEMEIRZTS, SRS
BR BTG T RERES, 40 CROEZIERAE
37.82%, X2 BB SOOI SR AR,
R T Ho& BT, SR AT PR T =T,
L T IRIGI N, RIRME S P B R T
FTTRRAG, iR B i R 4 58 A R R EEE R,
B 1b WTRN, FEEMER M, BT IIEER L
FEINE PR, 60 min A E)HCRAE 34.73%, K& T
FERERAR SN RE T, A NI Tl SR e
W 70w S N ) DRI N e i oA
RO T ERCE T, SdEEeR TR, B 1o
FIAL BEFHEN 020 /L I, BEAKEET B LA Rm,
N 32.78%, BEEREHIENN, SAKEETIIIE A ey
KIGBEE N X m TEMpd s, TRk
HUE SRS T, B ™ A @, 8t
AN,

22 HNERELE RS 0
(1) ma RISt a5 MR SRR G
FAVETE I IR 2RI 45 R, DLS K R MR bR,

#£47 BBD M N AL IREG W1, it Angs B ILEE 2,
17 AikEe, Hrp 12 HFRRE, 5 Hrhoikis.

%< 2 BBD Mgz AL IR IR FNLER
Table 2 Experimental design and results for BBD response surface analysis

- X, X, X, Y

BafgiR B/ C  BeEfERTE/min RIREEA E/(gL) EREY%
1 0 i 1 25.87
2 0 -1 -1 21.24
3 0 0 0 4233
4 0 0 0 4142
5 1 -1 0 26.55
6 -1 0 1 37.64
7 0 0 0 42.06
8 0 0 0 41.29
9 0 0 0 39.77
10 1 0 1 36.05
11 1 0 -1 33.30
12 -1 -1 0 17.26
13 -1 0 -1 29.11
14 1 1 39.98
15 0 1 -1 3447
16 1 1 0 32.66
17 -1 1 0 35.32
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7 3 EHEB A E SR
Table 3 Analysis of variance for response surface quadratic

7 E R FrAe HEE ¥7r F1& p & BEH
ARA 913.96 9 101.55  96.09 <0.0001 o
X, -BRR 10.61 1 10.61 10.04 0.0157 *
X,-BfRRTIE] 33145 1 33145 31364  <0.0001 ok
X;-RIKEERAE 5739 1 57.39 5431 0.0002 ok
XX, 35.68 1 35.68 33.76 0.0007 ok
X, Xs 8.32 1 8.32 7.87 0.0263 *
XXs 0.19 1 0.19 0.18 0.6829
X, 100.94 1 10094 9551  <0.0001 ok
X 306.32 1 30632 289.86  <0.0001 ok
X 25.35 1 25.35 23.99 0.0018 o
KRE 7.40 7 1.06
KR 343 3 1.14 1.15 0.4297
HikE 3.96 4 0.99
&HE 921.36 16

E: MMREE, p<00l; *2F, p<0.05; R™=0.9920; R?,;=0.9816.

(2) [EATTREJT 2538 F Design Expert 21
PR AFEAT A 4, RS REE 3, BEI=AR
R EEMEETIECE B E IR BT

BEIEHR (YY) =4137+1.15X+16.44X,+2.68X5-2.99X, X,-
1.44X,X5+0.22X,X5-4.90X -8.53X,>-2.45X,”

HH# 3 T4, DABEAKSEH SRS A NAE, A
AR F AEN 96.09, p {E<0.0001, TiiAHZAER
TR, PR T AT AS [F) 2% A SRRl Ak 3
P T HB e, B Giit2# 7% L. R™=0.9920,
TR 5 H AR EZ AL R EE, RIEJUE
RABABN R2u=0.9816, it B iZ 45 71U At 455 41
98.16%3FE R MAAY, AIfEEE R, HobREHME R
U, RAIH p=0.4297>0.05, AR, BRHARLGM —
RIBNE T FEREAR L i SRR RT3 6 AR AT 40 A T
b8

W 3 77 Zath RN, &= — R X,
Xsv ZHIUX X ORI X X' X iR,
=R X RHIX X B, KIS BARSLIG R
Xof ]SS T PR MR A A2 B BRI MG 2R T 2 2l
VT Ok &, & DR 25 008 455 A 52 i K /0N R PP A
X>X5>X o

