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Abstract

Microencapsulation is utilized to prevent chemically sensitive bioactive components from degradation
due to harsh environmental conditions and is also applicable to handle the emission of the encapsulate.
One of the key factors to be considered in the microencapsulation process is the coating material. Dragon
fruit peel derived from processing companies contains an abundant of betacyanin, a valuable pigment. In
our research, different parameters of solvent extraction (kind of solvent, pH, ratio of solvent: material);
microencapsulation (kind and concentration of coating agent, synergistic effect of combined coating
agents) were thoroughly investigated. Our results showed that betacyanin can achieve the highest yield
by extraction with water at pH 5.0 with dissolving ratio 5.5: 1.0 (water: material) within 8 hours at
ambient temperature. The filtrates were then mixed with 20% maltodextrin+10% B-cyclodextrin as
microencapsulating agent during the freeze-drying to get dried powder (6.5% moisture content). By this
approach, the highest betacyanin could be maintained at utmost level.
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Introduction

Encapsulation effectiveness of pigment micro
particles may be affected by the

Dragon fruit (Hylocereus polyrhizus) 1is
widely cultivated in in Southeast Asia. The

dragon fruit peel which makes up 20-25% of
the fruit is normally discarded [1]. This will
create waste that could be transformed into a
value-added product to extract pigment.
Dragon fruit peels contain phenolic
compounds betalain [2]. Betalain is a water-
soluble pigment consisting of two stratial
groups of red-violet betacyanine and
betaxantin orange-yellow [3].

Spray-drying is popularly applied in the food
processing sector due to its rapidity and low
cost [4].Freeze-drying is another method
which can be applicable for the coating of
sensitive components, especially for those
that are susceptible to high thermal
degradation [5].
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encapsulation processes applied, as well as
by kind of the coating agents [6, 7]. A wide
range of microencapsulating agents can be
applicable for the coating of pigments,
including maltodextrin, B-cyclodextrin,
carrageenan, gum arabic, polydextrose and
proteins [5, 7, 8].Maltodextrins are D-glucose
polymers that are normally applied for the
coating of antioxidants due to their high
solubility, low viscosity, and good gel
formation attributes [9, 10].

Cyclodextrins are cyclic oligosaccharides
consisting of glucose units linked by a-(1, 4)
glycosidic bonds derived from the enzymatic
degradation of starch by certain bacteria, and
they are chemically and physically stable
molecules [11].
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Some factors may affect inclusion complex
formation, such as type of cyclodextrin, cavity
size, pH and ionization state, temperature,
and method of preparation [12].
Carrageenans are sulfated polysaccharides
extracted from algae and have been
extensively used in the food industry as
gelling agents, stabilizers and texture
enhancers and microencapsulation [13, 14].

Soyprotein has been mentioned as beneficial
microencapsulating agent owing to their film
forming characteristics [15]. Objective of our
study focused on different parameters such
as solvent extraction (kind of solvent, pH,
ratio of solvent: material);
microencapsulation (kind and concentration
of coating agent, synergistic effect of
combined coating agents) affecting to the
betacyanin extracted and microencapsulated
in freeze-dried powder.

Materials and Method
Material

Dragon fruit peel was wutilized from
processing factories around Mekong river
delta, Vietnam. After collecting, they should
be moved to laboratory as soon as possible for
experiments. They were subjected to destruct
and blend, then extract in polar solvent
(ethanol, methanol, water) in different pH
values (4.0, 4.5, 5.0, 5.5, 6.0) and in different
ratio (solvent: material, 4.0:1.0, 4.5:1.0,
5.0:1.0, 5.5:1.0, 6.0:1.0). Extraction was done
with maceration at ambient temperature for
8 hours.

The filtrate was  homogenized and
centrifuged for 10 minutes at a rate of 5000
rpm. The filtrate was coated by different
coating agents (maltodextrin, B-cyclodextrin,
carrageenan, soybean protein) in different
ratio (15%, 20%, 25%, 30%, 35%) and freeze
dried into powder at 6.5% moisture content.
The synergistic effect of combined coating
agents was also examined.

Researching Procedure

Effect of pH and Solvent in betacyanin
Extraction

Different polar solvents (ethanol, methanol,
water) in different pH values (4.0, 4.5, 5.0,
5.5, 6.0) were verified to demonstrate the
suitable solvent at right pH for betacyanin
extraction. Efficiency of solvent extraction
was evaluated on the yield of betacyanin

(ng/100g).
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Effect of Dissolving Ratio (Solvent:
Material) in betacyanin Extraction

After choosing the suitable solvent at right
pH, the betacyanin extraction also examined
whether solvent: material ratio (4.0:1.0,
4.5:1.0, 5.0:1.0, 5.5:1.0, 6.0:1.0) affecting to
the yield of betacyanin (ug/100g) or not.

