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ABSTRACT

This study aimed to evaluate the best methods from extracting natural pigments from tomato fruit
wastes by four techniques used to extract lycopene and B-carotene each of them consisting of
three solvents: ethanol, acetone and hexane in the following ratios (1:1:1), (2:1:1), (1:2:1) and
(1:1:2) ml respectively. We studied too the possibility of encapsulation by freeze drying with a
mixture of gelatin and gum Arabic as a carrier in nine microcapsules differing with respect to the
total encapsulant (E) (2.5, 5.0, and 7.5%) and core (C) concentrations, the latter varying in relation
to the total weight of encapsulant (25, 50, and 75%). The nine microcapsules were coded as
follows: (1) E2.5/C25; (2) E2.5/C50; (3) E2.5/C75; (4) E5.0/C25; (5) E5.0/C50; (6) E5.0/C75; (7)
E7.5/C25; (8) E7.5/C50; and (9) E7.5/C75. We found that the best solvent mixture for the
extraction process was 1:1:2, and the most efficient microcapsules were E5.0/C75, E5.0/C50 and
E2.5/C25. By studying the stability of the best three microcapsules when exposed to different
values of heat, light, oxygen and pH, it was found that the most stable of them was E5.0/C75,
followed by E5.0/C50 and then E2.5/C25. It was therefore recommended that further future studies
are needed to evaluate the potential of this microcapsule as a natural additive in food,
pharmaceuticals and cosmetics.
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1. INTRODUCTION

The most extensively grown vegetable crop is
the tomato (Lycopersicon esculentum). Every
year, millions of tonnes of tomatoes are
processed to make goods like ketchup and
sauce. As a result, a sizable portion of the
processed tomatoes—between 10% and 40%—
are left behind as byproducts including peel, pulp,
and seeds. The skin and pulp, which are
lycopene-rich waste products from the production
of tomato paste, make up around 70% of wet
pomace [1]. The amount of waste processed
annually is above 130 million tonnes, and the
amount of waste generated, according to the
estimation of the [2]. In actuality, a large fraction
of tomatoes produced are unfit for fresh
consumption due to undesirable colour, ripeness,
or form, resulting in a financial loss for growers
and a detrimental effect on the environment [3].
Although fresh tomatoes are frequently
consumed, processed tomato products including
tomato juice, paste, puree, ketchup, and sauce
account for more than 80% of all tomato
consumption [4]. Many different types of waste
are produced during the commercial processing
of tomatoes. The tomato pomace from the pulper
makes up the majority of the tomato waste [1].
The dried pomace includes 44% seed and 56%
pulp and skin, whereas the wet pomace contains
33% seed, 27% skin, and 40% pulp[ 5]. Tomato
pomace typically makes about 3-5% (w/w) of the
raw materials used for processing [6].
Additionally, the tomato processing industry
produces a lot of residual tomato peel. As a
result, good alternative to recycle tomato waste
is currently one of the most important
environmental issues. The huge quantities of
tomato peels and seeds that are currently used
as animal feed and fertiliser or disposed of make
up the tomato pomace, the solid residue left over
after the industrial processing of tomatoes [7,8].
However, it is still abundant in vitamins, phenolic
compounds, and carotenoids, among which
lycopene, which makes up 80-90% of the
tomato's total pigments, is the most significant
antioxidant. Lycopene is also one of the plant's
most powerful antioxidants [9,10]. However, it is
still rich in vitamins, phenolic compounds, and
carotenoids, among which lycopene, which
makes up 80-90% of the tomato's total pigments,
is the most significant antioxidant. Lycopene is
also one of the plant's most powerful antioxidants
[12,12]. Additionally, phenolics are
acknowledged for their antibacterial and
antioxidant activity as well as their role in
preventing a number of disorders linked to
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oxidative stress [13,14]. Numerous methods,
such as the recovery and isolation of
carotenoid compounds to be used for the micro-
capsulation of functional foods, as well as for
pharmaceutical and cosmetic  products,
instead of chemically synthesised molecules,
have been suggested for this line of work
given their antioxidant or nutritional properties
[15,16].

