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6.1. Introduction

Haritaki is a very famous rejuvenating herb, and a medium to large-sized tree
distributed throughout tropical and subtropical Asia, including China, Bangladesh,
Bhutan and Tibet. As a result, the food and flavour industries are looking for novel food
components to use in the development of food supplements. The consumption of haritaki
may also aid in the fulfilment of nutritional needs and the prevention of many
degenerative illnesses such as cancer, neurological and cardiovascular disorders, ageing,
and so on [27]. The economic worth of the raw material and the profitability of the haritaki
processing could both increase with the extraction of the beneficial chemicals found in
the pulp. The use of bioactive chemical extracts in food items is nevertheless subject to a
number of restrictions, including their limited stability, which is altered by solvents, pH,

temperature, oxygen, light, and enzymes.

Encapsulation is described as a process that surrounds small particles or droplets
with a coating or embeds them in a homogeneous or heterogeneous matrix to produce
small capsules with a variety of useful properties [25, 26]. Encapsulation is used in this
context to increase the stability of these compounds and protect them from harmful
Operations for freeze-drying are more significant in this situation. However, because
these processes take place under various time and temperature conditions, the resulting
products have varying qualities [26]. These techniques are frequently used to
microencapsulate residue extracts and other bioactive substances from natural sources,
such as phenolic compounds from the peels of pomegranate (Punica granatum L.) and
grape (Vitis labrusca var. Bordo) and jaboticaba (Myrciaria jaboticaba) and blackberry

(Rubus fruticosus) and grape pomace [47, 44].

The capacity to form films, biodegradability, gastrointestinal tract resistance,
viscosity, solids content, hygroscopicity, and cost should all be taken into consideration
when using different encapsulating agents, both individually and in combination [47].
Bioactive substances have been encapsulated using a variety of techniques using food-
grade polymers and proteins [3]. Zein, a protein found in corn that is alcohol-soluble and
high in prolamine, is one of them. Three parts of the amino acids are lipophilic, while one
portion is hydrophilic [16]. This material provides better biodegradability, mechanical
properties, tolerance to high temperature, film formation capability, biological
compatibility, barrier towards moisture and oxygen, thereby making it useful for
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encapsulating lipophilic bioactive chemicals [19]. As per sources, zein protein is stable
for up to 120 min in a simulated stomach environment, but becomes unstable in less than
30 sec in a simulated intestinal environment. This demonstrated that zein would improve
the bio-accessibility of the bioactive chemical by increasing its protection against gastric
circumstances and encouraging release of the compound only in intestinal fluid [18]. By
using a phase separation approach and drying in a rotary evaporator to create powder,
Jain et al. [22] used zein nanoparticles for encapsulating carotene, thereby achieving
regulated administration and improved pharmacokinetic properties. Oil and surfactants

have also been employed as carriers for lipophilic compounds in addition to zein [20].

There have been some studies on the microencapsulation of fruit and plant extracts
that have been published. These studies discuss the antioxidant compounds [36, 37],
storage stability [36, 37], physico-chemical properties [36]. A report on acerola pomace
extracts microencapsulated, and on the physical characteristics was published by Moreira
et al. [33] respectively. However, no research on the microencapsulation of the bioactive
components from haritaki pulp has yet been published. Therefore, the purpose of this
work was to freeze-dry and conventionally encapsulate bioactive chemical extracts from
agro-industrial haritaki pulp, as well as to identify the physical, bioactive compound,

thermal, and morphological features of the dried products.

6.2. Materials and methods
6.2.1. Material

Haritaki was collected from the horticulture section of Tezpur University, Assam,
India. Chemicals of the analytical grade required for the current study were purchased

from Himedia in Mumbai, India.
6.2.2. Extraction of bioactive compounds from haritaki

The fruit was cleaned, and the pulp and seed were separated. A laboratory tray
dryer (Labotech, BDI-51, B. D. Instrumentation, Ambala, India) was used for the drying
of pulp at 40 °C. After this, the dried pulp was crushed and put through a 100-mesh screen
before being sealed in polythene bags with an aluminium laminate until further usage.
The supercritical fluid extractor vessel (Applied Separations, USA) was filled with the
powdered haritaki pulp (1 g), and the extracts were then collected in the glass tubes of
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separator. The extraction conditions of the phytochemicals were similar to our previous
study [23].

