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Functional quality characteristics of extracts by sugar-leaching and lactic acid
fermentation of mulberry leaves (Morus alba L.)
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ABSTRACT

This study was carried out to investigate functional quality characteristics of extract obtained after sugar-leaching for 12
weeks (SLE) and extract obtained after lactic acid fermentation for 8 weeks (LFE) of mulberry leaves. The yield, sugar con-
tent, pH, and total acidity of SLE were 27%, 43 °Brix, 4.6, and 0.45%. The yield, sugar content, pH, and total acidity of
LFE were 166%, 33 “Brix, 3.6, and 1.17% respectively. The lactic acid bacteria viable numbers (1.2 x 10'° CFU/ml) of LFE
were more than those of SLE (2.8 x 10 CFU/ml). The LFE expressed activities of hydrolytic enzymes (amylase, cellulase,
pectinase, protease), but SLE did not express. The contents of acetic acid, citric acid, and malic acid of SLE were higher
than those of LFE, but lactic acid content of LFE was higher than that of SLE. The main free sugars of SLE were glu-
cose (200.93 mg/g), fructose (236.32 mg/g), and sucrose (18.41 mg/g), but LFE did not detect all free sugars. The con-
tents of polyphenol, anthocyanin, and piperidine alkaloid of LFE were higher than those of SLE. a.-Glycosidase activities
were inhibited 3.4% and 16.2% by SLE and LFE. These results suggest that lactic acid fermentation extraction is an effective
method to increase the yield and contents of functional quality of mulberry leaves extract.
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4 (mulberry leaves)y> FapR v} w2 n|v|2he] gy
o] 29l (Lee et al. 2002), rutin, quercetin, quercitrin,
isoquercitrin®} 22 flavonoid®} resveratrol, steroid, amino acid
2 vitamin 5-¢] o=k FF-=o] gle] (Kim et al. 2012), 34k
3 A8 2 FELT Q) (Kim et al. 2007a, Kim et al. 2007b).
T34 QA AAAEEA R S A] (Omori
et al. 1987), 218 2 Tz} 24 (Tews 1981) 5 F923F o
&S 3l= y- aminobutyric acid (GABAY} W] 33
£3], a-glucosidase®] B3-S A3l|ste] T F45 7
7 & A 3}A]7]= anti-hyperglycemic B4 o] 43k 1-
deoxynojirimycin (1-DNJ)Z} N-containing sugar’} tho 2. &
frEe] B A8 W o) 7P FEEE i EAe A

Functional quality, Sugar-leaching extract, Lactic acid fermentation extract, Mulberry leaves

A=)

AE AAolth (Kimura et al. 1995, Miyahara et al. 2004,
Naowaboot et al. 2009).
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EERBRNE
ol AT 0 Bdolsh HTL e A Ludel T
55 W3 )} (Flint and Bayer 2008, Katiyar 2008, Ryu
et al. 2010). o]2gh Ha2] W2 A5 A2 S A}3}3)e]
3% 82 FIIIT, SR gekS PAHoT 20}
N7o2 8488l 22E Bolsbl S, A% | A
3R 2283 35 AlAsle] 783 222 A= o
A& 7R ot (Katiyar 2008). ©]23F I oA £ o
T= A2 2355 7HA= Al9F fAHE (Ryu and Kwon
2012)2 o]&3le], FHeke] ©-S Ayl AT whg vpy
ojgt 2l B 2Eae] §448 PEGES BE 2 AZ
WS AL, 8 Y B 8l WE S-S AR
sjiet.
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B AG ABT BAS AR o} AA) B 54
A @) 53 % A Al BAE T, 242 o] B
R 5 FAPEES) A 2ol AHESROR, R A 2
APl A 2] A Lactobacillus plantarum TO-2100 (5=
‘Qr‘ﬂi KFCC 11537P)y& AH8-3}3 v} L. plantarum TO-2100

< MRS HA wiA]e] 1 WiFeo]E HEF3AL 30°CeA 484
71— wjeF 3 Bl WlgE 93} starter® AFE3A T AF
45 starter (5x 10° CFU/mlY= A 2l FA ] 4% (v/
w)g AHE-sk e

