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Table 1 The levels of studied variables

The levels of

. Source
independents factors !

+1 0 -1 Independents factors

100 50 0 Wall material (%)

0.4 0.25 0.1  Extract/wall ratio (w/w)
6 4 2 Sonication time (min)
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Table 2 Extraction efficiency and total phenolic content of extracts

Total phenolic content (mg

Extraction efficiency

Extraction method

GA/g DM) (%)
54 96° 19.74¢ Microwave _assisted
extraction
63.27° 22.55° Supercritical fluid extraction
80.50% 25.32% Ultrasound assisted extraction
39.91¢ 17.19¢ Subcritical water extraction
24.02° 11.48° Maceration

Different letters indicate statistically significant differences (P<0.05)
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Fig 1 DPPH radical scavenging ofmountain tea
extract

olas chle Al L ooS spd e edalin ¥ SE
S8l sl Ll &ypo a8 0T laes) of el
o bl Jls ame Ol ol anl a0l s el
Ll ol sl sl ol Sl o jlas il gla clkle
g odd gl wsed 4 by ool Ll Ol VL
SaS aodd gl wged OF 5 5 sl 3 SaS
ey 4 odd plAaul A S gl las by s Sb
OldenS! &T L ppm Voee 5 Ave Clle s ooulp
chle s s el bl s e oMt TBHQ (6o
s xSV Glaest ST cJls ppm Yees
oslas st sl cdle (YY) O 5 K =

5 L35e5 6,8 o3l Al Lol 2ss L L S by olS

YAV

o, las SlawsST 31 collas-Y-¥

5 e b ke e gl OLLS st ST ol
534S (Bl Dl 5l sl e ol ole b ke
5 Ol 51 (6,5 S et 5 oo 25 oM eole
ol 13 QLS Sl eslinal sblse Sos 51 cnl 5 s
5 das e STy DPPH L jlast x1 ols 5 [re]
53 JemS 55008 gls 055 slans L DPPH (glad 50 50 sl
Sl sl 4 e s b Y0] spd e pln o
S35 O3Sl Sl g b 5 e3 DPPH (g5
Sl 5l esie 5 335 DMl s e S S
$lp S el cde opl 4t ol o slas 53 UGS, Ll
b S 3 olas Slest ST ol s
sd oslizal 35 AT Ll 5 Sl gt O g ol 55508
Gbeslas st o cdli 4 by e @ D]
S das e 0L cale glacble s asS (gl il
35 fy oslas SlSl g cdd  plsaal g
OF Sl 5l s ojlas chle 2l Lol
el 0 slaml (gl s e OVl 5 ol Bl Sl
posSSb s Cselp Sy 4 8 a8 gl oojlas
O e B O e N I Sl
ok gl Sl o las oS Lsls Ol ST I, Sl &y s
SSTLPPM Yeor 50100 Chle 5 5 sl b SaS o
3l bl s pme Bt TBHQ (6 5m olS]
St BTl L Jls oS 5 sl S slr
Aos Sl Bl e A8 5l 5 Wi S sl b e
J5S1 5 o550l (Gl (e 0 U150 oS LS 5
2355l Gl g, (YY) OLer 5 S50 2505 oL
3 SRFN (Jpd DS S pll s L oseld o
Millettiaspeciosa o\S s las jlaws| x1 cools

S 5 Olgen 315 0L gl gl oS disls 13 s 2 555



e M1 ST e Al s aglie

Q\)b/\m 9 L;)LS b}b' J:&LA.«\ l.b)

Sl Sl L,y oS 358 e sdalie TS s
Ol 5 ol il ojlas ke I3l L Sl
S sl oslas Cishe glackhle o bl ls ey
(Y+Y0) Q‘)&&.ﬁ g J.._a‘.l\.v): J‘A}J"ﬂ ;i._s‘ BE) A edalis
Moo Glasias bl oS slr ol SlST 1T el
Aol S iy, oas &‘ﬁ.‘ DPPH /51 Jsl,
S 135 jasie s Lases 6,8 ol ABTS 5 ol L
daly st 2T caols 5 Jsb olS S Olpe o
S3b Dl S Glolas 4ok 2l sy ki
Oeames ol OLA 6 VL SlalS) L5:;'1 Clad syl (g mis
Ced (6 Sell il gla by 3 sdel oy il

