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Inhibitory Activities of Digestive Enzymes and Antioxidant Activities
of Fermented Beverages Using Momordica charantia 1.

Suin Park, Seoungsoon Yeo, Youngseung Lee, Yoonhwa Jeong, and Misook Kim

Department of Food Science and Nutrition/ARC, Natural Nutraceuticals
Industrialization Research Center, Dankook University

ABSTRACT This study was conducted to develop Momordica charantia L. juice fermented by four Lactobacillus
species such as Lactobacillus paracasei (LPA), Lactobacillus plantarum (LPL), Lactobacillus rhamnosus (LRH), and
Lactobacillus reuteri (LRE) as well as to investigate their inhibitory effects against digestive enzymes and antioxidant
activities. Fermentation was performed at 37°C without nutrient supplementation for 72 h. The pH and total lactic
acid contents were within the ranges of 3.75~3.96 and 5.21~10.04% in fermented juices, respectively. The type
of starter culture and fermentation time induced changes in flavonoid contents more than total phenolic contents. All
juices fermented for 48 h strongly inhibited a-glucosidase activity with the percentage of inhibition ranging of 91.24 ~
95.05%. Antioxidant activities of all juices mostly increased after 48 h of fermentation. Our results suggest that fermented
juice possesses inhibitory activity against digestive enzymes and antioxidant activity, and they can be used as health

functional beverages.
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gourd, bitter squash@}al E2o] k31, HE}T] C, glyco-
sides, saponins, alkaloids & Ag|&A o] Holdt EHES
o g3k Qo] o ZHE A7 AAY AR dE
ALg- 5 o] ghth(13). 3] oJFo = cucurb1tane—type tri-
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20133 A FFTolA Al wAd =
AZ3 7F5(Cheonlyeong Food, Hamyang, Gyeongnam,
Korea)E F&te] B ol Fof| A}-83}99 ). Folin-Ciocalteu

reagent, gallic acid, aluminum nitrate, potassium ace—

st oAFE 54

tate, aluminum nitrate, quercetin, 1,1-diphenyl-2-pic-
rylhydrazyl(DPPH), ascorbic acid, FeCls, FeSO4- 7H0
(iron(Il) sulfate heptahydrate), potassium persulfate+
Sigma-Aldrich Co.(St. Louis, MO, USA)ell Al -9} 8} o
2,4,6-tri(2-pyridyl)-1,3,5-triazine= Tokyo Chemical
Industry Co., Ltd.(Tokyo, Japan)oll A 3} t}.
F FAE USESE MXE
oAF Ax=o] 10%7F ¥ =5 A SHTE dAE 72
% 75°Cel| A 303t Abatste] AT 4%
reuteri, Lactobacillus rhamnosus, Lactobacillus para-—
2}7} 2.5%% HEsa

(Lactobacillus

casel, Lactobacillus plantarum)<-
37°Coll A 7273 EeF Ha et AFRE dagsE -70
°CAAA Ws HASHA FAAIER o] £33l
pHet 4t &HaF =4

pHE ¥NS pH meter?](Orion 3-Star Benchtop,
Thermo Orion, Beverly, MA, USA)Z A3t} &4t
e o F fakt ESH 5 mlol FFF 20 mLE 7}
% #43}8to] 0.1 N NaOHE pH 8.2744 A A&, A4k
oz Bakste] MPaw wAsAh
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& 3,5-dinitrosalicylic acid(DNS) ¥ o] &3}
7§ SFFTH19). oF FAHF EESFEE 9,425% (10,000

2
I

g 259

stad A st 44 1309
rpm)o Al 523 AAlwe] & & Fs 0.2 mLE FH ko]
DNS A]2F 0.6 mLE 7}atar 100°Col A 5% 5 o]. 6] Wl

]73‘:} k3o S/ 3 mLE #H7lstke] vhE-& TEAIZ1
2 UV/Visible Spectrophotometer(Ultrospec 2100 pro,
Biochrom Ltd., Cambridge, UK)E ©]-&3}o] 3% 550 nm

el FHEE S8 EFFH2®E glucoseE At
&3l

IA_I- x~

I

A
e

[LLE o
A 2 dAHY SEE Ed JHESTE dA 3435}
o] #A3}3s & MRS ¥ 38 %] (Difco, Becton, Dickinson

and Company, Sparks, MD, USA)9| Z=3}3L 37°Cel A
24~48X17F B¢t wlkat it o] F A9 colony = Al
o} A]84% colony forming unit(CFU/mL)2. 2 eIt

a—Amylase Xslf &M =

a-Amylase A3} 242 g FAH(20)S &85t
=43 th 1008 343 S22 1 mg/mL a-amylase
150 uL¢} 0.02M sodium phosphate buffer(pH 6.8) 50

|

uLoF Egate] 37°CellA 1T7P WA 5 1% AEs 714
2 3te] 37°ColA 10 W3- A Z Tt wkg- e DNS
AloF 1 mLE 7}8ke] 95° coﬂ 1 5% & wol ihee AA

