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Abstract

In this study, milk samples were fermented following the addition of Ligularia fischeri extracts. The aqueous extracts
were obtained from L. fischer grown in the open field (OL) or in a greenhouse (GL). The quality related properties,
and antioxidant activity of the fermented milk were evaluated, and the effects of storage on the fermented samples
were assessed. The time required for the fermented milk to reach pH 4.6 was approximately four hours in all
samples. The titratable acidity of the samples was in the range of 0.5-1%. The number of lactic acid bacteria
in the fermented milks made with L. fischeri GL extract was slightly higher than it was in milks samples fermented
with L. fischeri OL extract. The Hunter Lab color (L) and redness (a) values of the samples were lower after
fermentation, but their yellowness (b) increased with increasing amounts of L. fischeri extracts. The
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity in milk fermented with 0.5%, 1%, 3%, and
8% L. fischeri OL extracts was higher than that in milk fermented with corresponding amounts of L. fischeri GL
extract. However, the difference was not significant. DPPH activity in milk fermented with 5% L. fischeri GL
extract was higher than it was in milk fermented with 5% L. fischeri OL extract. The pattem of
2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonate) radical cation (ABTS) scavenging activity in the samples was
similar to that observed during the DPPH assay. The pH and, titratable acidity, of the fermented samples were
not significantly affected by storage, and the number of lactic acid bacteria in the stored and freshly fermented

samples was similar.
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Fig. 1. Changes in quality characteristics according to fermentation
time of milk fermented with Ljgularia fischeri extracts.

A, pH; B, titratable acidity; C, viable cell counts; +, Control, fermentation milk of
non-Ligularia fischeri ; [ ], ©, A, x, O, fermented milks added with Ligularia fischeri
grown at open ficld, l, @, A, * @, fermented milks added with Zjgularia fischeri
grown at greenhouse.
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Fig. 2. Electron donating abilities of milk fermented with Ligu/aria
fischeri extracts.
Control, fermentation milk of non-Zjgularia fischeri, OL, fermented milks added with

Electron donating ability (%)

[
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Ligularia fischerr grown at open field; GL, fermented milks added with Zjgularia fischeri

grown at greenhouse; MeantSD with different superscripts within the same bar are
significantly different (p<0.05) by Duncan’s multiple range test (a>b>c).
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Table 1. The proximate composition of milk fermented with
Ljgularia fischeri extracts

(unit: %)

Sample” Moisture  Crude protein ~ Crude fat  Crude ash
Control 86360227  337:020°  347:0.12° 057002
05%  8619:0.10°  337:020°  337:006"  0.58:002°

1%  8647:0.16'  34420.14' 3312016  0.7620.10°

OL 3%  85.13:023"  343:009"  345:009" 072005
5% 8692:022°  300:038 3324005  0.65:0.01°

8%  8689£0.03°  323x001°  337008%  0.51z001°

05%  8645:0.18"  337:020°  339:017° 054001

1% 8657:0.15  281:0.12°  340:0.10° 0712003

GL 3%  8663t0.12°  281x005°  339:0.02°  0.73:0.02®
5% 87143014 2801003  336:0.10%  0.70:005

8%  8797:025"  281:0.16°  337:002°  0.52:002°

t-value -1.467 2622 -0.695 0.062

Control, fermentation milk of non-Ligularia fischeri, OL, fermented milks added
with Ligularia fischeri  grown at open field; GL, fermented milks made with
Ligularia fischeri grown at  greenhouse.

PAll values are meanSD.

IMeantSD with different superscripts within the same column are significantly different
(p<0.05) by Duncan’s multiple range test (a>b>c>d>e>f).

"p<0.05.

271 48 &
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Table 2. The content of minerals in milk fermented with Ligularia
fischeri extracts

(Unit : mg%)
Sample” Ca P Na Mg
Control 264200479 320:0.02"  2.2420.02° 0.690.1°
05%  266:001° 331001 22900  0.69:001°
1% 265$001°  3402005"  235:001°  0.7240.01*
OL 3%  281:002°  377:002°  239:003  0.730.02%
5%  2.83001° 3861003  245:002F°  0.77:0.02'
8%  290:005° 4191007 268007 0.77+0.04*
05%  264+002°  326:002" 2242001 0.710.02°
1% 2712003 337:002¢  226:00F¥  0.700.01°
GL 3%  284%003  347:002° 238003  0.75:0.04°
5%  291:001°  3.63:004 2452005 0.74%0.03"
8%  3.02:003" 406005 2541005 0.780.01°
t-value 0642 0.697 0,659 0.00

Control, fermentation milk of non-Ligularia fischer; OL, fermented milks added
with Ligularia fischeri  grown at open field; GL, fermented milks made with
Ligularia fischeri grown  at greenhouse.

PAll values are mean+SD.

IMean+SD with different superscripts within the same column are significantly different
(p<0.05) by Duncan’s multiple range test (a>b>c>d>e>f>g>h).

