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Abstract: The process condition of blackcurrant (Ribes nigrum L.) seed oil by microwave-assisted aqueous enzymatic
method was studied, and the quality of the product was analyzed. According to extraction rate, the optimum conditions of
blackcurrant seed oil by microwave-assisted aqueous enzymatic method were explored by single-factor tests and response
surface methodology. The optimum conditions were determined as follows: Ultrasonic power 300 W, ultrasonic temper-

ature 50 °C, ultrasonic time 25 min, composite enzyme dosage 2% (protease:compound cellulase: pectinase=2:2:1),
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hydrolysis initial pH6.5, hydrolysis temperature 55 °C, liquid-solid ratio 5:1 (g/g), hydrolysis time 3 h. Under the optimal

conditions, the extraction rate of blackcurrant seed oil was 78.34%. The quality of blackcurrant seed oil were analyzed by

physicochemical indexes. The results showed that the sensory index, peroxide value and acid value of blackcurrant seed oil

reached the national sanitary standard of edible vegetable oil. Blackcurrant seed oil was a kind of functional vegetable oil

with high nutritional value, which contained unsaturated fatty acids (poly unsaturated fatty acids accounted for 67.92%).

The contents of polyphenols, a-tocopherols, y-tocopherols reached 300.49, 19.55 and 41.67 mg/kg. This study would

provide a theoretical reference for the industrial production of blackcurrant seed oil.

Key words: blackcurrant seed; oil; quality analysis; ultrasound; aqueous enzymatic method
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Table 1 Factors and levels of response surface experiment
K-
-1 0 1
ARG pH 4.0 6.0 8.0
BFREEHILEE (°C) 45 55 65
Citikt (g/g) 4:1 5:1 6:1
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TR AR E T AL, FRCE L 5:1(g/g) A
ZEIRK, VT pH 2 6.5, LA 2% (LLEI-SH AR T2
St A2 A ) 7R (R P 2T 2 21 R R il =
2:2:1), 55 CIEEMBFER N 3 he RMEHEEFT
90 °C K[ 10 min, #& J5F 5000 r/min B4 2514 T &
0> 20 min, W FJEAE. UTIEWIINA 10 mL 2818
K, FRIFESAE R B, WE BIZWE, EE K.
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Fig.1 Effects of hydrolysis time, hydrolysis initial pH,
hydrolysis temperature and liquid-solid ratio on the extraction
rate of blackcurrant seed oil

H: ANRIFREFR R e B 22 57 (P<0.05); & 3 [,

pH B, B 5 25 TR AIG, SEmaTMAR I 5
IRk, BEf#EARILA pH 1568 6.0 BN

&l 1c ATA0, FERFFIREE 35~50 °C Ju [N,
In-CA I RIBCR AR R ) S TS, 46 50 °C Bk
) Eer, A 78.89%, k3 (P<0.05) i FHAB IR B 4%
b5 T 50 °C, IR HEBCR MR GEREAC . P8 SCHiki
IE, B E e TR A e P BRSO, B sl

RaAPR T B A5 il s 00, TR IBCRR iy BE fA AR
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FTmARIEE .

FHE 1d AT, BE WOk Eb g =, BRI
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Table 2 Design and result of response surface analysis

H#
LT FEHCR (%)
A B C
1 0 0 0 79.344+0.87
2 -1 -1 0 56.77+1.57
3 0 -1 1 66.31+0.53
4 1 1 0 68.91+0.45
5 -1 1 0 61.88+1.10
6 0 0 0 80.03+0.38
7 1 0 1 67.64+0.16
8 1 0 -1 71.96+0.33
9 0 1 -1 68.934+0.68
10 -1 0 1 67.21+0.78
11 1 -1 0 60.82+0.52
12 0 1 71.2440.59
13 0 0 0 78.86+0.37
14 0 0 80.69+0.46
15 -1 0 -1 62.91+0.12
16 0 -1 -1 66.29+0.27
17 0 0 0 78.61+0.39

H ¢ 3 I, B P<0.0001, 11 5% FLLITAS ik 35
(P=0.2221>0.05), R FE —KIT (A, B) . IRIT(A>,
B?, C*) HIZZ H.I0 AC JE&h i 3 B9 (P<0.01), Ti— K
Wi C MIZZE I AB, BC &2 AR B EA(P>0.05) . IF
B, BRAF I BT B IR DR E FR AL R, o BITE N 99.09%,
LA RIFLL AR 4y, SEE0iR 220N, Al FH X 7 I
B BhK BHAAE BRI CRAm T 22U 75 H R
2.2.1 W R TETE SR M T A BE R U
NS ZR IS AR, Sy AT A 1R . WA 4G pH .
W L1 A8 TAE FH X BN FF T $2 HCR 14 5% i 4
Bl 2 s FHIED 2a AT, 625 Bl i RN i) 4h
pH TR, BN CHFIM PR RS & 5 BRI, A5 1bits
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Table 3 Variance analysis of the regression equation

