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AHE LI AL A A IR, I 6 Al AN PR
AT R, MR R e B T R R K PTAR
PEPESE 12 TRFR, IR T o rons 3l B AT 25
EVPOT, 0 HE G I A A S RAC FLIR IR IR T
(LR B A I, LARE— 20 5 vy b 2% S M A i T
A fRE R ORMEAE T, v ih BT i AL St in T8
AR -

1 #R57E

11 MRS EZERLF
WAL A, WHEMRRE AR AR B

M B (Lactobacillus plantarum, Lp90) . FEERFLAT B
( Lactobacillus acidophilus , LA85 ) . T F& L AT 1

(Lactobacillus casei, LC89) « RZNEFN & (Lactobacillus
rhamnosus , LRa05) . K B FLF W ( Lactobacillus
Sfermentum, LF61) KEVLIMUREMFIE AR AR, 1
EEEREE (Streptococcus thermophilus, ATCC 19987) N
SEIG R MRS 15373 (Man Rogosa Sharpe Medium,
MRS) F1 LB Riz#577%E (Luria-Bertani Broth, LB) i
BT SEAY AR K. 7T, Trolox (4E4EEK E
T m > KO- 0 F R oW R OE OB
(1,1-diphenyl-2-picrylhydrazyl, DPPH) 4 H bt
VIR ARAT Ay HARRR N E ™
VAR iiEale
1.2 UHFH5RE

SRR AR K E, RS A R AR BT
W) s pHiS10 pH if, SEE D2 AT ; UV-Vis 70
JeEETh, HZA SHIMADZU A#]: BT R, HRH#)-5E
Mg Chilg) FIRAR: BERAERARS, EEH
AR AE: BNl R AR E RS (BRI
BRAR: KEmESOIL, EEIESEAR,; 2K
fibR1%, [ Thermo Fisher A HTX £ WAREMEARAL,
EEBAE A BRA s HPY300 1HIE R 3746, BiE S
AR S AR A F] ;. SW-EF-2FD LR #EG, EEH
AR AR .
1.3 WREAZE
1.3.1 #MieslBE L BRI 44 L LA

ERCRRIN Y W e = A 0 SR 7| 87 IR I W [
IR, 3, 5K 13 (BEAARD RETH . T,
W0 3%PE, 490 °C, 15 min K, AHERE, 157
REBEMIRCIT o B 6 LR T B8 20 e 312K ) 1
MRS W fAER:FRIE, 37 CHiF% 24 h, 4k 2 fR/E L
5000 r/min 254 B0 15 min, fi A 6 1 4 3 £ K i e
3, SEWEAH/KEGHRIESR, 2 3%
FEPh B R B R KBV, R EEIREA
(8.0£0.4) 1g CFU/mL, 37 ‘CKE# 48 h.
1.3.2 MAeJUBR @ & B R 69 AL A8 AR L

WEEE: KPR, 3% (BRMAEY Y
¥ AERERY: GB 4789.35-2016) "Y1, pH f: R/ pH
R HE: SR 28 (EamhamRmMNE GB/T

12456-2008) , DAFLERIHE"; SBEAEFRE: KA 3,5-
THE KR L ik (3,5-Dinitrosalicylic acid, DNS) I
U AR AR R SR G-250 VADIE .
1.3.3 AAeiLBR @ A B R 60 22 E R M A

SIS B R AR EEATIE, ARDBEETFIRY
BRRW), B R BR A L (kI sE , S5 R T Y
Ry A KRR i FH 2Ry AR BRI 2
1.3. 4 MAeILER A & BRI RN L B E e

1) DPPH [ H 253 B 1 i 2

SR TIE[21], WL S0 ul FESIETL A
0.2 mmol/L DPPH Z BEVAR 150 ul, =386 B
30 min, 517 nm ALMDERSGE . HBATKAEREmAE
NAEERTIR, FHKACE: DPPH 1ENEEM AR, 1SR R%
WL (D 5.
%%gwwzp_ﬁ&W%0m54¢%§EomEj

