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Introduction

Red beet has nutritional and health-promoting properties due to containing bioactive compounds such as
phenolic compounds and betanin. Co-encapsulation of more than one core material in a single encapsulation
system may increase the bioactivity of individual components. Customer attitudes and behaviors have moved
towards health foods because they have more concerns on increasing environmental stresses such as pollution
and toxic substances in the environment. Confectionery products are not exactly foods, but they are widely
consumed by children and adults. Traditional gummy confection consists of high amounts of synthetic colorings
or flavorings in a gelling agent, commonly known as gelatin, along with acids and sweeteners. Natural color in
the form of pigments is synthesized and accumulated in living biological cells of algae, vertebrates,
invertebrates, fungi, lichens, or bacteria. The red color in food industry comes mainly from two pigments:
anthocyanin and betalains. Among the major groups of natural pigments, betalains can be considered as the least
studied, due to its limited sources. The main commercially produced crop containing betalain is red beet root,
however many researchers are exploring red dragon fruit or pitaya as a viable alternative. Betalains, derived
from beetroot are water-soluble nitrogenous pigments that stop or delay the oxidation process and exhibit anti-
tumor and antiatherosclerotic effects. The application of red color from beetroot (mainly betalains) is permitted
widely in ice cream, sherbet, yogurt, powdered soft drink mix along with confectionaries, soups, and bacon
products. The stability of betalains varies with different levels of water activity, temperatures, exposure to
oxygen, and light. Complex coacervation is one of the oldest and simplest techniques of encapsulating bioactive
compounds for delivery in controlled manner. The technique associates simple preparation conditions, such as
non-toxic solvent and low agitation, the techniques has also been employed in the encapsulation of protein and
human cells. Microcapsules prepared by complex coacervation are water-insoluble, possessing excellent
controlled-release characteristics. Complex coacervation is a technique by which phase separation occurs when
oppositely charged polyelectrolytes are electrically balanced in aqueous media. This depends on relatively a set
of conditions such as pH, charge density on the polymers, colloid concentration, ionic strength of the medium,
temperature, etc. However, all polyelectrolytes do not exhibit this phenomenon.

Materials and Methods
The features of water activity, moisture, acidity, Brix, antioxidant activity, texture characteristics, colorimetry
and sensory evaluation of pastilles were investigated. All analyzes were performed with three replications in a
completely randomized design. Means were compared using Duncan's multi-range test at a significant level of
5% with SPSS version 22 software.
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Results and Discussion

The results showed that water activity of samples containing nanomicrocoating of red beet extract was
significantly lower than the control sample (p<0.05), but the moisture, acidity and brix of the sample containing
nanomicrocoating of red beet extract were significantly higher from the control (p<0.05). During the storage
period of 28 days, it showed that the sample containing 1.5% red beetroot extract's nano-coating had a
significantly higher stability of the antioxidant property than other samples (p<0.05). The results of the
histological test showed that the sample containing the red beet extract nano-coating had a significant decrease in
hardness, stickiness and chewability compared to the control (p<0.05), but the degree of cohesion showed a
significant increase (p<0.05). Examining the color parameters of the samples containing red beetroot extract
nano-coating compared to the control sample also showed that it caused a decrease in brightness (L*) and
yellowness (b*) and an increase in (a*).

Conclusion
The results of the sensory evaluation showed that the sample containing 1% red beetroot extract nano-coating
was awarded the highest score compared to the control.
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Table 1- The effect of nano-encapsulation of red beetroot extract on water activity, moisture, acidity and brix of gummy

candies
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“Means in a column followed by the different superscripts are significantly different at P < 0.05 by Duncan test.

b LS 59y YA (6500 ©ae Job 50 g oo sdmline V S
@ SUPIL e jo )8 e ojlas Sligg) sl slaaiges
9 yieS (p<O.05) cusl als Lges Jl judn (g)logne yobo
Ssb sl & bgye cuipa GhSl ol cuols i
2 0lS Lgei g Jgl G9) )3 20> VB job jaise o)las Jlig )
OS5l S5 b ol &S bl Sl asbe YA )
@ il job paisz ojlas Jlbgj) (5ol Jetl (ygm¥gey8
Ol i J ol @l gouiS Bonad @S (ol S (e
ilign 5085 o e Jsb > (e 5l