A F Z27FS4 2 mLE ¥ YA A UV/Visible Spec-
trophotometerZ ©]&3) 540 nmoll A SHE=E 543N
ot Al (%) v Aol ot AbEEkqitt

ANE A7 524 84
REEE S P

a-Amylase _(
Al &%)

B>

a—Glucosidase X&f &M =X

a-Glucosidase A3 &AL 85 2.5 unit/mL a-glu-
cosidase(Sigma—-Aldrich Co.) &4 9(0.02 M sodium
phosphate buffer, pH 6.8)3} &%}&}%] 2 mM p-nitrophen-
yl a-D-glucopyranoside(pNPG, Sigma-Aldrich Co)E
7Fe & 37°ColA 102 &< ¥-gAIH . 0.1 M NaxCOs&
A7rete] REES AN 3 Y4g &N S 405 nmol A
FHEE S48l A &%) the 2l ot A
Z3ATH2).

a-Gl 1

Lipase Xaff &M =H

Lipase A3 &4 Dolenc 5(22)9] WS W33l
SAsA Y. &5 250 ploll 5%2] porcine pancreatic li-
pase(l mg/mL in 0.1 mM potassium phosphate buffer,
pH 6.0)& &%3% F 7|4 p-nitrophenyl palmitate(p-
NPP) 250 uL& 7}k thi 37°Coll A 1A17F 53 vh3-A|
71 % 405 nmell A FFEE SAsIAY A3 @4(%)2
o5 el gato] Aol
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Pancreatic lipase _ (1 B
A 24 (%)

& ¥%-2 Folin-Denis¥
. 28 200 pLo Folin-Cio-
calteu’s phenol reagent 4| %(Slgma—Aldnch Co.) 100 uL
E 7He & A2ollA 3% 5 vEEAIZ] B 10% sodium
carbonate(NazCO3) 300 uL& 7}8}al Ao A 2213 &<t
HEe-51 T} wkg-ole UV/Visible Spectrophotometer%

o]-g3to] 765 nmellA FHEE SAsAT T Hu FF
< gallic acid& o]&3lo] e xF= dgi mg GAE
(gallic acid equivalent)/g @92 YER|SI T}

AT A Ha 559 F ESeolE %S Woisky
9} Salatino(24)2] W 3]
mLel| 2 mLe SF/HF
7}skal 5E For A Sl
AICl; €9 0.3 mLE 7}8tal 6% S vHSAIZ] & 1 M
NaOH &< 2 mLE Z7FebaL thA] 114 uh
nmel X FF=E S48kl ofu % Z R ol §
< quercetin(Sigma-Aldrich Co.)<
ERRSACE = Bl e o ) e R

4L g37] A8 Blois(25)¢]
sheltt. 24 Ak &5 300 ulel
PPH(Sigma-Aldrich Co.)& 7}8}<]
J% 120 3 517 nme] sgols &3
ﬂ HHEgho] o

%L«lﬁ EE s 4

r O o X

Ap—A )
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Ag AE7E AAFRA S DPPH §le] $3%
A WHg8 N5 DPPHSF Alm9] Rbg 3%

DPPH #tt]Z 24% (%)= (1- %100

Ferric reducing antioxidant power(FRAP) 42
Benzie®} Strain(26)¢] "H-ES W] A3 300
mM sodium acetate buffer(pH 3.6)9]- 2,4,6-tripyridyls—
triazine(TPTZ) &9, FeCly €95 10:1:1(v/v/v) = &8
3 gd 29 mLE 25 0.1 mLet &
9 HES-3le] 590 nme] G A FFEE

?éfi 5 37°Co| A 155
S3sgn.