There has been a significant degree of interest in
common plant colours worldwide. These
pigments have distinct colours and display a
variety of hues, including orange (-carotene),
yellowish-green (lutein), green (chlorophyll), and
blue-purple (anthocyanin) [17]. The pigment
lycopene gives reddish fruits and vegetables
including tomatoes, papayas, pink grapefruits,
pink guavas, and watermelons their colour. A
carotenoid hydrocarbon is lycopene (additionally
called carotene). These compounds' enhanced
conjugated double bond configuration is a vital
part of the carotenoids that gives them their
beautiful colours and frames the light-retaining
chromospheres [18]. These compounds include
conjugated double bonds, which are responsible
for any apparent hues. The wavelength value for
maximum assimilation is larger the more notable
the number of conjugated double bonds [19].
One of the most common colours used in the
food business as a nutritious component
because of its potential health benefits is
lycopene [20]. The molecule has gained
increased relevance as a result of its extensive
use in cosmetics, drugs, and food. Meanwhile,
the prices of raw resources are rising and they
are becoming less accessible [21].

The extraction of carotenoids from vegetable
sources is usually carried out by using organic
solvents (e.g., hexane, acetone, chloroform,
ethanol, etc.) because they are soluble in fat. A
mixture of hexane with acetone and ethanol is
often employed [22,23]. Furthermore, lycopene
may be extracted from supercritical fluids using
non-organic solvents since it is easily broken
down by light, oxygen, and high temperatures.
However, the solubility of these molecules is still
rather low when compared to their solubility in
organic solvents. It is more expensive because
high pressures must be used to accomplish
reasonable extraction from dried vegetable
material [24]. As a result, from an industrial
standpoint, solvent extraction is the best choice
due to its ease of use and low cost. According to
the mass of the finished products, the process
takes a very long time and uses a lot of solvents.



Microencapsulation method has been used
extensively in the food processing industry to
shield food ingredients from deterioration, volatile
losses, or early interaction with other ingredients.
Therein, a membrane (wall system) is formed as
a protective device to confine droplets or
particles of the encapsulated material (core).
Spray-drying is the microencapsulation method
that is most frequently used in the food industry
due to its continuous production and ease of

industrialization. Other types of
microencapsulation methods include solvent
dispersion/evaporation, phase separation

(coacervation), co-crystallization, and interfacial
polymerization [25-28]. To my knowledge, no
reports of lycopene microencapsulation using
spray-drying exist.

Gelatin is an excellent wall material choice for
microencapsulation by spray-drying because to

its favourable emulsification, film-formation,
water-solubility, edibility, and biodegradation
qualities [29]. In addition, hydrocarbon

compounds are also used as one significant
component of wall materials [30], which, among

other things, can serve as a plasticizer,
encourages the development of spherical
microcapsules with smooth surfaces and

strengthens the bond between the materials
used for the walls and the core, [29]. Gelatin and
sucrose were successfully combined to
microencapsulate beta-carotene, according to
reports [31].

The purpose of this study is to assess the
potential for encapsulating natural pigments
extracted from tomato wastes.

2. MATERIALS AND METHODS
2.1 Materials

Plant material and dried tomato waste were
prepared from fresh tomato waste material
obtained after pressing the pulp as by-product
from the fruit and vegetable processing industry
(Al Habib Food Industries, Gamasa Industrial
Zone, Dakahlia, Egypt). Tomato waste was dried
in freeze dryer at -40°C for 48 h. Dried tomato
waste material was ground, packed in vacuumed
plastic bags and stored at -20°C until further
analysis.

