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Abstract

An important direction toward change refers to replacing the synthetic components, especially the synthetic dyes,
currently utilized in the textile industry that is hazardous both to humans and nature. The goal of this research was
to see how effective aqueous extraction of natural colour from Beetroot waste was. FTIR, UV-VIS and mass
spectroscopy analysis assured the presence of the betalian and phenolic groups. Subsequently, an effort was made
to develop an environmentally friendly approach for extracting betalains and phytochemicals from beetroot pomace
by taking into account several experimental factors such as beetroot weight, pH, temperature, and time. The extract
was utilized as a vital bio-dye to dye cotton, wool, and silk fabrics. A pseudo-second-order kinetic model (R? >
0.99) best describes the adsorption kinetics of textiles. The dyed fabric's colour strength (K/S) values were
measured; the value has reached from 9.7 to 15.6 for treated silk fiber. All colored samples were also subjected to
colour fastness tests, which included washing, perspiration, and exposure to light. In addition to their importance
as colorants, betalains play indispensable role in human health because of their pharmacological activities as
antioxidants and anti-carcinogens.

Keywords: Bio-dye beetroot (betalains); dyeing process; Fabrics; Thermodynamics; Food industry; Antioxidant;

Anticancer.

1.Introduction

Color has always played an important part in
the development of various human cultures around the
world. Application of synthetic dyes can have bad
affects on the health of the workers, and many dyes
have been banned from use because they are possible
carcinogens. Besides that, nearby rivers are really
polluted that some villages, use river water as source
of drinking water. The interest of using natural
pigments for food coloring and also textile coloring is
increasing because natural products are guaranteed
with quality and health assurance whereas synthetic
pigments are critically assessed and are not really
favored by consumers.
Natural dye sources are eco-friendly and permanent in
fabrics[1]. Natural dyes are most beneficial in
comparison to the synthetic dyes. It’s been attracting
more of the subsequent reasons; the wide viability of
natural dyes and their enormous potential. Plus,
experimental evidence for allergic and toxic effects of
synthetic colours, as well as non-toxic and non-
allergic effects, is available. The interest of using
natural pigments for food colouring and also textile
colourings is increasing because natural products are

guaranteed with quality and health assurance. Nature
has provided us with around 500 dye-producing plant
species. These plants' colouring compounds come
from their roots, leaves, barks, trunks, or fruits [2].
Beetroot is the primary source of natural red dye, and
the extracted colour is known as “beetroot red”.
There has been a resurgence of interest in the
use of natural colorants in textile dyeing applications.
Since its discovery, silk has been referred to as the
"queen of fibres." Silk clothing is regal, with many
good attributes such as lustre, light weight, superior
mechanical performance, fine and silky texture,
efficient moisture transportation, and excellent
draping quality [3].Cotton is a vegetable fiber hence it
originated from natural source. Natural dyes are used
in the dyeing of cotton, wool and silk. The chemistry
of bonding of natural dyes to fibers is complex. They
bind to fibers through H-bondings and hydrophobic
interactions. As the H-bondings and hydrophobic
interactions are weak interactions, it is necessary to
use heavy metal salts named as mordant to obtain good
color fastness values. In case of mordant usage, dyes
are bound to the fibers through chemical bridges with
the aid of mordents such as Fe, Cu, Pb, which are used
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to increase the dye uptake, improve the fastness and
obtain different color effects. These substances cause
serious ecological problems on fabric and in
wastewater [4].

Dyestuff manufacturers and textile dye houses
have begun to employ harmless ingredients due to
social responsibility (Abreu et al., 2012). Therefore, it
is suggested in this study to use green mordant in the
dyeing process. To eliminate chemical pollutants and
their effluents because of chemical processes. Natural
polysaccharide (chitosan) was applied to pretreatment
fabrics to increase the cationic sites in the fiber
polymer that results higher absorption of bio-beetroot
dye and fastness compared with untreated fabrics [5].

Hence the treatment of cotton with chitosan
provides ample scope for further investigations to suit
today's environmentally friendly dyeing needs. Food
industry, the developing hobby of clients in the
aesthetic, nutritional and protection components of
food has elevated the demand for natural pigments
including betalains to be used as alternative synthetic
colorants, which may additionally trigger adverse
effects in human beings in food outputs [6]. Although
betalains from Beetrootroot are one of the most widely
used food colorant, betalains are not as well studied as
compared to other natural pigments such as
anthocyanin, carotenoids, or chlorophylls. The
pharmacological properties, which include antioxidant
and anti-cancer of betalains derived from source for
potential application as functional foods. The process
of dyeing fabric with natural colors can be done
several times to obtain the desired shade color
intensity. There are several factors that influence the
dye absorption into the cotton fabric, coloring process
temperature, concentration of dyes, and pH . This
article is intended to extract of bio-colorants derived
from bio-resources, and for textile dyeing, adsorption,
and chemical kinetics and for eco-friendly extraction
of natural dye from Beetroot waste and food
applications.

