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Clarification Process and Storage Stability of Fermented Lonicerna Caerulea Juice
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ABSTRACT: The work aims to solve the problem that fermented Lonicerna Caerulea juice is easy to produce turbidity
which reduces the juice quality during processing. The composite clarifier was obtained by compounding PVPP and pec-
tinase, optimized by a single-factor test and response surface experiment to evaluate its storage stability. The clarification
process was obtained as follows: clarification temperature of 34 °C, clarification time of 40 h, and compound clarifier ad-
dition of 3 g/L. The light transmission rate of juice under this condition was 94.92%. Compared with the unclarified one,
the astringency value of the clarified juice was reduced, the clarity was improved, the brightness was enhanced. The juice
was pale violet red. The juice quality was effectively improved. The fluctuation range of pH, total acid, and soluble solids
of clarified fermented Lonicerna Caerulea juice was small after 28 d of storage at 4 °C. The sensory quality was main-
tained well. This method can effectively clarify the fermented Lonicerna Caerulea juice while maintaining good storage
stability, which provides a new idea for extending the shelf life of fermented Lonicerna Caerulea juice.
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1.1 #MRE=R

FERRL: BEEER, REEMRN, T ARRITA
A B, SRR T 6—7 Ay, KRB HEMEE; R
WiEEEEE F, La Delicieuse ( LA-DE ), 7= {4 &7
TAH: ABRHLA BRAE, 76 4 °C FARmE; WK . e il
(15 000 U/g). HEiEM . BEBE L . B 20 I e iR
(PVPP), ¥IAEPE MY HAam, B E™450
Mradi

FEALES : JS39D-250 RURIBEAL, WiTLIRIARA
MR, ZHWY-2102C RUMEEFEIREE FRFT, Lig%
WAES A PR 7] 3 HD—920 B L HEME G, dba 48k
M IRAL AT BR A 7] 3 TDSA Bl A E B Ol, Wi
LRI A FR A F] s UV-5200 BIEEAM00E T,
g ICHT IR A BR A Al 5 CR—400 Aifa 224, HA
Konica Minolta /A %]; SHZ-B ABUEIE/KIBIRG o5,
AR BRI, IRBHEARA
F]; HWS—26 BI%iE pH i1, Ll —1E{ A FRA A .

1.2 Fi%
121 REESRTHOH &
Rl me R TR T ARIIR, RERIRE R,

Pk B SEAF IO R R S VRS, Sl M LR
FI3E, RS or TR . WM 5 B9 e SR R R
FHVU 2 T A iERR 2, HHF 4 000 t/min Z504 T #5.0
5min, ZREHTF 121 °C N KB 20 min, RHIEERE,
PR BERE R . FRPTR AL 1% d I s 4 ms f gy
() LA-DE BRER (15 L) BRI 107 CFU/mL ),
T 18 °CAA T A EE 8 do WIS G AR B, SRR
AEPRTTATE 80 °CAMF FARRF 8 min, W BERE R K ,
JEARTE, B HG RIAS 3 & I fe R T B TR A
s A G A S
1.2.2 BAEAZERE
1.2.2.1 BRI E

£ 4 000 r/min Z50F T, B #EHE AR B0 10 min,
EVITE, B W ¥ 5 mL R EI R T RskR
FiRE 50 f5 . LIZEIEAK R XTRE, T5%E 500 ~ 800 nm 4
PG o THRIRIT B, i B s R T i e A
SEWA, TR R I o,

1.2.2.2  VEIH 7 ) i
£ 50 mL W HE SRR E T 100 mL #EIE T, 4
FIMAA R R B AW (1 g BT 100 mL

KA ), REEHAT (1 g BEEEAET 100 mL KH ),
HEIEEW (10 ¢ HIFHE T 100 mL 7KHr ), PVPP
W (1 g PVPP T 100 mL 7K H ), BESEEHIEW (10 g
FEBE LT 100 mL 7K ), 7E 30 °C M EE/K B IR
3min, PMERITSEBERTMRS, £ 25°CTHE
24 h, F 4000 r/min 554 F &> 10 min, ¥ 5 mL I
W, FiBE 50 5% 250 mL, TK 700 nm FilE
1.2.23 BAEHENEE LZ0RR R %8