0
2 FLATROD(A x100%

(D

2) KRR 7 e

2 2% SCHR 7k [22], FE B0 BN 500 ul
0.2 mmol/L pH fH 6.6 FIBRR Eh 22 ¥ F1 — 78 ¥R B R FE
R 200 uL, BN 1%8FALER 500 L, T 50 C/KIE
NN 20 min, A ZEZEREMA 10% =5 LR 500
uL, 5000 r/min B> 10 min, HC_EIHW 500 ul IIAZE
TH7K 500 uL A1 0.1% = FALEIEM 100 uL, JRJFFE 10
min, T 700 nm AL E R EAH 4,, 2 R 281K
B RE S E R OGAE dgo A1—Ao B UL Fe® A 7 g
FREE, RE S S SR AE R .

3) A H HEMW YR 77 (Oxygen Free Radical
Absorption Capacity, ORAC) il 5E

ZWSCERTTIE23], IFEE 4B . A 75 mmol/L
PR h 2 I R YR EC ] 2004 1004 504 12.5. 6.25 uM 1]
Trolox FRUEIEW, 42 96 FLE IO 25 ul iRk
FEVRW, RN S BRI AS , FII 150 wL 15256
FWHW, T 37 CFEE 10 min, /5 R IIA
153 mmol/L AAPH VAW 50 uL, FEERIEK 485 nm, K
S 528 nm WIE SOGIREE, MEAENIE 1k, WE
120 min. LA Trolox ¥RJEAMIALFR, RNFEIBIFH N net
AUC MY AR, 2] ORAC (Oxygen Radical Absorption
Capacity) FriERNZE . BUMRE— & R 20 RE S I AT =
WRIRITTEVE AUC, THEINEM (20, ARNARAEH
%, ORAC {H Pl Trolox H¥EL R
0.5/,  (h++/) )
fo 1
X AUC N6 AR £ NER 1 IROEEEEUE: £,
NEE n RGIREUA
1.3.5 #IBRIT AT

NI E 3 K47, £ Excel 2016 1 GraphPad
Prism 8.0 HKAFXHAIGE AT SHlEl, HH SPSS
26.0 FATEARAAME ST . T A AR ENAG—,
TEREATBE o3 b 2 0, HEAT T B bR A B8, ARviEfl

AUC=0.5+
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JrE N RS HOT B E 2 22 B D% AR B 1 b i
Z2o fH] SPSS 26.0 X bRAEML S I b BT ARHEAT K 120
BT LRSS B X I8 FA 75 ZE ARG DR A AL, X
G345 73 MURE IS R AR B R AT 2 1 IS SRR R 2 A e AT v
st Jo KPP A7 BR Ko

2 HR5IR

2.1 FRIEHRMHARCRT LZEREB LRI
ANFIFLER S HIAC SR T BRI A0SR 1 PR K
BE48 h e, 6 MFLEREEMICT T HERERS] 10.0 Ig CFU/ML

PLE, REMERITPERAL, EEAMEEK. 18
RIS RE T, LR B R R b R 2R R R R
SR, BPESREFET 27.1%~59.7%, EEFSE
FEAIK T 14.2%~56.6% . FEP0FLAT 0 A1 AR BEBR T 75 #y A
R B E =R ), KB G SRR 0 Huk
6.74. 6.07 gkgo AN[EFLER B R TEHIFIAT Rt TR E
TREAER, BRTEIAFEI, HAILEE P K EA AL R
T RIVEVER AN, X A] BEAR BT MO R R AR T
I3 12 BIORN — 8 — 5 25 [A) 45 ML 23 o i 2 /N IR 2
F, BT A, AmiRE Al E A SR,