2.Materials and methods
2.1Materials

All chemicals used during the investigation
were analytical or laboratory-grade reagents. Distilled
water was used for all experiments. Beetroots (Beta
vulgaris L.) were purchased from the local market,
Cairo, Egypt. Hydrochloric acid (0.1) N, sodium
hydroxide (0.1) N and Chitosan were imported from
sigma Aldrich and used as received. Fabrics (wool and
silk provided from the textile factory, tenth of
Ramadan),Cotton fabrics provided from (Misr Helwan
Company) were scoured in aqueous solution
containing 5% of sodium dodecy! sulfate at 50°C for
an hour to remove waxes and impurities, then rinsed
thoroughly in distilled water and dried at room
temperature.
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2.2. Methods

2.2.1 Extraction of bio- dye beetroot (betalains)
The extraction of natural dyes samples was

undergoing various trials so asto obtain the

optimum conditions of extraction natural dyes for

weight, pH, temperature, solvents and time. The

data of absorbance for all samples were measured

using UV-VIS Spectrophotometer and recorded. The

content of betalain in the extracts

spectrophotometrically determined at 535 nm with a

UV-Vis spectrometer; the absorbance reading

obtained was used to calculate the betalain by applying

the Equation (1), [7].

Betalain Content (mg L-1) = [(A x DF x MW x 1000)

/(ex1)] 1)

Where,

A = Absorbance of samples

MW = Molecular weight of pigment (betalain = 550

g/mol)

DF = Dilution factor

& = Absorptivity coefficient of betalain (60.000 L M~

cm™)

| = Path length (1 cm).

2.2.2 Characterization of
(betalains)

The structural of extracted betalains was
characterized using Fourier-transform infrared
spectroscopy (FTIR), UV/VIS spectroscopy and Mass
spectroscopy. The existence of functional groups or
identification of chemical bonding in betalains was
evaluated using FTIR analysis (FTIR spectrometer
Jasco 4100 Japan). Optical properties of betalains was
analyzed using UV/V is absorption double beam
spectrophotometer (Perkin Elmer, Precisely Lambada
45,UV/VIS Spectrometer) within  200-800 nm
wavelength range. Mass spectroscopy, the positive ion
electrospray mass spectra were recorded on shimadzu
Qp-2010plus Helium was used to improve trapping
efficiency and as the collision gas for CID
experiments. Ethanol extracted solutions of dyes with
concentration 10% employed for mass spectroscopic
analysis with the same condition of previous
extraction parameters. Scan mode ACQ, employed
electron voltage 70 eV, ionization mode EI.

bio-dye beetroot

2.2.3 Dyeing procedures
Dyeing wool and silk

Wool and silk fabrics were dyed with betalain
dye. As dye concentrations for betalain were
(5,10,15,20,30,50,100,150) ¢/l with liquor ratio of
50:1. The dried scoured fabrics were introduced into
the dye bath and dyed at duration of (120 min) and
temperatures of (50,70,90°C). The dye bath was
monitored and controlled at pH =2.2 with a pH meter,
using 1g of citric acid. The dyed samples were rinsed
with cold water and finally dried
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Dyeing of cotton

Cotton fabrics dyed with betalain with same
concentrations as in silk and wool. The cotton fabrics
washed by water and placed in solution of sodium
chloride (6.25) % at temperature 60°C in water path
for 1hour then removed and placed on dyeing path
with liquor ratio of (1:40) for a duration time of (120)
minute at temperatures of (50,70,90) °C. The dyed
fabric washed with cold water and finally dried [8].

2.2.3.1 Pre-treatment of fabrics by chitosan

Chitosan solution 1% freshly prepared by
dissolving 1g in 100 ml 1% aqueous acetic acid
solution. The fabric immersed directly into the
chitosan solution with liquor ratio of (1:50) for 1 hour
at room temperature. The fabric after treatment with
chitosan rinsed with distilled water 40°C and allowed
to dry in open air. The dyeing process conducted by
the same mentioned method [9].

2.2.4 Determination of sample Fabric Properties

Color Fastness residences for the untreated and
pre-treated dyed samples at dyeing recipe were tested
for various fastness features such washing, light and
perspiration according to 1SO standard test methods
[10].

2.2.5 Health benefits of betalains

Betalains are plant derived natural pigments that
are presently gaining popularity to be used as herbal
colorants with in the food industry because of their
pharmacological activities like antioxidant and anti-
cancer betalains play a crucial role in human health

[6].

