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Abstract The purpose of this study was to evaluate the quality
characteristics and biological activities of Rosa multiflora Thunberg
fruit extracts fermented with Lactobacillus plantarum based on
fermentation period of 0, 24, 48, and 72 h. The study showed the
pH of Rosa multiflora Thunberg fruit fermentation extracts have
decreased as fermentation time increased, but the sugar content
remained the same. The total acid content increased as the
fermentation time increased. The viable cell count was at highest
at 24 h (8.59 log CFU/mL) of fermentation, and the viable cell
count decreased as the fermentation time increased. The total
polyphenol content (14.85 mg GAE/g), total flavonoid content
(6.74 mg RE/g), 2,2-diphenyl-1-picrylhydrazyl radical scavenging
activity, ABTS" radical scavenging activity, reducing power, a-
glucosidase and a-amylase inhibitory activity were highest at 24 h
of fermentation. Therefore, the study proved fermentation of Rosa
multiflora Thunberg fruit with lactic acid increases physiological
activity compared to nonfermented Rosa multiflora Thunberg fruit.
Also the 24 h of fermentation had the highest activity, confirming
the possibility of future use as a functional food material.

Keywords o-Amylase inhibition - Antioxidant activity - o-Glucosidase
inhibition - Rosa multiflora Thunberg fruit - Quality characteristic

YoungSil Han (<)
E-mail: yshan@sookmyung.ac.kr

Department of Food and Nutrition, Sookmyung Women’s University, Seoul
04310, Republic of Korea

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is
properly cited.

A8
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oA o2 kgt Aado17]. web H2ole 98
Yoy Aale Asshs 2MREe] 71di9 87t 78I
A kst AEA ZZulelogx AFoz sE gtk
[18,19].

w2 Apors Ay gzt 7158 AE A=
Aol o8 7FsAd AR Eol7] flal At was B3t
LEES Axsle] FAEAF dalksl & g 2HS AT
sl gl

AR 2 Y

AFAE ¢ AAT

2 Ao AMgE A U-(Rosa multiflora Thunberg) Evll=
SAEE ALHA 201999 LR o= Aok (Chungju,
Korea)oll Xl Fdate] ARSIt Aevy drle duddES
Fall Ao 2ok AIRke AdAste] 2258 7](MK-300, Foshan
City Shunde District Miko Electrical Co., Ltd., China)= 180
°CZ 1027 & F 3 (FM-700SS, HANIL ELECTRIC
Co., Seoul, Korea)3l2Z 30 mesh ZEFFAZ AX F deep
freezer (SF-53U, NIHON FREEZER Co., Ltd., Tokyo, Japan)
oM —40°Coll #7gstal A g2 ARSI

Ay gl SEE A=

Ay gl BRES Axsh] flske] 0, 24, 48, T2 F
oF gste] - do] HEES AzSAT HHAUFE &
m HEES AR Ai=iS Fasie] o] 2] duA
AL B8 Az A JA7ES ARSIt 20]. 121 °CollAM
1587 daA2lst vy dul 22 10 ol 5755 100 mL,
F98 52U Harvest LB-1 &4 et (Lactobacillus plantarum,
Chr. Hansen, Denmark) 0.02%% #H7}stith. 2 5 37°C
incubator (IB-600M, JEIO TECH Co., Ltd., Daejeon, Korea)
oA 0, 24, 48, 72A17F B9t LEEAT HEA) wlEt EF
B4 2 AgEd 24S 9t

pH, 2= ¥ g% &3

AU g 23 E [ mlol $FF ImLE ¥3 42 & o
Fsle] ARESIATE pHe= pH meter (F-51, HORIBA, Kyoto,
Japan)2 AFE3IY EAMEE 0.1 N NaOHE #A3PHA pH7F
830 & w7lx¢] NaOH AEFZFE lactic acid SHHAFE A
Zalo] FAsIATE = tAY B=AI(PAL-1, ATAGO Co.,
Tokyo, Japan)& AMg-3le] 33] wbeE A% & gyt X

