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Abstract

Since the occurrence of enzymatic browning during manufacture reduces the quality of the fresh-cut food products,
the utilization of anti browning agents is essential. The development of a natural food additive that inhibits browning
while also exhibiting health benefits is important to meet consumer demand for fresh and healthy products. Although
Fennel (Foeniculum vulgare Miller) seed has various health beneficial effects, its application as an anti browning
agent in foods has yet to be examined. The purpose of this study was therefore to investigate the potential of
fennel seed as an anti browning additive with antioxidant activity. Fennel seed ethanol extract (FSEE) inhibited
the activity of potato polyphenol oxidase (PPO) by 85.47% at a concentration of 10 mg/mL and presented an
IG5 value of 1.50+0.17 mg/mL. FSEE appeared to be a noncompetitive inhibitor against potato PPO, as indicated
by Lineweaver-Burk plot. In addition, the color difference (AE) values of potato extracts treated with the 0 and
10 mg/mL FSEE were 13.82+1.10 and 1.46+0.2, respectively, thereby confirming the anti browning activity of
FSEE. Furthermore, FSEE exhibited a dose-dependent antioxidant activity as demonstrated by radical scavenging
activity and ferric reducing ability power assays. The total polyphenol and total flavonoid contents at 2 mg/mL
of FSEE were 1.52 mgGAE/mL and 2.05 mgCE/mL, respectively. FSEE could therefore be considered a natural
additive to inhibit enzymatic browning while improving the nutritional value of the fresh-cut food products.
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M E AolAlFe dd4 o Axgd T =AY

o13F Z¥A(browning), P& W2, A3} o 5o EA7}

HZ ¥R AEFT FEivt HAE A R 04 Ay ste] AlFe] F4 AsHe oF7]$H(Braaksma &, 1999).

A oz Welsta} FAlol 191 2 S7|E 7ol SR 53], sAikE AldA oAl F] EHAM-E AH|R}E0] 4

AdEH Agd S 2 HAa 7FeAEE AR AF F 7 Al Fo g viE ERIE ¢ e FE AER A

o] 27} Z7ska 9 THRagaert 5, 2004). 21X H o)A & & F$el= 583 Q9lo] HrH(MartinezZ} Whitaker,
2 FAE 549 AAEE fxlshEA AlF, vk, 1995; Kim¥} Uyama, 2005).

Y AMETES AA Ln|Abe] Full oo 23 e A AR A F ATl Wa] et Aoz

xAste] {85 = AlEFFolthLim &, 2005). 221} 4l gt el 7] =23 Mxy =z §44 29
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(enzymatic browning)°] § A FAYsHH, o] 2 Q& 57
gho] Zrolx| 1L AFEFd o] oAl = tHEA]] FAHE |t
olefgt F4A ZAH o] 9212 polyphenol oxidase(PPO)
olH, PPOE Cu*'E Tfata J' TL2A AE ol
ZEA) 3= polyphenol 3}3HE2 AHsAlA L-3,4-dihydroxy-
phenylalaning(L-DOPA) 2.2 % $+%] 31, L-DOPAE DOPA-
quinonel 2 FZHATE o] ¢ AbslA F3t wkg-S AX 4
Aol melanin A AE PAsH= 2 A4S A o7t (Chen
5 1991; Martinez¥} Whitaker, 1995; Kim¥} Uyama, 2005).

AEFAG NN B AWS 2] 9kl &slEtE,
ascorbic acid, citric acid, ethylenediaminetetraacetic acid
(EDTA) 59| 431325 AHE3l th(Laurila 5, 1998).
e AE Y Al H)Rte] Aol thek wle shekE
AS AT F e AAEA g 70 &2 o]ofA|
3 Tk wEbA ZE4F AWE AAlste AAdE digh
AT7F Ee] Aol gt o E 50, AAEQ] =
(Oszmianski?} Lee, 1990), 43t FZ=(Kim 5, 2005), 74}
B FZE(Son 5, 2000), 2t FEE(Chang 5, 2012) 5°]
2%9] PPOE Aldke &3S Kol H A s =
Ha¥E 8} otk PPOS] 271452 71E epicatechin®] &
=2 23319 vl PPOE Michaelis-Menten %7 2] &
2e g0, Ad FEE F B AF & PPOY
v 74 A A o 2 283K OszmianskiZ} Lee, 1990). &3} 3+
Z5-2 thiol compoundsE -3t v PPO<} H]7Zd A4 o
2 A-gat, gt FEES 7HE Aol 29 A& &30t
o vt HaE I thKim 5, 2005). FHEE = oxalic
aid7} Sol3lo] W BIE Holw] PA, FAZ s}
Alell = Z37F 9he& EATKSon 5, 2000).

