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Optimization of the preparation process and antioxidant activity

analysis of blueberry juice by wet ultrafine grinding process
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Abstract: Objective: This study aimed to optimize the preparation
process of blueberry juice and improve its antioxidant activity.

Methods: Blueberry juice was prepared using a wet ultrafine
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grinding process and compound enzymolysis method. Response
surface methodology was used to optimize the process parameters
and analyze the antioxidant activity of blueberry juice. Results:
There were significant differences in the juice yield and active
substance content of blueberry juice under different solid-liquid
crushing times, compound contents, and

ratios, enzyme

enzymatic hydrolysis times, with enzymatic hydrolysis time
having the most significant impact on juice yield and anthocyanin
content. The optimal process parameters for the wet ultrafine
grinding process and compound enzymolysis method are solid-
liquid ratio of 1 ¢+ 1.7 (g/g), pulverization time of 8.00 min,
compound enzyme content of 0.15% . and enzymatic hydrolysis
time of 127 min. Under the control of these process conditions.,
the blueberry juice yield was 87.89% ., with the contents of
anthocyanin, total flavonoid and total phenol were 612.04 mg/L,
2.96 g/L and 3.43 g/L, respectively, and its antioxidant capacity
was equivalent to 0.3% vitamin C when the addition amount is
1.6 mL. Conclusion: The wet ultrafine grinding process and
compound enzymolysis method can improve the juice yield of
blueberry juice, maximize the retention of its active substances,
and enhance its antioxidant capacity.

Keywords: blueberry; wet ultrafine grinding process; compound

enzymolysis method; antioxidant activity

R e, SURRBAG K . R T AL Y AR B AT R
HLY . BP0 e o L By O M i A 5 L o IR
0 AL VO PR AR R e T AR . AR A R R B R



F&M | Vol.40, No.5

FRAY S BT — 3 3 K SRR O A 0 AR B 3R U (£
MR AR VYRS BT SRS E
LU N A R N PN e = N 1 N S A R 3
P,

AR, v R R L kR R, 2021 A K R R
FETE A Ry 6.64 77 hm®, [ Lo 36 & 10. 1% 5 ¥ &5 ™= 1 0
34.72 77 A 3K 63.9%0 7, HEr. P EERL 60X
DL SRR 45 o A0 SR AE IR T 2 e O T U AR ok
ATHAEF M E R, WERITENRE BT
TR EENERIN T SRR R R E AR
J5 T 5 AL F B AR I T A A A0 RO, R 4R B/
Tl 4% A R T Ok OB . SR R RE L L B R L L AT AL
FEMENLAF B A7 T 361K V1 V0 Bl L Vo 7
F5 B A3 B M 0 S5 5 0 R 5 R e )

PETE R SRR TE I T e s R A g A R L SR B I
BT —SE MR M T R R AR T R 1 R R e
AR SR B HLARR A% FEAR G T L2 R 3T
Xof ) ek E AT IR L el B R AR UK AR T /N Y UKL
(10~25 pm) 34 K T ¥ kH H 2 1 BURLFL BR R, A F
W) 5 00 B R L R ORI IS R B AR R SR
WEDIT T R RGO S B HRIE R 2
B B B T  E F A 4R R U R, B R
B LT BRAE T o AR T R R O R i T
B SR AR RIS pH W IR B Y AL B
RS L S SR R W K (L
B a " {8 b~ fED BT & B R AR, Zhao %51 4% 21 44 4
T A7 R SO R e B A0 A9 A Ak B T L R I o B R
I S5 JiE RV Bl v L L BE % R ARORLAR (/N T 2 2
SEMARBEREIR . F L RT D, (R T A B R A AR
TR M OR AP SR B P 0 B R A N A R R R R A
Eak R TR T, A, R BT
G54 5 A B R R L 27 4 K i | 2 2F 4k 5 1
AT ASOLRE B R ST TR SRS 3R AL R i HL AR A AL
PSR R AR

TF 95 40 LA 5 45 R TF 9% X 42, 35 1 ok 0 Bl R B R
A A B B R ORI G 0 27 2k 2 1) » 36 ORI L B B
F 8] | 42 A it % 0 E: R 6 A T TE) 4 A4S R 26 R AT B I R R
B, T3 o o 1 1 56 Oy A AL T L & L2 S UK
P I 43 BT 4R 6 A T T A TR L LU S 4 e
J L E IR PR AT A ST R B AR I
1 MRS 5%