wA2 e,

Aas 23

Add 24L& ZF AIzPE 2E3E 1.0mLe2 AF 3k buffered
peptone water (MB-B2220, Kisan Bio Co., Ltd., Seoul,
Korea)l ©AME=E §2gk A4S 3M petrifilm (Lactic acid
bacteria count plate, 3M Health Care, MN, USA)ol HZ31%
T} 2 3 Incubatorol|A] 37°C, 48A17F B<t 37] uljdkated b
Bl colony 72 =43 T log2 AXFSI] colony forming
unit (CFUmML)S.E EASt 2+ AL 33 ukE =7 3}o]

e
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pLell 554 2400 uLe} 0.25 N folin-ciocalteu phenol reagent
150 uLE 71ek & 327k RESAJFTE o] 8o 1IN sodium
carbonate (Na,CO;) 300 uLE 71ste] fhaxolla] 2A17F WAz
F 725 nmollA FFX=(T60UV, PG Instruments, Wibtoft, UK)
2 2439y ¥FEZE gallic acid (Sigma Chemical Co.
St. Louis, MO, USAYE ARSI, AFS 78 F F &
s T2 mg gallic acid equivalents (mg GAE/g o2 3

% ZPEeol= e DavisH [22]12 WP 5 ARESIGITH
¥E4L mtin (Sigma Chemical Co.)S AMSSl] R4S
, mg rutin equivanlents (mg RE/g)Z YERHTE 7} Al
ZhdZ ash vy o) HEE 1 mlol 90% diethylene
glycol 10mL®} 1N NaOH 1mLE 7}t & 37°C water bath
ol 1AIZE Bt HEEAIA 420 nmollM FFES S
AL 33 e 243 & Haptd IEUAE JERIH.

DPPH % &A% &3

1,1-diphenyl-2-picrylhydrazyl (DPPH) free radicaloll w3k 47]
2732 Blois [23] Wl Fste] SASIATE 7 AZPERE
23 ZuE gl BaE 900 uLol DPPH solution (1.5x107*
M) 300 uLE 7hste] wwkslar Ao haor] 3087F WX
T 517mmelN FBEE S AEE HUeHA] 82
7] FREE olgate] MEEE YeRom, 33] ke &
A & AL AHE Hdaad FFUAE RS

DPPH free radical scavenging activity (%)
= (1 —sample absorbance/control absorbance)x100

ABTS &7 &A% 33

ABTS &}t)Z 27158 Re S[24]¢] AFATE Hsle] =4
siach 2t S5l 488k 7.0 mM ABTS™ €93 24 mM
potassium persulfate &8 &8sl ABTS 2tz A4S ¢
3 12-16717F 59F Aol wHSAIZ T Radicale] A43E &<
< 734mmelA FFE FHo] 0.70£0.02 === PBS buffer®

ABTS radical scavenging activity (%)
= (1 —sample absorbance/control absorbance)x100

gy 23
FAH 2 Oyaizu®] A7+ WHR251e st A0 del

T o] 2gE 25mLol 02M sodium phosphate buffer
(pH 6.6) 2.5mL%} 1% potassium ferricyanide 2.5 mLE 713t
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TR 50°C water bathol]A] 2057k WES-AIZTE 10% trichloroacetic
acid 2.5 mL F7lele] E361 45 Smlet SF7F SmLE
&33ted vortexing g F 0.1% ferric chloride 1 mLE 713}
700 nmellX FFEE STt AFe 33 wiE 24T &
Wit xEztE e

a-Glucosidase A3 &4 &3

a-Glucosidase A3l 442 Zhu 5[26]2] WS 83190,
fhe SR ERE AoF a-glucosidaseE /\]"Q‘ol'}\}\_l_ 71d&
p-nitro phenyl-a-glucopyranoside (pPNPG)E AFE-5}193 p-nitrophenol
A S 28R} a-Glucosidase 10 uLoll 2+ A7 E=
23 Ay g 28E 200 uLE 71sle] 37°ColA 5E
incubationdt ¥ 0.5mM pNPGE 200 uLE 7}t AEsH
£33 S 208 59 Al incubations}ATE 1N NaOH
500 uLE ol ® ——% SA|AlZ]13L 50 mM phosphate buffer
(pH 6.8)% HZE H3= 1,500 pL7} HE2 7lsted 405 nmollA]
FHEE T AEE 33 Wb XS & Wk