R i v i R e S 4 SR B SR B A PVPP LA
Frelt 101 WILBlHT 2 S, BEREGEBIHEAM
#(2.0.25.3.0,35,4.0,45g/L), BHEEE (20,
25, 30, 35, 40°C) FIyEERTE] (12, 24, 36, 48,
60 h ) X fie SR AT VE RO B
1.2.3 MRz R iR e

FIH Box—Behnken & i1 Ly i 3 Hridks , L
FON I N A T4 R R B A BEAE 8, iFR =&
TRV RS i | RV T R R T S [ T i e SR R T
THRCR I, BT R AR L 1,

xz1 ABRITEERAKE

Tab.1 Factors levels and coding of experiments design

IS
R EEEME B o
Al(g'L™h B/°C
-1 2.50 30 24
0 3.00 35 36
1 3.50 40 48
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1.2.4 BERELERNE

VETE RIS T R AR . RRR L TR R B E S R
GB/T 15038—2006 { #2517 . S8 H b7k ) it
1, WS SRR U O ik b AT, (BPER A
ZAM g, B R pH /R ZED €, Wi EE
WG R TR R A
1.2.5 WEIEEMERNE

ZWHEIE, BRI 2 4, 5lE T 4 °C
124 °CFI AR, HLHRITTEO, 4. 8, 12, 16,
20, 24, 28 d Bf Y PRIL AR PR AUBCE Fa bR, WAk 1
T SR 9 S S A AR A
1.2.5.1  BRALFE AR 2

pH R pH THWE, nlEMEFEIEY) & &R HF
FEREE A E , SR FES I GB/T 15038—2006
CHm2gT A5 A B k) D o F i e SRyt T
P 700 nm FE HGBE R, @B AR R 221X
MRE, B2z AE NP (1),

AE=\J(AL)’ +(A@)’ +(Ab)? (1)

e AL ACERLE LT (BB ) SXFIEG L'
255 Aa WAbBE4] & (LI4HE ) SXTIE4] @' 2 255 Ab
ALERA b (BEEE(E ) SXTIR4l bz .
1.2.52  FEE IR AR E

TN/ 10 N (B, Wikt TRE B
YD) Al MG FRUIRES 3 A7 T & I s e
SRR HATIEE, PR R 2 iR

R2 BEITLHIRE

Tab.2 Sensory evaluation standard

eIz ik PR /53 &5 /%
RN A B 810
&, LR
RN A
/:A ~
T msk 7 33
TRFMAE B, 04
FEE S
Bty s), ik 5 10
TR
RE WBAERRIEY 5~7 35
SAIEZW R, MR 0d
BIrYHs £
B, S 810
R
y Bl e, m
(ERES - 5~7 30
B 5w el 04
S

1.3 B4R

FITA LI AT RE 3 IR, 25 SR DA Rabrife 25 56
7No FJH SPSS 22.0. Origin 2018 Z & {3 B 4is 47
B, IERE

2 HRE5SH

2.1 BHEZERE
211 BEFIGRER

H & 1a AT, FEPE KN 700 nm &b, 5 e SR8
FEEF R 90 %L I, FF Bl FA, B L HfE 700 nm
Shy W i SRR 35 0 R ) Bl A P