6.2.3. Encapsulation of bioactive compounds
6.2.3.1. Conventional technique

Through the use of an encapsulator, sodium alginate was used to capsule the
extract (Buchi B-390, India). Using a magnetic stirrer, 4 g of sodium alginate was slowly
added to distilled water (100 mL) and forcefully stirred (1,500 rpm) until it was entirely
dissolved. The combination was then given 10 mL of the extract, which was then extruded
via an encapsulator (300 um nozzle size) into a solution of 2% CaCly, stirred continuously

using a glass rod, and stored (4 °C) for further analysis [31].
6.2.3.2. Advanced technique

In order to produce the haritaki encapsulate using the advanced technique,
different combinations of hydrocolloids were prepared to increase the yield and
encapsulation of bioactive constituents. Potato starch and zein was mixed in the ratio of
0:100, 30:70, 50:50, 70:30, and 100:0 (w/w) in the water and heated at 80 °C for 10 min
on hot-plate magnetic stirrer (Al-022, Alfa instruments, India) at 560 rpm. The prepared
mixture was kept in a freeze dryer (-86 °C, Lyolab, India) 24 h at a pressure of 5 mm Hg.
Porous solids that had been created were pulverised in a mortar and pestle, put through a
sieve with a mesh size of 25, and then immediately put into glass containers with screw-
on lids and kept in a freezer (-18 °C).

6.2.4. Characterization of physical properties of encapsulates

6.2.4.1. Moisture content and water activity

The AOAC 18th ed. technique was used to determine the moisture content of
freeze-dried powder (925.10). An electronic dew point water activity meter (Aqualab
Series 4TE, Decagon Devices, Inc., Pullman, Washington, USA) was used to determine
the water activity of the powder.

6.2.4.2. Process yield (PY)

The amount of powder collected after freeze drying to the original amount of the
feed solutions was used as the gravimetric measure of the process yield of the powder
[15].
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PY (%) = Mass of Powder Collected 100 o1
v Mass of solid fed (6.1)

6.2.4.3. Encapsulation efficiency

The haritaki’s encapsulation efficiency was determined by dividing the amount of
encapsulated haritaki by the amount of total extract in the freeze-dried powder. Using the
same organic solvent (petroleum ether), surface extract was likewise extracted, however
at room temperature as opposed to a higher temperature. This approach was taken from
Botrel and colleagues [9]. Powdered haritaki (5 g) in capsules was steeped in 75.0 mL of
petroleum ether (1:15 w/v, as in hot pentane Soxhlet extraction) in a conical flask. To
help wash the powder from the oleoresin on the surface, the flask was occasionally
swirled. Filtered petroleum ether was then mixed with an equivalent volume of new
solvent, and the process was carried out three times. Petroleum ether was then collected,
filtered, evaporated at 40 °C under vacuum, and finally, under a steady stream of nitrogen,
until all of the remaining solvent was evaporated. Weighing the extractable surface
haritaki (WSQ), its percentage was also determined. The percentage was calculated using
the mean and standard deviation of three determinations +SD.

Wro — Wso
X 100 (6.2)
Wro

Where, EEL: the effectiveness of haritaki’s encapsulation, Wro: weight of the total

Encapsulation Efficiency (EE;, %) =

haritaki computed in a sample of powder (based on a 1:4 weight ratio of haritaki to
powder in the initial formulation of the emulsion), Wso: weight of the extractable surface

haritaki extract empirically discovered in the same weight of powder.
6.2.5. Packing and flow properties