(3 M) 5. Hf i ] A 5 56iE s 383 Design-Expert
AR M ohRe, =R AH PN RREE
90 7K, ATAFE 55 A AN BRI 2R A8 HAE R I BRI
DGR IR M S H T e A S v 2R, L 2.
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Fig.2 Interactive effects of two factors on the contour plots and
response surface of transmittance
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TE R A S T L ) S A DA o) 7 T % 55 v
LRI R R 3 I Z g R —8, H—
WIRTE T 5 22 T A Rl S

M) 7 T AT B 45 R B 41.33 C
PRI H] 64 min, BEFHE 0.21 g/L, 1Z2c0F Fo{RkT%
HHE R ITRIME N 42.40% . IRAESZPREEN:, KR
FHEEARKIHMEIE N BEARREL 41 C. EEfFIT ) 65
min, B 0.21 g/L, LAZERART 0 8T 25 kA7 A7
SEVELOUE, A S5 UGRE, SRIMTEHCEETERRT
BIER 41.50%, SHE KA RZERS, T, 9
IR A TS B AR TS BRSO ER, B S
BRI FANME . RSPV (R o B BN 0.12
/L, {H L FE RIS 1] A 142.80 min. BEEAFIREE A 50.80 °C
FERBIRON o A0 TT LAGH o BGAR A 5] FH B (IR B IEL
MNTTTEE L PRI DR B B TR AT 20 AR

23 FRBAEREA HHEIT B o T

23.1 ARRBEILRAREATFHHRT R ERE K
R G750

*® 4 TRIRFLEBIEN ARSI e B RNFMN

Table 4 The influence of different ultrafiltration membrane aperture on okra juice color and transmittanc

B 6 ku 20 ku 67 ku 100 ku
L 98.88+0.06" 98.32+0.02° 97.98+0.05> 96.57+0.02°
a* -0.19+0.01¢ -0.09+0.02° 0.09+0.03 0.16+0.01°
b* 1.79+0.04° 4.08+0.01° 5.69+0.02% 8.70£0.01°
EREY% 99.23+0.41° 98.62:+0.32 96.24+0.62° 92.63+0.54

E HIEEFE (a~d) RTBIBZN ZF R E M.

FE e R, B 5 KT,
B OB, K SEERE A AR, A
(Rl FLARBDE L Y T S SRR S P IR M R 4
PR, RSN, LB, a*. bHEBE,
VLT PR LAR BN B D E R sy, U

o XEm TR R, FLASBNRBLERL )
Jb, PRIER T AE B R TR, TS|
T ) LB B 5. R Dt 2T A R 1 2
SRR R P T R FERE R it e R L IR 45,
KD, AT RAMKIIRAE. HEERTH, 240
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124 6 ku F1 20 ku FIEHEAIE S, SERKIRIBRINIE
TR RN 99.23%F1 98.62%, {HFtI %k, NEA
HERKEET N A AP 67 ku A1 100 ku HHEALFRS S
(S AK PR BT, BRI 96.24% F
92.63%. Ghosh Payel™ 5 [{Af 7t 45 2 W ey B T
SRS TR EEAN B O, AT R R I R

BT ZERH, R R B R
232 TRIEILAAEAHHRT 2T R
6%t

FRJEANERIT, AR B TR R FR, A
BB, ERETRIR, R ROE IR
IREPEIH IR, N ReFAR ST JE A E TR R 1 UE
JE o AR LA R B AL ER BT 1S SR SR YRR R 73 % b
%5 Fias, Hrb 6 ku 120 ku EEACFL KBS RO
U, 33 EAKEERIET E AR IR F] 98.62% LA
o BRIV E FEYR BRI E, 6 ku #HE
AEEREE . Sy S RS O R AR IRA
46.54%-+ 59.05%-+ 74.36%- 92.31%, 20 ku iBEALHE
VO e 7% B 40 28 AR IR 32.82%  47.57%