S TS I K T i R R T R — R B
R, ABESCRES AR, WRER (K 1b) M
REdE W (B If) MR, BB MiE
Bt PR B4 Y ISR A (& 1d) R
BORE T, AR R, RREHAR (B 1c)
PVPP ¥ (&l Te ) 78 BT FH A XoF SR 3 0 88 0 25 2R
Bl , HAXSRSE o S A AT PVPP 3 V8 1 A8 i i
439k 1,80, 1.00 /L B, & FEA 5E SR T 0 i (i
HFAF AT (91.58+0.31) %M (91.25£0.27 ) %.
SRR TG 18 06 /K it i T s e SR AR TE R SRR, (AR
H B AS V5 1 R TSR PR S Ok 2 2 s AR 1) PR 9 1
WY BRI G:, AR . PVPP &
— i B A W BRI LS s B A R R, AR &
PRE R AU g PCPP 1R M I AR T, e
i 5 B w1 22 i 2 ) 5 3 0 R 3 AR B I S 4%
U, 4 PVPP BTSN NS HIE R, X% S
WYyer DA B SR R 2 By B R SR I, TR
ST TR B RN SR A Y TR, 9 T kA,
PR T BB RSN ESE R T. A%, MR
KV HEL N E , L E M PVPP 1 AR A%
AT RS2
2.1.2 E&EBEFRMEXE BRI

i & 2a AN, SN0 2~3 o/L MR A VBRI,
BRE L LIS MBIk s] 3 g/L i, &
e, M (91.7240.22) %, @ LLE W,
FIrmEi ek, HiEWAEAR T, BiEE7ER
BIREEFAE TUCIEYy, WA, SIS
Pt Ake N B R A PVPP B T, 3B O6RA
FIrRAR . X2 R RS PVPP IR &R, PVPP fig
5 R R S 9 v X638 Y R i B O R (BT ),
TR T 1 0 7 SR T v B S S B TR A R R . 24
TF SRR, RERBERRIEG B, 24
MEARWERT R, SEOEMR, R, &5
BEER TN N 2.50~3.50 g/L $E4T 5 2200 1 f
SES
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Fig.1 Single clarifier screening results
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Fig.2 Single-factor experimental results

TSR 1 SR B 7 it R S 5kt 3 I 6 3 P L ok
Rt iRy Fis gl R4 5 AR, BensAa ok R
KHE 5 PVPP 454, &R E IS 22450), (24
BER T RESE, Hlb, EHFBEHEREN
30~40 °CHEAT 5 &2 0 7 1 5256
214 EBEREMERRRTEBEIRNZ

m & 2¢ AT, FEFTEIE] A 0~60 h i), @B
SN )G TR EETERE A 0~36 h i,

FEEEM (59.83+1.10) %I E (91.84+1.25) %,
InigRERE K, HEVERTEIY 36 h Bk 3l i s
B, BCJETFUR TR 302 P by J ) v 1 sk i) 5 350
RGBT YIARTEREE A, 24 03 3 B[] D el 5 43
DUEW BB 5 Byt E A, R R E IR,
ELFS M S 5 o T DL B A TR 3 S T 2 SR R
TE B R e OB 22 8] 7 A F A 38 2 B0 B K
il oK BT TR R P AR BTV R, O A R
BEUTRED, R B e BT R . i, e vE T
(6] 24~48 h J'H. .

2.2 BEILZNA AL

VIR DR 2 e o S Aty , A e o7 T [e] S, 5
REAEERING . BIHIRE . B 3 AHE
R 25 RV 28 2 18] 19 58 HAE A 5 e SR SR B R 1 52
M, 2K F Design Expert 8.0 #R 4 XF i 56 254 217 400 &
AT, TR R T o SR R I B A P A, iR
TR AR 3,

®3 MEERITRERER

Tab.3 Response surface design model and results

R E%ﬁ‘ﬁqﬁ B IR ?‘%Pﬁaﬁﬂ‘ B
Alg'L) J BC  [8] C/h Y/%

1 -1 (2.50) (;é) 0 (36) 8591
2 1 (3.50) -1 0 91.86
-1 1 (40) 0 87.87

4 1 1 0 88.92
s -1 0 (35) 83.37

(24)

6 1 0 -1 87.54
7 -1 0 1 (48) 86.13
8 1 0 1 87.85
9 0 (3.00) . . 90.78
10 0 1 -1 85.33
1 0 -1 1 87.58
12 0 1 1 92.32
13 0 0 0 94.74
14 0 0 0 94.46
15 0 0 0 93.33
16 0 0 0 93.64
17 0 0 0 94.53

