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Abstract

Betalains are natural color compounds with high water affinity, unstable, and fragile; hence, understanding their thermal
tolerance is always beneficial either in manufacturing them or in their application in betalain-rich functional foods for better
handling. In our study, the extractability of betalains via microwave-assisted extraction (MAE) from the peel of beetroot
was implemented at 100-800 W for 30-150 s with four different solvents. Among the maximum amounts of total betalains
(202.08 +2.23 mg/100 g FW), betacyanin (115.89 +1.08 mg/100 g FW) and betaxanthin (86.21 +1.16 mg/100 g FW) were
generated by pure water solvent after 150 s of MAE at 800 W. Alternatively, the susceptibility of beetroot peel extracts to
processing conditions was investigated by heating them at 30-70 °C, and the thermal instability of betalains was evaluated
by half-life (t,,), temperature quotient (Q,,), and activation energy (E,), using the Arrhenius equation. The resulted retention
percentage (R%) proved that ascorbic acid improved the R% of total betalains from 22 to 51% and betacyanin from 3 to 29%

and in contrast reduced R% of betaxanthin from 56 to 40% after the heat treatment at 70 °C for 5 h.
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1 Introduction

Color of food products is an indispensable property of food
quality as consumers’ initial food assessment relies on the
visual appearance of foods. Improving the color of foods
with artificial dyes (azo dye, triphenylmethane dye, and xan-
thene dye) are the follow-up criteria in the section of food
fraud and integrity [1]. Lack of knowledge in the tackling
of fruits and vegetables has led to a high waste generation
of up to 40% throughout the processing from the harvest-
ing to production in developing countries [2]. Therefore,
valorization of bio-colors from food processing wastes is a
profitable alternative for resource conservation while reduc-
ing food wastage.

Compact with antioxidants, some color-giving com-
pounds (mainly hydrophilic betalains and lipophilic flavo-
noids) in fruits and vegetables such as berries, purple cab-
bage, and beets are playing a major role in food decorations
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accordingly their potential health benefits such as combat-
ting carcinogenic and age-related diseases [1]. For exam-
ple, red cabbage color (anthocyanin) approved for food use
has been tagged E163 in the EU [3]. Furthermore, one of
the major color-giving compounds in betalains, which is
betanin (E162), has also been regarded as a safe additive
in foods. Other natural pigments applied in food industries
such as carotenoids and chlorophyll have been discussed in
the reviews of Zin et al. [4] and Manzoor et al. [5]. Appli-
cation of hybrid pigment anthocyanine as bio-colors for a
wide color range spectrum due to their conjugated nature is
highly in demand [2]. More importantly is the application of
bio-extracts in active packaging deployed for quicker time
response in the prevention of spoilage through the moni-
toring of packaged materials quality for water activity, pH
changes, microbial growth, and chemical change parameters
[6]. Similarly, bioactive compound extract as a coating agent
for food products has been occupied for active packaging
in the improvement of food shelf-life, sensory properties,
thiobarbituric acid reactive substances, and total volatile
nitrogen content [7].

Beetroots contain huge amounts of bioactive compounds,
micronutrients and macronutrients, minerals, and inorganic
nitrogen especially in nitrate form, not only in the bulb but
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even in the peel [8, 9]. They also occupied in the decoration
of foods with attributes of red intense color (betalains) to
the dish when for instance the bulbous is cooked directly
in the meal or pressed to get red color juice in combina-
tion with the other color-giving foods. In Hungary, beet-
root is regarded as a second crop with a growing period of
100-110 days and mostly served in a fresh form as salad
or dessert; processed form as pickle, chip, or cold drink;
and cooked form as soup. Possessing authentic properties of
antioxidant, anti-inflammatory, and anticarcinogenic prop-
erties, betalains are derivatives of tyrosine omnipresent in
vacuoles of plant group in the order of Caryophyllales, Ama-
ranthaceae family [4, 10, 11]. Depending on the condensa-
tion reaction between the betalamic acid, core structure of
betalain, and amino acid or cyclo-dopa moiety, the structures
of yellow-betaxanthin and red-violet-betacyanin can differ
[4, 11]. However, as natural compounds, their instability
during processing and storage remains a big challenge for
entrepreneurs and so restricts their practical usage in food
industries. The stability of betalains is mostly manipulated
by temperature, pH, light, water activity, chelating agents,
antioxidants, and enzymes [4].

Recently, the stability of betalains has been upgraded
with chelating agents; metals; antioxidants such as ascorbic
acid and flavonoids; preservatives like citric acid and sodium
benzoates; and cyclodextrin [12]. Likewise, encapsulations
were found to have a nondestructive effect on bioactive com-
pounds and enhance their bioavailability and solubility in
different media [13, 14]. Aside from the stabilizers, beta-
lains in the complex juice matrix have higher stability due to
copigments function [12]. In the study of [15], it was men-
tioned that ascorbic acid could accelerate the decomposition
of anthocyanin via direct condensation, polymer pigment
formation, with consequent hydrogen peroxide formation,
although ascorbic acid can improve the stability of acylated
form anthocyanin utilizing its antioxidant ability. A wide

study on betalains stability in different media such as milk
[16], Rivina humilis L. berry juice [17], and white currant
juice [18] is available. However, to the best of our knowl-
edge, the thermostability test of microwave extracts from
beetroot (Cylindra type) peel with the combined function
of ethanol and ascorbic acid has not been investigated yet.
It should be noted that not only the valorization of bioac-
tive compounds affects their biological properties, but also
does their application in various processing media. For this
purpose, we investigated the extractability of betalains via
microwave and the thermal degradation of resulted extracts
on heating at specific times and temperatures.