2 98 o S £5E0 Az
S pale

ffP vl- 25°C°1]/~i vgzg @3}
%“4 Aze A F 24
ok, oPATFe] ARES $18) 85°C, 23k W A7) A&
235k A Wal | kgof AFE AA|S 2 WMERS 1:1:07
(wivwe] Fer| 2 E]bste] "at vhy 25°CellA] s}
gic}. wiAdele] yjeke We) Zeme) 10~ 100%2 243}
of frabde] S EAS AP 2ARsted 30 *Brixql 70%
AR sl T) B 27 AL o FFL Abd £ 1 A B
Aol 24 Aste} 71 A 5 ABA NHE AP 2ARLe
CELT

348 ¥ 9= 5%
) R FFole] 48 12F B} 25 Aoz
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T *dZE(Nylon monofilament filter bag;
ize: 100 (m, Cole-Parmer International, USA)=-
} At oJFsl 5 dolxl R FEeo] Feps
1271 47) 32 F9) Wz BAjgpsle
F3o0e) S48 85 59 27 A0 348
F SR 10 5 A ohah 5 ol 39
Fas 245)0] 27 A7l 2 Fake) M EASHY
o FE(Brix)= FEA (master refractometer, ATAGO,
Japan)yg o|-8-3te] A3t

4. pH & & Mxo| £H

pHE pH meter (sevenCompactTM pH/lon S220,
Mettler-Toledo, Switzerland)® ZA 3l om, &= A
Food analysis (Nielsen 2003)°]] &J3}e] &< 20 mdE pH
7} 830 =23 wl7}x] 0.1 N NaOH $4 o2 HAg ¥
0.1 N NaOH A83-& o3 2ol 93} citric acid (%) A}
ke z ksl

Citric acid (%)
~ 0.1 N NaOH AH]ExNaOH 7}

xAcid factor (0.0090)
REE RS

5.0/d8 ds &5

TR 9 fARLE 2] njAEe] WEe T 3]4
of o8t AFF=E ZSA3IATE AR $42 1% sodium
carbonate”} E 3% Lactobacillus MRS agar, Bacillus sp.
%+ brain heart infusion agars AF8-3l91 2, £ ¥ = yeast

extract peptone dextrose Tt 2|5 Al8-3}9]c).
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FZN2] amylase, cellulase, pectinase,
protease®] 243 = 3 Akl o3t gAY 2 v
el o) stodct. Wk Falel oJgk G40
amylase &4 A2 1% soluble starch’} 35 3B ¥
Tl Aol 500 £ 8] B FHH D FAPEE FE &
Al paper diskE &%, 35°CollA 3087t uk-S- ¥
gram's iodine F4 N2 FA F PPE FH3ke| F7]
E v|w3lg o) Cellulased] A2 1% carboxymethyl
cellulose (CMC)7} AH7Fe H g A| o A 2] E3l A4S
gram’s iodine N2 P3G O pectinase2] A
2 1% pectine] H7}1El FufR]ol| M o] Ea| A4S gram’s
jodine GAA o7 QMY A F JAF T3
37]E v 3l o). Protease?] T2 1% skim milk7}
H7he R wjA el X 2] FHEES A3, 1% casein
o] A7e FghufA]e A 2] Fa| &> amide black A
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How A F PR FHIe| =75 vl ¥
A e ol 23t amylase®] -2 Matsui et al. (1990)
o] ¥l w2} 20 mmol sodium acetate, 5 mmol CaCl
(pH 5.5)°l] 12.5 mg/ml ] soluble starchs & 7}3F £ &
714 g oz ARgsloih. YAl Ee]sle] o] &S #7113t
o3 2 §AbE EZdlo] Aol 05mlE 0.5 mle] 7]
75—4_ %°"°ﬂ H7F F 40°Coll A 3087 vH-SAI A ok vk F