1.1 ##H5RH
Wi AE R SN A8 0 A5 N R Y B P A
FT A B TRRARES 4 E =952, 5 I £ R

ARES BEBHNMR—EABEHEESRHTIZAURERAELEESN

AR RA A
ABTS: 2l =>98% , & ML T 52 W Rk A B A A
DPPH. 4l =>90% , & BT B A Y Bl A FRA A
R 3 7 U/g, LG IR LR A R A
UERM 17 U/g, DGR AR BR 2 A
TR | ST 2 M S T 4 L Y B TE K e 3 BT 4
] 24 42 A1 1k 2 R0 A BR A 7 5
AR AR TR N A AR AT Sl Ak 2
JB 0 A RS ]
1.2 UFEHE®
TV R M R L - QDSJ9000-2 1, I 45 5% K i 2
AR HE
Al WL 436 % BE i T-6vm B, B 50 3E 8 AL 2% A R

/A\#

Zl

HLF 48T K. EL204 HU, M4 81— FC A 240838 (-
A RATHE .,
1.3 REHZE
1.3.1 BREFRAEEE LU s 1,1 2,1 ¢
3.1:4,1+5 (g/@) ] M #EmI(2,4,6.8,10 min) H &
Bl Cm s 2 maman — 2 ¢ DB IE (0.05%,0.10%,
0.15%,0.20% . 0. 25%) 1 [iff fi# I 18] (60, 90, 120. 150,
180 min) B Z , I IS 43 Bl HIROEHL 1 ¢ 3 (g/g) .
F3EE I 6] 6.00 min, & & B % 0 & 0. 15% | [ fff 0 )
120 min, ZEB PR E AL B R AR A 1B BT, oA o — A4~
HEREEZNEMERE SR AT &, 008
L T A 5
1.3.2 WERETEHIELZ SO & BT R
WA VS BRI 80 "CHZ 3 min, 35 H ¥ F S % HL 4 n A
B TR, BT RO EL(2.2 kW.9 000 r/min)
MRS I B3R & 05 6 Tl A I >R 1) 200 H 5 90 3o 9%
WA IR BN g B A R . AR AT RE SR T 4 CUKAE
R .
1.3.3  mp LA 7R B AR g5 R AL |, 3
AR NS bl DA TS S O i R
TS RASH B ETIARI L. BH#HEIT 3 KE
1.4 ®W7AE
141 BERHITR SRREHEDT Wk,
4.2 BERIMEATSE SRS KETH k.
1.4.3 WHET SIS RN MRM—EREILE
B, BHL0,1,2,3,4,5,6 mL M T AR IR (0.2 mg/ml)
SrHE T 25 mL AT LA A 60 %1 Z B 10 mL, F

MNP MA 5 g/100 mL A NaNO, 5 1 mL

5], HUE 6 min JEAIA 10 g/100 mL B AICNO; ), ¥

181



182

FF % B B DEVELOPMENT &. APPLICATION

1 mL.J#CE 6 min. A 4% 8 NaOH & 10 mL. i &
15 min, 28K E A F 25 mL, BUERE AR 4 mL,#% -
BRGEERZE 25 mL, FEHEKH 510 nm NI E S T br
7 1 % R A R O B O e A o R 0 R
i 5 =
1.4.4 WHEITEB &5 R Folin-Ciocalteu 3, #HL 0,
0.2,0.4,0.6,0.8,1.0 mL & & F MR 45 #E ¥ ¥k (0.10 mg/mL)
S350 E T 10 mL A g, & A 2 mL Folin-Ciocalteu
KA B 1045, =W 5 min JG A 1.8 mL 7.5%
Na, COs . RIGMZEWKEAEZE 10 mL, #IR T &
SN 1~2 h J& . 7E 765 nm Kb @ WG RE . BUEE BRI RE
W 0.4 mL, ¥ LRk EARZE 10 mL, 7EPE KA 765 nm
T AT b oA gl R R W R R IR L O 4 A oA i
KLU B LB &7,
1.4.5 WRITHUAEATE M E DL 0.3% A E C(Ve)
VAV A B P o R, 2 BB 2 BT AR (Y O kI E R A R T
% DPPH H i 23 Bk 2R . ABTS H i BF B R f i G
SV bR,
1.5 HIEAERSH

I EE Y DL I E AR o 227 R ow, i SPSS
22.0,Origin 9.1 #1 Design-Expert 10.0 3847 8¢ 120 B #17
P03 AT B 25 ORI B P<<0.05,
2 RS
2.1 BN ESHTEREENRSENFIN