3.Results and Discussion

3.1. Extraction of bio-based dye beetroot

Green chemistry in the extraction of natural colorant
from Beetroot waste involved the use of water as a
solvent, without other additives. Beetroots are the
chief sources of betalains, which may be a water-
soluble nitrogen pigment with heterocycle, which may
be further subdivided into two classes containing on
chemical structure. Betalains (betacyanins and
betaxanthins) is that the main component of the red
colorant extracted from Beetroot. The aqueous
technique was used to extraction of natural dye from
Beetroot waste.

3.1.1 Determination of optimal weight for the
extraction process.

The effect of beetroot weight rang from (0.005,
0.02, 0.04, 0.06, 0.08, 0.1, 0.25, 0.5) g/10 ml water on
extraction content were shown in Figure 1. A
significant raise in the yield of betalain (betacyanin
and betaxanthin) with increasing beetroot weight was
observed which might be due to the concentration of
the solute. The maximum extraction content was
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observed at (0.5) g /10 ml and was found to be 55 mg
L1[11].
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Fig. (1) The of betalain content as a function of weight

3.1.2 Determination of optimal temperature for the
extraction process

Temperature is one of the vital factors controlling
the extraction content. Different temperature effects to
extraction betalain from (0.1g /10 ml) are presented in
Figure 2. The graph showed extraction increased
gradually by increasing the temperature degree from
20°C to 50°C [12]. However, maximum yield of
betacyanin and betaxanthin was result at 50°C which
could be due to the softening of the tissue, accelerating
the diffusibility of the molecules and penetration of the
solvent into the solid and thus enhancing the solubility
and diffusibility of the pigment in solvent and finally
increasing the yield . The total betalain content reaches
the highest value at a temperature of 50°C with a yield
of 30.36 mg L. It was observed that the red color of
betacyanin changed to light brown at 100 °C. Owing
to the increase in the betacyanin degradation rates as
the temperature of extraction increased [13].
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Fig. (2) The temperature affect on the extraction process.

3.1.3 Determination of the optimal pH for the
extraction process

The pH of the extraction is an important
influencing factor controlling the extraction content.
In this study, the pH range was varied from (1-12). As
shown in Figure 3 the best highest yields of betalain
content were observed at pH 5 and were found to be
30.29 mg L. Previous studies, shows that betalain dye
favors pH ranging from pH 4 to pH 6 [12]. A slight
decrease in extraction yield was observed with
increase in pH of the extraction media increase from
pH 5 to pH 7, this may be attributed to the effect of
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high pH on the stability of these compounds [14]. The
shade of betalain was variable under the alkaline
condition as the concentration reduced above pH 6 as
a result of degradation of betalain [15].
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Fig. (3) The betalain content at different pH.

3.1.4 Determination of optimal time for the
extraction process

The effect of reaction time is another vital parameter
that must be considered during the extraction process.
In this study, different time durations extending from
(5 to 60) min for betalain, has been considered. The
effect of extraction time on extracted content of natural
pigment was shown in Figure 4. The extraction rate is
fast at the beginning of the process and reduces as it
approaches the saturation level or equilibrium point.
The effect of time on extraction is related to the mass
transfer rate which was highest initially and decreased
laterally [16]. The optimum time for betalain
extraction was 30 min., above this time there is slight
stability noticed.

(mg/1)

betalain content

5 1015202530354045505560
time (min

Fig. (4) The change of time influences the betalain content.

3.2. Characterization of the Extract

3.2.1 UV-VIS analysis

To dye the textile materials with aqueous extracts of
some natural dyes, it is necessary to know the behavior
in the UV-VIS field. For the raw extract, a calibration
curve was made which highlights the dependence of
the absorption on the concentration of beetroot extract.
This calibration curve allows determining the
concentrations of dye from the extracts. The UV-VIS
spectra of beetroot extracted in aquatic media were
depicted in Figure 5.

It has been recorded that the wavelength of the
maximum of absorption of betalains (betacyanins and
betaxanthins) is in the wavelength range from 450 and
540 nm because of the coloration combination of

Egypt. J. Chem. 65, No. 8 (2022)

yellow orange betaxanthins and red violet betacyanins
[17]. In this study, the maximum wavelength of
absorption for Betacyanins generally present as red-to-
red violet in color they absorb in the 535nm range.
Also small hump of Betaxanthins generally appear
yellow in color absorb in the 484 nm range.
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Fig. (5) Visible light spectrum for betalain.