HE3H polyphenole] &3t HAES] 79 32 a3}
o} tlEo] ksl F5S 91 ofe] A7 AR Baud
vl ATk Lee 5(2004)2 ol g7 o] &u &g = ol A
=2 ksl 2433 tyrosinase A8l B ERlsto] A%
A7HEEA9 o] &7kA7t vt E3etslal, Kim &
(2016 ARtF2~ol FutkE H7bebd A &
8 E3h B AL HQ F PoEEEel Wb
Amigzs) EA4¢ ARG ARAL, 059 A
TAH}E EHE 754 e T HAAFEES
AR 2 AR 7 FEEA THA| 7 mobA dEA
of et & F Utk

3] 8K Foeniculum vulgare)S VU] 2o &3t A &2
DRE A Fs FH FTEelA AjuiE o] ko) Axl=
g A3 B2 7ellA ApiskaL vk 1 % 313
ot Il E T AL Sk, Al JBA, ol

SO RA RIZtol|A ogtA o8 AMEE T
gk Wk A ERA 51 SR Qe dlE, A=

&z F7, A Sl AAMERE AHEH O] $THOktay

¢

%, 2003; Anwar 5, 2009). 3]ge] 7| HECRE
trans-anethole, estragole, fenchone 2! limonene 5-°] H 1.5
SAt}. Trans-anethole> ¥ =/ -2 2 3|3F o 4ld Yo
F T dAEZZ &4, ddolst A Vs
51, estragole & HWlEA 2 A% ATAE-S ShH,
fenchone> WaFE S}3E R gt X 242 =
Ao g delx] UtiCho %, 2008; Rather 5, 2016). 121+
FTHe AAAA e 24 Mot FEEF 3]l
2o gitksl, gt 9 okt Rt eS AT E AT
(Oktay 5, 2003; Anwar 5, 2009; Rather 5, 2016)+= S
U, 213Ee A&t 3 ayE Ay dFE ofF
HaE up gl

weba] 2 Aqto| A= & A1 A F
=3 e Ak 7oA FAAske] = o]
HE 548 AWg HomA AFe] VedE Y F
Ve HAES A} sith dd 7154 AdAA A=A

it

B oke] 7S Wel7] flste] Mo 28] 3t
2} PPO Al &3kol itsl EatE ARSI

!

M

HlI
0
i

e =

B Ao AFg" Al 2ke Sigma-Aldrich Co.(St. Louis,
MO, USA)ellA 45t ARg-atsint A =Ql 3134
oke 2017\ F23JA} EFrl-E(tojongherb.com)ol] A T
stSlaL, AAhs A& ZAte] dntalEdA] Felste] o
of E3o] Sle Aoz MAEste] Ao ALl

3R ot ol et-&-FZE(Fennel Seed Ethanol Extract,
FSEE)S 3] 34| St 50 goll 500 mLe] 80% ethanol 7}3l
40Tl A 2443t E<F 53 & AAete] FH| ST
FSEE+ rotary vacuum evaporator(N-1300, EYELA, Tokyo
Rikakikai Co., Ltd., Tokyo, Japan)E A}-8-3t] 40C 45
A AdEFeitt. FEES FEAZ7](FD8S0S,
ilShinBioBase Co., Ltd., Dongducheon, Korea)& A}-8-3}
5 mTorr®] x84 FAA I THT£, 3.57%).
T4 xE FSEERZS -20Tol| Bastn AHE5I3
™, dimethyl sulfoxide(DMSO)°ll &l ato] 1004 5 =2]
stock &9 TE0] AHE Al SRT] Lo TR
8 43k] g3t

X} crude polyphenol oxidase(PPO) =H|
7rx19} F2ke] 50 mM phosphate buffer(pH 7.0)2 £33

