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1.1 R EiF

BB RE W T aB AR T R Jo i A
S8

P A A W FLAT R (Lactobacillus  plantarum) |
T % FLAF B (Lactobacillus casei) , 55 % % 49 25 A%
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1.2



5023 % 451 EAERABELERT I ERNAFT R DM 229

A\

B F] 5 37 2 TR Z8 VR K TR iy, T v 22 B 7 ML
J 7y R RAL SRH, b EE X LA BR A
SPX-150 55546, AL EFRFRHE AT PR 7 550/30
wm B AHAEEYL, 8E CNW A # ; GC-MS B X
(7890A-5975C %), 2 [H Agilent 23 F] .
1.3 A&
1.3.1 e ftdl s T2 mER FE—-uk
Fr— AT I — e Le— ik 8 — 8 8 BT — i il — 2 G
AW K BE— 15 5 WS 2200,

PR AR B S0, A 2 [ R OK W TR K S 4T
W, BB EFT I 5 2 T 6 A5 2 B A 4 R T i
Fo b A g SRyh o k=2:8:5, F 120 HJE e &b A

it g B R, = R i 25~30 MPa,6
min, ] NaHCO; 5 pH=4.5, ISR HBE 2K 8%t 1T
PEEC, T 80 CCEL AT 10 min.

1.3.2 BER Rt iy R RN B S0 5 E RAEAE
PrFLAT AT EE FLAT B 23 0 & T MRS Rz, 36
CHiFE 48 h, I —E AP LG, 05 ALY 1
10" CFU/mL f & A T 100 mL JBHE 421 01
1.3.3 R0 I TE WO ECRUERE RSy TR
BZ R GB 4789.35-2016( 7L IR i K 46 )i+ %, 2
SERCE PEE /N (10 ), IWER G B B, ZHZL X
R A EGEA T PP A0 T A LR 1,

1 2RTEETESIRE

Table 1 Sensory scoring criteria of whole juice

iy AR F 5

BE (o 20 2) EHEH, 2 RRE REFW 16~20
WABE EHhE RFE K 10~15

EERET,EABE LFEE 0~9

222 (o 20 &) PR SR I P2 16~20
RSB WA B 10~15

RAETRHYG, L Trk 0~9

ek (i 20 ) RARAGIE R RBEAR, LR R Ak 16~20
RA A BEABFE 10~15

RRE KEEA AR R 0~9

o R (it 40 4) 2 R F W, B 8T 1 Rovk 4 E 26~40
w5 B R AR, B R B B 16~25

v R BRI LA A STk 0~15

1.3.4 R

1.3.4.1 WA IR a6 e AR 200 AR I A
£ 100 mL JB A8 4= J 31, X6 B A Lo 91 147 B R A
b o B A P AT B AT I LR TR LB R E Sl O
1,1:2,1:1,2:1,1:0, i 3%,35 CT#HE 24
b, X AR A BT EA T IR TR RO B I 4
1.3.42 KBRS E AR T2 0 08 b
£y 100 mL B4 01, xR g AT R Z Ak,
P B AR L) 121, R i 3% , B T B B oy 29,
32,35,38,41 C, & K& BE 24 h, 6 JBE A8 4 1t i
AT BB B PR 4)

1.3.4.3  REERTRIATH 2 ARS8 R A BC B
5 100 mL A8 4 vt X i al gEA7 8 R Ak .
Fi HEBA AR L) 121, B i 3% LB 35 °C, # i

Bf B BEE N 6,12,24,36,48 h, X i #8 4  iF gk 47
I B ECRUBCE W47

1.3.4.4 EAEMHE RS T2 R A
100 mL #8454 mh b 17 s K ik,
F FRGE R LGB 11 B R e 1% ,2% ,3%,
4% ,5% ,35 C N E 24 h, XFHEHE 4 Rt g 4730
PO E 4,