3.2.2 FTIR spectroscopy

FTIR spectral analysis of dried beetroot pomace
was done to identify the existence of major functional
groups according to libraries and bibliography. The
FTIR spectra of the tested sample was registered in the
spectral range of 400-4000 cm™ are shown in Figure
6. The spectrums of aqueous extract of Beetroot waste
have different absorption bands characteristics of
functional groups of betalain. From the spectra, the
solution shows a strong and broad band from 3200 to
3500 cm! that belongs to the -OH bond stretching
vibration group. On the other hand, the absorption
band around 1624 cm™ was ascribed to the C =N bond
stretching vibration. The peak at 1640 cm
corresponds to the C=0 stretching vibrations which
represented the carbonyl group for ketone structure.
The peak absorbed at 1384 cm™ was assigned to the
extension stretching vibration of the C—H bond, while
the absorption band at 1243 cm™* was ascribed to the
C-0 bond of the carboxylic acid stretching vibration.
The peak absorbed at 642 cm is due to the presence
of -C=C-H:C-H in alkynes[18-19]. Within the spectral
region, the main vibrational characteristics related
with carbonyl compounds of the betanin molecule also
were observed.

Overall FTIR spectra were obtained justifying the
presence of betacyanin pigment that proved by the
presence of hydroxyl group and double-bound
aromatic ring [20]. The results of FT-IR show that dye
extracted from Beetroot contained C=O stretching
vibrations at the peak of 1640 cm™ and at the peak at
3412 cm, representing the O-H stretching vibration,
the CO=0OH which corresponds to the carboxylic
group in Betalain for Beetroot dye is observed. The
presence of polar groups such as COOH, OH, and NH;
gives them an affinity for water and certain solubility,
which is why the components of betalains cannot be
called pigments but dyes.
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Fig.(6) FT-IR spectra of Beetroot dye.

3.2.3 Mass spectrum analysis

Figure 7 illustrate, Mass spectrum for betalain:
m/z =551 [M], 388,355,214,163 and 149. The mass
spectrum gives the molecular ion peak at 551 m/z, and
base peak at 149 pointing to the stable part of this
compound. The loss of the glucose moiety leads to the
ion with m/z =388 betanidin. The ion with m/z = 355
result from the betanidin by losing O2. Which finally
loses C and give the derivative of betalamic acid and
cyclodopa moiety with m/z = 214, 149. The presence
of the betalain was confirmed by its protonated
molecular ions [M*H]*with m/z=551, and the presence
of protonated a glycones [betanidin+H]* [21].

Intenisty%

Fig.(7) Repreentative chromatogram and corresponding
mass spectra of Beetroot extract

3.3 Dyeing kinetics

3.3.1 Dyeing of fabrics by bio-dye beetroot

Cotton, wool, and silk fabrics were dyed with bio-
dye beetroot (betalain). The reaction mechanisms are
further presented in detail as below [22]. Citric acid is
added to the colored extract until a pH = 2.2 is reached;
Citric acid is a weaker acid than betalains, the latter
will release protons from the COOH groups. The
protonation of wool in acidic medium is
predicated dissociation reactions (of the acid and
amino acids in wool), activation of wool, and double
change response among activated wool and betalains
reactions (1- 4), thus:

HX — H* + X (1)
Acid

HOOC-Wool- NH, — "O0C - Wool -*NH;  (2)
Wool
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Wool is an amphoteric compound; therefore, in the
acid environment, it interacts with the acid, accepting
protons, thus resulting in activated/protonated wool.

‘00C - Wool -*NH3 + H*+°X — H* "00C - Wool
-*NH3; X (3)
Activated wool
This intermediate phase means an activation of the
amino groups of the wool, which thus become binding
centers for the anions of the dye in the solution
H*OOC - Wool -*NH3; "X + Dye - COO™ H*

Activated wool + Betalains
— H* -00C - Wool -*NH3-0O0C — Dye + *H "X
4) Dyed wool

The E% values of cotton, wool and silk fabrics are
(51.22%, 76.32 %, 91.6 %) respectively it is showed
in Figure 8. When the dyeing temperature was raised
the dye exhaustion increased. This may be attributed
to various factors on top of which is that the increase
of temperature increases the kinetic energy of the dye
molecules and the molecular vibrations of both the
fabrics and the dye, there by enhances the rate of
penetration of the dye into the vicinity of the substrate,
which induces favorable fixation kinetics [23].

Another factor is that raising the temperature
causes the capillaries inside the fabric to be more
accessible and the mobility of the dye ions become
higher resulting in a swelling effect within the internal
structure of the fabrics, thus enabling the large dye
molecules to penetrate further [24]. Causing rapid
increase in E%. The optimum temperature was
recommended to be 90°C.
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Fig. (8) Time-Exhaustion isotherms of bio-dye beetroot
adsorbed into (a) cotton (b) wool (c) silk fabrics [dyeing
recipe: LR 1:50, 50 g/I, 90°C].