Effect of Coating Agent for betacyanin
Microencapsulation

Maltodextrin, B-cyclodextrin, carrageenan,
soybean protein at different concentration
(15%, 20%, 25%, 30%, 35%) were used to
demonstrate the suitable coating agent for
betacyanin microencapsulation. Efficiency of
coating agent was evaluated on the yield of
betacyanin (ug/100g) retention in freeze-dried
powder.

A Combination of different Coating
Agents on betacyanin
Microencapsulation

Different formulas combined from
maltodextrin and B-cyclodextrin (5%+25%,
10%+20%, 15%+15%, 20%+10%, 25%+5%)
was verified.

Chemical and Statistical Analysis

Betacyanin (ug/100g) was quantified by
spectrophotometer at wavelength 538 nm
[16]. The experiments were run in triplicate
with three different lots of samples.
Statistical analysis was performed by the
Stat graphics Centurion XVI.

Result & Discussion

Effect of pH and Solvent in betacyanin
Extraction

Betacyanin is more soluble in water than in
non-polar solvents. This property contributes
to extraction and separation. Betacyanin
extracted from dragon fruit peel was affected
by solvent and pH [17]. In our research,
different polar solvents (ethanol, methanol,
water) in different pH values (4.0, 4.5, 5.0,
5.5, 6.0) were verified to demonstrate the
suitable solvent at right pH for betacyanin
extraction.

Efficiency of solvent extraction was evaluated
on the yield of betacyanin (ug/100g). Our
result showed that there was no significant
difference of betacyanin yield extracted by
ethanol and water. Betacyanin was dissolved
much more in methanol. To ensure the food
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safety in respect of betacyanin pigment as
colorant, we decided to choose water as a
green and safe solvent to extract betacyanin

during utilization. Betacyanin would be
received the highest yield at pH 5.0. This
finding was similar to other reports.

Table 1: Effect of sovlent and pH in betacyanin content (ug/100g) extracted

pH 4.5

pH 5.0

pH 5.5

pH 6.0

531.12+0.02b

575.49+0.032

536.18+0.042b

516.04+0.00¢

557.92+0.002b

582.15+0.022

552.48+0.03P

534.25+0.01¢

Solvent pH 4.0
Water 528.43+0.01b¢
Methanol 541.25+0.04b¢
Ethanol 530.04+0.03bc

532.29+0.01P

577.03+0.002

537.31+0.02aP

517.75+0.03¢

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above),

the difference between them was not significant (a = 5%)

Extraction using water 1is better for
stabilizing pigments [18]. Betacyanin
pigment is easily influenced by temperature,
oxygen, light and water activity [19]. In one
report, the highest efficiency of encapsulation
of dragon peel extract obtained from the
encapsulation composition with solvent pH
5.0 [20]. Betacyanin content was obtained
from peels which extracted by methanol pH 5
(515.20 pg/100 g) higher than betacyanin
content in water pH 5 (491.16 pg/100 g) [16].

Effect of Dissolving Ratio (Solvent:
Material) in betacyanin Extraction

Table 2: Effect of dissolving ratio (water:material) in betacyanin content (ng/100

After choosing the suitable solvent at right
pH, the betacyanin extraction also examined
whether solvent: material ratio (4.0:1.0,
4.5:1.0, 5.0:1.0, 5.5:1.0, 6.0:1.0) affecting to
the yield of betacyanin (ug/100g) or not. Our
result showed that the highest content of
betacyanin (ug/100g) could be achieved by
dissolving ratio 5.5:1.0. This finding was
quite similar to another report. M. N.
Handayani et al [20]. Confirmed that extract
ratio to suspension of 5:1, more efficient than
ratio of 3:1.

) extracted

Water: material 4.0:1.0 4.5:1.0

ratio

5.0:1.0 5.5:1.0 6.0:1.0

579.26+0.04P

Betacyanin (ug/100g)

584.25+0.022b

597.12+0.012> | 605.08+0.032 | 605.14+0.052

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above),
the difference between them was not significant (a = 5%)

Effect of Coating Agent for betacyanin
Microencapsulation

Maltodextrin, B-cyclodextrin, carrageenan,
soybean protein at different concentration
(15%, 20%, 25%, 30%, 35%) were used to
demonstrate the suitable coating agent for

betacyanin microencapsulation. Efficiency of
coating agent was evaluated on the yield of
betacyanin (ug/100g) retention in freeze-dried
powder. Our result showed that the highest
content of betacyanin (ug/100g) retention by
microencapsulation of filtrate with 30%
maltodextrin.