Chemicals were analytical grade and purchased
from Algomhourya Company, Tanta city,

Egypt.
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2.2 Methods
2.2.1 Extraction of pigments

Four techniques were prepared for extraction of
lycopene and B-carotene from tomato wastes,
each was consisting of three solvents: ethanol,
acetone and hexane in the following ratios (1:1:1),
(2:1:1), (1:2:1) and (1:1:2) ml respectively.1g of
liquidized pulp was added to the solvent's
mixture. The mixture was placed in a tube
covered with silver foil and a lid, and stored in a
refrigerator at 3°C, where it remained until full
depigmentation. Then another 10 ml of ethanol,
10 ml of acetone and 20 ml of hexane were
added; this was later filtered in Whatman filter
paper number 8, whereby 50 ml of distilled water
was added for phase separation, and then the
whole mixture was poured into a 150 mL test
tube, discarding the previous fraction. The
reading was carried out in the supernatant at 503
nm for the lycopene and 450 nm for the -
carotene. In both techniques, the equations to
measure the level of B-carotene and lycopene
were developed by [32], and the result was given
in ug g-1 (Equations 1 and 2, respectively). The
analysis of the pigments was determined in
triplicate.

)
)

Cprarotene = 4.624 XAys0 -3.091 XAso
C Lycopene =3.956 XAys0 -0.806 XAso

In which:

CB-caroteno CLycopene = LyCOp?ne and B'
carotene concentration in ug g—.

Asso and Aspz = absorbance in the respective
wavelengths.

2.2.2 Encapsulation process

The methodology for obtaining microcapsules by
complex coacervation was adapted from
procedures described in [33]. Gelatin and gum
Arabic solutions were prepared by dissolution in
water at 50°C. The gelatin solution (2.5, 5, and
7.5%) and oil dispersed lycopene (20% lycopene)
were mixed in an Ultra Turrax shaker (IKA T18
Basic, Rio de Janeiro, Brazil) at 10.000 rpm for 3
minutes in order to obtain an emulsion. The
emulsion was then mixed with the gum Arabic
solution (2.5, 5, and 7.5%) by mechanical stirring.
The pH was then adjusted to 4.0 + 0.01 by
adding hydrochloric acid (0.5 M) with a dropper.
Up to this point in the process, the temperature
was monitored and maintained at 50 £ 3°C. The



system was then cooled to 10°C in an ice bath
and finally placed in a refrigerator at 3°C for 24
hours to complete particle precipitation.

After obtaining the coacervated microcapsules,
they were concentrated by using a sieve (Mesh
of 25 um). The samples were concentrated in
plexiglass plates covered with aluminum foil
containing small holes and submitted to slow
freezing in a freezer at —20°C for 24 hours. The
frozen samples were then freeze-dried (Edwards
Pirani 501 Freeze Dryer, West Sussex, UK) for
about three consecutive days under the following
operational conditions: condenser temperature of
-60°C, 10" mbar pressure, and a final
temperature of 25°C.

Nine microcapsules were studied, differing with
respect to the total encapsulant (E) (2.5, 5.0, and
7.5%) and core investigated (C) concentrations,
the latter varying in relation to the total weight of
encapsulant (25, 50, and 75%). The nine
microcapsules were coded as follows: (1)
E2.5/C25; (2) E2.5/C50; (3) E2.5/C75; (4)
E5.0/C25; (5) E5.0/C50; (6) E5.0/C75 ;(7)
E7.5/C25; (8) E7.5/C50; and (9) E7.5/C75. The
encapsulant rational maintained at 1:1 for all
microcapsules, since this was the best ratio
according to [34] who studied the
microencapsulation of vetiver oil by complex
coacervation using gelatin and gum Arabic as the
encapsulating agents.

2.2.3 Determination of lycopene

The extracted solution of lycopene samples was
analyzed in an HPLC system consisting of a
Shimadzu HPLC pump LC-20ADx2 units,
Shimadzu 996 photodiode array detector (PDA-
UV/VIS detector) and Rheodyne 7725i manual
sample injector with a 20-uL sample loop [35].
The system was controlled with Chromatography
software (Shimad zu HPLC shimadzu 996
photodiode array detector (PDA-UVVIS)
Rheodyne 7725i.