The mass per unit volume of a bed of loose powder is known as the bulk density.
The particle envelope volumes and the gaps between the particles are both included in the
unit volume. The mass-to-volume ratio of a powder after it has been tapped for a specific
amount of time is known as the powder's "tapped density." A powder's tapped density is
an accurate representation of its dense packing. The average mass of the particles divided
by the volume of the solid, excluding all voids that are not essential to the molecular
packing arrangement, is the true density of a material. Bulk density and tapped density of

powder were measured as per Santhalakshmy et al. [43].
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Weight of the powder (g)
Total volume of powder

Bulk density = (6.3)

Weight of the powder (g)
Total volume of powder after tapping

Tapped density = (6.4)

Powder cohesiveness, often measured by the Hausner ratio and equation 5, was
used to calculate it, while equation 6 opted to calculate the Carr's Index of powder.

H tio = Tapped Density 6.5
ausner ratio = ———- Density (6.5)

Tapped Density — Bulk Density
Carr's Index = : X 100% (6.6)
Tapped Density

6.2.6. Colour properties
The colour properties were calculated as discussed in section 3.2.9 [3].
6.2.7. Fourier transform infrared spectroscopy (FT-IR) spectra

The Fourier transform infrared spectroscopy (FT-IR) spectra was calculated as

discussed in section 5.2.5 [7].
6.2.8. Surface morphology

The surface morphologies of the encapsulates were examined using a scanning
electron microscope (SEM) (JEOL JSM 6700F) at 500-2000x magnification [46].

6.2.9. Thermodynamic properties
6.2.9.1. Differential scanning calorimetry

Using Differential Scanning Calorimetry (DSC TA-Q20), the thermal stability of
freeze-dried encapsulate was examined. To do this, water (14 mL) was poured with a
micro syringe to the freeze-dried encapsulate (10 mg db) in the DSC pans, which was
then sealed and reweighed. The samples were heated at a rate of 10 °C/min while being
scanned from 35 °C to 150 °C with an empty aluminium pan serving as the reference.
Using the software Universal Analysis 2000 3.9A, parameters including onset, peak,
final, and gelatinization temperatures were determined from the thermographs of the

samples [50].

6.2.9.2. Thermo-gravimetric analysis (TGA)
A Mettler-Toledo TGA/SDTAS851E was used to calculate the mass loss of the

freeze-dried encapsulation. The sample mass (6 mg) was kept constant during the test
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while temperatures between 30 °C and 500 °C were administered at a heating rate of 10

°C/min under nitrogen [24].
6.2.10. Statistical analysis

In the present study, IBM SPSS Statistics Version 20.0, Armonk, NY: IBM
Corporation package was used for the statistical analysis of data, and the means were
separated using Duncan's multiple range test (p < 0.05). All the data were presented as
the mean with the standard deviation.

6.3. Result and Discussion
6.3.1. Encapsulation of bioactive compounds using conventional and advanced
method

The bioactive compounds from haritaki pulp powder were extracted using SFE
and was encapsulated via conventional methods (alginate-matrix) and advanced methods
(freeze-drying). Fig. 6.1 and 6.2 represents the encapsulates prepared from the different
techniques. Freeze dried microcapsules were prepared using the different ratio of potato
starch and zein (0:100; 30:70; 50:50; 70:30; 100:0) where the certain problems were

arisen during the mixing of starch and zein powder due to their hydrophobic nature.

() (b) (©) (d) (e)

Fig. 6.1. Haritaki encapsulates obtained from freeze-drying (a) starch:zein (0:100) (b)
starch:zein (30:70) (c) starch:zein (50:50) (d) starch:zein (70:30) (e) starch:zein (100:0)
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Fig. 6.2. Encapsulation of bioactive compounds via encapsulator

Zein protein also don’t form a homogenous mixture when heated with water along
with varied proportion of starch. Although, it is been reported that, zein is an excellent
matrix to develop capsules, as well as improved bioavailability in simulated gastro-
intestinal tract and so on. In the present investigation, it was observed that 100% zein did
not able to produce the good quality of phytochemicals loaded capsules while the 100%
potato starch has successfully produced the capsule which is attributed to high solubility,
and biocompatible nature of starch. It has already been established that, potato starch is
an excellent binder, tableting excipients, disintegrant, matrix former and release retardant
agents [35]. Encapsulates produced from the both techniques were compared in terms of
yield and encapsulation efficiency of phytochemicals. Based on the results, it was noted
that, alginate encapsulated capsules had the lower yield (53.90%) and encapsulation
efficiency (56.06%) of phytochemicals than the encapsulates prepared from freeze-drying
technique (65.45% & 75.95% of yield and encapsulation efficiency respectively). Thus,

freeze dried encapsulates were selected for the further characterization study.