SAIXzE|
RE A2 33 REete] o 2FEAAE e
t}. dle]H 9] B A* 2= Minitab version 16(Minitab Inc.,

State College, PA, USA)E o] &3lo] B MRS F&) &4

AE e ol AeS Ao Tukey testE o€
ato] 5% FEellA ARl
2ot A nF

9 i)
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(pH 3.88)% BE oA pH7| 743t} Yoon 5(28)9]
AFNA LactobacillusE 4E3 v LR EAAE %
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5.9] pHE 244]7F o] W7} 34| kot FAF 3
24X} o] Fol| = A &2 9l F7l7}F BAE QT o5
79 7] FA4F 8FES 3.10~4.14%F o 2473 2y &
LRHE 6.88%, LPLZ 6.28%, LPAE 5.63%, LRE= 5.21%
2= F7hom 72420 g LPL2 10.04%, LRE= 9.70
%, LPAY 8.92%, LRH:= 8.47%= S 71813t o]#]g pH
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Table 1. Changes in viable cell counts, reducing sugar contents, pH, and total acidity in the fermented Momordica charantia L.
juices

0h 24 h 48 h 72 h
Viable cell counts (log CFU/mL)
LRE" 7.88+0.01°5? 9.18+0.45™ 8.59+0.26™F 7.77+0.31°¢
LRH 7.88+0.04° 9.15+0.12** 8.97+0.40™ 8.10+£0.31°®
LPA 7.90+0.01°® 9.21+0.02** 8.41+0.44"8 8.18+0.04°®
LPL 7.88+0.02°¢ 9.1240.21** 8.44+0.04°® 8.03+0.00°°
Reducing sugar (mg/mL)
LRE 0.54:&0.032 0. 1310.02"2 o.ouo.oof 0.1 1i0.01*‘2
LRH 0.62+0.04" 0.12ﬁ:o.02"B o.ouzo.oo*‘C 0.12ﬂ:0.03*‘B
LPA 0.56+0.01" 0.12ﬁ:o.02"B o.ouzo.oo*‘C 0.15ﬂ:0.01*‘B
LPL 0.62+0.04 0.15+0.05" 0.01+0.00" 0.13+0.02"
pH
LRE 4.47+0.01* 3.95+0.02°8 3.84+0.06" 3.96+0.04"8
LRH 4.49+0.07** 3.90+0.01°" 3.75+0.01°° 3.86+0.03"
LPA 4.47+0.01* 3.93+0.02°°8 3.85+0.01°¢ 3.84+0.03"
LPL 4.52+0.01* 3.88+0.028 3.85+0.02°8 3.87+0.01"®
Total acidity (% lactic acid)

LRE 3.10+0.06° 5.21+0.34° 7.42+0.08"® 9.704+0.83*
LRH 3.55+0.09" 6.88+0.53"" 8.13+0.08" 8.47+0.35"
LPA 3.7540.15" 5.63+0.08"¢ 6.99+0.90" 8.92+0.17"*
LPL 4.14+0.12°° 6.28+0.14™C 7.75+0.22°8 10.04+0.10*

1)M charantia L. juice fermented by L. reuteri (LRE), L. rhamnosus (LRH) L. paracasei (LPA), L. plantarum (LPL).
*Meansstandard deviation of three replicates; Means with different letters in a column (a-c) and a row (A-D) are significantly
different at P<0.05 by Tukey’s multiple range test.

Table 2. Changes in total phenolic and total flavonoid contents in the fermented Momordica charantia L. juices

0h 24 h 48 h 72 h
Total phenolic contents (mg GAE/g)
LRE" 20.60+2.43*? 21.91+1.69* 22.70+3.16* 22.63+3.30*
LRH 21.69+0.84"* 22.58+0.54" 22.97+2.76* 24.34+0.53
LPA 22.13£0.51* 22.89+1.22% 23.86+1.08** 24.11£2.56*
LPL 22.57+2.87*8 21.79+2.608 25.24+1.03* 19.8320.65
Flavonoid contents (mM QE/g)

LRE 1.84+0.07" 2.10£0.10" 5324031 3.60+0.34"
LRH 1.88+0.01° 2.220.02° 4.14£027™ 3.74+0.02"°
LPA 2.00+0.11" 2.88+0.29"° 3.58+0.03" 2.04+0.28"
LPL 2.110.03* 3.25+0.01**" 3.56£0.59°* 2.37+0.54°¢

M. charantia L. juice fermented by L. reuteri (LRE), L. rhamnosus (LRH) L. paracasei (LPA), L. plantarum (LPL).
»Mean=standard deviation of three replicates; Means with different letters in a column (a,b) and a row (A-C) are significantly different
at P<0.05 by Tukey’s multiple range test.