53.85%-. 69.23%, HFHETRZEKT 40.00%,
A3 BRI B E FR AR ERTR BE PR . 67 ku
R B AL DU M S 3 45 R FRAR N 16.41% 31.77%-
23.08%- 34.62%, 100 ku AR JEANEE PUFf 545 e Ak
YN 11.03%- 19.33%- 15.38%- 30.77%, 67 ku F1 100
ku FEEEACBR BT AR SRS I B TR R I R Dk A
BN 35.00%, 1X 85382 e R g AL BT
BEEREOR 3, AN S TE AN FI R R SRR
HHEFRYIE AR, FEOLEHR T FLSE TR 8
TREA TR LSRR, AR R AR
U, AHEFRR AR YRR R Z R . 1K T
JEAIRAE R LRI A I EI, B R
ST, TSRS Ay, SR, DS
oA BT R DU AR /iR S B R 45 A
DRI G PE R RN BE A B 1 K T gl R, Bt
B PR, 2 PO SV HIBIERT , 100 ku
ARTEAL TR S Z I RTE 11.40%, PrEALIETESR PR
I, 18 ku B UEALEE FEM AR R B HAR e MK T
100 ku JEJEALEEIS o

% 5 TEIRFLIEXT R EEIRIRAL D B0

Table 5 The influence of different ultrafiltration membrane aperture on composition of okra juice filtrate

R E Bl fig it 6 ku 20 ku 67 ku 100 ku
SSC/°Brix 2.0 0.8 1.0 1.4 1.6

¥ ¥E/(mg/mL) 7.80+0.09° 4.17+0.18¢ 5.2440.19° 6.5240.18° 6.94+0.13

%B/(mg GAE/L) 75.83+0.55° 31.0520.11° 39.76+0.18" 51.74+0.04° 61.17+0.11°

% BA/(mg/mL) 0.39+£0.03" 0.10+0.02¢ 0.18+0.04° 0.30£0.04° 0.33+0.02"

whoedE 8%/(mg/mL) 0.26£0.01* 0.02+0.014 0.08+0.02° 0.17+0.03° 0.18+0.02"

E: BIBEEFE (ae) ATHIBEZN £ FHDEM,

233 TREEILZRIEAEAHORT B £ L8R4 b 121
7570 100

B 3 Bz g s K SE MR R AR HEXT T i £ v
ROt . BB 3 AR, AR T R
RS A2 FE, 1E 280 nm BAKAT, A2 ERK
SEMHETT A O RS, BRI L%
B2y JLoeER. SRIRIR. WIHERR . XA EIR. BERR .
RN 220 S=RL 7155

a
100

75

mAU

50

25

F 18] / min
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Fig.3 Chromatogram of phenolic compounds by HPLC
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MRS 9 MR, ol JFLA
TR JLRER. SRIAIR. WIHERR . XA TR, FIZEIR.
FT S PREREER, MLl 6 ku A1 20 ku #E3EAL
AR BRI R R&H 7 M, e
e LIPS Rt 2 4 SE R 71155 ¢ i A [
TR, 30 ku HIEALFR S 202G 12 FERZR I
TEWD, Y T 42.00%. w5 KL, &

TERRIFLARBOR, A TR P E TR (R, (2
PR B R AR TR o RS AL B IR R Al 2
B SRR 5 K A SIS, EEREAL
TN, BT RS, BT Sk
PRSI 0 T BRI RIS, OB ) ik
E

*® 6 TEIIRFLIERT AR EEIRRED HELB ARSI

Table 6 The influence of different ultrafiltration membrane aperture on phenolic composition of okra juice filtrate

7 B /(ug/mL) Bafg 6 ku 20 ku 67 ku 100 ku

JE LR BL 1.44+0.01° 0.43+0.03° 0.92+0.02° 0.99+0.01% 1.05+0.01°
WAL 17.62+0.05° 10.79+0.04° 12.99+0.06" 14.11+0.04° 16.07+0.06°
G R 2.1540.04° 0.46+0.02° 1.22+0.05¢ 1.57+0.03° 1.70£0.04°
P 3.32+0.05° 0.65+0.03° 0.94+0.03¢ 1.43+0.04° 1.67+0.03°
PR A 1.30+0.04° 0.18+0.05° 0.35+0.03¢ 0.71£0.04% 0.99+0.05°
FT3RER 0.80+0.03" 0.15+0.03° 0.24+0.02¢ 0.35+0.04° 0.43+0.03°
FT 41.54+0.34° 2.56+0.33° 13.91+0.49¢ 22.45+0.41° 24.96+0.40°
A 25.37+0.34° - - 9.27+0.42° 11.73+0.41°
WtE 4.14+0.04° - . 1.45+0.05° 1.87+0.04°
BE 97.68+1.44° 15.2240.53° 30.57+0.70° 52.33+1.08° 60.47+1.07°