2.2.4 Determination of carotenoids

The carotenoids (lyco-red) separated from
tomato peel were determined by Knauer HPLC
pump 64 as indicated by the technique reported
by [35] utilizing octadecyl silane C 18, 3.9 x 150
mm. For both HPLC columns, two solvents were
used for elution: (1) methanol (2) ethyl acetic
acid derivation. The flow rate was 1.8ml/min and
absorbance were measured at 475 nm. A
mixture of methanol and ethyl acetic acid (54:46)
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as mobile phase, (sample amount: 20 pL, flow,
1.8 mL/ min) and identified at 475 nm.

2.2.5 Encapsulation efficiency

The method described in [36] to calculate
encapsulation efficiency was adapted: about 10
mg of the sample were dissolved in 0.5 mL of
water in order to break the microcapsules. Ten
mL of acetone were then added. After mixing, the
tubes remained at rest in the dark for about 2 h
for decantation of the encapsulation material.
Absorption was read in a spectrophotometer
(Beckman DU70-CA, United States) in the
visible wavelength 470 nm and using a
previously elaborated standard curve it was
possible to calculate the concentration of
lycopene present in the microcapsules.
Encapsulation efficiency was calculated as the
quantity of lycopene present in the capsules
compared to the lycopene initially used to
produce them.

2.2.6 Stability of the lycopene

The lycopene stability in the microcapsules was
studded as affected by heat, light, pH and
oxygen was observed according to [37] with
some modifications; in our study, the samples
were tested directly in order to measure the
changes in the concentration of lycopene, 1 gram
of sample was weighed. The heat effect was
evaluated with exposure of the samples between
25-90°C for 10 min in a controlled thermostatic
water bath (Julabo, Germany). The
measurement of the experiment time started
immediately when the sample temperature
reached the temperature set in the equipment.
After each treatment, the samples were cooled to
10°C to stop the effect of the temperature. In
evaluating the stability in light, the samples were
placed in Petri dishes and stored in a refrigerator
at 4°C with a relative humidity of 85%. The
refrigerator was fitted with a 25 W lamp 20 cm
above the samples. The effect of the pH change
on the retention of carotenoids was evaluated at
pH 3,4,5,6,7,8,9, 10 and 11, preparing a 1N
NaOH solution for the alkaline pH and a solution
of 1IN H,SO, for the acid pH regulated with a
buffer solution. Each solution was used on the
samples for 1 hour at room temperature and
protected from light. For the oxygen stability tests,
the samples were exposed in an oxygen
atmosphere for 0, 2, 4, 6, 8 and 10 h. So, a
hermetically sealed capsule was used, coupled
to a vacuum pump and saturated with an
injection of oxygen gas with a purity of 95%.



2.3 Statistical Analysis

All experiments were run in triplicate and results

were represented as means * standard deviation.

Statistical analyses were carried out using Origin
7.0 software package and Microsoft Office Excel
2010.

3. RESULTS AND DISCUSSION
3.1 Pigment Extraction Methods

The effect of solvent mixtures on the yield of (-
carotene and lycopene produced from tomato
wastes as in Table (1), where significant
differences were observed between the effect of
the solvent mixtures on the yield of B-carotene,
which ranged between 24.5-27.2 ug/g and the
best of these mixtures was (1:1:2) and the least
effective is (1:1:1). Also, the results showed the
same effect of the solvent mixture on the yield of
lycopene, which ranged between 24.5-27.2 pg/g
of tomato wastes, where the highest yield was
obtained from the solvent mixture (1:1:2), and the
lowest yield was the mixture (10:10:10). These
results are due to the polar strength of the
hexane solvent by increasing its concentration in
the mixture.