IV g KoasS oS Al SlansSt sl

las SLign, Wls ol ap -¥-Y

CJ\.L;}‘T I Cq.o.a Bl oalaul ‘e
oy DS 5 S o e s 3l S Sl
ol ol eslizal bl 106 slge (o515 53 eslizal 5 e
Al o GBI Gl38 slse 5o e e DLS S L s
e esle s 3 Ll 51 clibles Esl g ST
Sge i Jobze 5L Sl 5 pe hew [YOlssi e
oo Hdr e sl LI g5 53 edlitad 35 (Slesl g
oS ok slae s SV slie O35 Lls s w0 Lo L
ool [Ee Y1 Kaege a osby bl gl
Lo oass by obas Glignpns 5leel cy slagwl
Oloj b o D3l 5 e feo Slaeslns 3l eslinad
Vodsdr 0 oslge 4 dtes il Gt 5 Dol
Gl il glasles 53 Slig g, Obedil, el ols OLES
el aze 00/TA-VA/AN o35dmee 53 o85S by ojlae
S sbaoled plad 53 Dyl B Ol Ll s 5 e edalla
5 Sl 0 Glagny Obedily SRl 4 e ) n
Gl 03 Jge oslas Sld s Okl 5 lolss sl
Lods SLign, oslas Ol Ol Ll b 55 ook
4 oolas S GRIBIL Sl o8 e 3l Rt <y 3
b Rl elas Slisp, Ol 55 oylms sl
Chle s i Ll Bl 5o L S5 Slo pa
o33L (T4 OLs 5 deses [8)] AS o ks Jloms
5l o)l i b b 53 s O 5SS
L aS Wsgad ansle Aoy AV/O JITYY 1, oo —

VAA

b LS5 Do Ll s 4 eslae S s S past
s s G Sl ol Sl 5T casls gl
55 BHT (g5 Olanst 5151 V0 ojlae Slast sl
s i b Gl S 35 BHT ;I 28 o,Las IC50

[Y4] ced TBHQ (g5 0laanSt 215550 55 L5l

—— Microwave assisted —#— Supercritical fluid
—#— Ultrasound assisted Subcritical water

7 —+— Maceration —&—TBHQ
]
&6
g
35
=4
S
t4
3
b4
4
g3
E
O
B

1

0

100 200 400 800 1500 2000
Extract concentration-ppm

Fig 2 Ferric reduction ofmountain tea extract
b 5 (TN OLIes 5 (53 SCas sl JI s oo
YAl 35 S b oslas 5l 28 BHT last i
LS| a8l 4 o 258 Glr oslas SV Cl
el T S sden glaes S sl L ks e gy
53 St T b oS s e 0lis cilite Slallas
Gy il gla sy b oS olS G il (glae jlas
OLea 5 gl Y] cod Coslite [ KuS bl ool
s g ojlas glans! sl cdle (Yeed)
S5 e 30 ol Ll s, 5l eslizad U 1, Stachys
55 SLSS e om S S pasie 5 dsh
daly ool bl s @ oslas Jlns) sl cosls
oolas 5o s se Jgb SLS 5 Ol SRl 3L 5 5500 552 s

LTl e bl of Glaws! ol cdls

—+— Microwave assisted
—— Ultrasound assisted

—&— Supercritical fluid
—— Suberitical water

—#— Maceration ——TBHQ

—
[
=4

._

S

<
—
-

0
=3
L

&
=

=
=3

betacaroten linoleic acid bleaching %
=3
=

(=)

100 200 400 800
Extract concentration-ppm

Fig 3 Betacaroten:linoleic acid bleaching of
mountain tea extract

1500 2000




Vo) 53T AN 6y OF osled

Olnl 2l mlo 5 o5l alos

Jolome 610 B3 el 5 (Y0V)) OLCes 5 50,08
Gl s Jee AY/Y B -0Y a3 pdoms 53 1y it <y 3
Shodd a5l L sle ek oS alu 33T [£8] s e
Mohamed et al., ) dzes ol S5, 5l 5 Ko, 55 518
L'LSJ"L)lSL‘“ Q;L: a.Lea.l U»SL:QS Lii S Ca..é (2016
6}\:.- Vj\ le.ﬁ-b-b )\ QT k;\.‘p‘ bj:?b‘) G .li)lst
-JwWi ol Lol 5SVE
(e sl I Wi esslsssall
JoslmsnsSAS @by dmelt 5 s S HS
G e B3 e Ol sdae la S [Eo]asl s
JSas B ool Ol a4 35 sl LS 5 s
3550 5513 QU Slagitomm 53 5 3503 1) ST L Sl
QLAJ u;'i\je\ :)Jda aML&A[\Y] )JSL;A )\)3 oalanal

ol sleiy
ol

Sgn g5 ol 0k U3 Joily 28l e 3 oyl
035 Sam okd Al gl (slaojlas 3 o3l s (sl ol g
oS50 03 Joly 0L Ll il 53 oS5k ol
PS5 g fee S| S STl eds Sligs s slaelas
GRS ey 58 els slse @ el o IS L