E: BB T (ae) RTBIBEZRZFDHM,

R 7 FRERAGRFE X AR SR g SR BHISNE

Table 7 The influence of different Concentration Temperatures on the Quality of Okra Concentrated Juice

5B 40 C 45 C 50 C 55 C 60 C
¥4%/(mg/mL) 62.53+1.12° 60.95+1.62% 57.12+1.28" 56.31+0.99" 55.23+0.87°
%®/(mg GAE/L) 502.69+3.19" 493.78+2.58" 463.33+2.17° 452.48+2.08" 421.9742.06°
%% B7/(mg/mL) 3.12+0.10° 2.89+0.11% 2.68+0.13b° 2.41£0.14° 2.02+0.13%

i BIREFE (and) ATHBZI LR DFN.
24 WRYEIEJE X EAKFE IR GE T R A R

R THRNAFEIRERME T, HASRGTS K
FERGE TR R R, By SRS R, g
A, ERTRGRET, KRR AR B R 54
EGLTN, BEAE RIS T, TR R L E s
ST R SR £ BT I B, A R T SR R R
My R E IR AT il 26 1 TR S BRI
1%, X SRy Fh BOE FR R B s N, 2 gt
SRR G 4 TR W R VR A L T R B IR O
BRI, 1€ 60 C4AF FHERLE 56.80%
PLE. ISR IR, 40 CHI45 CA4MHERTEERKEE
TRART (SR L ) B B R, SR 40 °C
45 CIXPIAMERERATEZWRGE, SFE SRS
TR P RATZEIIAE 90.00% A L HIE B M2 5, SR
KRR TIRGEBIAAFEEIIE LT, 5 45 CHLL
B, 40 “C AT FH R4 [a] B R 5K, RIS AT 2B 1]

IMETTRERIME SIS, IERHL 45 CAMNTHT AR
it tE. BRI EAE 0.09 MPa, 60 C R ik4i
I, BRI EYRLE S A R AR, (EH
L2/ N

2.5 ERAGER I T AR B R R AL

251 EHRRG T LAY T EER MR
# A

TR IRARITE N T AR v 3 208 - R ARk
THOLINZE 8 s . FERIEGALI IS RE T, BERKZEIT Y
RIVETEEEY . SR R BT R A K
YA 11.11%- 23.42%- 4.81%. 5.41%-. 8.33%, iX
S R A TG PT LK SRR 2 fife A P Vs 1 e~ UM 1
fiz, 0 rT DAGEEAn B K I 2 AR, R R TR
derk k. W, #ER A R RS B
L I BB TR A BT RGBT & S PRI
2.99%. TEALFH 67 ku FLAZ (1B IR RSO SRR 2 Mg fifv 3t
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ATV AL BRI , RO B g B 2R P A A TR
KB TARGF P BOR, BTSSRI i mT
WY, SR By, BTEEH. DR R R AR
YN 70.00%-+ 83.59%- 68.23%- 76.92%. 65.38%,
S A T W AR VT R R AL PR AT 9T b A B AL T i
EEER, (AHAMEEREARA 8 BT ERIEEA

X B AR RIS AT IR AR A0 3, W] DA s R B T i
PERETEDD. SHE. Sy SRR WIS TR,
TRAFRAK N 94.29% 93.56%- 95.44%. 96.67%-
98.82%, Z BTAIEE I AT R I B AS TR A th AT LA
IR B 4R 25 C K5 B

8 BERERGETM T EEEFR RN
Table 8 Changes of the main nutritious ingredients during processing of concentrated okra juice

I H Jet BafE T AT Regit
SSC/°Brix 1.8 2.0 14 13.2
B A8/(mg/mL) 6.32+0.12° 7.80+0.09° 6.52+0.18° 60.95+0.52°
%B/(mg GAE/L) 72.35+0.73° 75.83+0.55° 51.74+0.04° 493.7842.31°
%% B/(mg/mL) 0.37+0.05 0.39+0.03" 0.30+0.04 2.90+0.11°*
vk A8/ (mg/mL) 0.24+0.03° 0.26+0.01° 0.17+0.03° 1.68+0.10°

A BAEETHE (a~c) RTHFZEEFGDHM.