According to [38], when combining the solvents
for the extraction of carotenoids pigments, the
efficiency was superior in comparison to the
usage of solvents individually. Since, the polar
solvents, such as ethanol and acetone, are able
to enter phospholipidic substances which
compose the cell lipoprotein membranes, whilst a
polar solvent, such as hexane, are more efficient
in solubilizing carotenoids. Lycopene and (-
carotene are considered to be a polar substance.

Table 1. Effect of extraction techniques on
the yield contents of B-carotene and lycopene

pigments
Solvent B-carotene Lycopene
mixture* (ng/g) (ng/g)
(1:1:1) 24.57 44.3°
(2:1:1) 26.8° 46.7°
(1:2:1) 25.6° 45.2°
(1:1:2) 27.2° 47.7%

*= (ethanol: acetone: hexane)

Therefore, the effect of polar and a polar solvent
mixture in extracting pigments is higher than the
effect of one single polar or a polar solvent,
which leads to obtaining a better performance in
extracting pigments, which also was observed in
this study.
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3.2 Encapsulation Efficiency

Encapsulation efficiency of lycopene was
evaluated for nine microcapsules as shown in
Table 2 where, it was found that the highest
efficiency was with microcapsules 6: E5.0/C75, 1:
E2.5/C25 and 5: E5.0/C50, which were 99.77%,
99.56% and 97.28%, respectively. The lowest
efficiency in microcapsules 2: E2.5/C25; 3:
E2.5/C75 and 8: E7.5/C50 which were 90.86%,
92.73% and 92.73%, respectively. “High values
are normally found in the literature for the
encapsulation efficiency of coacervated capsules
[39] when gelatin and gum Arabic are used as
the encapsulating agents”. However, “when
pectin and soy protein isolate were used as the
encapsulating agents to encapsulate propolis
and casein hydrolysate, the encapsulation
efficiencies were in the range from 66—72% [40]
to 78-91%” [41]. “These results confirmed that
gelatin and gum Arabic were more efficient
encapsulating agents than pectin and soy protein
isolate. When lycopene was encapsulated by
spray drying, the encapsulation efficiencies were
in the range from 21.01 to 29.73% using modified
starch” [42], from 12.1 to 82.2% using gelatin and
sucrose [43] and from 25.6 t087.5% [27] using
gum Arabic, gellan gum, and maltodextrin as the
encapsulation material.

Table 2. Efficiency of the lycopene
microcapsules

Microcapsuletion Encapsulation efficiency

(%)

99.56%

90.86°

92.05°

96.34°

97.28%

99.772

95. 87"

92.73"

95.07"

Different letters in the same column indicate that there

was significant difference between samples (Z< 0.05).

Microcapsules 1: E2.5/C25; 2: E2.5/C25; 3: E2.5/C75;

4: E5.0/C25; 5: E5.0/C50; 6: E5.0/C75; 7: E7.5/C25; 8:
E7.5/C50; and 9: E7.5/C75

O©CoO~NOOTA~ WNPEF

In view of these results, it is possible to affirm
that complex coacervation is a more efficient
method to encapsulate lycopene than spray
drying. This can be explained by the milder
temperatures used in complex coacervation, an
important factor for the encapsulation of a highly
sensitive compound such as lycopene.



3.3Lycopene Microcapsules Stability
when it was Exposed to Heat
Table 3 shows the effect of different

temperatures from 20 to 90°C on the stability of
lycopene microcapsule for the three best
microcapsules its E5.0/C75, E2.5/C25 and
E5.0/C50. It was noted that there were no
significant differences between the three
microcapsules when they were exposed to
temperatures up to 40°C, but significant
differences appeared between them with
increasing temperature, and the most stable
microcapsule was E5.0/C75, followed by
E5.0/C50, and the least stable was E2.5/ C25. It
was also observed that the stability of lycopene
microencapsulation decreased with increasing
temperature in all mixtures.