A 2 F3 FE2ES 05%, 1%, 3%. 5% 2

g go] e =43 A}
= A AN HH
= 5%, 1%, 3%, 5% 2L 8% H7lre] va
% W= 7h7t 97,59, 9077, 88.17, 86.48 2 87.313} 91.24,
89 119 ¥ 80.62=% #3 FEE9 M/ 571

FEad oFF2A

F% ashe A%E Bk ANE T 3 T
Hrhago] F71U45 Rashe AR 1o 8% Wb
A 7V e %% bk BEE B FEE AY
o ket fo 212& Z71et] tET-E 28002 71 e

% ﬂﬂ?oﬂfﬂ 8.60, 119322 71 =7
%"”(30) A7k Ha ] AFelM =
Zo] __7].6Loﬂ ue} grel AT ol
%Lﬂlr:— %ﬂ@Ub— Hussith ol #dFE

o 77 ] éﬂz w o]k ALRFolA|H, ¥ QoA =

Table 3. The Hunter’s color value in milk fermented with
Ligularia fischeri extracts

Hunter’s color

Sample”
P L a b
Control 92,660,047 -0.42+0.03" 2.80+0.152
0.5% 91.59+0.05 -0.40+0.06" 3.65+0.06'
1% 90.77+0.14° -0.910.03° 427+0.12°
oL 3% 88.17+0.07° 1574013 5.500.13
5% 86.48+0.37 -2.44+0.18° 7.7620.14°
8% 8731051 -3.08+0.12° 8.6020.12¢
0.5% 91.2440.06® 0.1240.11° 3.49+0,03"
1% 80.48+0.45" -0.80+0.36" 532+031¢
GL 3% 84.32+0.32° 2.96+0.04% 9214021
5% 81.19+0.3%° 3.79+0.06' 11.28+0.21*
8% 80.62+0.03° 3.95+0.09" 11.9340.13"
t-value 1.476 0.695 -1.195

"Control, fermentation milk of non-Ligufaria fischeri OL, fermented milks added

with Ljgularia fischeri  grown at open field; GL, fermented milks made with Zjgularia

fischerr grown at  greenhouse.

PAIl values are meantSD.

IMean=SD with different superscripts within the same column are significantly different
(p<0.05) by Duncan’s multiple range test (a>b>c>d>e>f).
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t}. o]2l3 A FH F=52] DPPH free radical 427
G4 5ot ke 2k g o3| g AR}
Zak T ofgt 807 HoAAXH SA3)E H7ke HE
%91 DPPH free radical &7 @4l0] Z713F Aw}e} A=)}
. BH FEE A7} $ 82529 DPPH free radical 4~7
%*34 A A AN 2 FEE 05%, 1%, 3%, 8% 47}



The quality, antioxidant activity, and storage behavior of milk fermented with Ligularia fischeri extracts 279

‘Q’i{%ﬂ S22 ul F3 —ir%% 7;‘:’}7 bER B =2
XS BIAT 05% A7t is %
Aol 7} %ii’i% Sh-2A 55 %%% 5% 7} Ala?-«l
Ae =AM 2H FE2E 5% FUFAIET B =
2= BA
ABTS At 2tHZ A7 &4

5240 e I3 —iu*%% A7) TE 9 ABTS
radical cation scavenging &
2t} ABTS radical cation scavenging 245 =7 31 A 3}o]]
% DPPH free radical 2274 243} o] & =
Al BTl A tHET(44.68%) BTt =& g4
H F3 FEE HUVo] SRS Gl
skt Cho 5(32)& =H2k A7kl %—7}%}4\‘%
ABTS radical cation scavenging &-d°] F713t o] f-= =3}
o ¥l catechins T 7HsAo] Erhal Bastele
Z2te] ksl &S catechins©t TFEFS] flavonoid -l
og A H&E APty Hustdth 539 A= 9
& AR 313HE 2 3 4-Di-O-caffeoylquinic acid(3,4-DCQA)
7t 234 domFH o BeEAn, 2 risds S
Yepdd o HEusta lokll). 3,4-di-O-caffeoylquinic
acid(34-DCQA) A& 9o = t}2F2] flavonoid 52 theFgh
el g4 = é?%:a gt 9lo] =& apakelE S U

D212 #F3 FEE A7F EERe] it @8 51

A Aoz et wA w9 sk A 34 F=
5 %7} @& 2] ABTS radical cation scavenging &4 2
wAA FH FEE A7F LAY A B FE
E 1% A7} HERE AlQetae o w2 @S BHith

_1[)1'
Lo,
X, ol
iy,
i)
rr
o
da
w
i)

S
=3

= OL
= GL

0
S

3

ABTS radical cation scavenging activity (%)
3 B
< (=] (=]
Loa}

vitC Control 0.5% 1% 3% 5% 8%
(25mM)

Fig. 3. ABTS radical cation scavenging activities of milk fermented
with Ligularia fischeri extracts

Control, fermentation milk of non-Zjgularia fischers, OL, fermented milks added with

Ligularia fischeri grown at open field; GL, fermented milks added with ZLjgularia fischeri

grown at greenhouse; Mean+SD with different superscripts within the same bar are
significantly different (p<0.05) by Duncan’s multiple range test (a>b>c>d).
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Fig. 4. Changes in quality characteristics according to storage
period of milk fermented with Ligularia fischeri extracts.

A, pH; B, titratable acidity; C, viable cell counts; +, Control, fermentation milk of
non-Ligularia fischer; O, ©, A, x, O fermented milks added with Zjgularia fischeri
grown at open field; m, & & % fermented milks added with Ljgularia fischeri
grown at greenhouse.
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