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Jiz i B 58 B B ( Leuconstoc mesenteroides ) 75 %5
T = 06 P B RE ( Saccharomyces cerevisiae) | ] ARAE
A 27 e Aol 5 A 7 i Jin A 5 T R A O R
Hl

FEVER R TR (/i al) |, N T S g g A
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1.2 UE5E&

LabSwift —Novasia BI7K 436 B4, Fii+ NOVASI-
NA /> H] ; Agilent 1200 series 7 & S0R AH 3548, 3¢
[E Agilent 23 Al ; UitraScan - VIS I H B2, K E
HunterLab 23 7] ; UV =1800 RIS 4h 3 G T, HAS
S EA BRA R s WIL -628 AUBOGRE BE 4 M A, 2R 1
WRSE sE A A A FRA T
1.3 SLWHE
1.3.1 Afseyhl &

SAJFK; ( mulberry powder, MP) ifill £ : B R 4%
FRE 8\ LA 7 i S ALE T 60 °C LA T4
FEE G HCE B S 40 FHf, 345 MP,

KB (fermented mulberry , FM ) il £ . &£ i i
FIESMOCIR10 ], P& B 1Y A0k,

A 4B ZEIBOK SR A, W R KR (121 °C,20 min)
VHNIG , He A JEE W H BR TR (452 70 Ry 3,95 x 10°
CFU/mL) A5 Fl e 19 R AR B TR R (30 °C,
150 t/min) , KW 96 h J& , FHEABERE R (R0
1.76 x10° CFU/mL) , il & TR A EE 6 h(28 C,
150 t/min) , 45 FM,

SAHE K1 (mulberry extract powder) il £ : FM ¥
PR T MR 5 A5 30 A8 o G 5R)1) SAORS B ( freeze-
dried fermented mulberry, DFM) , ¥ G213 h 54
FIFNAT UK, 5 K BERR & W 2 IR R T 15 15
FIS I 5 5B ARG B (freeze-dried fermented
mulberry mixed with soybean, DFMS) , & 5 Fl /& B
TR LA 5,
1.3.2 BHELSFHMNL

2% Zheng 5511 7 15 I 0 LA IE 24 0 Bk
FERFDUAE G T 3 B 0 /S A, RS el B A B 30 miin,
B0 10 min( 10 000 r/min, 4 °C) , B FI&#, 0. 22
o Y8 VR S T v SO €3 43 A R
G AR R S 28 AOGAL I 2%, ELSD EEA% A5 iR
J£ R 45 °C 5 (6% 41 #1524 Shodex Asahipak NH2P —
504E (4. 6 mm x250 mm, 5 wm) , H:3 30 °C ; Wi shAH
ARFRGELT5% LM, HE A 1 mL/min, BERE B
20 WL, LA e it i 005 ek ik J3E O A AL A, e T AR
YN AR B 2 o b o D £ T B A BRE Y RE
=3
1.3.3 H4ZENT

ZHCHR[ 14 ], 2R H WIL -628 AUk X
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1.3.4 KH5a= K5 EE BRI M T

K3 BRI E R B TR PRICT ~2 ¢
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FK G306 FE B9 52 . {d FH LabSwift — Novasia % 7K
G3IE BEAGHATIN E , S AE 3 kLA L

W 1 T 2« 2 2% 4 R U2 210 (1 J vk I K
HE RN NaCl #9805 B AR B T de 7 24 b, I
BB AR, FRELL ~2 o FRIIFES T2 TR 2 E
AUFREI T, 7E 105 C A& T RET 2 IH 5 FRE i
APRIBAS 7 d Jm  PRERE G AITRR SRR BB
1.3.5 tRiEAegme

TEACFSE 8 6 FHCE A4, sk e 7E 4t b
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P b TR < o % 2 10 mL B9 SR
I B ot ) S i AR /084 3 Wk, A TRE R 2
(i) Py 3 2% P 22 (E AN 3 0. 01 g/em’,
1.3.7 &&Feme