R 1 FRIBEHRMICRTIBULEFIER ST

Table 1 Effect of different strains on the physicochemical properties of wolfberry juices
— — —
%k i B pH A L S ATV
Type (lg CFU-mL") pH value Total acidity/(g'’kg") Total sugar/(mg'mL™")  Reducing sugar/(mg'mL") Soluble protein/(ug-mL™")
F KB Non-fermentation - 5.20+0.01¢ 0.47+0.03¢ 40.18+0.51¢ 19.47+0.23¢ 60.86+5.06%
*Q¢Q*L*F%' 11.030.20° 3.37+0.03° 6.74+0.80° 20.79+0.72° 12.23£0.57° 109.87+4.81°
Lactobacillus plantarum
MEAABERR ) 10.74+0.28" 3.33£0.02° 6.07£0.17* 23.53+0.69° 11.8740.37° 98.09+4.00%
Streptococcus thermophilus
B ] KT
DHE&XL*FE' ) 10.37+0.10° 3.64+0.03° 3.16£0.31° 29.28+2.69° 16.36+1.33¢ 83.1349.12°
Lactobacillus acidophilus
@ 3 W7
“‘“?*E AT 10.96+0.18" 3.55+0.03" 4.98+0.33° 16.68+2.97° 8.45+£0.85" 73.23+5.58%
Lactobacillus rhamnosus
qiﬁgﬁp*FE' . 10.82+0.13 3.55+0.02" 3.58+0.53° 16.2040.33" 13.84+0.27° 58.69+8.32¢
Lactobacillus casei
REEFLAT B 10.22+0.22° 3.53+0.02° 5.03£0.38" 21.97+2.05° 16.70+2.00° 85.98+10.94™

Lactobacillus fermentum

F: oav by ¢ FRFESIAREEREEEZR (P<0.05) . FH.

Note: Data with different superscript letters in the same column different types were significantly different (P<0.05). The same below.

2.2 A EEHAEHICRTEER S M

FAC F YT 32 GG 43 A R PR B R e T i 1 A8
el 1 fon, AT E. EABEERE . R
WA RN E A LB EENMN T 13.76% ~
28.07%, 1T WE IR FLAT B AN T B FLAT B R B )5 TG B 5 M 2%
7 (P>0.05) . SAMRE KRG, MR F Bl
BN T 55.80%~161.97%. ¥ 2 WF 50 3 B K B Al LA AN
SR R AT T A S ), BN AR R S
ot SRS SRR & RN RS 2 M ES, Kwaw
OV PR FURT R« B TR LT BT R T T LT B R P 3
Fort 5 Ry AL S A A e S I, EAE LT B K
FHERhAm S EEE m T AR IR st
FLECRE TR AUAT R AEADFUAT R S5 7 FhAS [ LR bR A [ 2R
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B 2 0 AT IR D R B R TR 2 B B 2 R AR
(P<0.05) , {EREERE, AR HIAC 2 B AR
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R AR T T T LT TR A A B LT 1 D T R B AT R
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2.3 A EEHKAENICRE TSN EERNZIE

M AT S 2 A [F) 7L R B R B A S 1 B A s PR Y
AN 2 Fron, DPPH H S R A8 R 772 —
FhIE T TR BSOS BR H BRI J7E, T ORAC 75
VA DR R 0l o ) S e B R 46 b B R
SN 5 R IHG3  2 779 R LA AS [RI WL SE AN M A SR R
% 5 f BT AL BE S1PY . e AT A, R T  SELAT B AL
MIAC T4 K B2 G 1) DPPH [ H1 JE375 B e 1 AlLsGE TR
fe I EEWIN (P<0.05) , ORAC V£ S/~
T 1% AT B B R B AT B R B A RS SR B
PrEE Y RV PUEAE N E BT — R W
RALE D& &, FUIR TE A 08 i By R D R . B 3L K
fife Il 5 G g S5 T A B W G A S AR D TR AT AR, N

@ 60 a . 06
¥ 5 a g
=)
el g
= s R 2
skt °\°50 e
N i =}
o= 8 ;2 2
2R & =
oS E %3
=1 =
ge = 3
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mE XS S 53 k3 ES X3
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S 3 =3 AR W S
-ég ESE S &S E -145 ESSS
e @S S - X3S s @S
E B S g, £ =5
g = . < g =
= a4 =
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Z Z
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a. DPPH radical scavenging rate
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b. S5y
b. Total reducing power