3.3.2 Pretreatment of fabrics by chitosan and their
dyeing

To reduce or eliminate use the electrolyte
concentration in the liquid dye. The introduction of
cationic sites within cellulose is the most anticipated
technique to increase dye uptake.Positive sites can be
introduced by either ammonization or cationization.
Chitosan treatment of cotton is an aminization
technique for introducing the cationic site within the
polymer fibrous structure.
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Chitosan is a natural polysaccharide-based
cationic biopolymer, is derived from the chitin
component of the shells of crustaceans. The
advantageous properties of chitosan are nontoxicity,
biocompatibility, biodegradability, antimicrobial
activity and chemical reactivity. Cotton fibres create
cross-links with chitosan, resulting in positive dye
sites on the fibres' surface [9]. As a result of the
cationic character of the fibres' surface, anionic dyes
are easily absorbed by electrostatic attraction. The
application of chitosan to cotton fibres leads to the
possibility of dyeing without electrolytes while
maintaining the required level of fatigue, as shown in
the preceding discussion. In addition, the introduction
of more hydroxyl groups into the cellulose due to the
cross-linking of chitosan with the polymer fibers can
enhance the depletion of the dye by the fibers. As well
as examining the dye-ability and chromaticity
performance of chitosan-treated cotton fabric treated
with chitosan dyed without salt and compared the
results with salt-dyed fabric. The values of color
strength (K/S) were found to increase from 5.2 to 7.5
for untreated cotton and pretreated cotton fabric with
chitosan respectively, listed in Table (1)

Wool and silk fibers pretreated with chitosan and
dyed with bio-dye beetroot (betalains) as natural dye.
The effect of chitosan on color strength (K/S) was
measured as shown in Table (1). Pretreated wool and
silk fibers with chitosan gave higher K/S values than
that of untreated fibers. The insertion of primary
amino groups to the fiber structure is linked to the
improvement in color strength (K/S) values of
chitosan prepared wool and silk fibers. The
electrostatic attraction of cationized amino groups can
adsorb anionic dye molecules (betalains) in acidic
media. lonic interactions are also thought to be
involved in the binding of chitosan to wool fibers [25].

Table (1):Color strength of untreated and treated fabrics
dyed with betalains at 90°C.

Type of K/S
fabrics Untreated Treated
Cotton 52 75
Wool 7.42 11.03
Silk 9.7 156

3.4 kinetic of adsorption

In order to examine the mechanism and rate
controlling step in the overall adsorption process, four
kinetic models, Pseudo-first-order, Pseudo-second-
order, Intra-particle diffusion and Elovich-diffusion
model, are adopted to investigate the dyeing kinetics
of cotton, wool and silk fabrics with betalains are
expressed, respectively, as follows :

A simple kinetic analysis of adsorption is the
Lagergren Equation [26-27].
A pseudo-first-order type, written as follows:

Log (ge-qt)=log ge- kt/2.303 (2)
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Where ge is the amount of adsorbate adsorbed per unit
mass of adsorbent at equilibrium (mg/g), g: is the
amount of adsorbate adsorbed at contact time t (mg/g),
ki is the pseudo-first order rate constant (mint). A plot
of log (qe-q) versus t gives a linear line relationship
from which the values of ki and q. were determined
from the slopes and intercepts respectively, as
presented in Table Y.

The pseudo-second-order kinetic model is another
important model to investigate the Kinetic of
adsorption of dyes on textile fabrics [28-29]. The
pseudo-second order kinetic model can be expressed
in linear form as follows:

t/qi=1/k2qe?+1/qe €))

Where k; is the rate constant of pseudo-second order
adsorption (g/mg min). A plot of t/g; versus t gives a
linear relationship Figure 9 (a, b, ), from which qge and
k2 were determined from the slope and intercept of the
plot respectively and presented in Table 2.  The
correlation coefficients R? higher than 0.99 suggest
that adsorption of betalains onto cotton, wool and silk
fabrics predominantly follows the pseudo-second
order kinetic model. The pseudo-second order rate
constants for adsorption of betalains onto cotton, wool
and silk fabrics show a steady increase with an
increase in the solution temperature from 323 to 363
°K as shown in Table (2) In conventional
physisorption systems, increasing the temperature
usually increases the rate of approach to equilibrium.

2
Second order
15 ¢ silk( C)
mwool(b)
51
. =1 cotton(a)
0.5
0 B
0 50 100 150

time(min)
Fig. (9) Pseudo-second order Kinetic plots for the
adsorption of betalains into (a) cotton, (b) wool and (c) silk
fabrics at 90 °C.

3.5 Diffusion mechanism

The two models above cannot identify the diffusion
mechanism during the adsorption process, so the Intra-
particle and Elovich diffusion models test the
experimental data.