m¢2] 0.5 mol NaOHE H7}3}e] vH--& FX|A)7]2 &
"3% IHES AA F e20mm oA FREE S8
GlucoseZ o] 83l APHel| 2 E ZFFAH o= HE 31
Are] eks shAketedth | unityE 18 E<F 1 umol D-
glucoseS YA TA4o] oFo 2 319t Cellulase?] &
A2 Mandel (1975)¢] ®¥ell u}g}l 1% carboxymethyl
cellulose 100 mé, 0.5 mol citrate buffer (pH 4.8) 10 m¢, 1%
merthiolateE- &7 1LZ 3A3F 498 7|12 A3}
Aot AAEE st o2& AlAT TR 9 FARYE F
ZNo) ALZ 05mlE 0.5ml 2] 7" LA Hrl F
50°Col| A 3087t vF-S-A]F . vH-S- ¥ 3ml DNS reagent
£ A7kt wbeS AT B Bl 582 AA
5 450 nm of| A WA TFERAL, Abde]] 2 FEFAL
258 A (D-glucose)®] F& 3HAFSIATE 1 unit:s
1% 3¢t 1 pmol D-glucoseE A 3= E49] o= 3}
9o}, Pectinase®] A2 0.5% crude pectin (pH 10) £
< 714 g oz ARgalgi Al EE sl o5& AlA
gt A W fAbEE 3299 A 0.5mE 0.5 mle]
713 gdllel] A7} F 40°CelH 30--7F BESAIF T ukS
3mé DNS reagents H7}te] vhg-& AAA| 71 &
oA 5E2F A F 235 nm | A w] A A FFSRaL, A
Aol 2 ®l A0 2 HE 399 (D-galacturonic acid)
o] k& gAkslE Yl lunits 1% F<¢F 1pmol D-
galacturonic acids A= Ao ofo 2 3l9dc). =3t
protease 412 Cho et al. (2010)2] ¥l w<} 500 mmol
Tris-HCI (pH 9.0)oll =<2l 0.5% (w/v) casein 100 /£
0.5% skim milk 100 2 7] g o2 At ¢
AEEsted o] &5 A|7st TR 9 bt E 249
S 100 LS H7FEE F 45°CollA 1A]7F Fob uH-g-A]
Aok, ¥ ¥ 10% (w/v) trichloroacetic acid (TCA) 400 /4
5 7Fste] ub&E ARAA7IL, 4°C, 15,000 rppmel| A 14
B F Ab=le] 525 mmol NaOH 700 (4 S 7}3F 3§,
442 nm oA B Ak skgch E4e) 34 o= F3
= 0.01& 1 unitz A3l

rlr -|°l'

2| X

Il g F2de f7|AF AL 27 7154
AFEZA (2008)0] F3le] C18 7EERIX]o] ACN/DW (1: 1)
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- del e

10me ol F3 gl FARE F24 10m E 78t 27
4% 4~5mE A7) F HPLC System (Shiseido, Tokyo,
Japan)S AM&-3le] ZA3l9])

(2011)e] <=3}e] carbohydrate high perfermance 4 ym
(4.6 x 250 nm) columng AE-8fe] HPLC System (Shiseido,
Tokyo, Japan)2-2 ZA3}4c}.

Ciocalteau A]¢F 5ml

Na,CO, & (w/v) 5mE o] % 06}1 Al 2ol A 1}

3 2 700 nm o)A B]MA = 1T} Tannic acids 5%
A2 A3 Al C 2HE] F Zelu|E g9k SAEICL

10. Antocyanin2| &2 A

23 2 fAE F2 10 S 0.1% HCI-80% MeOH
| (v/v) 40 meel] EFFBEL 24417 A8 FEEA
Ed ll = 3,000 xgell Al 102-7F A1 F-2]ste] dolzl
£ 0.1% HCI-80% MeOH & (vv)22 100 mlE
T 528 nmel|A] B A 2SI} Cyanidin-3-glucoside
A2 2K 3 7T 0 2 HE] anthocyanin 3
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11. Piperidine alkaloid &2 =X
Piperidine alkaloid®] %2 Ryu and Kwon (2012)] ¥}
Wol ool F23)e0c) B R FALE 239 10t
of 20u0=F] 0.5mol HCI €& AH7}sla 80°C, 547t
32 % ol Y oisfalel AT ATt ool
4 mol®] NH,OH €918 H7}sled pH 122 A3} 24|
ZF Aol A Bk old AAE AAHEE FRTE
ZH 43 ¥ CHCLE ¥ 33tk CHCL +3+& 3
Zal3 0°CA 1247 A% F 2 GRS S 5]

piperidine alkaloid 3322 3}giH}.
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12. a-Glycosidase X{3{&4

a-Glycosidase #] 3l 842 Hsieh et al. (2010)2] ¥ ol
T3] SAsk. B B APEE F2) 50 miE 0.15 U/
ml a-glycosidase &A% 50ml, 200 mmol potassium
phosphate buffer (pH 6.8) 50 m¢ &} &3+s}ed 37°Cell A 10
£7} preincubationgF ¥~ 0.1 mol phosphate buffer (pH 7.0)
o =<l 3 mmol p-NPG (p-nitrophenyl-a-glucopyranoside)
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100 M- 71313 37°CollA 1087 HESA15E). 0.1 mol Na,CO,
750 mi2 9kE-& AR|A7]51 405 el FAEES 2