KW HBEEAS PHFM ¥EF FAE P B

TR 9 87048 9672  85.14  <0.0001
A 1 5282 5282 4649  0.0002
B 1 5375 5375 4731 0.0002
c 1 0.68 0.68 0.60 0.463
AB 1 221 221 194  0.2062
AC 1 1858 1858 1636  0.0049
BC 1 1.35 1.35 1.19 03121
A’ 1 34739 34739 30579  <0.0001
B 1 291.97 29197 257.00 <0.0001
C? 1 37.65  37.65  33.14  0.0007

§% 2% 7 7.95 1.14

ERPU 3 5.01 1.67 227 02221
4

4Rz 2.94 0.73
J=¥il] 16 878.43

e TRRZER B (P<0.05); RN E R (P<0.01) .

¢ 80.00
~75.00
< 70.00
¥ 65.00
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6:1
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Fig.2 Response surface diagram for the interaction effect
between hydrolysis initial pH, hydrolysis temperature
and liquid-solid ratio
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YA T B B — Bf g 52 B, i 7 B 2H S PT A5 A=6.29,
B=54.62, C=5.01, B A ifFfiE ) ks pH6.29, i i 15 5
54.62 °C, WCKBLEE 5.01:1(g/g), FEMLSAG T BAN-Ckr
THHRIBCRIE 79.91%. 5 BB SLBRERAE KA, i i
AR Ny BT IG pH6.5, MRS 55 °C, Wbk
5:1(g/g), BEfFITTR] 3 ho AR S0 FRIIASR 26U () T S,
TEREAAT AT = RIS U RS, SEBRINAS
CHFIHEEECE S 78.34%+1.89%(P<0.05), iX 53l
THIMAE FEAR— R, 156 HA M 7 TSR AT A s vty T
7 Bl 7K B i 2 R SR P PR R
2.3 BFEREEIKESESKER A HASR BN R AL EL
R &L 3 AT, I 7K B SR B Sk, Hol
BHEICEEN 62.27%, 1MiHE 75 fli Bl 7K B2 14 i g $ B
SR 2 (P<0.05) 75 TIKEFIL, 2 78.34%, X Ut HH
VA B HE B R T KB AR IR BCR . BT, A
FENGCRFHEEFIZERGEP) | BEELP | s k| #
a7 CO, AP $EIBCEI-CoFrh, Hah g2 HeR 535
M 13.65%. 11.43%. 15.93%. 90.78%. S P4l
IKBERE BT I ARG | B R 7 vk, BRI
PREBCRL TG A CO, 5, (HiZ A HA AL, #
VEMRI B . SR AN SEOL AT, AE T Tl .
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Fig.3 Comparison of oil extraction rate by ultrasound-assisted

aqueous enzymatic method and aqueous enzymatic method
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Table 4 Main physicochemical index of blackcurrant seed oil

LRI 7N R RISkl [
% sk dRiEEsE B RNE R EE
BTN Y
R OB BB RS TERI)
A DL SRR )
- - H TN
’ ’ PRI R HoAth SR
R (mg KOH/g)  0.76+0.07°  0.87+0.08" <4.0
A (mmol/kg)  0.19+0.05°  0.15+0.03° <025
WY (gL/100g)  198.97+2.58* 196.51+3.31° -
T Ab{H (mg KOH/g) 192.48+4.15° 188.67+5.02° -
AH X% 0.95+0.08*  0.94+0.05° -
ProldaE (n*) 1.48+0.25®  1.61+0.33" -
AT (%) <0.05 <0.05

e RPN RVING TR S RITFAE B35 12257 (P<0.05); 35~ 71 .