FUAR el

a-Glucosidase inhibition activity (%)
= (1 - 9He-72] PNP A Zhz7-2] PNP 42 2*100

a-Amylase A3 84 23

o-Amylase A3 &2J2 Bhandari 5[27]¢] APA+E s}
o] Z45I3Ath. Pancreatin 1212] o-amylaseol] tHeh #af 244
1ok

L starchs 712 = sl 2439t 0.01 M CaClz 3}
0.5M tris-HCI bufferell starch azureZ HE A7l 3 5% 59t
#ol Az 718 gAG 37°CoA 587 incubationdle] A

o] ARS-3IATE SRl Salgh zF A7 E dash gy
duj #aE 02mLet (x-amylase 02mLE 73 3

azure £ 03mLE 7lsl] WSS FEAIZ] F 4°C, 3000
e

pmeA] 5% FRF AAEEEte] 595 nmellA] oo 8%
£ St A9 33] v SA% & Hagd x5
2 HeRAA

a-Amylase inhibition activity (%)
=(1-@=72 0D~ A5 0.DyHET2] 0.D)*100

FAAE

59 FA A= SPSS (Statistic Package for the Social
Science, version 25.0, Armonk, NY, USA)E o]-&3lo] Wi
(Mean)¥} ‘—Zﬁ%ﬂ(s-D)i YeplidTh 7t @ e o4
A5 9ske] Aduix] A4 (One-way ANOVA)YS: A1A] 3}
G, AR 7] oy 2ol Jom AMFHSOSZ Duncan’s
multiple range tests AA] 5 THp <0.05).

23 2 3%

pH, 3= o g=

WE Az w2 gy g dEES] pHeF FAte
Table 13+ 2t} OA|7HEE 72*17%%] Lae gy dn
g Eo] pHe 4.13-3.20019tHp <0.001). & 24A7714] pH

Nl
2

Table 1 pH, total acidity and sugar contents of Rosa multiflora Thunberg
fruit extracts fermented by L. plantarum

Fermentation Total acidity Sugar contents
time (h) pH %) (°Brix)
0 4.13+0.01* 0.10:0.00¢ 4.33+0.58
24 3.4140.01° 0.13£0.00°¢ 4.33+0.58
48 3.26+0.01¢ 0.160.00° 4.00+0.00
72 3.20£0.01¢ 0.18+0.03* 4.00£0.00

Each value is mean = SD (n =3)
*4Values with different small letters within a column differ significantly
(p <0.05)

WHsyt 7P 33, #E Aol AojASE le: wrolxa
B 72%7F o]FFE] pHe| Wshk= Itk fikt EE oAbl
HZ] FZ&9 pH A¥= ONTHEE 72417 S4siion &
B A7kl doJdaE pHyt Wolx] & A3 A3l kst 7
TS HATH28]. EFHE AR TEE AFME HE A
Zbo] ZojdsE pH7F Wold] £ A3 Az} fARE AES
HATH29]. webA, o2t pHe| 232 & of wE dEc &
& Fo pH7t Faste] BgHoR war) JgE Zes %
T

E Ak mE U g dEEe] FAEE 2E 0
AlZrlIA 0.10%, & 24X7F 0.13%, 48A17F 0.16%, 72A17F
0.18%= L& Ate] Hojdss F dEe F7hetit
(p <0. 001) Lactobacillus plantarum® 2 Fa 3 YIF2[31]9}
2719 AFBHME Fabes HE AZk] ZojdeE F4¢
Tt et & AY A fARE AR E‘— dct. olef st
A= Zhre] tiAL &322 Q3 AdE 7l mAE
So| §718S Bal|slar] w2 ALMAL S EAF =
o] WAEe] pHE st & Awrt Skl Aow wd
Hoh33]. gk B dFolM AMES Lactobacillus plantarum®]
A4 1mole 28A FOZHE 2mole?] lactic acidE YA}
o] HEEL] TS Eole Sl AER dEA UT34].