GAE/g°l A , g 72878 LRHE 24.34 mg GAE/g t} 28] =718k 10.75 tannic acid g/100 gol$laL, & ZEbH
o= P —9}3‘4 g Al w2 fro) Al Aol fld Lol= ek g Fu 3d) F7HE 5.02 rutin g/100
tHP>0.05). oF Ha g5 27| § SgH ol =2 gollom, o= AR EeldE stEEe] Sk vAE
1.84~2.11 mM QE/gel1 o™, BE ollA] 48A1%F g HAFE B3 8 A B4 Qe o Aojgta
Lo fFYHo =z 7 =2 FhS YERNATHIX0.05). 484 =

HdE 5 2 ZgH o= ke [REVF 5.32 mM QE/g

o2 7pF =ekon LRHE 4.14 mM QE/g, LPAE 3.58 Ets3lE 2 49| Xl g4

mM QE/g, LPLS 3.56 mM QE/g s=°] 1t} Cheon(30)< AAE 2 AFHE HES g-amylased] o9& @y
oAF ¢ FEES L casem HayS w = o=y ol } Wolto] e 2 [A3twE F a-glucosidase?] 7HE
T PR o= ko] 7EAESith Lee?t Hong(31)9] ¢ 3 2Fgol ofste] xxEFe] Fe| = FghE o] A A o] &
TFoA o A HaEe] F ZYdE e da dn #ot. kA a-amylase®}t a-glucosidase & ©3HE &
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Table 3. Changes in a-amylase and o-glucosidase activity in the fermented Momordica charantia L. juices

0 h 24 h 48 h 72 h
a-Amylase inhibition (%)
LRE" 4.20£0.35™? 13.11£2.03* 14.21+5.58* 14.23+6.84*
LRH 4.28+1.35 10.86+1.52"8 19.00+0.79** 5.15+1.38°
LPA 3.93+0.50"% 14.15+1.45* 16.90+1.91%* 5.29+0.84°
LPL 4.87+0.56™ 8.05+0.45 15.24+1.71* 14.29+3.24*
a-Glucosidase inhibition (%)
LRE 59.63+£0.49"¢ 85.89+5.13% 92.3242.62* 70.14+4.39*8
LRH 58.44+0.04° 72.08+7.12°5¢ 95.05+2.28 78.60+10.20°48
LPA 61.26+0.09°° 76.74+0.67"¢ 91.24+0.12% 89.30+0.36°
LPL 60.03+1.80%¢ 82.7242.60°" 91.86+2.49* 87.44+0.44%8

1)M charantia L. juice fermented by L. reuteri (LRE), L. rhamnosus (LRH), L. paracasei (LPA), L. plantarum (LPL).
Meantstandard deviation of three replicates; Means with different letters in a column (a,b) and a row (A-D) are significantly

different at P<0.05 by Tukey’s multiple range test.

st Ao AaA= 5
AA ] LEeFo] F45
tH(12).

o]F Wge g9 27| q-amylase Aa A4
4.87% Qo Hado] FHY LE A
ZFe] 7} ek (Table 3). &
g A 14.21~19.00% =% 7}% %%
E3] LRHE 19.00%% 7} =&
LPAE 16.90%, LPL-&

=3

lase A3} ﬂ/\é Eo] 41.34~

219&} by 1

7] 4 HH sk amy-
a—g1u0051dase A g HeA
A A9 A 9] brush-border mem-
’\4 44 Adfe ded

Jﬂlﬂg Ao

a—Glucos1dase
brane°] &3t &4
HHE Bk &L %é
24 Bk
AA o EEGo]
ol TH(32). o5
g4d& 58.44~61. 26%%
a-glucosidase A& &AL 48171714 7} ale] 484)7F
A LRHE 95.05%, LRE&= 92.32%, LPL 1.86%, LPA
= 91.24%% 2= TollA 90% 1749 =2 A &4%
ugth w3, F Fehueol T FFo] 4843 WEHYS
o 7HE 2 s Heln] o F g
a4 A A Be] lvkal Az
At g gl gt vk
o] gdo] S7FIAY F e FEo| &l

3 &

H Aeolgt AZtE ) Kim 5(33)

< T

RIS
= NO 0.?1_4

Fogo

E

© -
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Q
ol
-
rir

111

mg/mLe] “FXLoA] ofF G5 ?r%
3 B0l 52.84%, Al¥tE FEELS 72.89%aL
EE}E}H a-amylase®} a-glucosidase &4 o] =&
B g AeS iAo s A8 4 glol) BauR] e
3 EgstEEY] Gl olg o= Qg HH wkgtont F
F2go] 7R EAE 5 9S8 1 A7)

& Aolet

9] a—gluC031dase |
sheltt.

ol 4]

ol gz

=N
o

(34).

