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Abstract: Chayote (Sechium edule (Jacq.) Swartz) and kohlrabi (Brassica oleracea var gongylodes L.) are medicinal
plants widely distributed in Thailand. Several traditional medicines usually contain these extracts due to their
pharmaceutical activities. However, appropriate technologies that are used for protection, stabilization, and slow
release of plant extracts are a lot desired in terms of food application. In this study, chayote and kohlrabi extracts were
encapsulated by several kinds of wall materials (maltodextrin, and the combination of maltodextrin and gum arabic
or alginate) and drying methods (freeze-drying and tray-drying techniques). Thus, the objective of this research was
to determine morphological and physicochemical properties, wall materials releasing, and antioxidant activity of
encapsulated chayote and kohlrabi extracts powder. The morphology of all encapsulated chayote and kohlrabi extracts
powder showed irregular spherical shape, monodispersity, and smooth surface. The encapsulated chayote and kohlrabi
extracts powder with tray-drying technique tend to have more darkness and redness in color than the freeze-drying
technique. Wall material releasing was expressed in glucose liberation of encapsulated extracts powder after amylolytic
enzyme digestion. Encapsulation using maltodextrin as wall material provided higher wall material releasing than the other
samples. After digestion analysis, the digested residues were examined for antioxidant activity. The results showed that the
combination of maltodextrin and alginate for both freeze-drying and tray-drying techniques provided higher antioxidant
activity after 60 and 120 min of digestion. Thus, the combination of maltodextrin and alginate, and drying with the freeze-
drying technique was the best treatment in this experiment. This data can lead to a better understanding of wall materials
types and releasing characteristics, which are used to control bioactive compounds liberation in the gastrointestinal tract.

Keywords: extracts, encapsulation, wall materials, digestibility, chayote (Sechium edule (Jacq.) Swartz), kohlrabi
(Brassica oleracea var gongylodes L.)

1. Introduction

The medicinal plants are widely distributed in tropical and subtropical countries. Sechium edule (Jacq.) Swartz
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is locally named chayote and belongs to the Cucurbitaceae family, which can be found in the North and Northeast
of Thailand. This plant has been used for the treatment of renal disease, obesity, and arteriosclerosis [1]. There
are several documents that reported about chayote phytochemical investigation [1-5]. There are various groups of
secondary metabolites were produced, including fatty acid derivatives [2], flavonoids [1, 3, 4], and organic acids
[5]. Furthermore, these compounds exhibited pharmaceutical activities such as anti-endothelial dysfunction activity
[5] and lipid accumulation inhibition [4]. In addition, Brassica oleracea var gongylodes L. is a member of the
Brassicaceae family which is a source of nutrients such as dietary fiber, folic acid, calcium, and vitamins [6, 7]. The
phytochemical investigation of this species found groups like alkaloids [8], flavonoids [9], glucosinolate derivatives
[10], phenylpropanoids [9-11], and terpenoids [12]. The isolated compounds from B. oleracea showed antioxidant and
antimicrobial activities [9]. From the literature, these plants are sources of phenolic constituents, thus can be applied as
functional food ingredients.

Encapsulation is a physicochemical method that compounds or active agents are trapped with the wall material.
The encapsulation technology has been selected to prevent the degradation of bioactive compounds in the extracts under
high temperature or strong pH conditions. The majority group of compounds from chayote and kohlrabi are phenolics
which can be affected under high temperature, light, and pH conditions. The most common wall materials for plant
extract encapsulation are polysaccharides including starch, maltodextrin, and Arabic gum, and some synthetic polymers
(poly D, L-lactide, and poly lactic acid) [13]. The controlled-release for the active agent makes them available to
release in the interesting condition. In part of active ingredients, the absorption of active components is protected while
digestion in GIT and release at target organs [14]. A lot of drying methods have been developed and applied in various
kinds of products. The tray dry process contains a number of stacks and is put in the chamber with the circular hot air or
natural flow [15]. Furthermore, freeze-drying is normally used for thermal labile materials. Target materials are frozen
and then primary drying to remove water molecule [16]. Those methods are commonly used for drying methods in
the present. The encapsulated particle can describe the physicochemical properties such as particle size, encapsulation
efficiency, and controlled compound release [13, 17]. Herein, we report the investigation of method development of
encapsulation the mixture of chayote and kohlrabi extracts with different ratios and types of the selected wall materials.
The physicochemical of the particles were determined including morphological property, color value, moisture content,
aw, water-solubility, wall materials releasing, and antioxidant activity after digestion of all encapsulated extracts powder.
The aims of this work are the most effective condition for encapsulation of the extracts with low Aw, high solubility, and
antioxidant activity.