These results may be due to the increase in the
proportion of gel and gum Arabic coated with
lycopene particles’, which makes it less
susceptible to the effect of heat. These results
are in agreement with those of 00000000000 [37]
they found r that retention rate is higher in gelatin,
sugar and lecithin with increasing temperature;
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At 90°C, the retention level of gelatin, sugar and
lecithin reached 90.11%, mixture of maltodextrin:
gum Arabic reached 83.18% and [-carotene
extracted from sunflower oil reached 75.23%
reported values greater than 95% in lutein
microencapsulated with gelatin and starch as
wall material when evaluated at temperatures of
90°C.

3.4 Lycopene Microcapsules
when Exposed to Light

Stability

Table 4 shows the effect of illumination time on
light stability of lycopene microcapsule for the
three best microcapsules its E5.0/C75, E2.5/C25
and E5.0/C50. The data shown in the table
indicate that there are significant differences
between the microcapsules for their ability to be
stable by increasing the time of exposure to light.
The microcapsule E5.0/C75 was the most stable,
which decrease to 53%, after 30 days, followed
by E5.0/C50 by 51%, and the least stable of
them was E2.5/C25 by 47%. The results also
showed that increasing the exposure time of
microcapsules to light had a significant effect on
the extent of lycopene stability in them.

Table 3. Microcapsule stability at different temperature

Temperature ('C)

Retention rate of lycopene (%)

E5.0/C75 E2.5/C25 E5.0/C50
20 100™® 100" 100%®
30 98" g7 9g"?
40 g7/ 95"° 96™°
50 95" 88cc 91°¢
60 90" 80 85"
70 g5™ 72 77%¢
80 81"¢ 66°" 728
90 75 60°¢ 66°9

Different small letters in the same column indicate that there was significant difference between temperatures
and different capital letter in the same row between samples (# < 0.05)

Table 4. Effect of lllumination time on light stability of lycopene microcapsule

[llumination time (day)

Retention rate of lycopene (%)

E5.0/C75 E2.5/C25 E5.0/C50
0 100™ 100 100
5 94" 87" g2"°
10 85°° 78" 83"°
15 747 65 70%°
20 65" 57¢¢ 61°%°
25 60" 50 53"
30 5379 47" 514

Different small letters in the same column indicate that there was significant difference between temperatures
and different capital letter in the same row between samples (£ < 0.05)

74



[44] have studied that “light could trigger
oxidation and isomerization processes in
carotenoids, reducing the concentration; the wall
materials in gelatin, sugar and lecithin
encapsulation, because they are good
emulsifying agents, reduced the action of light in
the core of the microparticles, thereby
decreasing the processes of oxidation and
isomerization in the carotenoids”. [37]
“microencapsulated lutein with porous starch and
gelatin as wall materials, and reported retention
levels of 90% in microencapsulated lutein
exposed to light for 30 days”.

3.5 Lycopene Microcapsules Stability to
pH Changes

The effect of pH variation on the stability of
lycopene microcapsule in E5.0/C75, E2.5/C25
and E5.0/C50 can be seen in Table 5. There
were insignificant differences between the three
microcapsules up to 8 pH and then significant
differences after that up to 10 pH, and it was
noted that the microcapsules E5.0/C75 was more
tolerant of high pH, followed by E5.0/C50 and
then E2.5/C25. It was also found that there were
no significant differences between the pH
numbers for all microcapsules up to pH 8, then
significant differences after that by increasing the
pH number in all mixtures. There were
insignificant differences between the three
microcapsules up to 8 pH and then significant
differences after that up to 10 pH, and it was
noted that the mixture E5.0/C75 was more
tolerant of high pH, followed by E5.0/C50 and
then E2.5/C25. There was also a significant
increase in the percentage of lycopene by
microencapsulation in all microcapsules up to pH
8 and then a significant decrease in the increase
of pH after that in all microcapsules, and the

Gomaa; EJNFS, 14(9): 69-78, 2022; Article no.EJNFS.91168

E2.5/C25, followed by E5.0/C50 and then
E5.0/C75 where it was 71, 85 and 89%,
respectively.