% stomacher(BagMixer, Interscience, St. Nom, France)E- ©|-&

st 1S A sket § et o s Aalie)r]
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(Supra R22, Hanil, Gimpo, Korea)E ©|-838lc] 4C 2% =3
sl A 11,000 xgol|A] 20+ St Al Eest] 4L A5
-2 7H2} crude polyphenol oxidase(PPO)Z A-8-3}51 T}

FSEES| ZXt PPOOI| CHEH A

FSEE®] A} PPO 4 HA|5 =42 50 mM phosphate
buffer(pH 6.8) 60 pL$}+ FSEE 100 yL2 &3 & ﬂx} PPO
20 uLE #7}ste] 37°CelA 3083t H&%A] 1% 714 25
mM catechol= 40 pL 7}3Fe] microplate spectrophotometer
(Epoch, Bio-Tek, Winooski, Vermont, USA)Z 420 nmof| 4]
T BT IR AE 5 FHE ¢t vigES
2530

T3k Chroma meter(CR-300, Minolta Co., Osaka, Japan)
2 Algsle] Me=H S 519t} Hunters’ color value=
FEZMATHL=93.70, a=0.31, b=032)C. 5 HF = Lzt
(lightness), a%t(redness), bak(yellowness)= =7 3} th. 2t
FSEE®] A == 22K (color difference, AE)E ©]|-8-3}<]
TSI o AL o3 2T

oAHs 5%

AE=VIL-LP+@a—ad)?+®-b)>
o714 L, a, bE &4 WFE A S X0y, L, 2, b’
37Tl 3083 &4 Wke Fo] =% 3ot}

FSEE<S| ZtXt PPOOI| CHSE Mali== I}
FSEE 100 pLel 50 mM phosphate buffer(pH 6.8) 60 uL<}
72 PPO 20 LS &3te] 37°ColA 3083 w31t
°]% 33 mM, 16.6 mM, 50 mM F=F FH]|3} catechol S
ZYZYy 40 pLA =7Fske] 420 nmol| A S EE S 6}0“’/}
FSEEC] ti3t 742} PPO &4 A3l 72 5%
oo} E*HPiiC(V)«l e %%?‘5}0# Li
Burk plot& 1% F K, Veufbe 73te] 2

meweaver-

wsisiTh.

DPPH radical &2Hs &3

FSEE®] DPPH radical 4% =% 2 Brand-Williams2]
WS- W8 slo] A A 649] BHBrand-Williams 5, 1995). 2t
FEH(0 mgmL, 2.5 mg/mL, 5 mg/mL, 10 mg/mL) FSEE
50 uL<}t 0.02% 1,1-diphenyl-2-picrylhydrazyl(DPPH) 100
uLs Este] oA 3023t BESAIX1 F, 510 nmell 4]
microplate spectrophotometerE ©]-8-3te] FH =5 =73}
Aot FFEAZRE 7189 gl akEAQl ascorbic
acidE TH¥e T2 7o 93 Aoz FFEs 5
g T ZE3AE 2Hdsiinh oloff FSEE FZ&°l 3+
¥ DPPH radical &2752 T O ZHE 3191 om,
=7 9]+ milligram ascorbic acid equivalent(mgAAE)/mL
£ AH&Skslth

832 A278 A2E (2020)

ABTS radical 275 &3

FESS<] 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid)(ABTS) radical 227]°5 572 Biglari®] W2 &
24 313 thBiglari 5, 2008). ABTS solution< 7.4 mM ABTS
9} 2.6 mM potassium persulfate &S 1:12 33 &
oA 16A13F ERF WHEAIA 734 nmell A 3% grol
0.70:0.027} HA SFTE At Azt Z4 v
¥ FSEE 10 uL¢} ABTS solution 190 pLE 633t 22| A]
AR £ 732 nmel| A FFEE SH6IITE e d
ZE toloxE T FER Fo] FUI o2 FEE
E =233 T IS A5 1 0|2 &5k FSEES]
ABTS radical &4 55 TF3Fth :78 @9l micromole
trolox equivalent(uMTE)mLE AF-&-3}%3 T}