la @08 bl 0 Jgere oS 5 S DPPH ST IS,
5 ol 9ejl 5 b e b Sle b abusga Sl3T cla G,
Dy 5 W lpeST 5T DPPH oI claJSa), 03,5 Jleb e
S Jed 6> KpeS 35 4 ) DPPH JIGol, )l 0y
ooy Gl laglans] ol 56 S o s cnilike
byiye gl bawg (g ke (,lIS1,28) cod )b 4 DPPH
e (2Uly liee sySojlil (Chen et al., 2008) sq5 o0
Jo e 0 9 e o)l Ko lisas DPPH SIJT (cla SIS0,
loojlas sl ol b sy Cap 038 jboay o3l
clad 4 plgie seil ol 2xSe S8 edlal 350 (alS
3y50 0lsS loj e (b jo 1y diged (gL ol SlawsT ol
DPPH (cla JIS0], (Yl ol el 1 ogdle s, b))
Bl olSy onl bebile JKol,) 15 clld s oISl
.(Sanchez-Moreno, 2002) sk oo palyd 55 1) (Sl

S3b sbiges & 2pde odalis Vo> ) HeSlen
Pl S sl Cughy (e jo )3 jaise ojlas Slign,
@ Casb) Ol e 9 (28 (P<0.05) sl sals aiges |
s oylac Loy (5ol diges g Aald Liges 4 gy i
@ g b gaddigne oSy b dop VO e
dSyrge Cughy i Caa 5 0aiS Lk Glyie (9 Sles Cliogas
Sgdse odlitul (olie dlge (ygmgard )3 L5 350 Jguamea )
okidle p» ks & olSy ol (Goldstein et al., 1973)
loadslSsynm (ool 2lie odlo gl Clogas 5 (S5
vy 5o alie oole slud s ki 5l aSl 3)58 e il lises
ol Caenl Pl jlan oyl O b goy p oS b
(Fatemi, 2005)

S3b sbaiges & 2pdee odalie N Jod> > HeSlen
Fobar S sebds Al je joy8 prisy ojlas Slig,
@ abdel (lje cpyidi 9 (pyieS (p<0.05) ol aals gl 5|
s oylas (Sldsjy (5ol diges g Aald diges 4 gy i
ogzed SlaS 5 g By Jdw Yl ! bl o 0o )d VD je,d
S9b Lged (omed Mblse Jo ) e e ) sl SIE
P e yoba Sy Gl job phisz ojlas Slig )
@ oSep Ol Gyt 9 (23S (P<0.05) cunl Sali L9
ysz ojlas Slgg) (sol> diged g ald dged 4 baype i
b o o )d VD e ,b

‘:'ﬂ..\:u.uské_“\ﬂ Cusld (5l Gaaas

Sl Cols 5k Oliee e )8 iz ojlas Gligs,
53 G55lan .l 00 035l V S5 1wl (sladiges Sl



VOO sty 59 oy s3luslongs (g il oolismsl b rai¥ly sy 2 o3 yuidy ojlae (SLigy 31, ool )Sed 5 (2598

=Control - asl 41 gai

*Nano-encapsulation of red beetroot extract 0.5% - awajo +/8 Ja 8 jaisa o jliac Gl j ) gl 41 5e
B Nano-encapsulation of red beetroot extract 1% - 2a 2 ) ja 8 joles s lae 0,02
120 W Nano-encapsulation of red beetroot extract 1.5% - am 0 W0 Ja 8 jaing = lan 1l 3 ) 05l i sa
d
100 T
O
-l
a . T
o
£ 8
2 3
= 3
= W
Elat
T 60
m -
A o
M~ A
=
40
20
0

14 21 28

During storage (day)
(Ds) s laeddeysm

Jehasly (Slaiges (lanmsS T 01 Conolis (55100l 3limn 32 50,5 paidy o b Sy oy 51 -9 S
(P<0.05 (Sl O}o)']) 0,106,056 b (gyld ize cuglas LS)L"] Lbd 5l et yo 50 S e gy sl pB))
Fig. 1. The effect of nano-encapsulation of red beetroot extract on stability of antioxidant properties of gummy candies
*Means in a column followed by the different superscripts are significantly different at P < 0.05 by Duncan test
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Table 2- The effect of nano-encapsulation of red beetroot extract on texture properties of gnmmy candies
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*Means in a column followed by the different superscripts are significantly different at P < 0.05 by Duncan test.
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Table 3- The effect of nano-encapsulation of red beetroot extract on colorimetric properties of gummy candies
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*Means in a column followed by the different superscripts are significantly different at P < 0.05 by Duncan test.
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Fig. 2. The effect of nano-encapsulation of red beetroot extract on sensory evaluation of gummy candies
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