3.5.1 Intra-particles diffusion
Intra-particle diffusion can be expressed by
following Equation (4):
gi=Kpt'2+C 4)

Where q: (mg/g) is the amount of betalains
adsorbed at time t, Kp (mg/g min%?) is the Intra-
particle diffusion rate constant obtained from the
slope, of the plot q: versus t % The plots were linear
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over a detectable time range but with marked deviation
from the origin; this indicates that the Intra-particle
diffusion is not only the rate controlling step, but also
some other processes may control the rate of dye
adsorption [30].

The Intra-particle diffusion rate constant k, and C are
given in Table 2. The Intra-particle diffusion rate
constants k, increase with rising temperature because
increasing temperature results in an increase of the
driving force, which will increase the diffusion rate of
betalains [31]. While the C value gives an indication
of the thickness of the boundary layer. The larger C
shows greater boundary layer effect that account
greater contribution of the surface sorption in the rat-
limiting step [32].

3.5.2 Elovich diffusion
The Elovich equation was first applied to the

chemisorption’s kinetics of gases on solid [33]. It has
also been successfully used in recent years to describe
the adsorption of the solutes from a liquid solution.

The linear form of the Elovich Equation (5) is given
as

qt =1/BIn (af) + 1/pLnt Q)

Where a is the initial adsorption rate constant (mg/(g
min) and the parameter [ is the desorption constant (g /
mg). The constant can be obtained from the slope and
the intercept of the plot of g: versus In(t) at different
temperature. The value of  decreases while that of o
increases as the concentration rises as shown in Table
2.
Adsorption isotherm models are widely used to
describe and investigate mechanisms of adsorption.

3.6 Adsorption isotherm

Adsorption isotherm models are widely used to
describe and investigate mechanisms of adsorption.
The Langmuir and Freundlich isotherm model
analyzed the equilibrium data

3.6.1 Langmuir adsorption isotherm

Monolayer sorption on discrete localized
adsorption sites is described by the Langmuir model.It
assumes uniform energies of monolayer sorption onto
the sorbent surface and no adsorbate transmigration in
the plane of the surfaces [34].

The linear form of Langmuir Equation can be
written as follows:
Ce/ge = 1/gmax KL + Ce/ Qmax 6)
Where Ce (mgL™) is the concentration of betalains
at equilibrium, ge(mgg™ )is the amount of betalains
adsorbed by the fabrics at equilibrium, gmax (mgg™?) is
the maximum adsorption capacity corresponding to
monolayer coverage, and K. (L/mg) is the Langmuir
constant. The values of gmax and K. can be calculated
from plotting Ce /ge versus Ce. The Langmuir plots for
betalains adsorptions onto the fabrics are obtained and
the parameters are shown in Table 3. The values of the
correlation coefficient for the Langmuir plots changed
in the range 0.40 to 0.70. This suggests that the
adsorption of betalains onto the fabrics did not follow
the Langmuir model.

3.6.2 Freundlich adsorption isotherm

The Freundlich isotherm is used to explain
adsorption processes that arise on heterogeneous
surfaces and active sites with various energies based
on multilayer adsorption and equilibrium [35].The
linear form of Freundlich Equation is given as:
log ge = Log Kr + 1/n log Ce (7)

Where g is the betalains concentration on the fabrics
at equilibrium, C. (mgL™ ) is the concentration of
betalains in solution at equilibrium, and Kg (dm®g )
and 1/n are Freundlich constants related to adsorption
capacity and adsorption intensity, respectively . The
Freundlich constants are calculated from the slope and
the intercept also given in Table 3, the correlation
coefficients (R2 > 0.99) reflect that the experimental
data agree well with the Freundlich model. The values
of 1/n (0.86 and 0.92) are smaller than 1, so they
represent the favourable adsorption conditions [36].

Table (2): Kinetic parameters of the dyeing process of betalains adsorbed into cotton, wool and silk fabrics at different

temperatu res
Temp. First-order kinetic model Second-order kinetic model Elovich Intraparticle diffusion
(°c) ., cal ky x102 qe, cal k, x10* a k; (mglg
(mglg) (1/min) R? (mglg (g/mg min) x102 (g/mg] mg/g min) R? min'? C R?

Cotton Fabric

50 26.22 2.2 0.9 34.52 10 17 14 0.95 2.25 8.89 0.94

70 36.45 2.7 0.9 51.99 14 12 27.4 0.94 3.03 19.03 0.95

90 55.06 3.5 0.93 81.68 20 7.3 37.3 0.89 4.88 33.84 0.85
Wool fabric

50 75.32 3.1 0.86 129 13 45 3.75 0.93 22.16 17 0.93

70 85.58 3.6 0.94 139.5 17 43 45.68 0.96 23.01 23.2 0.97

90 109.91 5.7 0.97 152.3 22 42 132.6 0.88 23.3 38.8 0.89

Silk fabric

50 30.08 2.4 83 160.28 22 9.5 22.48 98 3.7 122.5 0.9

70 39.63 4.3 92 169.41 23 9.4 57.06 88 3.9 130.3 0.87

90 37.67 4.4 96 173.14 26 9.1 170.8 89 3.9 135.6 0.81
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Table 3: Langmuir, Freundlich isotherm constants of the
dyeing process of betalains adsorbed into cotton, wool and
silk fabrics at different temperatures.

