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FF % (Lactobacillus plantarum)P9 P17 P29 PJ-L—
1.PJ-L-2 PJ-L-4 R1-4 R1-7, % FL¥F i (Lacto-
bacillus breris ) R1-3 R1-6 R1-8 R1-12, ¥ M\ %
PR i v 43 S 1R B T 28 A, -80 CUKAR A A7 Tt
Pl 2B R A B R I TR =
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FH T 2 W 7= i 106 i 308 5 D) BEAFF 5
112 RS RE, b 4 &0
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1) PIRRETEFRE B RE gk
AL 1:3 473, B 100 mL i A B K 15 Y 3k 58 e
1,85 CAH 20 min, WA EE= RS, 0T kKl
F T A TR RR R 7

2) b RET KRR SR AL S R S A
IRAZRFE 1:3 475, B 100 mL LA B K B 1 8%
IEHET A 800 mg/kg & A iF (400 mg/kg £F 4t %
fitf 200 mg/kg S i iE 200 me/kg fg Wi i )55 C il
fi# 120 min, Bl JEINA 6% FEHE 3% i g 7L
0.25% B 5, SR A5 ,85 CATE 20 min, %
WERREH, TR BRI &R WK E T,

3) ERWRIEWR T M . G B A R ER K L 25 W)
R 6 mg/ml (ER RIS IR T HTR 2, LA
B, FH 3 A
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VSWE W], BN ATE PR R 25 ¢, B 3 IR, ¥
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60 mg/mL 9 FR A FUTR B, B AL , A
JENL T
1.1.4  FEMEERE FLC-3 BEG, M/REN
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KWEF=fh 4 CHH 30 d, B 5d e 1 s w4k,
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bw). |4 (5gkg bw). FEFlEA (10 gk
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2.1.1 KB ET A EFEENOT AR 1.2.3.1

F1 12HIBHEEVSNRETEFREFEE 24 hNEBRTWL
Table 1 Changes of total acid of 12 strains of lactic acid bacteria in the preliminary mulberry juice medium
for 24 h fermentation

H #146 % /g ke 24 h & B/g-kg! A& /g kg

P9 6.17 £ 0.01 6.99 + 0.03% 0.82 + 0.02"

P17 6.17 £ 0.01 7.28 £ 0.01* 1.21 £0.01*

P29 6.17 £ 0.01 7.02 +0.02" 0.85 + 0.02%
PJ-1-1 6.17 £ 0.01 7.13 £ 0.05™ 0.96 + 0.03™
PJ-L-2 6.17 £ 0.01 7.24 +0.02% 1.07 £ 0.02%
PJ-1-4 6.17 £ 0.01 6.85 +0.03% 0.68 +0.02""
R1-4 6.17 £ 0.01 6.90 + 0.02" 0.73 £ 0.01%"

R1-7 6.17 £ 0.01 6.94 +0.01™ 0.77 £ 0.01"*

R1-3 6.17 £ 0.01 6.82 + 0.02% 0.65 + 0.02"

R1-6 6.17 £ 0.01 7.09 £ 0.01% 0.92 +£0.01™

R1-8 6.17 £ 0.01 7.22 +0.03% 1.13 £0.03®
R1-12 6.17 £ 0.01 7.11 £0.01™ 0.94 £ 0.01"*

B b BAR TR S die/ N W 35 22 80k (LSD ) 43 i it b s K5 TR 0K 1E 0=0.01 7KF 122 57 3% 5 /N FREFRIRTE a=0.05 KT 122 5+

e
W,

I 1 AT DL 12 2 326 L W W 0 0 6 90 25 119

FAETHR SR LIS R

FHE, HEEZ ARG 1R ER
M % 25 57 (P<0.01) , Hor Y LA P17 7E4]

R AN T R BT Y R R BRI
TEARE olkg.
FLER T B - R g

Bih IR Z s HE FLIR B MR AR W) A0 9 R A8 1 57
A SRS JEE X BT A 1.00

T A ik I RE Y B 2R

W REETH G IR R D R W R T iR, RR
K F] (7.28+0.01 ) g/ke; M AH P FLATF I PI-L-2 5
FEFLFF I R1-8 FE0) 20 1 ST Ky 95 3 b R e

*2

b, LIRS R L] 2RO M 45 AR LR W AW AP 1Y
REH IR P BAT R BRI 1, R
W2 1% 11855 .