1.3.5 Box-Behnken fifb % it T HKHER
SIS 38 1 ) SO T AR A e O & T ] R
g, LAY PR (Y )RR D3 (Y 5) Sk 455 784 g i
HI-8, T AR 45 50912, R 2,
1.3.6  GC-MS Ht 10 mL ¥& & TR, A
20 pL 2 (0.1894 mg/mL) fil 4 ¢ S4L4H , 78 50
CKEH A 15 min, T2 W Ff 40 min, #fi A GC
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Table 2 Response surface fermentation technology level Expert 8.0.6 §kﬁ:ﬁ*ﬁ Box-Behnken,
Sy
o L C 2 RN
i JE A i P2 /%
oo D R G o smERBER
0 35 ” 3 2.1.1 LGRS W 1R, RA
1 38 30 4 FE T4 b 35 07 RS 4 2R, LU B — TR R A TR TR

ﬁg‘gw 5 Inin[21—22]O

RS B2, @i%H DB-5MS (30 mx0.25
mmx0.25 pm) ; FEFE H R 250 °C, FHER )T B )
AR EE 40 °C, Lh 4 °C/min T} ZE 200 °C(2 min) , &%
21 10 °C/min F+ % 250 °C(10 min); He i 1.0
mL/min; AN FHFE

Frik A E BT BB IR, BT IR E 230 °C5
THER 70 eV, #E MR 250 °C, HH#7E Fl 35~500
amu .
1.3.7 HARMGHHD Eaer. B S
NIST 2011 J53 3% %8 Lo X437 .
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PR b A 0 T AR
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Fig.1 Relationship between bacteria proportion

and viable count and sensory score
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TR BES  EAA S 0 AU R B i &
W, 7 b XU AH B Rl R 8 B i A (E Ok 88.24
O R JE T 38 CHt, ZLIR P 2 A R e KL I A
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HTE TR T T L R R R B AR TR R R 35
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Fig.3 Relationship between fermentation time
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2.2 Box-Behnken Mg 5z & {1 1%
2.2.1 Box -Behnken %5 % 2 #r H Box -
Behnken %31 17 i858 (% 3), M A REE
(A) I E](B) 4EFh 8 (C) 24 T 175 A (Y ) A
BB VT4 (V) , A3 48 458 A0 AT 45 ma iz 17 /) [l 05 oy 7%
H

Y,=9.01-0.0684 +0.11B+0.019C+0.12AB -
0.0434C+0.005BC-0.07142-0.043B*-0.089C?

Y,=85.03-4.52A -3.48B+1.11C+1.35AB +
1.794 C+2.84BC-8.524°-6.62B°-3.69C*

MG 4 T 5 AIH0, 16 T BRI E 1T 2 B
R 25 50 B 3 (P<0.0001) , 2% 480350 43 1)

JERRE TR, B 4 TR 1%~3% 3% Fh i 38 i 5
BOE EBG N, BT R B E 4 R RN & TR
R SEIR L R 3%~5% 0, F i v i TR A0 i
T8 LB s A BT G R, A AR
o R HEURE 2 B 22 AR R LR
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Fig.4 Relationship between inoculation amount

and viable count and sensory score

0.2827>0.05 F1 0.2887>0.05 ¥ 22 N %, HM
ALK R 2=98.70% , R,*=98.84% , i}t W # 74 B
PR G R B T2 S B0 A T (5 B s LA AT
F A T T TR B S 25 43 AT AT AL, BEAUE A B
AB AC J A* B* .C* S AF e i 3 22 & (P<0.01) ,
— I C 25 W, M HI BC AW . X
HORCE PP EAT 5 2200, AL A B BC B A,
B> C* BJAE M .35 22 5 (P<0.01) , — K3 € &2 H.
TWAC 225383 M HW AB AR E, XAk
() FAEHEATFIT, X R o T TR R0 5% e HE
B(BFA])>A (il B2 ) >C (R i), X ECE R AE 52
HeF o A (IR ) >B (I [E])>C (HeFh )