Table 3: Effect of coating agent in betacyanin content (ug/100g) retention in freeze-dried

powder
Coating agent 15% 20% 25% 30% 35%
Maltodextrin 401.35+0.03¢ | 425.39+0.01> | 435.29+0.02a> | 439.40+0.032 | 439.58+0.032
B-cyclodextrin 362.19+0.02¢ | 401.22+0.00P | 416.34+0.012> | 427.78+0.01= | 427.90+0.01=
Carrageenan 317.19+0.00¢ | 348.36+0.03» | 357.19+0.022> | 379.03+£0.042 | 379.17+0.022

Soybean protein

331.2540.05¢

374.15+0.02bc

384.13+0.04b

395.29+0.022P

403.17+0.01a

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above),
the difference between them was not significant (a = 5%)

In one report, microencapsulations of dragon
fruit peel extract using maltodextrin [20].

Adding maltodextrins and starches
significantly reduced the hygroscopicity of
the betacyanin extracts and enhanced

storage stability [19].
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A Combination of different Coating
Agents on betacyanin
Microencapsulation

highly
the

Microencapsulation efficiency 1is
depend on the composition of
encapsulated coating material [21].
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In our research, different formulas combined
from  maltodextrin and  B-cyclodextrin
(5%+25%, 10%+20%, 15%+15%, 20%+10%,
25%+5%) was verified. Our results noted that

20% maltodextrin + 10% B-cyclodextrin was
the best formula for microencapsulation of
betacyanin during freeze-drying.

Table 4: Combination of maltodextrin and B-cyclodextrin in betacyanin (ng/100g) retention in

freeze-dried powder

Maltodextrin %
+ B-cyclodextrin %

5%+25%

10%+20%

15%+15% 20%+10% 25%+5%

Betacyanin (ug/100g) 406.79+0.034

442.17+0.04bc

459.27+0.03P | 494.13+0.022 | 438.04+0.04¢

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above),
the difference between them was not significant (a = 5%)

The effect of different combinations of
maltodextrin (MD) coating agents (MD, MD +
soybean protein, and MD + i-carrageenan) on
the encapsulation of lemon by-product
aqueous extracts using freeze-drying and
spray-drying were investigated. Freeze-
drying with the mixture of MD + soybean
protein resulted in the highest retention of
TPC, TFC, and FRAP.

The combination of maltodextrin with
soybean protein as the microencapsulating
agent resulted in the formation of spherical
porous materials during freeze-drying [22].
The powders of the blueberry anthocyanin
extracts manufactured by freeze-drying using
combinations of different microencapsulating

References

1. Bao Manh Ngoc Nguyen, Tantawan Pirak
(2019) Physicochemical properties and
antioxidant activities of white dragon fruit
peel pectin extracted with conventional
and ultrasound-assisted extraction. Cogent
Food & Agriculture, 5: 1.

2. Mello F R de, Bernardo C, Dias C O,
Gonzaga L, Amante E R, Fett R, Candido
L M B (2015) Antioxidant properties,
quantification and stability of betalains
from pitaya (Hylocereus undatus) peel.
Food Technology, 45: 323-328.

3. Vergara C, Saavedra J, Saenz C, Garcia P,
Robert P (2014) Microencapsulation of
pulp and ultra filtered cactus pear
(Opuntia ficus-Indica) extracts and
betanin stability during storage. Food
Chemistry, 157: 246-251.

4. Ray S, Raychaudhuri U, Chakraborty R
(2016) An overview of encapsulation of
active compounds used in food products by
drying technology. Food Bio sci., 13: 76-83.

©2009-2019, JGPT. All Rights Reserved

carriers, including maltodextrin, B-
cyclodextrin, and whey protein isolate, and
gum arabic, were in the amorphous phase,
irrespective of the formulations [23].

Conclusion

Both extraction and microencapsulation
technique were found to significantly affect
the stability of betacyanin pigment powder
extracted and freeze-drized from dragon fruit
peel waste. Microencapsulation is defined as
the trapping process of both liquid, solid and
gas particles in thin films that can provide a
physical barrier between core compounds and
other components. Freeze drying is one of the
best strategies in  microencapsulation
technology for preserving the stability of
sensitive pigments.

5. Ballesteros LF, Ramirez MdJ, Orrego CE,
Teixeira JA, Mussatto SI  (2017)
Encapsulation of antioxidant phenolic
compounds extracted from spent coffee
grounds by freeze-drying and spray-drying
using different coating materials. Food
Chem., 237: 623-631.

6. Yamashita C, Chung MMS, Dos Santos C,
Mayer CRM, Moraes ICF, Branco I (2017)
Microencapsulation of an anthocyanin-rich
blackberry (Rubus spp.) by-product extract
by freeze-drying. LWT Food Sci. Technol.,
84: 256-262.

7. Kuck LS, Norena CPZ (2016)
Microencapsulation of grape (Vitis
labrusca var. Bordo) skin phenolic extract
using gum Arabic, poly-dextrose, and
partially hydrolyzed guar gum as
encapsulating agents. Food Chem., 194:
569-576.