wWehd olgfd akrel Uikt BEoe AT 2 L f71
£ 9lsl Fe] Aot A%E ANAIE 29 WA

of Ay g dEEe APdE ERol E o= dAdt
HTH35].

gA k] e Ao duj 2
Table 1°] JeRAATE. & 0-724]7F
UERSTE 2E A7 e

zo] Wslels HHA FFS v W O ¥

% Finen

g Ak w2 ey gul) dEEe] Adae 8K F
QF wi%Fste] 2447ty 293 A= Table 29 At YR
0A 7+ AEFE 835 log CFU/ML, 2& 24417+ 8.59 log
CFU/mL, 2& 48A17F 845 log CFU/mL, T& 72417}l A
8.02 log CFU/MLSE JERITHp <0.001). W& Z7]7E &
20770 A7t 7P wkar, dE AlZke] Ao ARE
Are A3 stk on ikt 2aEe] olsehy &
A R ksl &4 AFA Lactobacillus plantarums ©]-8-3)
of WaSINS W, LR 0AZelA 475 log CFUMLE WER)
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Table 2 Color values and Viable cell count of Rosa multiflora Thunberg
fruit extracts fermented by L.plantarum

Table 3 The total polyphenol and flavonoid contents of Rosa multiflora
Thunberg fruit extract fermented by L.plantarum

Fermentation time (h) Viable cell count

Fermentation time Total polyphenol contents  Flavonoid contents

(log CFU/mL) (h) (mg GAE"/g) (mg RE?/g)
0 8.35+0.01° 0 9.0420.27¢ 3.39+0.24¢
24 8.59+0.01° 24 14.85+0.27° 6.74+0.26"
48 8.45+0.02° 48 14.0440.10° 6.34+0.33%
72 8.02+0.03¢ 72 13.09+£0.31° 6.16+0.11°

Each value is mean = SD (n =3)
*dValues with different small letters within a column differ significantly
(p <0.05)

o] A7t 7P Wk, wE 24x]7k0lA4 831 log CFU/mL
2 7P B2 AATE Holthyh & 48N o]F At
A AAsle] 2 Ada fARE FES BA37]. oAkl
g FaFEE| Ause TE A7) ZojFeE wg 27
B} A7t S7ksle] wE 48741709014 7.38 log CFU/MLE
7P =, O o)FREE ZHAEATH28]. B dAFelxe w
F Z7)RE AEgT E=gke), B Qo] ARsE 339
Harvest LB-1 (Lactobacillus plantarumyS A59)| H7Fs7] A
Ao 1558 A= Fo=A wlYgo] F2 fle e 9=,
g Ao o ol s wel olzst Axpt U e
2 AgEt 2 Ao 2avt FEHE 22 107
CFUmML %% fA8ke 21 IR 5 AS=tl, Z2nlo]
2 mAEo] A F3 BHES A SlsiMde A
2 10° CFU/mL oPde] Fex|odof ko Barsigirh[38]. we}
A2 AN E B2 AESE FASAL Qo] AAdl folgt
21E M 7Fede 7o & ok

¢

it

-

3 EEE oF

Wg AlZke] we vy dul wage] F ZoldE 3
A= Table 33 ) AHUF gl F&E oAM= 9.04
mg GAFE/g, W& 24X7+ 14.85mg GAE/g, W& 4877F 14.04
mg GAE/g, 2& 72A17F 13.09 mg GAE/ge|tHp <0.001). &
B 24A7F o]F F Els S sl 2A17F HEEe|
A7 e S HY EZu88E  Lactobacillus
plantarum® 2 LS FA HaES o]slsty B/ Hsh
AToM = wg R Uy o F EEvE gl 113y
100 gollA 221 /100 g0 & HEE Ea & Zgds T =
7hete] 2 AY Aol Akt AgS BAATH29) EnEES
Lactobacillus plantarum PMO 082 o]&3) wast Az} wg
37] Arch wg Fo] Zjuls o] 154.7%7F S8
[39]. AZ[40]3F AL [41EME TSNS e Fg AR
o g $of & ZYulE Tl Skl 2 AR Adel &
ARt AeES Btk webd 2 A Aol wg duch o