% 3 Box-Behnken it R &R
Table 3 Box—behnken design and results

EH &/ N EHE &/ .
o A B c BE || A B c BE
wy \ o lg(CFU- %hE ‘ . lg(CFU-
GBE) (M) (BRHE) o GRAE) (W)  (RAE) o
mL™) mL™1)
1 -1 0 1 8.98 76.02 10 -1 1 0 8.93 69.00
2 1 -1 0 8.62 68.09 11 0 1 1 9.03 76.44
3 1 0 -1 8.81 66.06 12 1 1 0 9.05 62.70
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(%% 3)
‘ 4 5 c &R s ‘ 4 P &R/ aE
ey ‘ . Ig(CFU- %E i ) lg(CFU-
(RE)  (BE) (FEFF) 5 (RE) (M)  (FEMEF) 5
mL™) mL™1)
4 0 0 0 9.00 83.28 13 0 0 0 9.04 85.36
5 0 -1 -1 8.74 78.70 14 -1 -1 0 8.99 79.80
6 0 -1 1 8.78 76.58 15 0 9.02 85.72
7 1 8.75 70.50 16 0 9.01 84.80
8 0 0 8.99 86.00 17 -1 0 -1 8.87 78.73
9 0 -1 8.97 67.20
x4 FEABEFESN
Table 4 Analysis of variance of viable count
2 R T T Fe B WL ¥ F1a pP1a
B 0.27 9 0.03 58.96 <0.0001 %
ACGRE) 0.04 1 0.04 72.80 < 0.0001%*
B(&f1a)) 0.09 1 0.09 180.37 < 0.0001**
C(HEAZ) 2.81x107 1 2.81x10° 5.62 0.0496*
AB 0.06 1 0.06 119.88 < 0.0001%*
AC 7.23%107 1 7.23%107 14.43 0.0067%*
BC 1.00x10™ 1 1.00x10™ 0.20 0.6685
A? 0.02 1 0.02 42.39 0.0003**
B 7.97x107 1 7.97x107 1591 0.0053**
c 0.03 1 0.03 65.86 < 0.0001%*
= E 3.51x10° 7 5.01x10™
% B 2.03x107 3 6.75x10™ 1.82 0.2827
% £ R 1.48x107 4 3.70x10™
B 0.27 16
TE ek, 2230 B35 (P<0.01) 3%, 25 3 (P<0.05), % 5 1F,
x5 BEFESFEDN
Table 5 Sensory score analysis of variance
2 A P 7 Fem B W E ¥ F1a P1a
A 925.80 9 102.87 66.28 <0.0001%**
ACGRE) 163.80 1 163.80 105.54 <0.0001 %
B(&f 1) 96.81 1 96.81 62.38 <0.0001%**
C(#EAF) 9.79 1 9.79 6.31 0.0403*
AB 7.32 1 7.32 4.71 0.0665
AC 12.78 1 12.78 8.23 0.0240*
BC 32.26 1 32.26 20.79 0.0026%*
A? 305.54 1 305.54 196.85 <0.0001%**
B? 184.30 1 184.30 118.74 <0.0001%**
(% 57.21 1 57.21 36.86 0.0005%*
&£ 10.86 7 1.55
& MR 6.22 3 2.07 1.79 0.2887
% £ R 4.64 4 1.16
B 936.67 16
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R = -0
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Fig.5 The interaction between the factors

PN A | I AR A R, AR 2 A
g 3-FR AR O RS R GC-MS R | Xk 1%
B AR S HEAT XUR 3T, 2R 48 Fh R
Y, B 6 nIA i Rt Rk B S
YRR i R BN, AW TR R R ALY
25 M L, R a-Fa Tl EE AR T A R R R
1.590% ., %%t WA ENE  EREAE VRS
7 A AR & B TF 2 2.050%, 8N 3- RO KR
T 5 [R) Ao A BT e 2R A S L3 ,4-
FH 3 2K B (0.232% ) \5— % W LB 1% (0.240% ) |
4- KB (0.071%) 5359 HAE R Rt i 3,
95 12 R AL AL Dy T T T S5 ) IO, 5 A R R AR T A
b, BT R 2 K P ) O AR G G
T 0.629%, i 4 2 A6 G W 11 SR X B 2k R el R A1
T 15811%, EPEIEAREAIX & %2 15.980%),
MM (d) - 168 5 AH X & 5 KR 2 23.346% , H i
BT - BIAN (0.455%) .o~ (0.079%) .
T FE G B it e e BSOS , SR A T IR TR
P v O AR A )