(1'}\] 2‘]7]’:?-‘/] —‘J’L ) x100
EEEEEE S S

AN EA (%) =

F 122%, 85 F 166%2] 3|5
P*Er —*“«l S22 $13 100%2] ﬂxﬂ
A °4mgoﬂ % &
S, EEAIRE] AR g
5 B9E et g 93 299 A¢ 8
60 “BrixellA] 125+ ¥ 43 °Brix® 28.3% #HAxgh Wb, -
B F20] A9 HE 2F F 33 Brix® 3715k a_;
F7H] 2 WP gl ol B3R FEA ] A5
o] £8A] AR AZo 93t g A 8= e}
v fARL S SEle Wolo] marix Al Ba)r)
5 Ao FehEo) Lee et al. (2008a)2 T-7| 24 <]
Az A 80% B AR 77.5%2] £ Hdohs B
o} Aol & vpehiddet. ol AT o] M A Aol
71Q18t ALz ActE o)ife] AF=HE fAME 35
ol B3 FEel vlsl FEAEe] 7 R o

e
OEmmE-loi‘rXLJ'

o £ Ko -W

AT B5EE ARKE W o] EHYS Slsks.
2.pH ¥ & M=
4 W) ) g fAPEE 22909 pH g % A
52 248 492 33 20 tehisleh B3 2
A G 85 A7 AAe] fEel A ghot =
o] BrP53l9lT, 85 F 63017 pH: 12F ¥ 4602

Zrasidnt. 3 Ak 127 F 045%3A A HE 35
o] pH= 27] 72014 45 F 372 FA3] Pt en
I o] F 360% 71 AE YT, F AREE 27
0.04%N X 4F F 0.78%=2 FA3] Frlsiglon o F
2Fe] Z7HE Hed 85 F 117%et. o2t Xpel= fAb
2] Sl whE Ake] A 9 Bl frlake] 84 S
o 23t o= ok
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Fig. 1. The changes of yield and sugar content of extracts by
sugar-leaching and lactic acid fermentation of mulberry leaves.
@: Yield of sugar-leaching extract.

M: Yield of lactic acid fermentation extract.

O: Sugar content of sugar-leaching extract.

[J: Sugar content of lactic acid fermentation extract.
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Fig. 2. The changes of pH and total acidity of extracts by sugar-
leaching and lactic acid fermentation of mulberry leaves.
@: pH of sugar-leaching extract.

M: pH of lactic acid fermentation extract.

O: Total acidity of sugar-leaching extract.

[d: Total acidity of lactic acid fermentation extract.

Table 1. The microorganism numbers in extracts by sugar-
leaching and lactic acid fermentation of mulberry leaves

Viable cell number (CFU/mf)

Micro-
organism Lactic acid

_ inokk
Sugar-leaching fermentation***

Lactobacillus sp. 2.8 x 10* 12x10"
Bacillus sp. 33x10° 73 % 10°
Yeast 73x10° 32x10°

*Each value is mean of 3 repetition.
**Extract obtained by sugar-leaching for 12 weeks.
***Extract obtained by lactic acid fermentation for 8 weeks.

AT R ERe) FAE 7Y FE9 A% F F F
%on FAPLSE Rl gF F =L x83le] &H
3 A%E E 16 depiget A 2] AT 5
L 28x10° CFU/ML & &3] Wgtew, fAbEE >3



ZA) 0 =
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N o] FAkt 7] 4.1 x 10* CFU/ML o ] 8F F
1.2 x 10" CFU/mt 2 Z7}slsdeh. oke] pH 2 F A=
W= fAE SAe o ARES] STt 7] olgt 7o
2 gigelh vy JuiFE W ERe] S ohx 2
Aol A2 33 x10° CFU/ML 2 7.3 x 10° CFU/m(%i 4AF
whg FZho] 7.3 % 10° CFU/ML 3} 3.2 x 10° CFU/me o)
Hlg) 2 F2E Heflde o] 25E Aot Akt
F AZ A AAF Y x7] A &4 7|7+ E9t of
AT A A E AT 5 s 4 UL
], o TFo FA2 vhAbzkAe] WA, R £ ¢
A, olm], o]FH & tleFsl }@?6}}4 3= Suksioh
L deA 9l o] 01611 B 5 AdaAe Az 7}
Al B REL FAle FQ83 AE F7et), =3}
1E Fzolo) AT 9 Ewe] F4] Al fAkE
T8 HAdds 233 17T

R Ro| 3] st ASA S HePATL Tt (Ryu
et al. 2011).