[37] described “a similar behavior in
microencapsulated lutein with gelatin and starch
as the wall material when exposed to a pH
between 1.00 and 11. The retention level in the
evaluated pH range presented significant
differences (p <0.05) between the three tested
samples: gelatin, sugar and lecithin, with 84.21%,
had a statistically higher retention rate than
maltodextrin: gum Arabic (79.23%) and -
carotene extracted from sunflower oil (65.23%)".

3.6 Lycopene Microcapsules
when Exposed to Oxygen

Stability

In Table 6 effect of oxygen on the retention level
in E5.0/C75, E2.5/C25 and E5.0/C50 can be
seen. With an increase in the hours of exposure
of lycopene microcapsules to oxygen, significant
differences were observed between the three
microcapsules. It was also noted that the most
stable of them was E5.0/C75, followed by
E5.0/C50, then E2.5/C25. It was also found that
the increase in the number of days of exposure
of the microcapsules to oxygen led to a
significant decrease in the content of the three
microcapsules of lycopene, as it was 74, 60, and
51% for E5.0/C75, E5.0/C50 and E2.5/C25,
respectively after 10 days. “Comparing f-
carotene extracted from sunflower oil with gelatin,
sugar and lecithin and maltodextrin: gum Arabic
showed that the wall materials provided an
oxygen barrier, reducing the degradation of the
carotenoids present in the core of the
microparticles because this environmental factor
is responsible for degradation by the oxidation
and isomerization of carotenoids”, as previously

most decrease was in the microcapsule reported by [44,45].
Table 5. Effect of pH variation on stability of lycopene microcapsule
pH Retention rate of lycopene (%)
E5.0/C75 E2.5/C25 E5.0/C50
Ae Bd Ad
4 87 70 85
5 88Ade 7chd 87Ac
6 90" 73% 89"
7 92Ab 7 4Bab goAab
8 94" 75% 91%
9 92" 73%° 88"
10 89" 71°« 85

Different small letters in the same column indicate that there was significant difference between temperatures
and different capital letter in the same row between samples (# < 0.05)

75
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Table 6. Effect of oxygen on stability of lycopene microcapsules

Oxygen exposure time (h)

Retention rate of lycopene (%)

E5.0/C75 E2.5/C25 E5.0/C50
0 100" 100™ 100
2 96Ab 9355 95Ab
4 90"° 80“° 86°°
6 83Ad 69Cd 7gBd
8 79Ae 60Ce 73Ae
10 74At 51Ct GOBt

Different small letters in the same column indicate that there was significant difference between temperatures
and different capital letter in the same row between samples (£ < 0.05)

4. CONCULOSION

In this paper, we evaluate some methods of
extracting pigments from tomato fruit residues
and encapsulation using a mixture of gelatin and
gum Arabic as a carrier in nine microcapsules
differing with respect to the total encapsulant (E)
(2.5, 5.0, and 7.5%) and core (C). concentrations,
the latter varying in relation to the total weight of
encapsulant (25, 50, and 75%). The nine
microcapsules were coded as follows: (1)
E2.5/C25; (2) E2.5/C50; (3) E2.5/C75; (4)
E5.0/C25; (5) Eb5.0/C50; (6) E5.0/C75; (7)
E7.5/C25; (8) E7.5/C50; and (9) E7.5/C75. We
evaluated them all and chose the best three of
them were E5.0/C75, E5.0/C50 and E2.5/C25.
We studied their stability to heat, light, oxygen
and pH. We studied their stability to heat, light,
oxygen and pH, and it was found that the most
stable of them was E5.0/C75, followed by
E5.0/C50. Future studies are needed to evaluate
the potential of this microcapsule as a natural
additive in food, pharmaceuticals and cosmetics.
Finally, it could be clearly concluded through this
study that it is possible to follow successful
technique in extracting lycopene and B-carotene.
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