REIBRFENSHRETEFREPFLAE 24 hEEHETL

Table 2 Changes in the number of viable bacteria of 12 strains of lactic acid bacteria

in the preliminary mulberry juice medium for 24 hours of fermentation

R HAt F/lg(CFU-mL™) 24 h & 7% # #/1g(CFU-mL™) N B #Ng(CFU-mL™)
P9 6.27 £0.13 7.54 £0.12% 1.27 £0.15"
P17 6.33 +£0.11 8.55 £ 0.08" 2.22 £ 0.06™
P29 6.23 +0.08 7.62 £ 0.09" 1.39 £ 0.04"
PJ-1-1 6.19 +0.15 7.95£0.11™ 1.76 £ 0.10%
pPJ-L-2 6.14 = 0.06 8.15+0.12¢ 2.01 £0.08™
pPJ-L-4 6.31 £0.10 7.21 +£0.15" 0.79 £ 0.07"
R1-4 6.43 +£0.12 7.33 £0.20™ 0.90 £ 0.11™
R1-7 6.24 +0.08 7.40 +0.14%" 1.16 £ 0.13%
R1-3 6.46 +0.13 7.10 £0.14% 0.64 £ 0.09%
R1-6 6.29 +0.17 7.71 £0.12% 1.42 £ 0.07™
R1-8 6.22 £0.15 8.33 £0.19% 2.11 £0.14"
R1-12 6.31 +0.09 7.78 £ 0.17" 1.47 £0.12™

R BTN
B3,

/N3 22 B0 (LSD ) 43 T A s RS 7 BER R «=0.01 KF R 2257 B3

NG FEFRIRTE a=0.05 K B2 5
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M2 2 B .12 #R & BEFLRR R Y REAE 0T 25 1)
FHI R R P ER A K, AR Z & B K
Ji BT PR TE AR 3 22 5 (P<0.01) , o H5%)
AR P17 MY FLATH PI-L-2 I FLAFH R1-
8 I 3 BRFLIR B 7EWI 2P 1 R B SR S rh R AR
K Ee THEILREK, KEAEKE MR
BERE] 1x10° CFU/mL L b 5 % BE w00 46 16 &
BARL AT 24 lg B U b mH e
T T R 6 ) A ) S % 3 3k v & A K T AR X
HG, KA K BT R B AE 1x107 CFU/mL 2
1x10% CFU/mL Z [A] , 5 & P Wi 400 46 135 T A50R L | 44
1o MR E BT E 1~2 A g Bl Rz F sk 14 1g Bt
LT,

LR B 1) 2 e K T B ke T T 1 3G TR U A
It FL R A R TR 7 5 A ) Re M A L ) R A
RS R . B0 25 R LR R AR A ) R
R R ERAERK D), (HERARKT
B LA AT 12 MRS FLIR W AE W) AP 1 ST
B R B vh R o A A T B R S 0 DA B T TR
WA, WERYIATE P17, AP FLATE PI-L-2
A FLAT I R1-8 /R R W i M bk i 4T T — 2 &
i
2,12 REEFRBEWWIGEKGE R R 1.23.2
T I ik, SEATRIE 3 B R AE DL AL A SR B
F I b & W SRR PR R O L A SR LA 1

L WoR . AP ELFFE P17 KRB 7 il
EY R, SHEWILATE PI-L-2, &AL R
R1-8 & /™ dh A L, 22 5 4R 8 2 (P<0.01) , HH 4
FLAFI P17 KBRS 52, EURAE —
R, HRRGE A, RIS oy A SR AT 5 AR 4 FLAT
B PI-L-2 KB = S A SUIRS R R E , R P
PA 5 2 FUAT B R1-8 A MM 7= b R EE IR , K&
SRR R A FLAT I P17 AF R BRI
T ) AR 25 A TR AR
22 REBEREATFSNRENSHTEIEN
221 BEEBAIT S R 1.2.4.1 1A
Ty AT B 0% TR MRAE P FLAT T P17 4ifh R R
T iR E AR AT ST S5 R LA 2,