}_,

%E%EQ] lipase A3l &S Table 49}
2o 7] oF 483579 lipase Ad &AL 16.17~
20.41%°19 48/‘]7& 45.05~54.52% % oAt}
LPLS 54.42%=% 7} & A &AL BHdow LRE=
51.94%, LPA: 49.44%, LRH:= 45.05% <=°]121t}. Ado
5 (35)e] Aol ofF WgE FEE9] lipase Al &4
© 836%t} wak AR E A ANEAL sHoa kg
Aol T3 Lee 5(36)9 Aol A =A== lipase A
44.5%, 771 A= 20.0~47.8% A st Bt gl
A WA 7R 5492 lipase: triglyceride®] ol 2~ ¥
AgS 7153135l monoglyceride$} fatty acid® #
e ol FFAATH v dS FAHHNA FFET 59

R =

[e]

.

1m _\1 ru1o

A AR 27 I A Eo A triglyceride® A= o] &
3ol 2o Solyla 7oL 2R 28 So 7w
A AR5 AL 2 triglyceride® 7 229 4 HTH12).

I

olw] Aol FH o] Frmal vwe zae 5 glo} li-
pase®] &4 A E Sl Aol Aol 43} F5HA %
A Aol w WA HA oA Aol F4S we o Uk
Jpno] st FHE ANHAL 48 ARFORA
TS A= 9 oFE o7 orlistat, acarbose, miglitol,
voglibose So] 9om o ZAA L vvk A9 Frho

2 sl tk12). 53] @A Al F?l vk 84 or-

Al
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Table 4. Changes in lipase activity in the fermented Momordica charantia L. juices

0 h 24 h 48 h 72 h

LRE" 16.17+0.96°? 50.35+6.18*8 51.94+5.50* 39.49+2 85
LRH 16.94+0.92°° 46.33+6.92°A 45.05+6.79* 34.61£7.19*
LPA 20.41+0.76 27.114£5.968 49.4445.12* 46.7249.13*
LPL 17.54+0.40°° 32.00+5.60*" 54.5246.50* 29.25+7.95%

M. charantia L. juice fermented by L. reuteri (LRE), L. rhamnosus (LRH) L. paracasei (LPA), L. plantarum (LPL).
*Meansstandard deviation of three replicates; Means with different letters in a column (a-c) and a row (A-C) are significantly

different at P<0.05 by Tukey’s multiple range test.
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Table 5. Changes in DPPH scavenging activity and FRAP activity in the fermented Momordica charantia L. juices

0h 24 h

48 h 72 h

DPPH scavenging activity (%)

LRE" 54.75+0.98*5% 58.55+1.46" 75.07+1.91* 58.47+2.99°3
LRH 55.81+4.72°" 60.912.61%" 74.61+£3.15* 63.65+3.23%
LPA 56.4240.92°" 65.3242.88* 62.1242.69°8 63.70+£4.93*8
LPL 57.73+0.05* 62.88+1.34% 65.00£0.47% 59.61+1.06*
FRAP activity (mg FeSO4-7H,O equivalent/g)

LRE 333.75+47.07°C 658.54+37.84°P 590.49+29.968 750.78+81.53*
LRH 309.48+17.02°¢ 754.55+77.58°8 951.76+26.63** 640.42+100.14"®
LPA 346.29+26.49°8 723.32+35.79* 711.87+34.94% 654.19+37.29*
LPL 372.23+43.29°8 744.77+4531% 648.25+4.68"" 634.99+67.02**

1)M charantia L. juice fermented by L. reuteri (LRE), L. rhamnosus (LRH) L. paracasei (LPA), L. plantarum (LPL).
“Meansstandard deviation of three replicates; Means with different letters in a column (a-c) and a row (A-C) are significantly

different at P<0.05 by Tukey’s multiple range test.
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