PR 1 AT B R EE R L T RE  TTR R e R
SRIG T Ra A8 fh i 3 . HL IR B 2K R B I, i
RE SR BN FE 43 O VT R AR T 2K T R A,
HESLBE Y 5T LT A By 0 AR B HG T S 0T R R AR
FEPY B RHRC RGBT AR A A i L A R A
(RN R R e D BN =R A & EL I o 1 s B

. L")

4.51 = b b

O
=)
o
o1
~
=]
S
L

1:1 1:2 1:3 1:4 1:5
FRE L
Solid-liquid ratio(g/g)
/N FREA TR 7R 45 21 1R] 22 57 W (P <<0.05)

&

E =
£ :
i S 400 g ,./;\o\‘\.— 600 £
83505 (7 b ad T
= £3 = b ad £ 4
B 2270 ¢ 1500 £
S 30k & |a ad §iz

BE30FE % <
=2 = 60l 400 5
R £60 b c ER
s a ad  ad g

Ea0k sor  —e-ihibR —e-SEE 1300 £

£ —— O B E

=158 40 ] 1200

=

=

Bl RARARHUTEZEETERELES AL ETEA
Figure 1 Effects of different solid-to-liquid ratio on juice

yield and active substance content of blueberry

BE21H | 2024 £5 B | RAREHM

2 (g/g) BB Bl 5 i fH . 43 %1 25 618.38 mg/L.2.83 g/L.
3.32 g/L. —J7 W2 7K 43 45 1o ISF 0 5 2R TR 26 0 T 1 L S
9 1R ISF [¥) P9 A RE 259 50 L3 0 o 1R 500 T SR A o 9 i
T3z BB 5 55 — O R LR R L S AT R R
& ST e AL R B R R R AR . PR, R
WL EEE 1 1,1 ¢ 2.1+ 3 (g/@) #EAT W W7 ik 46 .
2.2 MBENEANESHTEREFEYRSENZD

B & 2 FI0. E F t R IR  EL B A R
R A I TE 2~ 6 min B 3E &L M 7E 8~10 min
TR, FLAFAE 5 0 3% A AR S k. T TN 2 1 5 o 1
AR B BRAR T WA R ORI (10~25 pm) B R T
WA SRR E R BV AL B R A T AR A BT AR
B 0 T (L O B DA R S 8, 9
TSR AR | L2 1w BURIFL B R AR e Fa e L B 04T L B R
SVECER B R TR T . R R B R R R B 6. 8,
10 min #F47 10 R TS

= o N

= - e et .

£ 450 700 4

=i .

S
w40 {600 £
- S
E S = £
2,083 0 £&
B3I ¢ -9
= £ 5 400 S
B o5 2 s
g z

=20 300 £

S =

£5 404t ‘ ‘ ‘ oo =

= 2 4 6 8 10

g B

F

Grinding time/min
NG FREAS R 3R R 4% 2R 1) 2% 5 3 (P <C0.05)
B2 ARAHANETEESFTRRERD RS ST
Figure 2 Effects of different crushing time on juice yield

and active substance content of blueberry

23 EAMAMENESHAEREEYRSENH A
B &L 3 AT B O A S R L AR R R
ST e R TR S S LE 0,05 26 ~0.15 Y0 I B 3 R
MEE 0.15 % ~0.25 Y6 i e A7 BEAR . RN Al B2 2 A
EmAE— L A B A B N R, 2 A S W
L TN 40 M B 3 22 BE 05 (2 0 L PN ) B T
il 0 A L TE SRR M RS R NI M A A
o ek 3ok TR P o AT SR A A e B S A, S ERORE
W 22 LT R R L U T BB TR R R AT . AR
BOKA PSRRI MY B A T . I Ah, WA
TP T e B G I S e T SR T R R AR
M AS Akt S, A8 5 A T TR 0 A R 0,15 %6 B 3k B e i fE
621.14 mg/L . B A BFFE™ R, R il B A -4 T

Pz



F&M | Vol.40, No.5

=

& _ -

E 4.5 90 - . . N 700 5

= .
S b
i o 40 80| : 7600 2
b1 X a d o = 1
= £ 35 bl = b c c c §<m
i T €70 a 500 £