K4 A sh a2z U e e L%
IRGETE EBROK, SRR o " RORBUE SR ( -
a” ) ML ( +a” ) 284k, HBOK, AR B4 1) 21 £,
JEmA% ;0" FonBlOMNEEA( -b" ) MBEMA( +b7)
Ak AHK , RO AR, AE 21850
22 IR W(T) .
AE=./((L' =LY +(a] —a; ) +(b] =b,)*) »

(1)

1.3.8 ZEMEBIGERRS ST E
1.3.8.1 DNJ &g

FESR A4 B RS B FREL 0.5 g BE &L, A 0.05
mol/L ERRVAWY 30 mL, 78318 &) J5 #7530 min, &
O AR 1T T K D FH TR Ay i PR R, o
PR3 IR, AT FIEW

B ) 10,20, 40,200 pe/mL [ DNJ 4% #E i
TR S AR E R AT A AL S TR

s 4 1 3% 4 5 2 ZORBAX SB - C18
(250 mm x 4.6 mm,5 wm) ; ¥ 30 A A AR L4 5
0. 1% BEFR I N (KA EL 60: 40) | HERE A 20 Wi,
TR 1 mL/min, 88 BEPEE 25 min; Kzl #5°4 DAD
TEE G2 A6 I % K 254 nm , A 3R 30 €17
1.3.8.2 G W& s

ikl 4 8 .12 .16 20 24 pg/mL (MR & TR
PR 5 T RS B PR BUEE R R A B
60% LT , 8 75 A BIHEHL 27 min, 850 5 B L
W, EAEARE 3 R, H 60% Ik FIERER R 50
mL, IRA B AR,

Fr e E SR AR ARED L3, B 1 mL BRifERR
W (BRE SRR I T 10 mL R4 P, JE A 1 mL 48
MREHRF RS ISR A 2 mL 0. 10 g/mlL Bk FR4H
VWL IRAT, T 25 C R #EG W 60 min J7,765 nm
D MR, DASE M 8 19 o ot Ak 3 R 8 A A

WIS FEE A R 2N A8 A 22 11 o v T £, SR FH A/ 2 T
ZW i,
1.3.8.3 fLHRGTERMIE

FEA 28 R PE CBE (10 mL AR TR /341 0. 1%
ERFR VW, 20 mL AT 5320 95% T ) s g i
50 CHBAHHBI R 1 h, B0 J5 B b W A $E
3,

BRI SE R pH 7R 22367 14,90 mg/mL
AL AN 0. 2 mol/L EhFRIA W IR TR L 25: 67
RA IFFHEAE AR pH (i, 5% pH {HE 1.0 /Y
SR, PRI 8. 20 g MR EAFHZE 1R /K 22 25 2 500
mL, 1 0. 2 mol/L $RERVE M pH 18, 7543 pH {H 4. 5
VAT, VAR 5 mL RE 5L 2 13, 20 %I pH
fH1.0.pH A 4.5 B2 th €45 2 25 mL, V-4 2 h
J&, 53T 510,700 nm AN GRS . 6T RAFEIT
BILA(2),

WHERER =
A 4492 xDF x Y x100% . (2)
26900 x 1 : M oo

J—Ct<2) ':P, %ﬁﬁ[ﬁg A= (ASIOnm,pH].() _A700nm.pH|.0> -
(A510nm,pH4.5 _A700 nm,pH4.5> ;26 900 j\]ﬁci%ﬂﬁ%ﬁ—
T PTECREGT OB 1 em;449.2 AR E
B4 Z -3 A A AT 4> F i DF R AR R A
BV RTFIAETS AR SR A WA, mLs M oA T
FE& T, mg,
1.3.8.4  EVEHR B i

i TR VS R P T ) B v T 4 %) 22 )« MR AR TR
T RRUESD 10 mg, FRFR 8L 60% £ B0 i I
2528 100 mL, BC il 0. 1 mg/mL BUARIE SRR . U
BRI T AR e A 0.0.5.1.0.2.0.3.0 4.0,
5.0 mL T 10 mL 2 i AR5 60% 1 &
BRI IR R AR TR 5.0 mL, A 0.3 mL Jifi &
G3EL 5% B RS FREMVE TR, TR 2G5 B 6 min, JITA
0.3 mL JFi i 7358 10% BAS TR 505 W, TR 2 )5 i
6 min, FHILA 4.0 mL 5340 4% 19 NaOH 5K,
e a AR 8 60% W9 B TR E 25, IRSGT1E
WA 510 nm LB SERE | AR 00 ok 5y
WEARR , G RE AL bR hil bt il 2k