OAV fH AV 5 M58 B A ¢, 38 52 ) 5T ot it
WM, R 7 AT, ERY Rk BEIE OAV

(ELI 308 39, T 2 LAY 22 A R A 9 05 R 5 iR
W, R TR R, JY R I R
oI B A O3 W A O A I A AR E A
T8 R iy A6 7 SEHRATR 5 T 2 00 Jo I (LR A, A i
Ja 3-RIEC TR O & ETF X RS 4 SR KUk
B W BB A A O IR 4
AR RER Y AT E , A B R s L
JE o B R A TR, S UL I IR A R
Wy ORI /L , ZE e A I A (d) -7 A A AL
A S T R e 2R T R I ) B (d) - T AR M
FRERTAREBN, FIK T LRI 282
A WU, e S R A 0 (d) -7
Wi ARER | (+)—a— TR ST . (d)- AT 2 A7 AE
TR R, B AR R 2R 1 (d) -7 1506 HH
Xt SR BB T TR . KRR A R
W A D, (BTSSR R AT P Y 32 B AU
fiE W SR B A S B ARl A9 XUBR T (+) —a— TR
W X S W J R T B A A B TR, B —E R
R AR A KU S R P A8 T A B A 3% A
Iy 22 LR v B A L A I A A A TR
i A2 T R e R i R Y XU