= 30 =5 b iz

w2 Enl el
= £ T Z60r2 ¢ 1400 £
& Sas) = d a7V ER
BE . b y ¢

=20 50+ —— it = A {300 £

= —— e W ;5

[}

=15 L . L L 1200

= 400.05 0.10 0.15 0.20  0.25

< [

= KA RS IR,

o Compound enzyme content/%

NG SRR AN [R) 3R 7R 45 2 1) 22 5 W 3 (P <<0.05)
B3 RARAAABARETFTEZRTERENR
A A
Figure 3 Effects of different compound enzyme

supplemental levels on juice yield and active

substance content of blueberry

it 1 PR TR TR 0 A L AS AN BB B A AE €1 38 W] DL R AE
B R B o R e E ML A T, B, i %
A A R R A S N R e R AR A
—J7 10 AT AR bl T e 0 G A b B A AR (0 Sl
HEw TR, —J7 w2 b T 52 6 B s o & 0
BEH AR BTG 22 R NG O WA S 52 B FH AR 5 B
e A R, &5 B TR, B A RN = %8
0.10%6,0.15% ,0.20 Y6 247 i 7 T 3 465
2.4 EEMAEENESHAERFEHEYRSSNEMN

ry P& 4 AT A% INF ] 60~ 120 min I, ¥ 45 3R
A6 60T 7 L T R AL B S e 4 R A N A K
i dnb 35 3% 55 (P <<0.05) 5 B fig B[] 120~ 180 min Y, i %
HovE e RO i R A AR Y T B AR

ARES BEBHNMR—EABEHEESRHTIZAURERAELEESN

B (P>>0.05), K50 g 5 i AL O S AR e
B, 5B UK AR Y 45 R — 80, B FE 120 min A F iR
FAH L F2 WIRG A% I BT AE 120 min BFBEAL o, W85 1k
0 | R AN B R S B AE 150~180 min B WS A T R H:
J PR — TG T R 2 fh W A o — s e ] )R . 32 ok EOR
ARHFERER TR QA BN T 5 i
SO R W TR b, W R R 90,
120,150 min FEA7 Wi B T 4G .

2.5 N R @ R AL iR I
2.5.1  mapy mAEAL IR S A BEBORME L R R RS [A] L

A T S R R ) ) 4 AN PR ER 3 AN KO BEAT e N TRk
35, DL R VE A0 A5 R0OR GBI 30 Rl i 2 B A Ak I
PEW L& e (A6 H & i) A S H AR AT I 081k, i
o7 AT I3 58 PR K P B B UL R 1. e T K 0 45 R A 3% 2
P78 » 38 33 Design-expert 10.0 #44 %F £ 8 ¥k 47 £ oo Wl 14
PAEBAL RO ALOHEF S/ ZREZI R
=199 77 78 Hy

Y, =88.34 —1.52A +0.17B — 0. 36C + 2. 35D —
0.85AB+ 0. 57AC — 1. 24AD + 1. 89BC — 0. 87BD +
0.26CD—7.36A*—5.65B* —5.97C* —6.68D?, (D

Y,=610.52—14.23A —6.668 — 6.77C +24.47D +
7.39AB—4.24AC — 4. 45AD — 25. 47BC — 15. 25BD +
19.55CD —44.02A% —61.33B* —58.11C* —57.79D%, (2)

M35 3 AL, i 4 th P R AL A T AR Py P,
¥I/NT 0,01, 32 B[] ) 455 A0 5% ) 2 4 3% (P<<0.01), R
I P, =0.509 5>0.05.P, =0.967 3>>0.05, o] HI PG4
RIRPIA B E, RHBER 5, RBEKRERE R =
0.994 0.R}=0.984 2,8 1E &% RT=0.987 9.R}=0.968 3,
VLIPS T FERE O AL I st Se W & A BRI R Z ] SC &L U
A RE v E iR 22 /0N Be 43 R R 98.79 06 WE 2 L T R R
96.83 Vo 4 €4 % £ ) 1o A8 Ak, AT Tk i R I ik A
M — 2 AR T 237 b 5 .

=
&
£45 700 3 A 53T 95 458 20 D 1y R B 7 2 3 R T
ﬁ540 . 600 4 TR 3 0 R e VSRR € TR/ R R <
b1 o2 3 =Y X N 1~ A e b et :
REEPE o B RIS R L 5 A I B 0 A
(5 e = X . o .
m = 30 g ;E FIF ] o 4 5 3 7 25 R A €8 4 5 S 014 5 W e K RL IR LE 1Y
z E = 400 £ 19 i
EZas 2 . SN LU I R K 7 % BT S L A e
-] 20 —— iR +E’§f@|§] 1300 :E
g : a —e BT —a B ;ci F1 MEEKXBEZRKER
1.5 1 1 1 1 1 200
:é 4060 9 120 150 180 Table 1 Level of response surface test factors
2 ' ﬁﬁﬁ@ﬂﬂ“lﬂ ' '
= Enzymatic hydrolysis time/min . A B H B¥ RS  CHEARIE DR
/NE TR R 4 AL R 28 5 % (P <<0.05) e f/min  fRE/% FE/min
B RREBMEETEEA LSRR SRR : — -
Figure 4 Effects of different enzymatic hydrolysis time .
.. . . 0 1:2 8 0.15 120
on juice yield and active substance content
1 1:3 10 0.20 150