6.3.2. Characterization of physical properties of encapsulates

6.3.2.1. Process yield and Encapsulation efficiency

The maximum vyield of the encapsulate was observed in case of 100% starch
followed by 70:30, 50:50, 30:70, and 0:100 starch: zein respectively. Thus, the
encapsulates with 100% starch showed that the materials for the walls have good film-
forming capabilities, with ratios of 70:30, and 50:50 presented a good interaction than
100% zein [4]. As it is reported that, starch is a common material in pharmaceutical
applications due to its biocompatible and biodegradable, cheap and available in large

guantities. Besides, phytochemicals encapsulate with higher zein in the composition
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achieved lower process yield, suggesting that the increased concentration of Zein did not

exhibit very good film-formation ability.

The efficacy of encapsulation varied in-between 43.86-75.95% where it was shown
that the phytochemicals with zein and starch at ratios of 70:30, 50:50, 30:70, and 0:100
possessed noticeable difference. The maximum encapsulation was achieved with 100%
of starch indicating the excellent film forming properties of starch than zein. But the
opposite results were reported by Zhang et al. [53]. The authors encapsulated capsaicin
through the use of whey protein and modified starch, where microcapsules having high
percentage of modified starch in their composition attained lesser encapsulation than
whey protein. These results were conquering with encapsulation of phytosterol
(efficiency 96.2%) done with spray drying in which Gum Arabic and maltodextrin were
used. Encapsulation efficiency relies on few factors such as emulsion formulation and

type of wall materials [15].
6.3.2.2. Moisture content and water activity

Moisture content of powder depicts a significant role in estimating flow
behaviour, shelf stability and cohesive nature [43]. The moisture level of the capsules was
between 6% and 7.32%, which is slightly greater than the 4% minimum requirement for
powder used in the food business. Agglomeration lowers the scattering of active
substances, prevents microbial development, microcapsules with lesser humidity can
result in the reduction of mildew degradation and moisture absorption, enhancing the
physical and chemical stability. For dry powders, water activity (aw) is a quantitative
index whose value is used to determine the food system's shelf life (Table 6.1). Water
activity of the samples ranged from 0.32 to 0.50, indicating that the encapsulates will be
stable for a longer period of time [51].

6.3.2.3. Bulk, and Tapped density

Bulk, tapped, and true density are the important characteristic features of powder.
There was a significant difference (p<0.05) in the encapsulated powder. Highest bulk
density was shown by E (100% starch) while lowest was observed in (B) (starch:zein
(30:70)) and (C) (starch:zein (50:50)). Freeze drying treatment might have caused intense
depolymerization of the macromolecules which results in decreased or increased value of
bulk density [6]. Powders with more bulk density require less volume for packaging and

vice-versa. The similar results were noticed in the tapped density of encapsulates.
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6.3.2.4. Carr’s index and Hausner ratio

Carr’s index and Hausner ratio are interrelated and calculated from the
information of bulk and tapped densities (Table 6.1). There was a significant difference
(p<0.05) between the samples. The physical properties of encapsulates were also affected
by freeze-drying treatment and caused increase or decrease in flow behaviour with
increased dosage of zein & starch. The Carr’s index of the encapsulates prepared from
100% zein (A) had shown a very low value while the encapsulate prepared from 70:30
(starch:zein) had a very high value. Based on the results it can be assumed that 100% zein
encapsulates has excellent flowability than the other encapsulates. The lower Carr’s index
of samples that were freeze and spray dried could be attributed to the higher moisture
content, which makes particles adhere together and increases flow resistance. It could

also be because these microcapsules are tiny and have an uneven shape [38].