X% 3 H B IEA T IR R, A58 S I A e SR
BRIk Z TR H R Y=94.14 + 1.6 1A -
0.21B+ 0.86C— 1.22AB - 0.61AC + 2.55BC — 4.14A” -
1.36B% — 3.78C, 5 2240t B [l A58 2 50 2 M oy 4
RILFR 4, HEFR 4 AT, BRI P<0.000 1 (B3 ),
JAIT P=0.891 5>0.05 (A3 ), JREIAEEFIAHC
PERCLY, DRZERUDN, HUUE R R=0.991 9, BEWI
99.19%1%dE, FEHTT(E. KIERE R=0.981 5, it
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A U5 52 e e 3 — 0, A0 R SR Fo0 A SR 4%
P A TE TSGR | VB I e 078 3 1R B X S %
TR, FIL, SR PSR Z AT R TIPSR
B R, AU R B

AT 4 Y F (R, B0 E R B SRR VB R
AR ZERIR I ETEIRE (B) < BiEHE (C) <&
WHAE GRS (A), HITZAHTH, A, C, AB,
BC. A’, B>, C*Higmitk % (P<0.01), AC I
i 2 (P<0.05),

Wi 07 T 5 S FH T U0 AR AR 58 A e 1 i, LA o T
PRI B B U R FE | 45 v 4 IR A TR IR B HE 1) 4 B 7 B R 4K
P, PRSI N 2 52 B AR T3 B2, TR PR {8 T
[, W22 BAE s ; TR TR, Ui s8 BAE
PRI .

R 3 R, EAEENRINE S EFRE, &
T T E 5 8 Y I ) 194 58 TEL AR T % e 7 T D A A I i
TR BEHIE , BEIAIX 2 AN R 38 BAE X SR
REPFLMEAR, MiX 2 AR R, Ry (E b
ZARME s SRR IR, HES R A, AR A
BRI S8 IEIRE (AB), T8RSV M H
(BC) Z[IMscHAEM 3. hE 3b ilHl, %
LT, LS R E AU inE S EREZ
[P EAE S, 5722001 P B SRANST

SR A e S 04 0L T4 SR AT, TN K
ST S50 - B ARSI 3.13 g/L,
IR EE N 34.18 °C, WEIERTEIY 40.42 ho FEILZRMF
TR BRI A 1A F] 94.75%.

2.3 WIFSKI R

% 58 3 SR B w35 E P L RE v A 48 TR A A
PR, SCPRIRAERIEE U G RIS IRl 3 g/L .
VSR N 34 °C. WUERTEICA 40 h, 7RISR Tt
17 3 WaRE, BOFME, 1580 & B 5e AR s
RN (94.9240.27) %, HHIMEARZER /N, UL
FITEEAR AT ST AT, AT AN 2 T i e SR SRy 0 T8
PR . AT AT

24 AREBEGERRTESNEENLERS T

BT T AT, Xk B e R R AT
WEIEALEL, 3 S v, 5RBIENRITHI, SR .
FRME . RS EEAEEE AT R M E S AR (P>0.05),
T I B S5 A BT DA AR AR TC S R T A TR
T WE . GEMEAT LR E (P<0.05), T
WYY & BT 21.19%, VRIEFRIL T 55.56%,
VLIS R D, RS B 2R T . AR R
J T e SR SR S TR A G R A, LR b S
a'FEA%, VISR A SE R RN R TI R LD RRAIG, 40
ASR AR, R RREa ., BEER
O SRR T 3.79%, HA BRI
K, HTER GEEAAERT, BREAR., 2K
LA AN, B2 B nT R DTIE W )y, T
REPEREIE SR, MIMA RN B A9 B E R E
FHE (P<0.05) #5, H 52.65%#EHZE 95.11%,
PEET 80.65%, FITHUTEMIEESBIRIGIET:, KAFT
VETEE . ARG (0 5 i 0 o A 1) R T e SR SR T