FRAP assay

FSEES] Fe''o] && Fe¥'ol 222 SlA7]= &<
27 3l+= ferric reducing antioxidant power(FRAP) assay=
Benzie2] WH O 2 A} THBenzie®} Strain, 1996). FRAP
reagent= 300 mM sodium acetate buffer(pH 3.6), 40 mM
HCIel 591 10 mM 2,4,6-tripyridyl-s-triazine(TPTZ), ~L2]
31 20 mM ferric chlorideE- 10:1:1(viviv)e] Bl &2 E35}o]
37CAA 2027 WHSA]A ]8R 7+ =" FSEE
10 pLell 10 pLe] SF<<}F 100 uLe] FRAP reagents 37}
ste 593 nmell A F3 S S5 EFEdRE o
&3t F=9| ferrous sulfates FLI Ao 2 FIAEE

#xg < ZTTA S At o] & B3l FSEE
g S Fotd o, % T2 & micromole ferrous

(pMFeZ*)/mL%— AH&-BFA T

FSEE o & Zg|H&= Q-Ek =5

% Zevs &S 5743171 284 Folin-Ciocalteau™
= Olﬁ 3o 2135191 tH(Singleton 5, 1999). DMSO®Z =5
A stocks THFTFE A 7 FEHE(0 mg/mL, 0.25
mg/mL, 0.5 mg/mL, 1 mg/mL, 2 mg/mL) FSEE 10 uL<}k
20 pLe] 10% Folin-Ciocalteau reagent® &35} o 7]
80 pLe] 700 mM sodium carbonates 3 7}te] 1417t F<k
AFeo A HEeAIZl & 765 nmoll A FFEE S5
EFEZZE gallic acidE 95% methanoloﬂ ookl =2

1.—_04 Ealf‘sl. tﬂ—tﬂ o=z ?5;4.1:2 524 ,‘_ ﬁ%ﬁ%}d% =z /\é

SFaL o] 5 o] &sle] FSEES] & Ee]ulls < Al
t}. 7% ©%]+= milligram gallic acid equivalent(mgGAE)/mL
g AHgstsh

FSEES| & ZaiH ol &2 &1
FSEE?] & ZdHwolE TS gluminum chloride
colorimetric WH o2 =731 th(Biglari 5, 2008). 2+ &
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8 FSEE 25 pLel| 125 uLe /<<t 10 ul®] 5% sodium
nitrite solutione &3Fste] 627F WX T, 15 Ll 10%
aluminum chloride hexahydrateZ- 7 7}8}o] 553t Ah-2-0f A
HES-AIZ T o17]9l] 50 pLe] 1 M sodium hydroxide$} 125
pLe] SFFE 7Kg & 510 oA SHEE S35
o} = *‘E]-EL olE S catechin®] EFZA 0 ZHE

Tel o, 2399 E milligram catechin(mgCE)/mLE
’\}% s

RE AR HA 33 vhe AAsiglan, 23RS B+
ETHAR ZAISE Y. AEd 2= SPSS BAIZZ 13
(version 23.0, SPSS Inc, Chicago, IL, USA)= ©]-&-38o] &4
S} t). One-way ANOVA=R 7} A&+ 7F o] }ol7}
Folm A (p<0.05)8 AT & 71 2Fol sk
Dunnett's pairwise 2-tailed t-test2} Duncan’s multiple range
test= BTk ZHell p<0.05 FFAA oS 8ISt

43 9 o#
Fennel seed ethanol extracts(FSEE)2| Zt&}
polyphenol oxidase(PPO) &4 &AM X3l Hr}

Polyphenol oxidase(PPO)= 2] 0] &(Cu*") & g3k Ak
stgawA Afaet Hdoa] duka o 7 9hA E T Chen
5, 1991). 2| S-S polyphenold 3+3HE2] AH5LE A
OH’\P’% o] FojR|= Whg-o 2 1 Ao A= FSEES] &4
W g9E dolrR ] 95k catechols 712 &2 A3}
A7} PPO £ Adlls& 57 3k3th FSEES] 22 PPO
D Al sa AR A sEoE4 Aslle e B
UFig. 1). FSEEQ] 57} £S42 PPO A5 52)2]

g

-]
=]
T

PPO inhibition (%)

60
40
20 I
0 T 1 1 L
0 25 5 10

concentration (mg/mL)

Fig. 1. Inhibitory effect of fennel seed ethanol extract (FSEE) on
potato polyphenol oxidase (PPO) activity.