285




10.

11

12.

13.

14.

15.

16.

N. P. Minh et. al. | Journal of Global Pharma Technology | 2019]| Vol. 11] Issue 09 (Suppl.) | 282-286

. Paini M, Aliakbarian B, Casazza AA,

Lagazzo A, Botter R, Perego P (2015)
Microencapsulation of phenolic compounds
from olive pomace using spray drying: A
study of operative parameters. LWT Food
Sci. Technol., 62: 177-186.

. Chronakis IS (1998) On the molecular

characteristics, compositional properties,
and structural-functional mechanisms of
maltodextrins: A review. Crit. Rev. Food
Sci. Nutr., 38: 599-637.

Mahdavi AS, Jafari SM, Assadpoor E,
Dehnad D (2016) Microencapsulation
optimization of natural anthocyanins with

maltodextrin, gum Arabic and gelatin. Int.
J. Biol. Macromol., 85: 379-385.

.Aguiar UN, De Lima SG, Rocha MS, De

Freitas RM, Oliveira TM, Silva RM,
Moura LCB, De Almeida LTG (2014)
Preparacao e caracterizagao do complex de
inclusion do 6leo essential de croton

zehntneri com B-ciclodextrina. Quimica
Nova, 37: 50-55.

Marques HMC (2010) A review on
cyclodextrin encapsulation of essential oils
and volatiles. Flavour and Fragrance
Journal., 25: 313-326.

Gomez-Mascaraque LG, Llavata-Cabrero
B, Martinez-Sanz M, Fabra MdJ, Loépez-
Rubio A (2018) Self-assembled gelatin-1-
carrageen an encapsulation structures for
intestinal-targeted release applications. d.
Colloid. Interface Sci., 517: 113-123.

Hambleton A, Fabra MdJ, Debeaufort F,
Dury-Brun C, Voilley A (2009) Interface
and aroma barrier properties of iota-
carrageenan emulsion-based films used for

encapsulation of active food compounds. J.
Food Eng., 93: 80-88.

Jia Z, Dumont MJ, Orsat V (2016)
Encapsulation of phenolic compounds
present in plants using protein matrices.
Food Bio sci., 15: 87-104.

Sri Priatni, Aulia Pradita (2015) Stability
study of betacyanin Extract from red
dragon fruit. Procedia Chemistry, 16: 438-
444,

©2009-2019, JGPT. All Rights Reserved

17.

18.

19.

20.

21

22.

23.

Nassim Naderi, Hasanah M. Ghazali, Anis
Shobirin Meor Hussin, Mehrnoush Amid

and Mohd Yazid Abd (2012)
Characterization and quantification of
dragon fruit (Hylocereus polyrhizus)

betacyanin pigments extracted by two
procedures. Pertanika J. Trop. Agric. Sci.,
35: 33-40.

Azeredo HMC (2009) Betalains:
Properties, sources, applications, and
stability - A review. International Journal
of Food Science and Technology, 44: 2365-
2376.

Cai YZ, Corke H (2000) Production and
properties of spray-dried amaranthus
betacyanin pigments. Journal of Food
Science, 65: 1248-1252.

MN Handayani, I Khoerunnisa, D
Cakrawati, A Sulastri (2018)
Microencapsulation of dragon  fruit
(Hylocereus polyrhizus) peel extract using
maltodextrin. IOP Conf. Series: Materials
Science and Engineering, 288: 012099.

. Gharsallaoui A, Roudant G, Chambin O,

Voilley A, Saurel R (2007) Applications of
spray drying in microencapsulation of food
ingredients: An overview. Food Research
International, 40: 1107-1121.

Konstantinos Papoutsis, John B
Golding, Quan Vuong, Penta
Pristijono, Costas E Stathopoulos,

Christopher J Scarlett, Michael Bowyer
(2018) Encapsulation of Citrus By-Product
Extracts by Spray-Drying and Freeze-
Drying Using Combinations of
Maltodextrin with Soybean Protein and t-
Carrageenan. Foods, 7: 115.

Tao Y, Wang P, Wang J, Wu Y, Han Y,
Zhou J (2017) Combining various wall
materials for encapsulation of blueberry
anthocyanin extracts: Optimization by
artificial neural network and genetic
algorithm and a comprehensive analysis of
anthocyanin powder properties. Powder
Technol., 311: 77-87.

286


https://www.ncbi.nlm.nih.gov/pubmed/?term=Papoutsis%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30029543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Golding%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=30029543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Golding%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=30029543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vuong%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=30029543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pristijono%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30029543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pristijono%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30029543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stathopoulos%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=30029543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scarlett%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=30029543
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bowyer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30029543
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6069085/