£ ol Eels B0l Flsle] YU} Bk ke AL
& % ok
% o= ¥

WE Ak w2 Ay de) gaEe] § FeiRwols §
F A= Table 33+ b By v 2E oAl E
339mg RE/g, HEAZbl w2} 6.16-6.74 mg RE/gS] T

Each value is mean = SD (n =3)

YGAE: gallic acid equivalent

JRE: rutin equivalent

*4Values with different small letters within a column differ significantly
(p <0.05)

Hojom WE 24N 7N F EEfHxoE Sheko] 7Y =9k
Thp <0.001). frikt HE3F SF AFM e F SgHrol=
Shgo] wha Muoh g Fol| Frkshs 2= veht 2 4
A Aol FARE AFS HATH42) 2 AelA Zm A Al
I Az A A= AW Asi 2 A=
AEo] mAE YA} 2Hgo g Rejgo] iy W Arch o
AL HARE FE wE S Felsle AY SiHES EekEieo]
= A 3FEe] SURINES & 5 UTH44].

DPPH &tz &A 84

g A7kl wE A du) 2829 DPPH 2 47
B4 AIE Table 494 2tk By dvf 2g oAM=
34.89%, Wa 24A17F 60.01%, H& 48X7F 56.09%, TE 72
AlZF 53.73%2 EE 244704 DPPH 2z 4&A E4do] 7t
Z =RTHp <0.001). EJ 2477 ©]F DPPH =itz 27 &
AL Zasle]l A7F HEEAAN P W ARE B
Lactobacillus plantarum 455 ©|83le] L@t grju} a4
FEES 2T A 70.6%00A4 HE Fol| 88.6%= UETTE
DPPH Uz &A o] Frtsle] B Aye} fAkRE A
R TH45]. BUVE- EulE Lactobacillus plantarum®Z &
3l7] AET ¥E %o 1.5-1.79 FX= DPPH oz &7 &
Aol Z7khs Ao Uehth £ A% Ao F ZuE
eyt 2 ZelHeo|t Sy whgsly] AET wE S §
o] Z7ksle] DPPH gtz &4 &4 Axel dAshe AS
& & Sl old Ae F ZYuEEd F FEfHko|me
1, DPPH Uiz &7 S48 AM=Z vjg@dAlel Uths Kim
[461°] A+ Aol AR5

offt mok

ABTS Uz 4&A 84

TE Al 2 v gel 2aE9] ABTS gz &A
A A3E Table 49 7o) BElus dof 2@ oA7kHe
22.37%, W& 2477F 38.38%, L& 4847} 35.68%, LE 72
A17F 33.98%= UERITHp <0.001). ©H& 24471004 ABTS 2}
Oz &7 @4o] 7P =%, HE 2447 o]F ABTS
Z oA AL TAE] AT WaEeA s v AdE
B 23 FE2ES o83 nAE 28 AAPEY] izt
EAo] A3 AFoME 2g ARTh Fg Fo oF 50% H=
ABTS' &4 @4o] Tiste] B AT Axpel fAE A
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Table 4 DPPH and ABTS radical scavenging activity and reducing power of Rosa multiflora Thunberg fruit extract fermented by L.plantarum

Fermentation time (h)

DPPH radical scavenging activity (%) ABTS radical scavenging activity (%)

Reducing power (0.D)

0 34.89+0.00¢
24 60.01+1.03*
48 56.09+0.60°
72 53.73+1.63¢

22.37+0.90¢ 0.24+0.01¢
38.38+0.49* 0.34+0.00°
35.68+0.57° 0.29+0.00°
33.98+0.93¢ 0.27+0.01¢

Each value is mean = SD (n =3)

“dValues with different small letters within a column differ significantly (p <0.05)

HATH47]. wEbA, B A Asfor By EulE Aikt
o7 dgsl] AEo &g 3o 1.50-1.7280 F= ABTS ZH]
Z A 4o F7IlE o= Yeht DPPH gtz &4 €&
A Ak A3E YT