IHETEIR, HICA R B, KPE(GB 2716-2018 &
i 2E A [ AR E AT D, NGk rhEE TR . i
SEAGAE FTR Y 455 6 B SR B AR ) T AE R e
Ko MNEEMORE, BnCAHmMRME . o EIuE .,
B S AR(E . ARS8 B FUREE RS R, B as SR SRy
AR, PIE TC 25 = (P>0.05) . Poltds
BOBMNREZY IS —, 7T DIAE R 4 Hoat g
P EEERESE BImCRr PTG ECh 1.61,
W v TR A (1.48), IR PR AT RS SRS APl AR 2t
AR, IR AR Y o SRAEIRAECT S3HT
TAE T 28 = BRI R s 22 5, T /K4, 2%
Joi AR ) S o T ECAE N TAEAE L R TP RV
I, S DA B K B R B I A T AR B S
b5 AT, (R b S D AT, R 2P
AR

242 HnCAHmTh IR RRA R 5. K 6T
I, FEICHAR P AN TR (UF A) S22 P
W2 . SRR AT, T A U5 R S 22 A el i . i
IR LA K/ B A S R R . AR PR, AN DR ) B3]
5 95.51%, 5 &I AS T R IE T R Bk ) 96.05%
A H TG B 3 22 = (P>0.05) , Hovh 2 R4 F IS i 1R
(PUFA) LL#R 67.92% ., HEHRIE, -3 BRITTREAG L
NARLH LR AR ) 2225y, [RIE B AR R AR DT A
VA HRE . REIAG . IR TSR, A A v o
&7 ZBREEP) IR E & -3 BRIV, &
Hoh 33.38%, HAR A NS HERFIVER FFAS i
ik HARGTR (EPA) Fl - AR SR (DHA) , e
HEILFER RN SRR & &, Bk EA RirmA:
HROMETDIRE . IR AR AT Z 1 ) g
TR (TEFA) AR AIE T (SFA), 2555 5 |5 i & 7 1H &
BT, SRS | 2D ARG | 78 MR 25 0, T
ek SFA Fil TRA S 858K, 43318 6.69%
1 2.56% . MAERST, 875 4 B /K B b I B
In-CHFMAR TR LR & = S R il A —2k, H

AR Y 7 R 2 R SIS T 3 A vl (39.89% ), [ iR &
FE WG TR A1 (0.48%) . Rk, NGkl E—Fb
HA =B = M ERIAEYINHIE o
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Table 5 Fatty acid composition and relative content of
blackcurrant seed oil (%)

N2 T It ek

T ERC14:0 0.17+0.02° 0.22+0.01°
FERHERC16:0 4.24+0.25 4.57+0.53°
FER—mRCl6:1 0.25+0.01° 0.29+0.03°
fififiRR2C18:0 0.86+0.18° 1.85+0.38°
JARC18:1 16.89+1.08" 17.51+1.21°
TAMARC18:2 39.89+1.14 34.54+1.89
W RFRC18:3 31.55+1.01% 33.38+2.03°
AEHEFRC20:0 0.08+0.01° 0.05+0.01°
AEA:— AR C20:1 2.12+0.03" 3.09+0.07"
AR R LGB (%) 96.05+1.78" 95.514+2.13°

o6 Bhnekrim RIS (%)

Table 6 Trans-fatty acid content in blackcurrant seed oil (%)

SRR T 2k
R 0.48+0.03° 1.56£0.01°
SR 0.33£0.02° 0.47+0.01°
SRR TR 0.64+0.06° 0.53+0.04°
JES-e 1.45+0.11° 2.56+0.18"

2.4.3 EINCARRTEYERS AR 0. A
s S U P B AT T R R T BRARE T E M EE B S FE bR
Z—o W 7 nTAL RISk oL W R E
Py RN S M e S R T AR — 3, e E 2R
(P>0.05). B-HE b Z]EXFAME EZEATDIGRE, N
{RMRAE A 2R A PEE TR, [T L3 A4
RYET], TP . AELE FGY T R Lepg . NGk
T gt RSB N 1.79 mg/ke, (KT R/ Ml X AT
AESE TR AR S80S A s, £
HAPUEI . bogl . Shamders ) . PS54 )
BE, X AMRPERA B3 R E R, S-Skl
hZWy&hh 300.49 mg/kg, B35 (P<0.05) = TR o
e DR HEE W s Tt o, 5 i s
PV T 20AH LU, A8 7S el BhoK il LK S A 5T, 38
TR LA A E PR TR A i, B BB UE 22 1y
P FE SR o £ b, S A B K B R B

®7 BRIk bR (mg/kg)

Table 7 Active ingredient content in blackcurrant

seed oil (mg/kg)
TR (mg/kg) Fah il BnCHA
o H 18.68+0.17 19.55+0.35°
- EH T 43.89+0.89° 41.67+1.03%
it 26.65+1.48" 25.27+2.07*
2 255.56+3.57° 300.49+2.86°
SRS MR 5.08+0.02° 1.79£0.08"
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