x6 ABUW.EHE2RTESYR

Table 6 Aroma of navel orange before and after fermentation

i S AW AR T
#h IR AR 8 -
Ji & R /mg- L A8 3F 4% % i & R /mg- 1! H X4 %
iE B 4.143 £ 0.188 0.351 4.177 £0.242 0.361
R 6.009 + 0.089 0.514 5.295 £ 0.011 0.458
(=)—4—7k & B 3.055 + 0.055 0.261 5.514 £ 0.257 0.477
oA i B 2.847 £ 0.081 0.243 18.380 + 0.687 1.590
MR~ 71 B 1.722 + 0.665 0.157 2.991 £ 0.283 0.259
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(8% 6)
k4 4 ‘ e o Rt ‘ﬁi%ﬂﬁ#’i“é\%f’l’
Jr & R /mg- 1! A8 *F B 1% Ji & R & /mg- 1! H X4 %
i 1.144 + 0.092 0.099 5.491 £ 0.672 0.468
& B 2.526 +0.030 0.217 3.421 £0.390 0.296
A vt B3 1.835 £ 0.060 0.158 4775 £0.114 0.413
B R -3t 452, 8- 4 B 0.274 £ 0.015 0.023 - -
DS 0.450 + 0.040 0.039 - -
XL - - 4.765 + 0.582 0.412
g &
- K TR LB 8.928 +(.181 0.762 23.127 + 1.682 2.001
LR A 5 g 0.342 + 0.028 0.030 - -
Fi AL 8% TR B 0.319 £ 0.055 0.028 0.315 +0.001 0.027
3L A —d—H F R A B - - 0.255+£0.138 0.022
LOES
2,3-=48-3,5 =k -6-FK-4(H)- 0.173 £0.013 0.015 4.167 £ 0.878 0.361
vk vl —4— R
2R AT W 0.832 +0.077 0.070 3.711 £ 0.156 0.321
2-(1-#AFTE)FR T -1-F 0.501 +0.046 0.044 0.556 +0.082 0.047
(+)—F # R 1.641 £0.117 0.139 1.883 £ 0.238 0.163
(4-="F & A T HE-5-% K K5tk -3- - - 0.053 +0.002 0.005
) (4-F B K K)F B
(+)-a—Jk M 2.292 +0.327 0.192 1.282 £ 0.222 0.111
A AR M 16.582 + 0.595 1.412 13.877 £ 0.059 1.200
(d)-#7 4 M 50.569 + 1.307 4.351 269.96 + 13.535 23.346
R 342.85 + 16.897 29.612 - -
y—HA e M 0.560 + 0.009 0.048 - -
i 5% e M 1.396 +0.153 0.122 - -
(=)-Alpha—3E % 7 i M 0.717 £ 0.003 0.061 - -
B-HE A Wi 5.121 £ 0.141 0.437 4.282 +0.078 0.370
B-5 # K 2.930 +0.072 0.252 2.276 +0.098 0.197
EAb 0 T A M 255.73 £ 44.399 22.544 184.738 +2.253 15.980
o~ K 14.883 + 0.898 1.262 14.174 £ 0.741 1.220
& M- (11) - - 5.425 £ 0.209 0.469
a-JF F i - - 14.956 + 0.821 1.301
2-F A A5 K -9- T ¥ K - [4.4. - - 0.159 + 0.007 0.014
0]-1-%%
a-ABH 15.827 £ 0.972 1.342 14.729 + 0.302 1.274
oA R - - 5.209 +0.217 0.455
- My - - 0.914 £ 0.085 0.079
&t E 0.764 +0.022 0.066 - -
3.7(11)—A% = 7.995 + 0.468 0.678 6.366 + 1.344 0.550
ans 3.476 £ 0.220 0.295 - -
IE KB 0.915 £ 0.030 0.079 - -
A AR BE 0.296 + 0.077 0.027 - -
34— W R W _ - 2382 + 1.946 0.232
57V A kA - - 2.773 £ 0.462 0.240
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Table 7 OAV analysis of probiotic navel orange whole juice flavor compounds
o A o At B A4/ i #AERAREART P
mg- L OAV ROC/% OAV ROC/%
LS
A BF 0.45 9.206 0.118 9.282 0.069  #&4& JLA
o A BF 0.006 1 001.549 12.828 882.557 6.548 A ZH KE
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o— i B 1.2 2.372 0.030 15.316 0.114 MARE TH
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A AR M 0.0049 3 384.055 43.345 2832.121 21012 #&F FHEFHAELGAL
(d)—A7 A% K 0.034 1 487.338 19.051 7940.044 58909 EAET A AFEAE
Y= i K 1 0.560 0.007 - - ATARA B
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3% , Wb B v 3 TR 4 (8.91+0.11)1g (CFU/mL),
BCE PEAr 84.8 41, AR 7 Y g AR BB AR 4 LT XUBR
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Abstract In order to prepare navel orange whole fruit fermented beverage using the complex probiotic strains of Lacto-
bacillus plantarum and Lactobacillus casei, the Box—Behnken response was used to investigate the fermentation tempera-
ture, time and inoculation amount of the beverage, and the fermentation conditions of the beverage were optimized by
indexes (viable bacteria count and sensory score). The aroma components of navel orange juice before and after fermen-
tation were analyzed by HSPME-GC-MS. The results showed that the optimal fermentation process of navel orange whole
fruit fermented drink was fermentation temperature 34 °C, time 23 h, inoculation amount 3%, viable bacteria count
(8.91£0.11) 1g(CFU/mL), sensory score 84.8 points. Under these conditions, the aroma content of the drink after fermenta-
tion was richer. There were 8 kinds of alcohols, 2 kinds of lipids, 5 kinds of ketones, 6 kinds of alkenes, 2 kinds of
aldehydes and 4 kinds of other kinds of components with the increase of relative content. The increase of relative content
of alcohols and aldehydes was the most, which mainly gave the fermented juice more fruity flavor. Therefore, fermenta-
tion is beneficial to improve the flavor of navel orange juice and give it typical flavor.

Keywords probiotics; navel orange whole juice; process optimization; the aroma components