2. Materials and methods
2.1 Materials

Maltodextrin, gum arabic, and alginate (Krungthepchemi Co., Ltd., Thailand). Fresh chayote (Sechium edule)
and kohlrabi (Brassica oleracea var gongylodes L.) were purchased from The Royal Project Foundation (Chiang Mai,
Thailand). Porcine pancreatic a-amylase (EC 3.2.1.1, specific activity 22 U/mg), glucoamylase from Aspergillus niger
(EC 3.2.1.3, specific activity 129 U/mg), pepsin (EC 3.4.23.1, 2,500 units/mg protein), and pancreatin from porcine
pancreas were purchased from Sigma-Aldrich (Missouri, USA). Enzyme activity units of a-amylase, glucoamylase,
pepsin, and pancreatin are given according to the supplier.

2.2 Preparation of chayote and kohlrabi extracts

Fresh chayote or kohlrabi was cut into small pieces and dried at 60 °C for 24 h and then milled. The dried sample
(150 g) was added to by 600 mL of 70% (v/v) ethanol, stirred for 30 min, and soaked until precipitated. All samples
were filtrated using a filter paper (Whatman No.1, 125 mm. of pore size) and the residue was extracted again. The
extracts were made in duplicate. The filtrate solvent was removed under the reduced pressure (Rotavapor® R-300,
BUCHI Labortechnik AG, Switzerland) and the obtained dark brown gum extracts were kept in an amber bottle.
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2.3 Encapsulation powder preparation

Encapsulation of chayote and kohlrabi extracts were performed according to Table 1. Maltodextrin at 8-10% (w/w)
was dispersed in distilled water and kept overnight to make an aqueous dispersion. Similarly, 2% (w/w) of gum arabic
and 2% (w/w) of alginate were dispersed in distilled water at 60 °C separately to form the aqueous solution. Aqueous
dispersions of maltodextrin and each hydrocolloid were mixed separately to obtain the different wall material solutions.
These solutions were cooled to room temperature. Chayote (2.5% w/w) and kohlrabi (2.5% w/w) extract were added
into these wall material solutions and stirred for 1 h. The mixtures were homogenized in a high shear mixer (T25 IKA,
Ultra-Turrax®, Germany) which were operated at 5,200 rpm for 5 min. After mechanical homogenization, the samples
were dried by using a freeze dryer (LyoLab ST, Lyophilization System, INC. USA) or tray dryer (DHP-9082B, Yanhe
Instrument, China) at 60 °C until constant weight to obtain the encapsulated extract powders. The powders were ground
into the size at 80 mesh, then kept in plastic bags and stored under a dry atmosphere with silica gel in light-protect
desiccators at 25 °C until measurements [18].

Table 1. Wall material compositions of encapsulated chayote and kohlrabi extracts preparation

Chayote and

Sample Kkohlrabi extracts* Maltodextrin Hydrocolloids

Mal-FD 5% 10% -
MalGA-FD 5% 8% Gum Arabic2 %
MalAlgi-FD 5% 8% Alginate 2%

Mal-TD 5% 10% -
MalGA-TD 5% 8% Gum Arabic 2%
MalAlgi-TD 5% 8% Alginate 2%

* Ratio of chayote:kohlrabi extracts is 1:1
Mal: Maltodextrin; GA: Gum Arabic; Algi: Alginate; FD: Freeze Drying; TD: Tray Drying

2.4 Morphological and physicochemical analysis

2.4.1 Morphological analysis of encapsulated extracts powder

Morphological properties of powder samples were observed using a light microscope (EVOS XL core, Thermo
Scientific., USA). The micrographs were present at 40x [18].

2.4.2 Color value of encapsulated extracts powder

The color differences of samples were identified using CIE L*a*b* coordinates. Color of the chayote and kohlrabi
encapsulated extracts powders was measured with a Minolta colorimeter (CR-400/CR-410, Japan). Color in terms of
luminosity, light versus dark (L*), red versus green (a*), and yellow versus blue (b*) were reported and all samples
were measured in triplicates.