P P BRI 5 B I AR R 4 B
60% 1) 1,60 °C A1 75 I 4l B 42 3 45 min, 25
O JE IR VE W, U8 R)RE Y A5 R Bk PR I,
I3 W, B EIEW . 60% JL/K L IEER R
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2 FHRE5HMH

2.1 RFBNREBEMFSEIRPREENTEES
ENH

MP )R IR 245 05 7 5t 20 12 10. 09 ,526. 41
mg/g,ﬁﬁ%QIEZE, WO A RS BRI O
(DL 1), 302 R Ok Bl A O 7 T o A v ol Skt i)
PUREVE N AR IR P T 21T 38 40 R . DFM F1 DFMS
(1) SR R 25 0 o i B AT MP, B4R T 0, 3%
HA O 750 SRR M ol 2

550
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AW
500 -
/TE‘D
5
\t_é? 450
= 15 b
10
5 |
b
oL hx\( < b <«
M DFM DFMS

G
AN [l FREFRIR AR il i) —H bR 2 18] 22 53 .25 (P < 0. 05)
1 R R SRAEORS 0y ) a7 v SO R 2
e
Fig. 1 Changes of fructose and glucose content during prepa-

ration of low-sugar mulberry extract powder

2.2 RERREBHHEEEFMIHES T
2.2.1 HI&SRAFEEHAIZNG YR

B2 R T &I VR BOas e LRk Ak 3T
FMRAR R FE I, B & 2 ATAL MP TR AR
51.74 wm, A 10% B9 PFRRAE /N T 31.90 wm,90%
IR A /N T 99. 74 pm, Y RMEBER A ET
b3, DFM B-F- S804 8 19. 56 pum, 10% 1 50kL
FiAE/NTF 14.86 wm, 90% A4 ik kL 45/ F 26. 34
pm, R TR TR T AR BRAR . X nT B Tk
T i A v SR TR N RS Bk T3 A A T G
H/NRTVK G TER T 45 U SRR AR AR /N, 3N
BAEHS , DFMS B2k i e/, 4 8. 42 um, H

H90% HYBURERIAR /N T 24. 59 wm, 10% ) URDRL £
f%TF 2. 53 pm By R AR, AR T SA0F, #0
AT R OE B vk BN R SR AR TN T
HL B ] i a5 e R T R s R ok A B 2
JE T SE M i #2 K/, HHEL 1 AT, DFM il DEMS
(%) SRR 4 7 4 2 o B IR T P, PR R 7 %
RERE A (0 286 25/ N1 P, o J2 SROABEAE 3ok 42
BNTRMIFEH A EE (P <0.05) , KA,
ot SR A 11 LU 3R T ARG K, R TR A MR )
B, A7 ) 4 v R A 1 O Bl R R E 5 TR
i, 5 R R SRR TR 4 5 435 L B 7] ) 4 f
AR/ I AN E i)

1201
a ZAD,,
100t q[s =10,
N,
80t
E
2 60f a
=
aor
b 2 b
20 b
C
C
0
MP DFM DFMS
GG

AR PR FIR AR RE i R — 8 bR 2 ) 22 5+ 3% (P <0.05)
K2 ke R AR AR B RS A 5
Fig.2  Effect of fermentation, freeze-drying and excipient

addition on particle size of mulberry extract powder

2.2.2 &R AT AR 0 B R

DFM (1) 7K 43 & & F1K 53 1% B AR, 40 5 0
4.85% .0.27 , k& DFMS, /K 43 % & Fll K 43 1% )&
435k 8. 61% (0. 33 ;1 MP [R7K 43 & & FK 4315 B
R, 0 14.44% 0.47 , WFE 1, EEREN
g MP 2 PR TR R R ML 9, 1 DFEM AN
DFMS J2& Il ¥ VR T 1 5 AR T 09, 7K 43 23 0k /015
WL MP IR ME L DFM T DFMS #5, =#1)
WA M 7. 31% .6.59% .6.38% , 1111 H
KRG R T AL PR W 2 R AR AR A 7K 435 & K
O3IE FERIIRAE (P <0.05) , 3 AU A0 i fa
ETE