B2 AP A ELRT TR P17 4l R BRI
T i EE PR 255 20 E R (92.00+1.34) 43 TR 5
5 A6 HEURS Y S R0E , LRGN, TR it

1 #iF SHIAREERUNREEFEH
B 24 hEFalEEES
Fig.1 The sensory score of the product after initial
screening of 3 strains of lactic acid bacteria in the

optimized mulberry medium for 24 h fermentation
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Fig.2 Sensory score chart of Lactobacillus plantarum

s (200

P17 pure fermented mulberry juice product

i, T ARAR
222 HALS FEIEE MR K 2k A B B AR
PR S IEM RS 1242 iRk TR
i AR A ) FLAT B P17 Sl B ST = H AL
5 IRe M o 18 b5 2 AT 5 PP S5 R WK 3,
M2 3 AT, kBRI LS EEE
FRAg AR, ROHE A R R 16.13 o/kg, pH {HFFE N
3.94, MREETFE 7.48 g/kg, BT EIEN
23.65 pg/ml, FIEPEEDIEY) &5 T2 1111 Brix%,
UL . MW FLATEE P17 AU TIRAL S RE T R
B % v (0 AT R PR 2 ) B 7 AR RR 2R W I
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IF, P17 BBk PT RE 23 A 85 35 35 vh ] e 1 0 T
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Fho TERBESG 7 ah i) EE T Re e br b, S
% 199.59 pg/mL, £H R &N 29.12 mg/L, i3
W1 .P17 WHRTE R EER T G, AE TRZMZ M
YR M AE T R AE R Wt B8 b i ok . 72 L BES
7 Y g A RS RBCRE AR, A FLAT A P17 55
A= TR I T KA #1) 8.70x 108 CFU/mL, 15t WA A1l FH 48 4
FLFF IR P17 AR GIRN & BEARAL 5 S0 =TT 1Y
RS RN BRI FLAT A P17 KRR
UAEE =35 2 =R RU Ly Mg c 30 A ey I A =
T AEE R ) A FREAL, H A T i AT B B
AW RS B IR DR o RIS B0 ¢ el T n] v
W& bt AL =& AR, I — 2D
P 7 it P AR SR TR /IR R S AR AR R
It TE L 2 N — 20 R IR AE T R 2 it
223 BrAAIEbR T S5 PR IE AR R
M AR g B D) e AR, MR 1.2.4.3
IR TV, AT 0 A R AE Y FLAT I P17 2l
RBERETT P MU AR R 25 R L3R 4,

®3 HEWIFNE P17 RBERET - RELIER
MEEZREMR S REEREHABIEREN SR

Table 3 Test results of physical and chemical indexes

and main functional components of mulberry juice

fermented by Lactobacillus plantarum P17

and the number of probiotics

R A AR BEEFET KB T
pH 14 4.37 £0.01* 3.94 £ 0.01™
5T B Y

9.85+0.1% 11.11 £0.10*
Brix %
B /e-kg! 6.17 £0.21% 7.48 +0.12%
EHE/g kg 22.05 +0.31% 16.13 +0.22%
&8 fr/wg - ml™! 38.72 £ 0.12%* 23.65 £ 0.14"
A Fmg- L 42.11 £ 0.09% 29.12 + 0.06™
BB /g mlL! 134.64 +0.15" 199.59 + 0.12%
& B #/CFU-mL™! — 8.70x108

T R AR BN 2 g /N B 3 22 50 (LSD ) e M i b s K5
FHFRIRTE @=0.01 KF L2257 83 /INE FHEERRTE a=0.05 7K

x4 HEYIHEPI7RBREFSRASLERENER

Table 4 Test results of antioxidant indexes of fermented mulberry juice products by Lactobacillus plantarum P17

T A Ev. 4 % 30y KR ET
DPPH & v & % 5/% 70.20 + 0.05"™ 85.12 + 0.08*
# 8 AFREL 24.21 0.14™ 36.41 +0.11%
ABTS & b & # 1k %/% 69.35 + 0.07% 80.35 + 0.09*
AW BT A b A FhE% 44.64 £0.11% 56.59 +0.10™

TE R P RAR 71O 28 05/ 35 22 0k (LSD 35 e M b s RS 7P B IRTE @=0.01 7K P 128 53 W 3 o /NG 7 B R IRTE =0.05 7K F |22 5

8%,

M 4 0L, 5K R BESETHAH LG, R
(1) 4 RSN SE AL F8 b5 35 & 32 & (P<0.01), 3L
H DPPH [ H 3V BR LS T 1492%ik %) 85.12%,
BHMEGRRERT 12.20%4 5 36.41% ,
ABTS [ B BR 28R T 11%i5 5] 80.35% , #
AT F H AR R S T 11.95%14 %) 56.59% ,