Fuie

LEY] sl Glssean alS ojlas gl Lol iash GL;
PS slr olas i lajslas 5o JseeS S ol
Oboy ulsdl s el VA/NVASYV/A osgdms 5o
Il als 4 e w5 3550 sajles (’L": BERGIPW )
molas D3 eIl L (slelgs slse gt el 3
Lilpd 5o aosb 4 Sl eay Jse el Slasn, sl
Loodd Slisn, slaejlas JsnSsb Oyl oslul oL
S bl sy e gee 5l Ses Sl
Sl Sl o5l Sl skd £l Al b slany S
5 la S a3 eolinal 5y 4e a2idS laans 3 45 At
Olge a8 Wls ) B pl s Jl o vl s
oaliiul 3550 baejlas Lo ot 5 olse ple gl oba Jul>
5o ool 3lse 4 oplias Cd 15 L [EY] WL, )3
Slad s S L sl 2l JsnS S0 SlL5 631l
305 TGS Jodly Olie & 933 (Ko 8L b
o 5 s S Jedly Ol B il
oS et 5 Sl 03 b JseS GBI Salusg s
el e [67] il e gl omle 3L L olyd oS >
edgdome 3 S Sl oslas gl il glasled 5o B
oo 8wl Sy e SYV/EY By e —OA/EA

Table 3 Treatment designed by response surface methodology and their responses

No  Wall material Sonication Time  Extract/wall ratio  Encapsulation  Particle size ~ Zeta potential
(min) (W/w) efficiency (%) (nm) (mv)
1 Alginate 4 0.1 65.42 101.69 -49.07
2 Alginate 2 0.25 74.17 98.78 -52.01
3 Alginate 6 0.25 78.02 97.66 -55.72
4 Alginate 4 0.4 78.86 93.03 -58.45
5 Composite 2 0.1 58.83 99.27 -38.42
6 Composite 6 0.1 61.82 95.08 -41.11
7 Composite 4 0.25 63.55 83.04 -43.57
8 Composite 4 0.25 64.19 85.0 -43.81
9 Composite 2 0.4 67.32 81.91 -46.62
10 Composite 6 0.4 73.71 79.78 -47.43
11 Arabic gum 4 0.1 55.39 101.56 -27.45
12 Arabic gum 2 0.25 63.02 101.04 -27.41
13 Arabic gum 6 0.25 65.93 100.75 -27.69
14 Arabic gum 4 0.4 67.01 96.84 -28.17
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ABSTRACT

ARTICLE INFO

In this study, extracts of mountain tea were obtained by maceration,
supercritical fluid, ultrasound assisted, subcritical water and microwave. The
highest extraction efficiency (22.55%) and total phenolic content (80.50 mg
GA/g DM) was observed in extract obtained via ultrasound assisted extraction.
Antioxidant activity of different concentrations of extracts was compared with
100 ppm TBHQ synthetic antioxidant and an increased in concentration of
extract increased antioxidant activity. Type and percentage of wall materials (0,
50 and 100), the ratio of extracts to wall materials (0.1, 0.25 and 0.4 w/w), and
sonication time (2, 4 and 6 min) as independent variable levels and
encapsulation efficiency of phenolic compounds, particle size of nanocapsule
and zeta potential were considered as a response to optimization of
encapsulation conditions of the extract. An increase in sonication time resulted
in increased encapsulation efficiency and decreased particle size of capsule. As
the ratio of extract to wall materials increased, the encapsulation efficiency of
extract increased and particle size decreased. Type of wall materials has effect
on encapsulation efficacy, zeta potential, and particle size of capsule. The
optimum conditions for encapsulating of mountain tea extract were 6 min
ultrasound; the ratio of extract to wall 0.4 and the amount of Arabic gum and
alginate were 30.3% and 69.7% respectively. In optimum conditions, the
encapsulation efficiency, Zeta potential and particle size were 57.43%, -52.1
mV and 82.06 nm. The amount of sedimentation and releaseof extract during the
storage period was increasing. Nanocapsule has a smooth and interconnected
structuralthat due to high encapsulation efficiency this nanocapsule can be
added to food as an antioxidant compound.
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