2.4.3 Water activity (Aw) and moisture content of encapsulated extracts powder

Water activity (Aw) of encapsulated chayote and kohlrabi extracts powder was measured with water activity
analyzer (4TE, AQUALAB®, USA) and all samples were measured in triplicates. The moisture content of chayote
and kohlrabi encapsulated extracts powder was measured. The sample (2 g) was dried at 105 °C in an oven (SLW 35
STD; POL-EKD APARATURA SP.J., Poland) until the weight was constant. The moisture content of the sample was
calculated using the equation written below:
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(Weight before dried — Weight after dried)
Weight before dried

Moisture content (%) = x100 )

2.4.4 Water solubility of encapsulated extracts powder

Water solubility was measured by the method of Schoch and Leach with modifications [19], the sample (10%
w/v) was mixed with distilled water in a centrifuge tube and the mixture was incubated at room temperature for 30 min
and centrifuged at 3,000 g for 15 min. The liquid supernatant was collected and dried at 60 °C until constant weight and
solubility were calculated using the equation written below:

Weight of dried samplex100
Weight of initial sample

Solubility(%) = ©)

2.5 Wall materials releasing analysis in vitro digestion

Wall-materials releasing which was expressed as glucose liberation by in vitro digestion was analyzed by a
modification of Sopade and Gidley method [20]. Encapsulated extract powder (500 mg), were incubated in triplicates
with 1 mL of artificial saliva containing 250 U of porcine pancreatic a-amylase (Sigma A-3176) for 15-20 s. Pepsin (1
mg/mL in 0.02 M HCI, Sigma P-6887) was added and incubated at 37 °C for 30 min and reciprocating at 85 rpm in a
shaking incubator. The sample was neutralized by using 5 mL of 0.02 M NaOH before adjusting the pH to 6 (25 mL
of 0.2 M sodium acetate buffer) prior to the addition of 5 mL of pancreatin (2 mg per mL of buffer, Sigma P1750) and
amyloglucosidase (28 U per mL of buffer, Sigma A-7420). The mixture was incubated for 3 h, during which the glucose
concentration in the digested samples was measured at 0, 20, 60, 120, and 180 min by using PGO enzymes (Sigma
P7119). The glucose released (%) was calculated using the following equation written below:

3)

Glucose released (%) = [Total weight of glucosex 0.9 x IOOJ

Weight of initial sample

where 0.9 is the molar mass conversion from glucose to anyhydroglucose.

2.6 Antioxidant activity of digested residue by DPPH method

Antioxidant activity of all encapsulated samples after wall material releasing analysis was analyzed by the DPPH
method. The determination of the antioxidant activity of chayote and kohlrabi encapsulated extracts powder was
performed using 1, 1-Diphenyl-2-Picrylhydrazyl (DPPH), which was prepared in ethanol [21]. The standard solutions of
vitamin C (L-ascorbic acid) in the ranges of 1-200 pug/mL were used as positive controls and the samples were serially
diluted with ethanol in a 96-well plate. A quantity of 100 pL of 200 uM DPPH was added to 50 pL of the standards
and samples. The reaction mixtures were then kept in the dark for 30 min. The absorbance of the sample was measured
at 517 nm by using a microplate reader (TECAN, Infinite M200 pro, DKSH (Thailand)., Ltd, Thailand). The DPPH
scavenged (%) was calculated for all samples and compared to the standard solutions using the equation written below:

4)

DPPH Scavenged (%) = (Absorbance of control — Absorbance of samplej

Absorbance of control x 100
2.7 Statistical analysis

The results of the sample were obtained on all data considered as mean + standard deviation. Analysis of Variance
(ANOVA) was conducted to decide a significant difference (p < 0.05) among the samples, using the software SPSS 17.0.
Differences between means were expressed using Duncan’s test.
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3. Results and discussion

3.1 Characteristics of encapsulated chayote and kohlrabi extracts powder
3.1.1 Morphology of encapsulated chayote and kohlrabi extracts powder

The morphology of encapsulated chayote and kohlrabi extracts powder which were measured by light microscope
showed irregular spherical shape, homo-dispersity, and smooth surface. The microcapsule of samples using maltodextrin
and maltodextrin combined with alginate as wall materials are shown in Figure 1. The combination of maltodextrin
and alginate provided an improvement in shape and size than using pure maltodextrin. In the case of the combination
of maltodextrin and gum-arabic, the encapsulated particles were not found due to the limit of magnifying power of
the microscope which cannot adjust to lower than 40x. Hence, the encapsulated particles that are smaller than this
magnifying power could not be found. However, there was no difference in encapsulated powder shape between
freeze-drying and tray-drying methods. Sawale et al. (2017) reported that the limitation of using only maltodextrin
as wall material to encapsulation might be lack of emulsifying capacity and low retention of volatile compounds,
and hydrocolloids such as gum arabic and gelatin would be using added along with maltodextrin to struggle with the
limitations [21]. The difference in shape and size of encapsulated chayote and kohlrabi extract microcapsules might be
also related to the quantity of chayote and kohlrabi extracts in the core of capsules.