Table 6.1. Physical properties of freeze dried encapsulate

Parameters A B C D E

b d d c a
Bulk density (g/cm ) 0-48+0.01  0.2940.00  0.29+0.00 0.34+0.00  0.6120.01

Tapped density b d d c a
3 0.51+0.00 0.35+0.00 0.35+0.00 0.42+0.00 0.72+0.01
(g/cm)

c ab ab a b
Carr’s Index (%) 7.14+£2.15 17.55+1.23 15.88+1.83 18.47+1.63 14.42+1.68

c ab ab a b
Hausner ratio (%) 1.07£0.02 1.21£0.01 1.18+0.02 1.224+0.02 1.16£0.02

a 032:0.01° 0502000  042:001 040£0.00  0.37£0.01"
Moisture (%) 6.03:0.06  644+0.05  628:0.04  6.85:0.06  7.3240.04"
ff“ﬁc;i’:‘c‘;a(t},zl)‘ 4386:2.72° 51504017  55.36+1.80° 63424043 75.95+0.88"

Yield (%) 46714285 49.92:029°  51.86£1.66  53.95:029 65454258

L* 82724096  8530:041°  8090+1.67 76441122  96.67+1.09"

a* 201£022° 1212013 2912053 509058  -1.15:031°

b* 24494126 21.70£035 2843127 30334086  6.96+021°

Values are means * standard deviation of three determinations (n = 5). Values followed by different
superscript letter in a row are significantly different (p < 0.05).
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Higher Hausner ratio was recorded in the case of 70:30 (starch:zein) near to 1.25,
while 100% zein encapsulates has shown the value of 1.07, which indicate that
encapsulates from 70:30 (starch:zein) has poor flowability while 100% zein encapsulates
possesses good flowing index.

6.3.3. Colour properties

Colour property is an important parameter to assess the acceptability of powder.
In the present study, colour parameters such as L*, a* and b* values were calculated for
the freeze dried encapsulates and the results are summarized in Table 6.1. There was
significant difference among the samples were noticed due to the different composition.
Highest L* was recorded by (E) (100 % starch) followed by (D) (70:30 (starch:zein)) and
the least value was seen in (B) (30:70 (starch:zein)). The highest lightness in E attributes
to usage of 100% starch. In case of a* value, the encapsulates produced by 70:30
(starch:zein) had the maximum followed by 50:50 (starch:zein) while the minimum value
was recorded by 100% starch. The colour characteristics may have been significantly
affected by the encapsulation produced v/s freeze drying, and variations were associated
with the browning response and the reassociation of amylose at higher temperatures [39].
On the other hand, b* value represents yellow to blue tinge of food product, that is also
noticed to significantly affected by combination and freeze drying of encapsulates.
Encapsulate prepared by 70:30 (starch:zein) had a higher value while the minimum value

was seen in 100 % starch encapsulates.
6.3.4. Surface morphology of powder

The surface morphologies of the freeze dried encapsulates are presented in Fig.
6.3. From illustration it can be observed that, due to the partial collapse of the polymeric
gel network, the encapsulates contained rough, uneven microparticles with heterogeneous

surface morphologies that were indicative of materials that had been dried [5].
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Fig. 6.3. SEM images of haritaki encapsulates obtained from freeze-drying (a) starch:zein
(0:100) (b) starch:zein (30:70) (c) starch:zein (50:50) (d) starch:zein (70:30) (e)
starch:zein (100:0)

The encapsulation powder’s uniformity of microstructure after freeze-drying
boosted its ability to protect phenolic chemicals [38]. The similar results were reported in
the microcapsules loaded with phytochemicals of jabuticaba skin and seeds (Myrciaria
cauliflora) [30].