x4 HEARBATESWER
Tab.4 ANOVA result of regression model

I3 25 KR S F B2 V105 2% F P e
LR 213.76 9 23.75 95.08 <0.000 1 %
A 20.77 1 20.77 83.15 <0.000 1 o
B 0.36 1 0.36 1.43 0.270 8 -
C 5.88 1 5.88 23.55 0.0019 o
AB 6.00 1 6.00 24.03 0.001 7 ok
AC 1.50 1 1.50 6.01 0.044 0 *
BC 25.96 1 25.96 103.92 <0.000 1 *ox
A2 72.17 1 72.17 288.91 <0.000 1 o
B? 7.79 1 7.79 31.18 0.000 8 *o
c? 60.08 1 60.08 240.53 <0.000 1 *x
2 1.75 7 0.25
AU 0.23 3 0.076 0.20 0.8915 -
a7 1.52 4 0.38
BB 215.51 16

He =*RREFWEE (P<0.01); *FRERFEHE (P<0.05); -HKREFARE (P>005)
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=
83 88.736 8
30.00
48.00 < > 3.50
42,00 S [86.8716,
S
36.00
BR300 2T g 2400
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Fig.3 Response surface and contour lines of factor interaction
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2.5.1 pHHZTKL

% 6 Al A, 7F 4 °C R mE, £itny pH
AL (P>0.05), XrfgREH s R R P E &
A MR S5 #I R S E R, AR T R ohdymPY, i
pH AN W3 o U6 I R0 % B A BT 2 TR T
Al B AR AT o IR BE Ry 24 °CHsE, S pH
FHREAR, HAE AT AR b 2218 o LBl 4 ] Al R I
WS W A T R R RS
252 FAMEMYMSE. SBREEMELRNHTL

ATV T [ 9 7 e 2 A W e S R T AR I
(i) i AR AR G B B, TV 1 11 T8 400 fh BV T /K 1Y
AR B . 4R R YR EA R WA 4a
ATRLE W, FETCRCIRBE Ay 4 °CHF, ST Y T ik [ B
Y& (BB SRR ) M 9.42%~9.82%; TEI”
MR EE N 24 °CHY, RITHIEMHEIEY &N
9.31%~9.82%; TEW A S, BEARVIEHERIEY) & &
T 24 °CEAE R HAE 4 )CFAFIED, (BARSRRFRE
9% A m Ko Z5RERM, 7E 2 FORTEINER
T, R malia s EIE Y & A TR, &
AR LA AR E o 3K FT BB PR S B A B SR 7 5K
fif AT S B o R B Bt AL, AR TR DR & Y
W BE AN

x5 %

IR AR A R R BREY R S, A
Wi SR A AU . 1 B RIRRE P . A A 4b AT,
TENE O d B, S 10 iR & 3 12.33 g/L; 7E 4 °C
TS R, SRR RER SR 12.42 g/, RTE
TSR 300 1A H S R & AR fR IR AR 2 R HE 24 °CF
TE ek 25 A, SR ) ER & SO & 12.55 g/L,
FEIRITES 16 KBS 28 RINEB, BIKRFE, 752
RO o F R, SRIT AR S RN 2ZE R AR, B
FE R E AR A G A, R & A T AT AR E
R

B FIERAE RV EE N E 2 hr . A 4c
ATHT, W AR B ' R A7 B I e L BE Y R )
B iR ek BT SO S <3 By o B L 1 3 (1
FEW IR 4 °CF , JI B LR BT B0 R 3/,
FETE 96 H 300 210 0 5 30 0T B O R B R BRI SRR 2%
TEI I8 26 i B ST BB e R R 2 93.12% A/ SR PR
TE 90%LA o TEW IR E 24 °CF, Rit@EAERD
BRI AR, MR )T 4R 2 4G R S B 0
)RR, A& RER 90.58%, X —8 L E M, H
R ERY R (IR PagR . EQRAA
AL &Y% ) T 5 e 5 R R U TE B R
BfF, DT A AR 23R, H I ™ A Y A T UKL A AR A
9 FE R B2 I 00 10 48 K AR T R 12324
Af UL, FE 4 °CTT I g0 2 4 W e R SR TR R AR
TOmA o