MalAlgi-FD MalAlgi-TD

Figure 1. Morphological properties of encapsulated chayote and kohlrabi extract.
Mal: Maltodextrin; Algi: Alginate; FD: Freeze Dry; TD: Tray Dry

3.1.2 Physicochemical properties of encapsulated chayote and kohlrabi extracts powder

The pleasant color is one of the staple elements of functional ingredients for application in the food industry.
The different color values of different encapsulated procedures of chayote and kohlrabi extracts powders were shown
in Table 2. The Mal-FD showed the highest lightness (L*) and the MalGA-TD appeared the highest darkness in this
experiment. The dark appearance might be affected by the light scattering properties of the empty spaces after the
sublimation of water in the system [22]. The color of all encapsulated extracts powder was different depending on
drying methods. The color of the sample prepared with the tray-drying technique tended to be darker and red (a*) than
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that of the freeze-drying technique. The various carrier and drying methods affected the properties of encapsulated
extracts powders [22, 23]. These results were similar to Ravichandran et al. [23] that all the samples have positive a*
and b* values, and better color would be obtained by using maltodextrin.

Table 2. Color value of encapsulated chayote and kohlrabi extracts powder

Color value

Sample = " .

Mal-FD 80.67°+0.81 1.42°+0.13 20.54 +0.45
MalGA-FD 66.10° £ 0.87 438 +0.51 24.96° £ 0.98
MalAlgi-FD 76.03° +0.53 2.08"+ 0.08 23.12°+0.72

Mal-TD 66.95"+1.42 7.32°+0.58 21.88"+1.28
MalGA-TD 62.42"+1.54 8.29"+0.45 23.54°+ (.84
MalAlgi-TD 66.73° £ 1.30 6.75+0.42 22.79% + 0.65

* Different letters in the same column within each treatment indicate significant difference at p < 0.05
Mal: Maltodextrin; GA: Gum Arabic; Algi: Alginate; FD: Freeze Dry; TD: tray dry

Table 3. Moisture content, solubility, and Aw of encapsulated chayote and kohlrabi extracts powder

Treatment Solubility (%) Moisture content (%) Aw
Mal-FD 9521 + 6.48™ 9.14 + 0.80° 0.03 037"
MalGA-FD 94.43 + 7.86" 10.80 + 2.25¢ 0.02 +0.36™
MalAlgi-FD 91.63 £ 0.84" 12.12 +0.56° 0.04 + 0.39°
Mal-TD 98.86 + 1.16° 5.98+0.10" 0.02 +0.36™
MalGA-TD 98.74 +2.11° 7.87 £0.57" 0.01 +0.33"
MalAlgi-TD 87.08 +£2.90® 7.29 +0.56™ 0.01 +0.34%

* Different letters in the same column within each treatment indicate significant difference at p < 0.05
Mal: Maltodextrin; GA: Gum Arabic; Algi: Alginate; FD: Freeze Dry; TD: tray dry

The moisture content, solubility, and water activity (Aw) are the important characteristics that relate to the
quality of the encapsulated extracts powder during storage, such as changing color and flavor, reducing the bioactive
compound activity, and enhancing the growth of microorganisms [22, 24]. The moisture content, solubility, and Aw
results of encapsulated chayote and kohlrabi extracts powder were shown (Table 3). The freeze-drying technique tended
to be higher in moisture content and Aw than the tray-drying technique. The results might relate to the samples from
the freeze-drying technique that would be generated a porous and brittle structure with cracks resulting in a greater
surface area available for hydration [22]. However, the comparison of Aw in the same drying technique would not be
significantly different with using a different type of wall materials. Aw of all samples was lower than the minimum
value (0.6) which was required for the multiplication of microorganisms [22]. Hence, the encapsulated chayote and
kohlrabi extracts powder provided a water activity lower than 0.6 and that will not provide sufficient free water to
support the growth of bacteria, yeasts, and mold. The use of pure maltodextrin displayed the highest solubility while
using maltodextrin-alginate showed the lowest solubility. The lower moisture content and higher water solubility of pure
maltodextrin than maltodextrin mixed with hydrocolloid might be due to the hygroscopic property of hydrocolloid. The
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results were similar to Zhang et al. [24] that also reported the low moisture content, high solubility, and low hygroscopic
of using pure maltodextrin as wall materials in microencapsulated noni juice. The different encapsulated wall materials
can provide different soluble abilities of the encapsulated extracts powder [25, 26]. Therefore, the results (Table 3)
might be shown the physical characteristics of encapsulated extracts powder using pure maltodextrin as wall material
better than that of maltodextrin mixed with hydrocolloid. However, the result should consider with other parts of the