PPO activity was spectrophotometrically evaluated using catechol as
a substrate at 420 nm in the absence or the presence of FSEE. The
data shown are the means+SD of at least three independent experiments
(n=6). Statistical analysis was performed using Dunnett’s test
(" 'p<0.001 vs control).

o = 8547%2] Adlse HAh

AMAA S o]-§dte] S F FSEES A+ PPO A 38l5
A= Table 13 2t} E4ukg0] doji}r] Ao =4
HLE, b2 Al FsErt S8 S A S7lekith
[ZA Az & olfE AEE dets 2w Als
A | S8 FEHIW] HiEe= /\}Eﬂv‘r "4
01‘411 e 0 min®g EAWHE 30 min ¥ L3k
B FSEE &% 2.5 mgmL¢ 10 mg/mLE
2] 3 7 z} PPO2] AL-S Z}7}; F 599} 0.79%2 FSEE2]
FE7F 524E Lo Wge Aa }L Z o7 Hol 3
gko] A oA F5o] JoS I

30 min®l| 4] FSEEQ] =7} %<

7} Yebst=tl o]+= FSEES]| ™
AT kA oS 2 7

e

o
é

[}

o

go[o
‘> — oX
V 1S HE

fo2k 2L Z 1o

© & ¥olx] FSEE ¥ 2.5 mg/mLollA 40.82%, 5% 5 W= Ay 9
mg/mLol A 57.27%, 7}%} =L 59 10 mgmLe| FSEE AE #t< AAISHATE AE L, a, bgte] ¥gE 2%
Table 1. The effect of the fennel seed ethanol extracts on the changes of Hunter’s values in potato extract
. L-value" a-value b-value
Concentration
Incubation time (min) AE
mg/mL
(mg/mL) 0 30 0 30 0 30
0 55.49+1.307  49.58+0.25™ 2.20+0.11% 7.25+0.41" -0.64+0.11" 10.79+0.241 13.82+1.10°
25 52.2440.16 48.22+0.78° 2.10+0.28" 5.43+0.57 2.43+0.26 8.74+0.86° 8.19+0.91&"
5 50.99+0.04° 48.20+0.07¢ 2.1940.07 4.07+0.19" 5.3040.05' 7.64+2.27¢" 4.0942.221
10 48.30+0.28% 47.51+0.39¢ 1.85+0.21% 2.87+0.21% 9.35+0.63¢ 8.65+0.828 1.46+0.23"

DHunter’s values are L (lightness), a (redness), and b (yellowness).
DAl values represent means£SD (n=9).

YValues with different letters are significantly different at p<0.05 based on Duncan’s multiple range test (p<0.05).
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ARG FRog ghol 2% AREE Bl dojd Aom
ket 4= 9lom, AE gkl 1 o]l A SteRk
AaE BRIE 4= UThPark 5, 2012). & Aol A ANk
Sl dojrpr] 221 0 min¥} FAyEEo] Lot 30 ming

N
off
B
i3
u

H w3k AE %S FSEE 5% 2.5 mg/mL, 5
mg/mL} 10 mg/mLol|A] 242} 8.19, 4.09, 1.46 2% FSEEQ]
T 545 ARigy) vokth 53] 10 mgmLe] FSEE
= A2let S we] vlwdt AR e §9toz I wgtE
A 8k= 71591 1 o]AF e & FSEES] 34 312 <)
g = 2tk o] A= Fig 1004 Eelgk 742} PPO &4
Aolls Aztete dx|ste] 3|gke] A FAAA R &8
7VFed S gols 4= givk w3l 2 g A A Q)
ascorbic acid®} A8l 52 vlwsl7] 8] 2+ A& 9] the half
maximal inhibitory concentration(ICsp)< A|42F}SI ). FSEE
9] ICsp= 1.50+0.17 mg/mL®] 3l ascorbic acid®] ICsp=
1.56+0.07 mg/mLE UERY FSEES] 712} PPO A&l 52
ascorbic acid®] Aslsz HAFE Aoz Jelyith
XA} PPO°Y W@l FSEEZ} o1® A3l g Ho]=A]
H71el7] 913l Lineweaver-Burk plotE A3t 23} = Fig.
29} 2tk 714 catecholol] thet thE7} F% 10 mg/mLe]
FSEE A4 Yol A mAafstA] ko, K, 742 7 mMO]
I NETY Vb 1.17 mM/min, 3] 3F o EH-s 3559
Vi@ 0.2 mM/min© 2 el o] & B3t A}
PPOS] M= ThE F-9]of 3]8F oleh& FZE7 catechol©]