Table 4: Thermodynamic parameters for the adsorption of
betalains into cotton, wool and silk fabrics at various

3.7 Dyeing Thermodynamics

To establish a criterion for determining the
feasibility or spontaneity of the dyeing process the
chemical thermodynamic parameters had been
examined. The enthalpy AH® and entropy AS° were
calculated using Equation (8):

InK= AS%/R— AH%(RT) (8)

Where the values of AH® and AS® can be determined
from the slope and intercept of the plot of In K versus
1/T Figure (10).

Gibbs free energy change, AGP, can be calculated in
terms of enthalpy and entropy as in the following
Equation (9) [37-38].

AGP=AHO- TAS? 9)

As can be seen from the data in Table (4) and
Figurel0, all magnitudes of enthalpy change indicate
that the adsorption is physical in nature. In addition,
the enthalpy change had a positive value indicate the
endothermic nature of the overall dyeing process. The
entropy change shows negative values, indicates that
the adsorbed betalains become more ordered within
fabrics sheet than the dye in solution [39]. The data
also show that the positive AG® values suggest that the
adsorption of betalains onto cotton, wool and silk
fabrics require energy to achieve the dyeing process
accounting the endothermic and spontaneous nature of
the overall dyeing process.

1/T x 10-3(K-1)

217 29 3 3.1 3|2

InK
(=2}
=Y

.

-6.6

-6.8

Fig.(10) Variation of InK with 1/T (0K-1) for estimation of
the enthalpy and entropy betalains into (a) cotton, (b) wool
and (c) silk fabrics.
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Fabric Langmuir adsorption Freundlich adsorption temperatures.
type isotherm isotherm Temperatur ) . .
O KL R2 Kr n/1 R2 Fabric Temerature e AH () AS AG
X10% | x10% (dm? c K° Kamol | akmol | kamol
(mg | (dm ) 50 323 1855
g7) | mg?)
1.26 3.4 0.65 1.04 0.89 0.98 Cotton 70 343 15.63 9.02 18.72
Cotton 1.86 4.0 0.71 | 1.26 | 0.86 0.99 90 363 18.9
477 | 45 | 071 | 140 | 092 | 0.999 o 3 1784
Wool | 615 | 51 | 059 | 178 | 089 | 099 wol [0 s | wee | e [T
6.24 5.9 0.69 | 196 | 091 0.99 90 363 18.46
10.13 49 0.83 | 1.92 | 0.90 | 0.995 50 323 16.43
Silk 1029 | 54 | 083 | 1.94 | 091 | 0.995 silk 0 3 497 55 172
10.32 5.8 0.82 | 195 | 0.92 0.998
90 363 17.84

3.8 Determination of Fabrics Properties

3.8.1 Color Fastness properties

The results in Tables (5) indicate well to very good
color fastness grade for untreated fabrics towards
washing, light and perspiration. The data assist the
important requirement for comfort properties, which
base the fundamental of medical fabrics. In general,
the results give very good indication for enhancement
the functionality of fabric’s betalains. Fastness
properties of the dye on treated fabrics were evaluated.
The results indicated that color fastness to light,
washing and perspiration of dyed samples are
excellent as shown in Table (5)

3.9 Food industry and health benefits of betalains
3.9.1 Food industry

Betalains are natural plant-derived pigments that
are gaining in popularity nowadays for their use as
natural materials Colorants in the food industry.
Consumers' growing interest in beauty, nutrition and
safety Food aspects have increased the demand for
natural dyes such as betalains for use as an alternative
Colorings in food products [40].

Although betalains from red beetroot are one of
the most widely used foods Colorants So betalain was
studied, this study reviews the pharmacological
properties, such as antioxidants and Anticancer of
betalains derived from sources such as red beetroot,
for use as functional foods. We show some figures of
foods that have been dyed with bio beetroot (betalain).