MP FIHERE B K 0. 43 g/em’, DEMS H1 DFM H)
HEBRFERC /N, 43598 0. 18 0. 22 g/cem’ | LB & B2 )
R LA RN I S e 2 ol SR 1 28 B A Jp A
/NP <0.05) , RHERA Z [ 25 BRAS K, A8/,
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FIRESE I T MR R T 5 By AR AR /N | 38 1ok
TR LU SR TR K, R AT A 138 K, NN SO HE %
JEAE/IN, DFMS Fl DFM 4R 1E A B 22 5
(P>0.05),43 % 39.31°F1 38. 88°, #f . & /N T
MP(45.51°) , UtHH & e VR T b B2 (0 S ALA 14K
IEABIRAZ /N (P <0.05) By sh 2 4r . k1

A%, 5 MP AHEG, DFM 1 DEMS 19 W35 P A%, 2%
S E 25 SR ) 7K G 30 5 o AR RO 22 [) 1 2
PRI FLEESE T/ R sh PE TR 4 BT 7
FMZ KB R MR A S | TR e T2
Wik sh T

R KRB IRT BAIMGE SRR B AL 52 e
Tab.1 Effect of fermentation, freeze-drying and excipient addition on physical properties of mulberry extract powder
B K>/ % K3 B W2/ % W/ (grem ™) ik Ao
MP 14. 44 £0. 028" 0.47 £0. 003 3° 7.31 £0.312* 0.43 £0.009 0* 45.51 =0. 96
DFM 4.85+0.077°¢ 0.27 £0. 005 8¢ 6.59 +0. 055" 0.22 £0.014 0* 38.88 +0. 41"
DFMS 8.61 +0. 125" 0.33 +0.0153" 6.38 +0. 144" 0.18 +0.016 3° 39.31 £0.74"

A TR RISV BB 2 ] 22 5 .35 (P <0.05) .

2.2.3 A& EAMSS EFHYR

DL MP YRR AL X T R B R T R gl
BHEEAR RIS e ry 284k, Wk 2, MP Y L™ 18,
a8 b E/ 5N 37.22 5. 71 2. 82, DFM #1 DFMS
M) L™ fH o™ H b {EER I ZE KT MP(P <0.05) , U
VR LA S N B L Rk 2 fit RpE s B2 1G]
LM AR, X ATRe S BRI A O,

AR AR /N HR A 5 5] JE A Fe R T RO, (i
EERCR T LTS |y & 2 AT, DFM R DEMS B
BT MP, 53 2 858 —3, DL MP Xt
HE DFMS DFM A9 {8 22 {8 43 51 R 10. 34 ,20. 06,
DL ] DLisa B & 5 VR S s i pe b BRAER 25
A S A SRR Y 05

K2 RBE R RS INGRL G SRR B (5 1 R
Tab.2 Effect of fermentation, freeze-drying and excipient addition on color of mulberry extract powder

G L* a” b* AE

MP 37.22 £0.391° 5.71 £0. 169°¢ 2.82 0. 040° E—

DFM 56.48 £0. 044 7.04 0. 035" 8.25 +0. 050° 20.06 £0. 370"
DFMS 46. 64 +0. 426" 7.52 £0. 067" 6.65 +0. 021" 10. 34 +0. 035

AR FRFR RSB Z ] 225 3 (P <0.05)
2.3 REREREFEMHEIEPEREYRESE LSZHEERAEW, MP AT R T EN 2.86

ST

ST K B R T AN N SR A T2 5
HEDNJ S W A6TT 3 | S B A5 0 PR 3 a1
S H B AT TR AT, W 3, MP AT FM
i) DNJ 5539000 0. 68 2. 07 mg/ g, % B ik FH BE I
W INFALRY DNJ &, 5 4 B T A R —
., 1 DFM A1 DFMS (%) DNJ &850510 1. 39 mg/g
103 mg/g, # B EMLT FM(P <0.05) (HH] 5
T MP(P <0.05), UtV T FA% T DNJ /Y& &,
MP FM . DFM FI DFMS A9 5.2 1 & & 45351k 27. 70
28.55.25.83.25.85 mg/g, WA W EMEZER (P>
0.05) . Uil & EE R ARV I o Rk ot S b