of blueberry

183



FF % R f§ DEVELOPMENT &. APPLICATION BE21 8 | 2024 £5 B | RS

ETESITRSEAEE LS. mRRdE. 240 fS40m. SEER IR AT S E TR,

A SHER RN N B E &, S5 8EGYH  2.5.2 ZEAEHSH N 3 DR A b A4~ K & A5
Fo IZHUmMEEILELER

Table 2 Response surface test results of process optimization

1 5 e &E/ | K A1 it/
A B C D ihiyE/m% A B C D itE/%
= (mg+ L1 = (mg+ L1
1 -1 —1 0 0 74.24+0.47  490.76+0.92 16 0 1 1 0 77.28+0.34  447.7140.96
2 —1 0 0 1 74.10£0.31 517.30£0.21 17 0 1 0 1 77.98+0.35 485.7344.27
3 —1 0 0o —1 71.89£0.36 471.65+3.38 18 0 0 0 0 86.3840.17 622.78+2.51
4 —1 0 —1 0 73.38+0.66 505.82+1.15 19 0 0 1 1 77.28+0.52 531.654+3.27
5 —1 0 1 0 73.61+0.07 484.30+2.80 20 0 0 0 0 87.76+0.12 599.10+3.28
6 —1 1 0 0 72.90+0.34 489.32+4.25 21 0 0 0 0 87.134+0.64 606.99+1.19
7 o —1 —1 0 78.2240.42 472.10+3.46 22 0 1 0o —1 73.17+£0.59 468.0743.48
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9 0o —1 1 0 72.94+0.65 511.56+2.82 24 1 —1 0 0 76.14+0.35 541.70+4.31
10 0o —1 0o —1 69.7140.33 460.17+2.21 25 1 0 0 1 79.53+0.47 556.0542.09
11 0 0 —1 —1 72.6740.31 492.46+3.53 26 1 0 0o —1 72.39+0.53 481.704+3.11
12 0 0 —1 1 77.47+0.41 500.80+1.58 27 1 0o —1 0 77.19+0.13 524.484+3.28
13 0 0 0 0 87.53+0.66 615.60+0.16 28 1 0 1 0 74,79+0.21 520.8941.62
14 0 0 1 —1 71.45+0.61 445.11+2.81 29 1 1 0 0 78.29+0.06 505.1140.78
15 0 1 —1 0 74.9940.46 510.13+1.92
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Table 3 Analysis of variance of response surface methodology for juice yield and anthocyanin content

-~ R T i
B TYm Fm Pm wER  ¥um FE PH  GER

iR 786.43 164.48  <C0.000 1 % % 68 461.98  62.17 <<0.000 1 x %
A 27.63 80.91  <C0.000 1 * % 2430.48  30.90  <<0.000 1 *
B 0.26 0.76 0.396 7 416.62 5.30 0.037 3 *

C 1.22 3.58 0.079 3 * 430.55 5.47 0.034 6 *

D 51.80 151.69  <<0.000 1 * % 5621.16  71.46 <£0.000 1 * %
AB 3.40 9.94 0.007 0 * % 263.51 3.22 0.094 2

AC 1.50 4.39 0.054 8 * 83.49 1.06 0.297 5

AD 7.13 20.86 0.000 4 * % 92.10 1.17 0.101 0

BC 14.33 41.95  <€0.000 1 * % 2594.88  32.99 <£0.000 1 * %
BD 3.01 8.81 0.010 2 * 930.25  11.83 0.004 0 * %
CD 0.27 0.78 0.393 1 1528.81  19.44 0.000 6 * %
A? 178.40 522.38  <C0.000 1 * % 6373.35  81.02 <£0.000 1 * %
B 207.07 606.32  <C0.000 1 * % 24 400.92  310.21 <<0.000 1 * %
C? 231.38 677.52  <C0.000 1 * % 21 900.43  278.42 <£0.000 1 * %
D? 289.23 846.90  <C0.000 1 x % 21 664.57  275.42  <C0.000 1 x ¥

Yt 05095  0.9673

R? 0.994 0 0.984 2

Rig 0.9879  0.968 3

T RREFREP<0.05); * *» FREFHEE(P<0.01),
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