T LA 5 i P A PR R, G Y FUAT T R Ak
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S MEPUEAL R Y, X R B S P E A E
—E M DTk

PrEALBE I VPN TR AR 5 K B AT SR B A MR
CRBEH . Sl 28 FIFHKRENER 2 Frx. fEARDF
FUH, DPPH [ 855 FR G M 5 S AL S & B 2
MK (P<0.01) 5 BIRJEAE N E Bl & & 5K
(P<0.05) , 5E3HHS S E EHES (P<0.01) , 1
ZWES B JE 71 ) ORAC JEME G, X R
500 bR R A AT SR T )G 2 B & & B PR RA .

8 30
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c. ORAC
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B2 REEAHRLEART DPPH f dR ARG S . SLREANFEE GARIKAES (ORAC) 824
Fig.2 Changes of DPPH radical scavenging rate, total reducing power and Oxygen free Radical Absorption Capacity of wolfberry juice

fermented by different strains

R2 ABMIERITHMENENIMEZFTERSBBXRE
Table 2 Correlation coefficient between antioxidant capacity and
main active ingredients of fermented wolfberry juice

P IETE Antioxidant activity

i ‘ DPPH H i3
FRRERY W BB
Active ingredient DPPH radical ~ Total reducing ORAC
scavenging power
activity
AT Total phenolic 0.594" 0.508" 0.416
ST Total flavonoids 0.615" 0.590"" 0373
% B Polysaccharides —0.455" 0.02 0.2

T #HRORTE P<0.01 K b, SRR *RoRAE P<0.05 AT L, RB#F
K

Note: ** and * are extremely significant or significant at 0.01 and 0.05 level,
respectively.

2.4 EFERHHNiHERERICRTEZBNE K

AR SPSS 26.0 X AL K TR HL vt R 45 71
28 6 FhAS A FLIR 1 R BE MR SRV T & R . pH B &
BR. AIVEPEER . ERBE. SO, BEy. ROEE. ZRE.
DPPH. EIEJR 7. ORAC % 12 TiFgArit T T £ W55
M, GERIE 3. BRI wH, 73 3 A ER I R TTER
ROIEF] 82.344%, A 3 H AT 4 ik ou ik R 2 Al
>80%MIE R, BRI THERD S, KBRS
AT 3 A ERER AR 12 Frfais.

RIREA = O #B2 JR I T ki &, AAEH %

AR S R ) B AT BT R, R A AR
HWIHR . hR 4 a8, HEEL pHAH. SRR, BHE
AR M M0 o) 1R 2RI R, TR A
AL B R R 2 AR E, AR
PR A BB S R, 5 2 ERaRK, £
HEAN ORAC AR TR 3 I EZAHE AR, H2 S
AT ORAC FEE I, 58 3 EMT K. 5 1 EMr
SR R BRI R T B AR, A — e R B T
RITHOBEREFE, 2 2 N5 3 TR R B TR B
FERIT RV E TR R e
MR 3 PR AE AR 4 T & 4Rb7 10 22 B 3R
AL AR 3 AN FE R R ERIE R Y, Y A Y
Y,=0.272Z,+0.122,-0.2122;-0.1652,~0.288 Zs—
0.34Z5—0.05127+0.001Z+0.002Z5—0.109Z; 5~
0.101Z;,+0.008Z, (3
¥=-0.092Z,+0.082Z,+0.022Z5+0.33Z,+0.153Zs+
0.184Z+0.231Z7+0.191Z5—0.067Z5+0.233Z+
0.245Z+0.106Z;; (4
Y3=-0.012Z,+0.0372,-0.056Z;~0.034Z,+0.23 Zs~
0.117Z5-0.0127+0.045Z+0.475Z5—0.244Z, o+
0.2297,,+0.448Z;, (5)
A Zi~Zp 0 AFORIEHE A pH L BB ETEE
H. . S, S8, SN, 8. DPPH &G
Py BB, ORAC fH. ¥ 3 AT LKA EH
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XN T E TR R AE NBLE, 153 %A W R A
Y=0.35Y,+0.34Y,+0.14Y5, S50 LE 5. WK 5 W51, &5