:10

e
A

ot ow

A BN

=

AL R
pectin, skim milk %! casein 3| 84S
spectrometry®] &2 =A 3 A3E I
Pt 19 30l B wie} zo]
2E 71 d3le] —?—3“%}“9‘ Holx|
APEE FZEe] 739 CMC ¥ pectin®
F8t2w, skim milk®] —cﬁﬁ%"éE vy
b A8 2 casein A2 B S E]lE)
T3}t spectrometers ©| 83l S FAFAH S v
Az (& 2), FH FEYNME amylase SAITH
Epgt ot s 7)) disle] Aol gl e, Ak
FZ °‘°1/\1“ amylase, CMCase & pectinase 2]
Z}Z} 23.72 unit, 47.13 unit @ 42.97 unitA ok, R e] F
Froll wel g4 A7} thE protease: skim milk<}
caseing 7| A E AME- 3131S o ZH7}b 38.71 unite} 17.75
unit® casein®l] ¥]3] skim milke] A1 8] A o] 435}
gt A EAEH S A= cellulose 2 pectin 53
AL A HE A Az AMS-®E Lactobacillus
plantarum TO-2100 &5 EAe] 7113t Zlolz} A
7+ o] A ™ (Ryu and Kwon 2012), #-3lo] AJ<ra) =] A
amylase & cellulase 842> F43] #4s= vbd, o
Falaae] AL W3} glvbs B3 (Sattar et
al. 1996)2} o] protease A2 Wl }Ee]| 7]QlE
Aoz HdoEy}, 35 o] 8 5] 11_‘:]'. o] kel A

2 HE wMdEr 147].01] o3l & = LJ]‘:—O]

A% Aoz 1H ,i’t«l 7)'5H SRl A= 4

r-ln:&
o5

B
rlolwl-irﬂi.

m‘i

L] 2]
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Skim milk

Casein

Fig. 3. Several enzymes activities by paper disk diffusion
method of extracts by sugar-leaching and lactic acid
fermentation of mulberry leaves.

A: Extract obtained by sugar-leaching for 12 weeks.

B: Extract obtained by lactic acid fermentation for 8 weeks.

Table 2. Several enzymes activities by spectrometry method of
extracts by sugar-leaching and lactic acid fermentation of
mulberry leaves

Activity (unit)

Enzyme Substrate S leaching®* Lactic acid
UEAricacing™  formentation***

Amylase  Soluble starch 0.35% 23.72

CMCase  Carboxymethyl 0 47.13
cellulose

Pectinase Pectin 42.97

Protease Skim milk 0 38.71
Casein 0 17.75

*Each value is mean of 3 repetition.
**Extract obtained by sugar-leaching for 12 weeks.
***Extract obtained by lactic acid fermentation for 8 weeks.

5. R71Me| BHE
s4E B B W AL F390) S0 AR
eA g A3t (E 3), 29

“)r%' FZN 9] malic acid, acetic

.38 mg/g, 2.47 mg/g, 1.98 mg/g
al HPE'% FAPLEE ol g/g, 1.76 mg/g, 1.23 mg/g
2 R F2He vls) 2 F2o A JepH A Tartaric

acid= 7 AR BFoA HAEHA] Akt 7 2 Apel &
Hel AL lactic acid® P FEH 2] 11.57 mg/gel| w3

AR F2NL 2955 mg/gS 2 2.6M) 2 okS e}
Waet FAPEE FZ2H A lactic acid®] FF S
FAFFS] ASel 23t A 2 malic acid?} lactic acid=
Ag=9l7] Wl E2 2 Aek=n (Avinash et al. 2011), citric
acid §=F Fra AAREY oluA] YAt AHEE Aoz
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Table 3. The contents of organic acid of extracts by sugar-
leaching and lactic acid fermentation of mulberry leaves

Content (mg/g)

Organic acid Sugar- Lactic acid
leaching** fermentation***

Lactic acid 11.57* 29.55

Tartaric acid - -

Malic acid 0.38 -

Acetic acid 2.47 1.76

Citric acid 1.98 1.23

*Each value is mean of 3 repetition.
**Extract obtained by sugar-leaching for 12 weeks.
***Extract obtained by lactic acid fermentation for 8 weeks.