6.3.5. FTIR Spectra of powder

The FT-IR spectra of native potato starch, which contained peaks at wave numbers
of 1459, 1379, 1339, 1260, 1193, 1066, 1022, 939, and 867 cm, showed the presence of
amylose and amylopectin (Fig. 6.4). All of these peaks were caused by the presence of
different bonds, such as C-H, C-O-C, and O-H, which were anticipated using an IR chart.
Bands in encapsulates samples that included various zein and starch quantities showed a
little shifting. Zein and starch inclusion caused certain alterations that showed the
presence of more amide bonds and OH groups in the insoluble fraction [41]. Ferreira-
Villadiego et al. [17] also reported the existence of polysaccharides and C-H bending,
respectively, was suggested by peaks at 1459 and 1350 cm™ and a vibration transmittance
band between 1060 and 990 cm™.
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Fig. 6.4. FTIR spectra of encapsulates (A) starch:zein (0:100) (B) starch:zein (30:70)
(C) starch:zein (50:50) (D) starch:zein (70:30) (E) starch:zein (100:0)

Ferreira-Villadiego et al. [17] also documented strain deformations of the C-O-C
and flexion of the OH. The C-O-H deformation mode and CH>OH were both represented
by the band at 1242 cm™. On the other hand, the band at 1094 cm™ displayed the C-O-H
bending modes, while the peak at 1163 cm™* appeared to be caused by the coupling of the
C-0O and C-C stretching modes. With all of the aforementioned, the CH> bending mode
would have formed at 1344cm™ for the IR bands [10]. Others claimed that the carbon and
hydrogen atoms were discovered to be linked to the vibrational bands (bending and
deformation) that appeared in the range of 1500-1300 cm™ [45]. IR bands between 800-
1200 cmt, 1500-1200 cm?, and 800-100 cm™ were discovered. While bands in the range
of 1500-1200 cm™ and 800-100 cm™* were predominately dominated by the deformational
modes of the CH/CH2 and CO groups, respectively, it was proposed that these bands
represented the stretching vibrations of the distinctive C-O and C-C groups. Similar to
this, all starch samples infrared spectra showed peaks at 995-965 cm™ that looked to
reflect =C-H bending and peaks at 867 cm™ that indicated the presence of certain Di

substituted, Meta aromatic compounds with minor C-H bond stretching [32].
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6.3.6. XRD

The XRD spectra of the freeze-dried haritaki capsule are represented in Fig. 6.5.
The samples obtained with starch:zein (50:50) showcased dense diffraction peaks at 17.5°
and weaker ones in-between 19° to 25°. Starch:zein (0:100), starch:zein (30:70) and
starch:zein (100:0) had a slight intense diffraction at 16° whereas weak diffraction peak
was observed in starch:zein (70:30). In general, zein levels in microcapsules decreased,
and some peaks gradually vanished. Starch:zein microcapsules (50:50) only have a strong
diffraction peak at 17.5°, indicating that the majority of the microcapsules were in an
amorphous state. The amorphous state is often characterised by a higher water solubility.

The similar result was displayed by Zhang et al. [53].
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Fig. 6.5. XRD pattern of encapsulates (A) starch:zein (0:100) (B) starch:zein (30:70) (C)
starch:zein (50:50) (D) starch:zein (70:30) (E) starch:zein (100:0)

6.3.7. Thermodynamic properties
6.3.7.1. DSC

DSC results revealed significant change in the thermal parameters such as onset
temperature (To), peak temperature (Tp), and conclusion temperature (Tc) (Table 6.2 and
Fig. 6.6). Encapsulates prepared using zein and starch varied concentration were

gelatinized different temperature. The onset temperature (To), peak temperature (Tp), and
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completion temperature (T¢) of 100% zein encapsulate was 81.80, 114.80 and 142.70 °C
respectively. The 100% starch encapsulate had a To, Tp, and T¢ of 83.90, 117.70 and
142.50 °C respectively. From the result it can be assumed that starch encapsulates

required more temperature than zein encapsulate.

These results are in agreement with Irani et al. [21] and Pashazadeh et al. [38].
Gelatinization temperatures (To, Tpand Tc) and enthalpies of starches from various sources

including corn, rice, wheat, and potato were found to be significantly different [48].