o EAT RN . KBTI, SRR
e FAC AT 2R b PRI R

R3 ERSRHEER TR

Table 3 Characteristic value and contribution rate of each pincipal component

HIRRALAA PR 7 AN TR -7
WAy : Eigen value ‘ Extractif)n sums of squared load%ngs Rotati‘on sums of squared load‘ings
Component Bt IIZETE ES VRSO Bt T DR ER VRS FOE TR} ZE TR ER VRS
Total Vgrlar}ce Cumulat'lve variance Total Vgrlar}ce Cumula'glve variance o Vquar}ce Cumula'glve variance
contribution/%  contribution/% contribution/% contribution/% contribution/% contribution/%
1 6.673 55.604 55.604 6.673 55.604 55.604 4214 35.115 35.115
2 1.659 13.826 69.431 1.659 13.826 69.431 4.028 33.564 68.679
3 1.550 12913 82.344 1.550 12913 82.344 1.640 13.664 82.344
4 0.784 6.533 88.877
5 0.423 3.523 92.399
6 0.323 2.692 95.091
7 0.233 1.939 97.030
8 0.186 1.550 98.580
9 0.072 0.602 99.182
10 0.057 0.478 99.660
11 0.039 0.323 99.983
12 0.002 0.017 100.000

F 4 AEEREEMNIRRTmREEER
Table 4 Quality load matrix of wolfberry juice fermented by
different strains

fiibs PCI(35%) PC2(34%)  PC3(14%)
Index
i EAL Viable cell counts 0.913 0.324 —0.035
pH i pH value -0.834 —0.439 —0.070
B Total acidity 0.711 0.628 0.032
AP Soluble protein 0.148 0.917 ~0.096
JEJEHE Reducing sugar —0.847 —0.154 0.382
K% Total sugar ~0.949 -0.101 —0.185
&M} Total phenolics 0.373 0.801 -0.051
JLPERH Total flavonoids 0.486 0.766 0.040
Z¥# Polysaccharides -0.215 -0.349 0.791
DPPH H HiFEiHFx 77 _
DPPH radical scavenging activity 0-163 0.706 0429
JIEJE )] Total reducing power 0.170 0.689 0.343
ORAC 0.250 0.369 0.715
5 FHRE\OMHEZ
Table 5 Composites scores and rankings
[k 4
Strains h 12 1 Y Sorts
YT 030 150 016  0.64 1
Lactobacillus plantarum
MEABERR . 0.35 0.38 -1.10 0.10 4
Streptococcus thermophilus
WETR FLAT B _ _ _
Lactobacillus acidophilus 047 0.20 028 0.14 6
? ! |
LT 103 —031 095 0.12 3
Lactobacillus rhamnosus
TRAILITE 095 -149 075 007 5
Lactobacillus casei
E@#Lﬂ: —0.19 0.61 1.70 0.38 2
Lactobacillus fermentum
3 &

RS R FUBR TR A I AR b T R R 2 — AR R
g, A IR PLIR 1A T IR AE R T A S R B REAS
[, RV E IR AR R B A A R . B T4

REHMITIRITE 6 MAFILER W KBS HIL IR R B
FEMA KRR R A T BEA ., Hed, Y
FUIAF A RBE R 7 IR I %, 15 6.74. 6.07 g/kg, &b
FIIE SR & B 35 PG (P<0.0.5) 5 A A FLAT 14
WEAREEBR A . RS WE LT R R R B LT B R I M A R
RS ERINT 13.76%~28.07%, iR FLATH Al
TEAMNE K G L EEER (P>0.05) . 6 FIFLRE
R J AL SR S B S G N T 55.80%~161.97%.
BEAL, T LR B RD R T AT 1 R T (5 M AT SR 7T v 2
SRR EMN (P<0.0.5) . FLERE K EER &M
RT ) DPPH H HEEERRE .. BIEJE J7F1 ORAC &,
AH A 23 T 45 SR 36 BH LA A v P 5 A Ty A 3 A 2 =5 A
* (P<0.0.5) .
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Optimizing lactic acid bacteria starter culture for wolfberry juice
fermentation using principal component analysis