RWI 2 25 4 FLRR AE P ZLAT T8 P17 SRh & e J5 1Y
FE T B AR B AT

224 A THERESIT SN WG 1.244
e s, ST R B ARAE Y LT R P17 dliAp
P ST P S A TR bR AR S SR W S

®5 HYIAHEPI7TABREA S RREIDEERRMER

Table 5 Test results of safety and sanitation indexes of mulberry juice fermented by Lactobacillus plantarum P17

7 A Mt 7 ik S i) 45 R
K Jp 4 8 #£/CFU- (100 mL)™ GB 4789.3-2016 <l KAk ik
437 & H HHH/CFU-mL! GB 4789.10-2016 FAAE FoAr i
WK E/CFU-mL™! GB 4789.4-2016 AR A
HH#/CFU-mL™ GB 4789.15-2016 <20 FA
B4 1 /CFU - mL™ GB 4789.15-2016 <20 FAr
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Fig.3 Changes in the number of viable bacteria, pH, total acid, total phenols, and anthocyanins

of mulberry juice fermented by Lactobacillus plantarum P17 stored at 4 °C for 30 days
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Table 6 Effect of mulberry juice fermented by Lactobacillus plantarum P17 on defecation function

in constipation model mice
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Table 7 Effect of mulberry juice product fermented by Lactobacillus plantarum P17 on intestinal ink advancement rate

of constipation model mice
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(e)medium dose group(x200)
4 ZFAARLEBHDMRERARLREYIR R HE 88K (H&EX200)

Fig.4 Pathological sections and HE staining micrographs of mouse colon tissues of different treatments
in each group (H&Ex200)
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Table 8 Effect of mulberry juice fermented by
Lactobacillus plantarum P17 on serum neurotransmitter

levels in constipation model mice
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Studies on Strain Screening, Quality Analysis and Laxative Function
of Fermented Mulberry Juice with New Probiotics
Zhang Lan', Li Chen'?, Zhang Bo', Yue Tingting', Tian Hongtao'**, Wang Zhigang’
(“College of Food Science and Technology, Agricultural University of Hebei, Baoding 071000, Hebei
’National Engineering Research Center for Agriculture in Northern Mountainous Areas, Baoding 071000, Hebei
*Hebei Technology Innovation Center of Probiotic Functional Dairy Product, Baoding 071000, Hebei)
Abstract Mulberry is known as ‘the best health fruit in the 21st century’, however it is not resistant to storage and is
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extremely perishable. In the research and development of new probiotic fermented mulberry juice functional products,
there is a lack of special strains. The black pearl mulberries are used as raw materials, and 12 new probiotic lactic acid
bacteria isolated and identified from natural fermented foods are used as test strains. By comparing the acid production
characteristics and growth ability of the test strains in the preliminary mulberry juice medium, the test strains were pre-
liminarily screened; the sensory quality of the optimized mulberry juice culture medium was evaluated by the preliminary
screening strain, and the strains were re—screened; the quality of the pure—bred fermented mulberry juice products of the
re—screened strains was analyzed and evaluated. We studied the laxative effect of pure-bred fermented mulberry juice
products on test mice. The results showed that: after preliminary screening and re—screening, a new probiotic suitable for
fermenting mulberry juice, namely Lactobacillus plantarum P17, was obtained; the pure-bred fermented mulberry juice
product of P17 strain was uniform and stable in tissue. Rich fruity aroma and fermented aroma, physical, chemical and
nutrient composition comply with relevant national and industry standards, and the content of live probiotic bacteria
reaches 8.7x10® CFU/mL and is rich in polyphenols (199.59 g/kg + 0.12 g/kg) and anthocyanins (29.12 mg/L + 0.06 mg/L.).
Its shelf life is 25 days in 4 °C, and the number of viable probiotic bacteria is still 9.5x107 CFU/mL; P17 pure-bred
fermented mulberry juice product shortened defecation time, promoted small intestinal movement and content discharge in
constipation model mice and improves the constipation of mice.

Keywords probiotics; fermented mulberry juice; strain screening; quality analysis; moisturizing and laxative function