experiment.

3.2 Wall materials releasing by in vitro digestion analysis

Wall-materials released expressed as
glucose liberation (mg/ml)

Wall-materials released expressed as
glucose liberation (mg/ml)

10.00

=<#== Mal-FD
9.00

5.00

4.00
3.00
L

2.00
1.00

0.00

10.00

- Mal-TD
9.00 —*

2.00

MalGA-FD ««<@-- MalAlgi-FD
L - =
50 100 150 200
Time (min)
(a)
MalGA-TD ««-l-- MalAlgi-TD
e m———
— — -
-—
B - I
50 100 150 200
Time (min)
(b)

Figure 2. Wall material releasing expressed in glucose content of encapsulated chayote and kohlrabi extracts powder
after amylolytic enzyme digestion. The drying methods are a) freeze-drying and b) tray-drying method;
GA: Gum Arabic; Algi: Alginate; FD: Freeze Dry; TD: Tray Dry
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To mimic the wall material susceptibility to amylolytic digestion of the encapsulated chayote and kohlrabi extracts
powder, all samples were subjected to combine amylolytic enzymes treatment. Generally, the wall material releasing
which was expressed in glucose content of encapsulated chayote and kohlrabi extracts powder after amylolytic enzyme
digestion, was measured in in vitro gastrointestinal digestion. As shown in Figure 2, Mal-FD and Mal-TD samples
provided higher wall material releasing than the other samples. The combination of maltodextrin and 1) gum arabic or
2) alginate displayed less susceptibility to amylolytic enzymes digestion compared to pure maltodextrin. Moreover, a
higher solubility of the wall-materials (Table 3, pure maltodextrin) has an influence on the releasing of encapsulated
compounds, which affects their bioaccessibility. The link between bioaccessibility and wall-material releasing is that
the encapsulation wall-materials provided an effective in protecting those extracts during gastrointestinal conditions,
controlling their delivery, and enhancing its bio accessibility. Types of encapsulation wall-materials were able to protect
these extracts against the acidic condition in the stomach, allowing protecting and appropriately delivering the active
compounds through the gastrointestinal tract. This finding broadly supports the work of other studies in this area linking
the types of wall materials with wall materials releasing during in vitro digestion. Velderrain-Rodriguez et al., [27]
reported the data of in vitro digestibility and releasing properties of a mango peel extract encapsulated within water-
in-oil-in-water emulsions containing sodium Carboxymethyl Cellulose, (CMC). The results showed that a slower
lipid digestion rate was observed in emulsions containing CMC which also accords with our observations. In addition,
Ferreira-Santos et al., [30] studied the encapsulated pine bark extract by spray-drying using maltodextrin. The results
showed that pine bark extracts can be effectively encapsulated in maltodextrin through spray-drying, resulting in a
protective effect on the phenolic compounds degradation (increased stability and bioaccessibility) during the digestion
process. In the case of the combination of maltodextrin and gum arabic or alginate in this study, the MalAlgi-FD (Figure
2a) and MalAlgi-TD (Figure 2b) samples showed similar wall materials releasing pattern. This result can imply that
there was no difference between drying methods (freeze-drying and tray-drying methods) during the encapsulation
process. These results interpreted that the type of wall material affected both and digestibility. Thus, the behavior of
the encapsulated chayote and kohlrabi extracts in an emulated gastrointestinal medium was dependent on their type
and properties of the wall material which were used for encapsulation and their susceptibility to amylolytic enzymes.
Moreover, it is known that the gut microbiota which is mainly found in the colon, provided several functions that the
host cannot accomplish on its own. Thus, choosing of wall materials are contributed to an increase in the bioaccessibility
of the encapsulated chayote and kohlrabi extracts powder in the intestine.