Table 4. The contents of free sugar of extracts by sugar-leaching
and lactic acid fermentation of mulberry leaves

Content (ng/g)

Free sugar
Sugar-leaching** Lactic acid fermentation***
Glucose 200.93* -
Fructose 236.32 -
Sucrose 18.41 -
Maltose - -

*Each value is mean of 3 repetition.
**Extract obtained by sugar-leaching for 12 weeks.

***Extract obtained by lactic acid fermentation for 8 weeks.

kol (Fugelsang and Edwards 2007). Lee et al
(200801 A F7AZ & AT AU B SAT
T71AHA 2] =8 Abe| citric acid, tartaric acid, malic acid,

succinic acide}l= B 19} 7ro] Wol tix] ZEZalo] £7)
RE AR A BAE e go, B9 FARE

g

FZY f7|Ake] I F-E-2 lactic acidgith. FAHTel <
lactic acid®] &3 7= 2] WEAEF A, 24,
IF 59 9t 2 7154S SHIAYE A2 TR AL
Aolt} (Kristek et al. 2004, Rattanachaikunsopon and
Phumkhachorn 2010). #-%12] fAF HE FEH 2 &
pH, 2 AFEE 223 Q15 = 35 F 754N
T3 FE2H vlE F s el

[CRa=

FEd9] Fed
A Ao (4 A AHE hehisieh 22
Zd9] A9 glucose, fructose, sucrose’} F¥ Fo =2 7}
200.93 mg/g, 23632 mglg, 18.41 mg/ge] FHEe] QlATh.
oA FAMEE FEHo = BE Fedde] A

&}k
h=]

= X 4 MIO

e =

W) o3 3%
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A ek}, o] Lee et al. (2008b)2] F7|AHE<] A=
Al FrEle] Wsh B alea{e} o] PR FEA o] ¢
sucrose—‘= glucose®} fructose® 1 3k=3] o 4°/H sucrose
Egatodct. ol B3 FEN 9@ T 43 °Brix7]'
F AES] FANEE 8 sucrose S

= F8 F 9l glucose B fructose= ——IL/“EIOJ
2] 4(Glycemic index, GI) Ab5oll ==l oF
g A AR A FAFCE GIE glucoses
1002 3l 2HJEl 2|2, 5500815 Y& Gl Al Fo=,

70 o] A4S =L Gl AF2E FATIA ok (Jenkins et
al. 1981). Glucose= ¥ GI (100)°] 2 fructose=

Gl (25)2 73t leut, A9 fructoses A%

2 dF FH2EES SR, e A S %i}
A 7= doz o2z 9loh (LeBlanc et al. 2009). HF

AP E 3209 A BE o] A= Bﬂ‘ﬂ'—
doALS Jelld  Lactobacillus,  Streptococcus,
Leuconostoc®] AT sucrose$} fructoseE o &
2 A3k 4 9l Sl 3lFol Barse] ¢l Saha and
Nakamura (2003)3= Lactobacillus intermedius NRRL B-
36937} fructose= mannitol A L2 A3 ZIck B 118}
912m, Monsan et al. (2001), Van Hijum et al. (2006)
2 fAkTo]l ME 9] glucosyl-# fructosyltransferaseel]
98] glucooligosaccharide} fructooligosaccharide %
homopolysaccharide® 3+t 4~ g)ofal B arslsiv}. o] &
AR Akt RN O, gy J gaFew 9
A3 Aol e AL Adse of HFE Hl8 F
? Elojof & Zloz saEln) o|Ake] A}

2RE 2R F249] frelg A A o
gS vA Zlez gl v, fAPLE FE9e A
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Table 5. The amounts of total polyphenol, anthocyanin, and
piperidine alkaloid in extracts by sugar-leaching and lactic acid
fermentation of mulberry leaves

Extraction  Total polyphenol Anthocyanin P;ﬁf;;i;ge

process (mg/100 g) (ppm) (me/100 ml)
Sugar-leaching** 130.5* 5.8 40.0
Lactic acid 330.0 38.0 320.0

fermentation***

*Each value is mean of 3 repetition.
**Extract obtained by sugar-leaching for 12 weeks.
***Extract obtained by lactic acid fermentation for 8 weeks.
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Fig. 4. a-Glycosidase inhibition activities of extracts by sugar-
leaching and lactic acid fermentation of mulberry leaves
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