1000y Control
W FSEE
800
T,
.E 600
E
=
)
£
3 400
g
Z

A

-300 -200 -100 0 100 200 300 400
1/S (M)

Fig. 2. Fennel seed ethanol extract (FSEE) as a noncompetitive
inhibitor of potato polyphenol oxidase (PPO).

Inhibition mode of FSEE against potato PPO was analyzed by
Lineweaver-Burk plot using catechol as a substrate of potato PPO with
or without FSEE (10 mg/mL). Data were obtained from three
independent experiments. Statistical analysis was performed using
Duncans’s multiple range test. (A) control, (ll) 10 mg/mL FSEE.

Zbzt e Ageln 72E FAHE sle vA A
(noncompetitive inhibition)E st 2 O 2 WEFSiTE Hgl
22 PPO 24 Asfo]l #HE thE Aol ¥ Kim
5(2005) onion FZE=°| H|AA A = A-&-grha
B 1138} 31, Sukhontha 5(2016)S &4 FZEo] Z3 A
&) Al (mixed-type inhibitor) 2 2}-8-3Fc}a R 318}t

FSEEQ| 2ifjZ &7{s "7t

DPPHE F& A4S Yehln i 419 gt
free radical 2 &4ts}l Edo] e EHZEE A 4
£ AlFHtol DPPH-HE A =gty o 2 galg| o
& DPPH radical 22715 5857 44adss & it
5}5S 1] K (Brand-Williams 5, 1995). FSEES] DPPH
radical 22758 A A= Fig 3% 2t} FSEE A=
o] =7} =255 S AT oA FE 0.25
mg/mLol 4] 0.831 mgAAE/mL, 5% 0.5 mg/mLoll A 1.423
mgAAE/mL, % 1 mgmLo|A 2342 mgAAE/mL, 2
mg/mLo A 3.129 mgAAE/mLE 3 E Ut Anwar &
(2009)2 80% ol &F-&o| A 3] &H ot F=F% DPPH radical
271%9] IC5pZ 23.61 pgmLE B, 2 7oA
= 9.57 mgmL= S EAC ol FEUH I 38 At
=€) zpolof] WE A O E Anwar 5(2009)S 3|34 oF ik
< e, 8AIZE 22 A 33] HbE &St FE5E0
9 E2 3lo] Udolgt AFRHT

ABTS+= potassium persulfate®} HF-8-3F] ABTS cation
radicalo] AYAJEH S-S mA == oluf gits) &
Z 39} vk-2-3lo] ABTS cation radicalo] AA WA X =1
o] BAEERe 5, 1999) Y& & 28-S

sk
sk
I ko
+ ok '
L . . : s
0 0.25 0.5 1 2

Concentration (mg/mL)

'S

w

-

DPPH radical scavenging activity
(mgAAE/mL)
~

=

Fig. 3. DPPH radical scavenging activity of fennel seed ethanol
extract (FSEE).

DPPH radical scavenging activity of various concentrations (0 mg/mL,
0.25 mg/mL, 0.5 mg/mL, 1 mg/mL, 2 mg/mL) of FSEE was determined
at 510 nm. DPPH radical scavenging activity is expressed in milligrams
ascorbic acid equivalents per milliliter of ethanol extracts (mgAAE/mL).
Experiments were performed in triplicate and repeated three times with
similar results. Bar are represented as means+SD (n=9). Statistical
analysis was performed using Dunnett’s test ( p<0.01 and = p<0.001
vs control).