3.9.2 Antioxidant activity

The antioxidant activity of betalains has been
demonstrated in several chemical and biological
models such as trolox equivalent antioxidant capacity
(TEAC) and 1,1-diphenyl-2-picryl hydrazy (DPPH)
study. The free radical-scavenging activity of betanin
measured in a 1,1-diphenyl-2- picrylhydrazy (DPPH)
assay is higher, than that of vitamin C, which is an
effective natural antioxidant [41-42].Pre-treatment of
HT-29 cells with betalains significantly reduced
hydrogen peroxide induced DNA damage [43]
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indicating the potential DNA-protective effect of
betalains. Betalains identified by the DPPH method
were found to be among the most powerful
antioxidants as ascorbic acid and other powerful
antioxidants, such as rutin and catechins [41].

The Figure 12 (ab) shows that the DPPH
scavenging % of Betalain is generally close to that
obtained by using ascorbic acid under the same
conditions. Improvements observed in DPPH
scavenging %, which reaches to 93.95% for Betalain,
compared to 98.91 % for ascorbic acid.

Fig. (11) some foods before and after dyed with bio
beetroot (betalain)

B

% of DPPH scavenging
@
=

Concentration (%)

Fig. (12 a) the DPPH scavenging % of Betalain

3.9.3 Anti-cancer properties

Betalains are actively involved in the removal of
free radicals. Thus, it may prevent the onset of cancer
and cardiovascular disease. Betalains have been found

to transactivate the major nuclear erythrocyte nuclear
factor 2 (Nrf2) that stimulates the antioxidant defense
mechanisms of endogenous cells [43].

The carcinogenic human liver cell (Huh7 Cell)
Supplement with 15mM Betalains from Beetroot. It
resulted in a significant increase in cellular glutathione
(GSH), which are important cellular antioxidants that
lead to cell cycle arrest and apoptosis[43] indicating
the possibility of chemoprevention properties of
betalains. Betalains are found from beetroot Anti
proliferative activity in cancer cells. Extracts of beets
Contains betalains, which suppress the growth of
human colon and breast cancer cells significantly.
Future research combining neoplastic cell lines with in
vivo testing in a model that closely resembles the
targeted human cancer will have a better chance of
evaluating betalains' anticancer effectiveness.The
Inhibitory percent of Betalains against colon
carcinoma cells is 60.59 percent, while the low
Inhibitory percent of Betalains against breast
carcinoma cells is 26.16 percent, as shown in Figures
13 (a,b).

100

% of DPPH scavenging

N O O N O

S S S S S
TS LT

RN U e N

Concentration (ug/ml)

Fig. (12 b) The DPPH scavenging % of Ascorbic acid.

HCT-116 B
120
100
a2
= 80
H
£ 60
8 a0
20
0
o o G
Q@ Qé’ Y Qﬁ' Q"“ ~® ’\-a
Concentration (%)

Fig.(13a) Betalain inhibition effect against colon carcinoma
cells

Table (5) Color fastness to light, washing and perspiration of dyed sample

Untreated fabrics Treated fabrics
Type of fabrics } . Perspiration : . Perspiration
Washing | Light = e T Al | Washing | Lot M250 T Alkan
Cotton 3 3-4 3-4 3-4 4 4-5 4-5 4-5
Wool 3-4 4 4 4 4-5 5 5 5
Silk 3-4 4 4 4 5 5 5 5
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MCF-7 B

Cell Viability %

Concentration (%)

Fig.(13b) Betalain inhibition effect against breast.
carcinoma cells.

4. Conclusion

The extraction condition plays an important role in the
extracting content of betalain(beetroot peel extract)
and the physical character. Water was used in this
study as a green solvent for almost the entire
experiments. The optimum extraction conditions were
0.5 g /10 ml water, 50°C for a duration of 3min and
extraction pH optimized at 5. The characteristic
analyses showed that betalain have a maximum
absorbance at 535 nm, FTIR spectroscopy showed the
presence of C=0 and COOH groups that characterize
the betalain dye, the mass spectrum of Beetroot
solution gives the molecular ion peak at 551 m/z, the
dyeing process for different fabric showed
improvements in the presence of chitosan, the kinetic
adsorption mechanism showed that the dyeing process
follow the second order rate constant. Also follow the
freundlich isotherm; all magnitudes of enthalpy
change indicate that the adsorption is physical in
nature. In addition, the enthalpy change had a positive
value indicate the endothermic nature of the overall
dyeing process. The entropy change shows negative
values, indicates that the adsorbed betalains become
more ordered within fabrics sheet than the dye in
solution. The data also show that the positive AG°
values suggest that the adsorption of betalains onto
fabrics require energy to achieve the dyeing process
accounting the endothermic and spontaneous nature of
the overall dyeing process. Betalain showed
marvelous results as colorant agent. The antioxidant
activity of betalains has been demonstrated,
Improvements observed in DPPH scavenging %,
which reaches to 93.95% for Betalain, compared to
98.91 % for ascorbic acid. Beet extracts Contains
betalains that have a significant growth inhibitory
effect on Human colon and breast cancer cells.
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