39y
kg A7k wE guE du gaEe] 398 A3 Table
49} 2tk AU do) 2 E 1000 pgmLe] sXkollA TE
OX17rollA] 0.24, BE 24A)7F 0.34, 2HE 48717 0.29, WHE 72
AlZF 0279 §8% FXE UEM 2E 247 7blA FEo]
7 =9thp <0.001). o] =2 222 - AV =
A dehd=dl, E 2447 o] F FdHE Al 7M1 %
BN P B AgE B

CMol 2Js) dtg

=43 A3}, 04
7 EE Al 0989014 g 48A]7HA 11002 7 =ol 24
AZro]l 71 =k B AT Aol 2ozt JSIAT dE
HET Hg Fo o] Frkehe AL FARE A B

CH28].

a-Glucosidase 2 o-amylase 3] &4

g Al M2 ZHuE gull B8 E9] o-glucosidase$} a-
amylase A3l €4de] A3= Table 59F 2t) 273¢] o-glucosidase
o} o-amylase?] T4 Asfe =T F55 AIAZ F AU
o, GgeR] A QAL A RZ AFEEITH30]. a-Glucosidase
A3 B g 0AHelIA 46.97%, WE 2447F 88.53%, W
B 487M7F 85.54%, R T2A7E 81.60%= R 244174
o-glucosidase #J3 &/d¢] 7 =S4Th(p <0.001). a-Amylase
A G TE A7l 43.12%, WE 2487F 71.50%,
B AN 64.44%, TR T2 58.97%E TR 2447
o-amylase A3 o] 7 E=dth(p <0.001). A 23} 2%
kg 24A17FNA a-glucosidase 2 o-amylase A3 &Ado] 71
=R, I F Zadte] whg 7oAkl FAdo] TP el
gF= o] dHR AFE Lactobacillus plantarum® 2
23 259 ATl a-glucosidase A3 Al A9 2w A
Hop &g 4827k 7Y B2 g 48 B oF 1.53
v A FAo] Frkehe AR Uehgon, B 724]7kelA
= dgu o] UL aramylase A SHE EE A

Table 5 o-Glucosidase and oa-amylase inhibitory activity of Rosa
multiflora Thunberg fruit extract fermented by L.plantarum

Fermentation time a-Glucosidase inhibitory a-Amylase inhibitory

(h) activity activity
(%) (%)

0 46.97£0.58° 43.12+0.81¢
24 88.53+0.75" 71.5040.32°
48 85.54+2 47 64.44+0.32"
72 81.60+1.23° 58.97+0.32°

Each value is mean £ SD (n =3)
*dyalues with different small letters within a column differ significantly
(p <0.05)

Hop &g 48274 7P =2
olME o] FASAITH20]. =
M B2 Pdedh @S BHe oF dEagsEe IE A
Rt Ba 72A A S SXo] A RS A
3 S B wEhA, 2 2l
P o LE AE FF Fo)| FGg o] Holxe A

=
g1 o ATk

¥

J

P

=
=

B AFE= Lactobacillus plantarums ©-8-3 3 ES A3}
o 0, 24, 48, 727+ T FAEA Y AL EAEA
YT gdrf) dEES BEAT] 4ojAS4E pHe Holx
3, B A7t flla e SR Adae gE
24X7k0] 8.59 log CFUMLE 713 =9k, &gA|7te] Zojd
FE AAEY. F ZEEEy SRRl g 747
14.85mg GAE/g, 6.74mg RE/gZ & 2477}0] 714 =it}
DPPH ZABTS radical 224 &4, 398 B 9Fg 24A|7ko
7P =94t} a-Glucosidase®t a-amylase A3 e Az} 2+
T 2407 7P E=A JERTE wEbA, v EelE
Ak gy dadEn g 4o Eolle ERIE,
53] 24717 HET A GAo] 7P Eol FF 7T AF
2AEA GEIFSAES AT 5 ATk

=

A oo

o

Keywords ZHUFE - FEEA - F4its)
Amylase #3184 - o-Glucosidase #3124
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