Ha R RS E IR RS R

Tab.5 Changes of physical and chemical indexes of fermented Lonicerna
Caerulea juice before and after clarification

BRI s Ry OWREE O AIEMEREDEY SR LgH WWE HeHER e
QIE -1 -1 Jae =17\ {JJ:E * * * -1 J&jlﬁ$/%
(gL) (gL™ B 1% BUESEU% (L) (a) (b) (mg-L™")
T 12.75% 434+ 19 12.32+ 0.045+ 17.13+ 2724+  3.93+ 475+ 52.65+
R 0.09* 0.14* . 1.12° 0.13*  L11* 043 0.53" 0.02° 027
T 12.42+ 4.45+ Lo 9.71% 0.020+ 28.66+ 2277+ 529+ 457+ 95.11%
R/A 0.11* 0.07° : 1.05° 022° 0.78" 1.01° 0.67° 0.08° 0.15°
He MBS DNE FEARNREEREE (P<0.05),
*6 WHRERAMEEE pHHETWL
Tab.6 Changes of pH of Lonicerna Caerulea juice during storage
FRAL e84 I 38 FF 1)/l
£k A/ C 0 4 8 12 16 20 24 28
4 3.27+ 3.27+ 3.26+ 3.25+ 3.26% 3.25+ 3.24+ 3.24+
0.02* 0.01* 0.02* 0.02* 0.01° 0.02° 0.01° 0.02*
pH
” 3.27+ 3.26+% 3.25+ 3.25+ 3.23+ 3.21% 3.20+ 321+
0.02* 0.01* 0.02* 0.01* 0.02° 0.02° 0.01° 0.02*

i AR NS FRARARZEREE (P<0.05)
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Fig.4 Changes of soluble solids, total acidity and light transmittance of Lonicerna Caerulea juice during storage
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Fig.5 Changes of color indexes of Lonicerna Caerulea juice during storage
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Fig.6 Changes of sensory indexes of Lonicerna
Caerulea juice during storage
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Tab.7 Correlation analysis between sensory scores and physical and chemical indexes of Lonicerna Caerulea juice

AL . .

g/ C LEPS Ty pH e R BEIH L a b*
Y& hr

Pearson AH G 0.923" 0.981" -0.992"" 0.980" 0.950" -0.994"" 0.987"

WEME CWZ) 0.001 0.000 0.000 0.000 0.000 0.000 0.000

Pearson FH 3¢ 4% 0.924" 0.936" -0.988"" 0.965™" 0.940" -0.929" 0.946""

# BEE CWR) 0.021 0.001 0.000 0.000 0.001 0.001 0.000

TE: SRR (P<0.05), **FRMRMEREHE (P<0.01),

BB S PVPP DL 1 : 1 R LIRS, BN
T e SR A A T R o T DR 2 R T
AL, Wi T8 A B e s 4k T35
URLEE 34 °C VBT E] 40 h, E-A B FIG N 3 /L.
EZANT, KBS RERITWENLRY
(94.92+0.27 ) %, XU 1EHIE BB LIS AR 21T 20 B
AL, SREE R, BERRITATE T E
Y BT 21.19%, WEREKT 55.56%, HRIEY)
B A, AT S EREICT 3.79%, B ER S
T 80.65%, HITMBICE NG EE, ST R AL
PETF B IR G BRI E T 4 °CH 24 °C4 1
IR, ZEHLFEH, AR P B SR R R T
BRI R E T, ARG M AT, IR 4 °Cxit
WEER IR AP SRR S SR AR
TN ) o 25 55 A W e S e T SR T R o T R 4

BT —E Mg S%E
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