R 9 BMERGE TN T PE AR

Table 9 Phenolic composition changes during processing of concentrated okra juice

I B /(ug/mL) St B+ AT W F T
JRILERBR 0.95+0.01° 1.44+0.01° 0.99+0.01° 9.95+0.02°
IWARFE 7.87+0.04° 17.62+0.05° 14.11£0.04° 145.06+0.12°
SRR 1.50+0.04° 2.15+0.04° 1.57+0.03° 16.99+0.07*
whedE B 0.86+0.02¢ 3.3240.05° 1.43+0.04° 18.88+0.05
A2 B 1.300.04° 0.71£0.04° 7.9240.05°
T 3RER - 0.80+0.03" 0.35£0.04° 3.5240.29°
FT 77.03+0.64° 41.54+0.34° 22.45+0.41¢ 209.57+0.92°
AT 13.2440.32° 25.37+0.34° 9.27+0.42¢ 102.06+0.82°
& 5.160.03" 4.140.04° 1.45+0.05° 12.010.07°
pS 2 106.61£1.10° 97.68+1.44° 52.33+1.08¢ 525.96+2.41°

E: BBEFE (a~d) ATHIEZIN £ L EM,
252 #HGRRG T mIERFHEDT ST
Lo

K 9 IR ARG I T g, HE
TR AIENNE L. BT, TERAKEERGAR T
PEIT ARG R R H 9 Fp BN J5) LA R
JLRER . SRIERREE, 10 SR A I H BRox A S R AN BT
BRI HAD 7 PSR . BRI RS
FRFIFERIR, 200 SRR AL HE T 45 5 AK g Ay T 40
EAIXFIERYI, X R R TR AR S5
LHE. RFRSCEE, | ZARAE TR g f sk R A i
NG TR TR, TERREG A, Rk
T pH A 3.9, RERYE, THEIEFN S B LB N mE BT
FRICABUR, TE1ZFAME T 2 RAERZL, B i ik
AL I A AR BT, R A5 ) B Ak 2l
T BT BT BRI A S BRIX AR R T B 1
Ty SRR AR LR, AR PR T A

254

WtlEaRAt, Hax 7 RS & BT GR, IX 2
TR T IRREEVERSZE, IS i, DRILAERg R
PR S EOL S BRI

3 g

3.1 ZEAXHEMEERGT EFRIR IR . B
WLEAF TS, e R E TR T 1)
BAERM N BEMEERE 41 C. BEAERTA] 65 min. B
M= 021 gL, Frid sk S/ Myt (0% e Rk
41.50% , Wt b % 8 WM A E G
4.81%~23.42%, HHAEBE 2R T KR40, RERER
/K i SRS AR EE HR B IR R ) T4 RAH 67 ku LA
FEPEREEAT AL BN BB F AR, VAR BT
W RENS S AT HO AR B TR R T I XR AN E FR 5y, TR
TERK ISR B Y AT Ik 96.24%, {H&E 37 K5
S, REHEAE 65.38%~83.59%; IAHiE 45 C
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N R IR AL, %A IR R, &
FERGT IR, (REAZEIITE 93.56%~98.82%, Ft
FRIRAG AR G M PR T8 TR Ao S A R U A £
B RSB B E TS RN, TORKSER AR
R PSR AE IR I O FPEY R . FLh ks
TSR A RS =508 HILRIR 9.95
ug/mL. JLAE 145.06 pgmL. ZEJHFR 16.99 ug/mL
IONHERZ 18.88 pg/mL. W& GEE 7.92 pg/mL. BIEEER
3.52 pg/mL. 77 209.57 pug/mL. &8k FE 102.06
pg/mL. BtEE 12.01 pg/mL, JEA PRI H R0 7
R ANR R ER 1) oAt 7 PRI
3.2 AW R AR AE N g R A AR
TRIIBEFL, Didl 7 B RKSER Ay I TR Ok 1.2
SR, RIIRAET R I HUOR B 1 SRR SR I AR AT S
FERGY, HPE SR, BAEFRNENE
TERIRAE DL SR T N AT e, A= sk
PR EIS A -
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