Inhibitory effect of funnel seed on potato browning 193

)z &7 %0 =t} ABTS radical 24 %55 ZARH 2
= Fig 49} 2th AR ) 3= g /\74‘—
o] o} ¥E 0.25 mg/mLolA 1.388 uMTE/mL, %

0.5 mg/mLolA] 1.840 pMTE/mL, F= 1 mg/mLolA] 2.785
UMTE/mLZ YER} Fo] e {92 Zo]& Helom,
7P =8 50l 2 mgmLe FSEEYAE 4.14 uMTE/mL
2 e

FSEEQ| &3 £&

FRAP assay+= ferric ion©] ferrous@ 72 %H= = 3 &
\:I }\-] 5-Lo E}ﬁ -5]—/\]—§}_E:]__ __7é o]_‘_: Hl—H—l oz Lo pHoﬂ
A Alge] ksl AR 9ldl ferric tripyridyltriazine
(Fe*'-TPTZ)E-HA| 7} ferrous tripyridyltriazine(Fe*'-TPTZ)
o7 IYF= QJFJE"— o] &3t Ao|th(Benzied} Strain,
1996). FSEE®] &35 43 A3 Fig 59 £t A&
o] w7} 71k E sk go] HolA ¥ 025 mg/mL,
0.5 mg/mL, 1 mg/mLolA] 1.842 WMFe/ml, 2.820 uMFe /L,
4540 pMFe*'/mLE 217} Jeh, ol whE fo]4 zjo]
£ Bt} o] Goswami®} Chatterjee(2014)7} E.113t &
T | mgmlL 33 WeE FEE9 A=l 1,172.97
uMFe* /LB 7] Yelda, ole & &1 2fo]dllA]
7118 Aoz oAAZIT

m AL
o1z

FSEES| & Z2|H= R ZF2tRE0|E &

FSEEC] & &e|¥ls &= 543 d¥= FSEE 5=
b EETE T Eo¥s el moklthFig 6). =
0.25 mg/mLel A 0.269 mgGAE/mL, ¥ 0.5 mg/mLoﬂ 3
0.525 mgGAE/MmL, 5% 1 mg/mLolA] 0.934 mgGAE/mLE

L

ABTS radicals scavenging activity
(uMTE/mL)

[F]

0 0.25 0.5 1
Concentration (mg/mL)

Fig. 4. ABTS radical scavenging activity of fennel seed ethanol
extract (FSEE).

ABTS radical scavenging activity of FSEE was measured at 734 nm.
ABTS radical scavenging activity is expressed in micromole trolox
equivalents per milliliter of ethanol extracts (WMTE/mL). Experiments
were performed in triplicate and repeated three times with similar results.
Bar are represented as meanstSD (n=9). Statistical analysis was
performed using Dunnett’s test (~ p<0.001 vs control).
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Fig. 5. Ferric reducing activity of fennel seed ethanol extract
(FSEE).

FSEE at 0 to 2 mg/mL was subjected to the FRAP assay to investigate
the reducing power of FSEE. Ferric reducing activity is expressed in
micromole ferrous sulfate equivalents per milliliter of ethanol extracts
(HMFE2 “/mL). Experiments were performed in triplicate and repeated
three times with similar results. Bar are represented as meantSD (n=9).
Statistical analysis was performed using Dunnett’s test ("p<0.01 and

“p<0.001 vs 0.25 mg/mL FSEE).
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Fig. 6. Total polyphenol contents of fennel seed ethanol extract
(FSEE).

Total phenolic contents were examined by the Folin-Ciocalteu method.
Total polyphenol contents are expressed in milligrams gallic acid
equivalents per milliliter of FSEE (mgGAE/mL). Experiments were
performed in triplicate and repeated three times with similar results.
Bar are represented as mean+SD (n=9). Statistical analysis was
performed using Dunnett’s test (" p<0.001 vs 0.25 mg/mL FSEE).
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Fig. 7. Total flavonoid contents of fennel seed ethanol extract
(FSEE).

Total flavonoid contents were analyzed by the aluminum chloride
colorimetric method. Total flavonoid contents are expressed in
milligrams catechin equivalents per milliliter of FSEE (mgCE/mL).
Experiments were performed in triplicate and repeated three times with
similar results. Bar are represented as mean+SD (n=9). Statistical
analysis was performed using Dunnett’s test (""p<0.001 vs 0.25 mg/mL
FSEE).
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