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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
Loy o collad Cugb, PRV oSy
Treatments Water activity  Moisture Acidity Brix
e s 0.7540.02¢  11.25+1.19¢ 0.28+0.02¢ 53.37+2.35¢
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10 308 yaisy ojlas g ol diges
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VO 30)5 yiiie oylac Sligy (sol dges
220 VB 5o 8 pidy oo gy sl ged 0424003  1537+1.32% 0.52+0.06° 91.54+2.25%

Nano-encapsulation of red beetroot extract 1.5%

(P<O.05 ¢Sl cygm5l) 3555 50 b (sl sine sl 6 )lel Lo j1 (pgis 2 3 Sy CBgy> (sl pl5)1"
“Means in a column followed by the different superscripts are significantly different at P < 0.05 by Duncan test.
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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 gummy candies

ooy o5 Koy g g Cubl
Treaim;nts Hardness Adhesiveness Cohesiveness  chewiness
(9.9) ) (g.mm)
Jold diges
Control 923.35+4.762 -0.68+0.022 0.35+0.044 635.38+2.752
o0 3a)5 yiie oylac Slbgny (sol wges
10 10 jof iy ejlas Sdginy i o oo sm 07010040 052£0.07°  549.26+2.320
Nano-encapsulation of red beetroot extract 0.5%
Lo ot i el sy gl o 508.37+2.14°  -0.83+0.03°  0.61£0.03°  443.47+1.72°
Nano-encapsulation of red beetroot extract 1%
\ A . < . LQ.C 'Lﬁ . l> . .
Lo yd VB jeyd jaide oylac Sligs) (sl diged 4841543280  -0.91+0 05¢ 0.82-00.06% 320324136

Nano-encapsulation of red beetroot extract 1.5%

.(P<0.05 oSSl Q}aﬁ) Ul 086 b (gyld pire cgles Lg)la] Lbd jl oot yo )0 S e gy (gl pB)|
*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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Nano-encapsulation of red beetroot extract 1.5
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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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