3.3 Antioxidant activity of digested residue of encapsulated chayote and kohlrabi extracts by
DPPH method

According to the wall materials released by in vitro digestion analysis, the digested residue of encapsulated
chayote and kohlrabi extracts powder were examined for antioxidant activity by the DPPH method. Basically,
the peculiarity of the DPPH method was allowed for testing of both lipophilic and hydrophilic compounds which
nitrogen-centered free radical produces violet/purple color in ethanol solution and fades to shades of yellow color in
the presence of antioxidants [21]. Vitamin C was used as a positive control sample due to its antioxidant activity and
the DPPH radical scavenging activities of vitamin C were 39.30-90.95% in a range of vitamin C from 1-200 pg/ml
(Figure 3a). The DPPH scavenging activities of the digested residue of encapsulated chayote and kohlrabi extracts
powder at 60 min and 120 min showed the highest activity (p < 0.05) when using the combination of maltodextrin and
alginate (MalAlgi-FD and MalAlgi-TD) for both freeze-drying and tray-drying techniques. The DPPH scavenging
activities of MalAlgi-FD and MalAlgi-TD provided approx. 60%, which was closed to the DPPH scavenging activities
when using 10 pg/ml vitamin C (Figure 3b). The results were similar to the data of Suyalek et al., [28] reported that
the combination of maltodextrin and hydrocolloids (gelatin and gum arabic) as wall materials could maintain higher
antioxidant activity than only maltodextrin. In addition, longer digestion time (120 min) of all samples provided higher
DPPH scavenging activities than shorter digestion time (60 min). These results indicated that all wall materials could
protect the bioactive compounds in the extracts during digestion in the small intestine. This result was also related
to the encapsulated morphology that affected the DPPH scavenging activities during digestion. In addition, several
researchers reported the factor that influenced the antioxidant activity such as drying temperature and types of wall
material [22, 29]. From the result of wall materials releasing and antioxidant activity, in each wall material, the results
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showed a correlation (p < 0.01) between drying technique, wall materials releasing, and antioxidant activity at 0, 60,
and 120 min. Moreover, the results in each drying technique correlated (p < 0.05) only with antioxidant activity at 0,
60, and 120 min. Thus, characteristics and antioxidant activity of encapsulated chayote and kohlrabi extracts powder
after digestion were related to the drying technique and encapsulated wall materials types. This data can lead to a better
understanding of wall materials types and releasing characteristics, which are used to control bioactive compounds
liberation in the gastrointestinal tract.

100.00

. 90.40 90.95
85.84 90.00
90.00
80.00
& 70.00
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é‘) 60.00 56.02
o
% 50.00 45.73
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L-Ascorbic acid (pg/ml)
(a)
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* Different small letters indicate significant difference at p < 0.05 in freeze drying technique
** Different capital letters indicate significant difference at p < 0.05 in tray drying technique

Figure 3. Antioxidant activity of positive control (a), and digested residue of encapsulated chayote and
kohlrabi extracts at 60 min and 120 min (b) by DPPH method.
Mal: Maltodextrin; GA: Gum Arabic; Algi: Alginate; FD: Freeze Dry; TD: Tray Dry
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4. Conclusion

Chayote and kohlrabi extracts were encapsulated by maltodextrin and the combination of maltodextrin and gum
arabic or guar gum with freeze-drying or tray-drying techniques. The morphology of all encapsulated extracts powder
displayed irregular spherical shape, homo-dispersity, and smooth surface. Darkness and redness value were mostly
found for the encapsulated chayote and kohlrabi extracts powder with tray-drying technique than that of freeze-drying
technique. All samples showed high solubility, low moisture content, and Aw. Encapsulation by using maltodextrin
as wall materials provided higher wall material releasing than that of the other samples. After digestion analysis, the
digested residues were examined for the antioxidant activity and the results showed that the combination of maltodextrin
and alginate as wall material for both freeze-drying and tray-drying techniques showed higher antioxidant activity
after 60 and 120 min of digestion. The antioxidant activity of encapsulated chayote and kohlrabi extracts powder
after digestion were related to the drying technique and encapsulated wall materials types. Thus, the combination of
maltodextrin and alginate, and drying with freeze-drying technique in this experiment was the best treatment for the
target activity in the small intestine. These data can lead to a better understanding of wall materials characteristics.
However, the ratio of the combination of maltodextrin and alginate should be appended study in the future.
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