mg/g, 1fii FM DFM #il DFMS )46 % 2 & &0 90
0.50.0.41.0.47 mg/g, = H WA BEELEZEF (P >
0.05) , Ut BH & i 2 0 ML T 2k sUdi 2k, R 10
WIS CRRA SRR T RN E, AR
T ) R B R S A AR, S e
A RN AT B A HAD K ST T (AR
B BFEAK (P <0.05) ) MP FM . DFM DFMS
A B S B4 1,24 1,01 .1, 16 1. 30 mg/g,
BT BEVERI 2253 (P >0.05) , Ul A R T LA K
PRI R B R Y R A s, DR AR
B A Rl R S I T S 2 X
W i A — R WS, R R AR A I AR s
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a

30+ a
N S &
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AP BE 2 75 A [ B i ) — 46 B 22 1) 22 5% B35 (P < 0.05)
1-DNJ B2 W AETE 2R 6 A T30 45 SRR 2 i 58 [
SRR RMT R,

B3 e R LS AT RAERDE I PR 5

R

Fig.3  Effect of fermentation, freeze-drying and excipient
addition on active substance contents of mulberry
extract powder
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Study on Preparation of Low-Sugar Mulberry Extract Powder
Based on Microbial Fermentation

LONG Xiaoshan, LIAO Sentai®, HU Tenggen”, ZOU Yuxiao, LI Qian, LI Ema,
PANG Daorui, SHEN Weizhi
(Sericultural & Agri-Food Research Institute/Key Laboratory of Functional Food, Ministry of Agriculture and
Rural Affairs/ Guangdong Key Laboratory of Agricultural Products Processing, Guangdong Academy of
Agricultural Sciences, Guangzhou 510610, China)

Abstract: In order to improve the processing characteristics ( particle size, powder characteristics,
color) and maintain the active substances such as deoxynojirimycin( DNJ) , total polyphenols, total fla-
vonoids and anthocyanins, the low-sugar mulberry extract powder with good nutrition and appearance
quality was prepared by microbial fermentation technology. Two kinds of low-sugar mulberry extract
powders ( with or without soybean addition) were prepared by fermentation of mulberry protoplasm
through Leuconstoc mesenteroides and Saccharomyces cerevisiae and freeze-drying. The processing charac-
teristics and active substance contents of the low-sugar mulberry extract powder were compared with that
of the mulberry powder directly crushed by dry mulberry. Compared with mulberry powder, the glucose
content, fructose content, water content, water activity, hygroscopicity, bulk density, resting angle and
particle size of two kinds of low-sugar mulberry extract powder were significantly decreased after fermenta-
tion and freeze-drying, and their processing properties such as color and fluidity were significantly
improved. The DNJ content of mulberry powder was 0. 68 mg/g, which was significantly increased to
2. 07 mg/g after fermentation, 1.39 mg/g after freezing-drying, and 1. 03 mg/g after freezing-drying and
addition of soybean. The contents of total polyphenols and total flavonoids were not significantly affected
by fermentation, freezing-drying and addition of soybean. The total polyphenols contents of mulberry pow-
der, fermented mulberry, freeze-dried fermented mulberry, freeze-dried fermented mulberry with soybean
addition were 27. 70, 28.55, 25. 83, and 25. 85 mg/g, and the contents of total flavonoids were 1. 24,
1.01, 1. 16 and 1. 30 mg/g, respectively. The content of anthocyanin decreased significantly after fer-
mentation, while the content of anthocyanin did not change significantly after freezing-drying and soybean
addition. After fermentation and freezing-drying, the processing characteristics of low-sugar mulberry
extract powder were improved. The content of DNJ was increased, and the content of anthocyanin was

decreased. However the contents of total polyphenols and total flavonoids were not significantly changed.

Keywords: fermentation; freeze-drying; mulberry; processing property; active substance
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