1,23

Huang Ningxin®, Ding Shiyong, Liu Rui***, Lu Qun*, Zhu Heping®
(1. Key Laboratory of Environment Correlative Dietology, Ministry of Education, College of Food Science and Technology, Huazhong
Agricultural University, Wuhan 430070, China; 2. Key Laboratory of Urban Agriculture in Central China, Ministry of Agriculture and

Rural Affairs, Wu Han 430070, China; 3. Hubei Gougqi Zhen Co., Ltd, Enshi Tujia and Miao Autonomous Prefecture 445300, China)

Abstract: Wolftberry (Lyciumbarbarum) is a typical traditional Chinese medicinal and edible fruit, sharing a variety of
ingredients and functional activities, such as anti-aging, immune regulation, and anti-atherosclerosis. One of the wolfberry
cultivars, Hubei hybrid wolfberry was introduced from the doubled Ningxia wolfberry that crossed with the local wild one in
Enshi Prefecture, Jianshi County of Hubei Province in China. A previous study found that this new type of wolfberry was not
suitable to process into the conventional dried products, due mainly to higher moisture content, compared with the original
Ningxia wolfberry. Therefore, it is highly urgent to develop a new processing approach for the wolfberry products, further
improving the conversion rate of Hubei hybrid wolfberry. Alternatively, a characteristic fruit fermentation using lactic acid
bacteria can provide a unique flavor product, while transform the types and increase the content of active substances for high
nutritional value and health benefits. However, only a few reports were focused on the effects of lactic acid bacteria
fermentation on the nutritional quality of wolfberry juice. Taking Hubei hybrid wolfberry as raw material, this study aims to
investigate the physicochemical properties, main active components, and antioxidant activity in vitro of wolfberry juice before
and after lactic acid bacteria fermentation. 6 kinds of lactic acid bacteria were selected (Lactobacillus plantarum,
Streptococcus thermophilus, Lactobacillus acidophilus, Lactobacillus rhamnosus, Lactobacillus casei, and Lactobacillus
fermentum) for fermentation. A principal component analysis was utilized to evaluate the quality of fermented wolfberry juice,
where the most suitable lactic acid bacteria strain was obtained for wolfberry juice fermentation. The results showed that 6
kinds of lactic acid bacteria grew well in wolfberry juice, where the viable count reached above 10.0 Ig CFU/mL. The total
contents of sugar and reducing sugar in the juice were significantly reduced (P <0.05) after fermentation. A high capacity of
acid production was achieved in the Lactobacillus plantarum and Streptococcus thermophilus, where the total acid contents
were 6.74 and 6.07 g/kg, respectively. The total phenol content in wolfberry juice fermented by Lactobacillus plantarum,
Streptococcus thermophilus, Lactobacillus rhamnosus, and Lactobacillus fermentum increased by 13.76% to 28.07%,
compared with unfermented wolfberry juice. Nevertheless, there was no significant difference in the content of total phenols in
the wolfberry juice fermented by Lactobacillus acidophilus and Lactobacillus casei (P>0.05). The total flavonoid content
increased by 55.80% to 161.97% after fermentation. The antioxidant activities of fermented wolfberry juice were also
significantly improved (P<0.05). Correlation analysis showed that the increase in antioxidant activity was closely related to the
content of total phenols and total flavonoids. Three principal components were extracted in a principal component analysis,
covering three levels of fermentability, nutritional quality, and functionality, indicating a higher quality of fermented wolfberry
juice. The cumulative variance contribution rate was 82.344%. The comprehensive score ranking demonstrated that the quality
of wolfberry juice fermented by Lactobacillus plantarum and Lactobacillus fermentum was better, suitable for a starter for
green processed beverages of Hubei hybrid wolfberry.

Keywords: bacteria; fermentation; principal component analysis; lactic acid bacteria; Hubei hybrid wolfberry