Table 6.2. Thermal properties and Mass loss of different encapsulates

Parameters A B C D E
Onset temperature 81.80 87.30 88.40 77.70 83.90
To (°C)
Peak te”gfgat“re P 11480 117.30 120.40 107.00 117.70
Conclusion 142.70 138.10 138.70 122.30 142.50

temperature Tc (°C)
Mass Loss (%0)
Decomposition

58.63 62.06 62.82 68.12 67.23
(230- 350 °C)

The composition, shape, and ratio of the starch granules, as well as the amount of
amylose and the amount of amylopectin, all affect the temperatures at which

gelatinization occurs [12].
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Fig. 6.6. Thermal properties of different encapsulates
With the addition of hydrocolloids, a decrease in the enthalpy of gelatinization
was observed along with differences in the melting temperatures of numerous legume
starches. The rate of amylopectin retrogradation, the amount of starch, and the
temperature at which the food is finished heating all affect the aforementioned

parameters.
6.3.7.2. TGA

Thermal deterioration is demonstrated via TGA by measuring mass loss as a
function of temperature [8]. With the temperature rising (from 230 to 350 °C), volatile
chemicals in the encapsulates immediately began to evaporate, which is why the first
weight loss was noticed (Table 6.2 and Fig. 6.7). During TGA, various temperature
ranges had an impact on how various materials performed. The first mass loss did not

vary significantly as encapsulate composition increased.
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Fig. 6.7. Mass loss of different encapsulates

Maximum mass loss was observed in 70:30 (starch:zein) encapsulates followed
by 100% starch encapsulates. There were no significant difference were recorded in 30:70
(starch:zein) and 50:50 (starch:zein) encapsulates. Previous studies suggested that the
first stage of weight loss was similar to the physical dehydration of starch, while the
second stage entailed chemical and thermal degradation [2]. At the third stage, chemical
oxidation caused weight loss, which resulted in varied mass losses at temperatures
between 300 and 400 °C. This stage, which is a combustion stage, is what completely
oxidised the organic materials. According to Malumba et al. [29], at this point, a sharp
loss in mass was seen as a result of the release of volatile compounds, this could have
been caused by the release of water molecules, other tiny molecular species, the synthesis
of additional carbonaceous residues, and heat condensation between the hydroxyl groups
of the starch chains to create either segment. According to the results of the TGA on the
encapsulates, thermal degradation took place between 230 and 350 °C. Depending on the
concentration, the ratio of the starch’s amylose and amylopectin contents and their
interaction with the protein zein may result in varying heat stability and distinct

disintegration mechanisms [49].
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6.4. Conclusion

Haritaki extract was successfully encapsulated using the different combination of
starch and zein by means of freeze-drying. Different combinations of starch:zein was tried
to encapsulate the bioactive compound and based on the yield, encapsulation efficiency,
and powder density, 100% starch encapsulates presented better results among the
combinations. From the SEM study, it was verified that encapsulates had a rough and
irregular shape. TGA study revealed the maximum loss in mass in the 70:30 (starch:zein)
combination while the minimum mass loss occurred in 100% zein. From DSC curves, it
was noticed that the maximum onset point and peak point were presented by 50:50
(starch:zein) encapsulates, while the minimum onset point and peak point were depicted
by 70:30 (starch:zein) encapsulates. The maximum endpoint was seen in 100% starch
encapsulates whereas 30:70 (starch:zein) encapsulates showed a minimum value. FTIR
spectra revealed that 100% zein encapsulates had maximum stretching and vibrations in
the bond while encapsulates prepared from 100% starch had very minimum stretching
and poor intensities in bonds. XRD pattern detailed that, no sharpness in the encapsulates
except 50:50 (starch:zein). The encapsulation process of haritaki was initiated by the
chemical interaction between the composite wall materials (starch and zein) in an
amorphous state, and authenticated by FTIR and XRD. Haritaki could also be promoted
as a stable bioactive compound and functional ingredient in the clean-label food industry.

Also, the encapsulates can be valorized for the development of functional products.
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