2 Materials and methods
2.1 Sample preparation

To investigate the extractability of betalains with the support of
a microwave, three modes of microwave power (100800 W)
together with varied treatment times (30—150 s) and solvent
ratio (0.1-0.2 w/v) were set up and performed by a home-use
microwave oven (Specs Electrolux EMM 2005) as described in
Table 1. Generally, the collected Cylindra type beetroots (Beta
vulgaris L.) from a bio-farm in Hungary (winter-sowing) were
sorted, cleaned, and skinned properly. Then, the beetroot peels
were treated with the microwave for 30 s, 90 s, and 150 s at
100 W, 450 W, and 800 W with intermittent mode (30 son 15 s
off, 15 s on 15 s off) and cooling in between with icy water,
which was found to be efficient for direct microwave exposure
of the sample with an open vessel due to its prevention of
superheating effect and spilling over. Four different types of
solvents utilized for the betalains extractions were pure water
(PW), acidified water (AW), 15% (v/v) ethanol-water (EW),
and acidified ethanol-water (AEW). 0.5% (w/v) ascorbic acid
was applied for acidification of the solvents. Meanwhile, a

Table 1 Process variables

° BME Run Power (W) Time (s) Solvent (w/v) Acid (%) pH
for MAE of betalain color
compounds from the peel of A 1 100 30 0.1° - 5.9
beetroot 2 450 90 0.159 - 6
3 800 150 0.2P - 5.9
B 1 100 30 0.1° 0.1 4.1
2 450 90 0.15° 0.3 4.0
3 800 150 0.2P 0.5 4.0
C 1 100 30 0.1° - 6.0
2 450 90 0.15¢ - 6.1
3 800 150 0.2° - 6.1
D 1 100 30 0.1° 0.1 4.7
2 450 90 0.15¢ 0.3 4.5
3 800 150 0.2° 0.5 44

Superscript letters p and e mean pure water solvent and eth-water solvent
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conventional solid-liquid extraction was achieved with pure
water (0.1 w/v) at 70 °C for 1-h extraction time and used as
the control. The obtained extracts were centrifuged by Z 206 A
centrifuge machine before spectrophotometric analysis.

2.2 Color (L"a’b’) measurement

CIE 1976 L"a"b" is the uniform color scale mostly applied in
the visualization of the appearance of foods with the interpre-
tation of color tonation based on the respective color coordi-
nates: L” for lightness (the closer to 100, the lighter in color),
a’ for redness or greenness (the higher in positive value, the
more redness), and b" for blueness or yellowness (the higher
in the positive value, the more yellowish). The angle of hue
denotes the measurement of the degree between the redness
and the yellowness of the sample, whereas saturation or color
intensity is expressed by chroma (C?,) [19]. Color patterns of
the sample extracts were visualized by CHROMA METER
CR-400, and calibration was performed with calibration tile
before the measurements. Total color difference (AE”,) was
calculated by the following equation [20]:

AE', = VAL* + Aa* + Ab*

where AL" means the differences in the lightness of the sam-
ple and the standard, Aa” means the differences in redness or
greenness, and Ab” refers to the differences in yellowness or
blueness. Chroma (C:b) and hue® were calculated from the
respective a"and b* [13]:

Cy= V@ + o

Hue’ = tan_l(i—*)

2.3 Betalain color compounds measurement

Quantification of betalains was completed spectrophoto-
metrically with GENESYS-5 UV-visible spectrophotometer
using Nilson’s method. The sample extracts were diluted
with Mcllvain buffer solution (pH=6.5) with a suitable dilu-
tion factor before reading the absorbances. The respective
betalain compounds were evaluated as follows [21]:

BC = 1.095(As35 — Ago0)
BX = A 76 — As3g — BC/3.1
Impurities = As33 — BC
TBC = BC + BX — Impurities

2.4 Color retention and concentration ratio

Percentage of color retention (R%) and concentration ratio
(CR) were estimated from the initial concentration of betalains
right after extraction processes (C,) and the concentration of

betalains at a specified time (C,) per the below equations [22,
23].

R% = < x 100
CO

=&
CR—CO

2.5 Degradation kinetics

The thermolability of beetroot microwave extract (BME) was
induced by heat at various temperature ranges (30-70 °C) in
the absence of light. Herein, the degradation of betalains was
tracked by the kinetic parameter of the first-order reaction with
the reference of Antigo et al. [13]:

dcC

f
—L = k¢,
dt !

where Cfis the final concentration; C; is the initial con-
centration; k is the first-order degradation constant (h_l); and
t is the heating time (h). Meanwhile, half-life (t,,) of TBC,
BX, and BC was also investigated according to the following
equation [13, 22]:
In 2

hp ===

Temperature dependency of betalains deterioration was
determined by activation energy (E,) using the Arrhenius
equation, which is very useful in the estimation of bioactive
compounds deterioration with time and temperature during
and after processing of foods [19, 22, 24]:

k= A.exp(—%)
Ln(k) = J%(%) +1n(A)

where k is the reaction rate constant (h™'); A is the pre-
exponential factor; E, is the activation energy (kJ/mol); R
is the universal gas constant (8.3145 J/K mol); and T is the
absolute temperature (K). In addition, temperature quotient
or coefficient (Q,,) is the measurement of the rate of change
in biochemical reactions as a consequence of temperature
elevation by 10 °C that can be calculated by the division
of respective degradation constants at specific temperatures
[16]:
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3 Results and discussion
3.1 Extractability of betalain compounds

Microwave is an electromagnetic wave with frequencies in
the range between 300 MHz and 300 GHz. Dissipation of
kinetic energy (movement of dipoles in a swing mode driven
by electromagnetic wave) to thermal energy by the sequen-
tial movements of dipoles leading to intermolecular fric-
tion, which in turn heats up the matrix, is the basic concept
of MAE [25]. In this study, three different MAE processes
noted as run 1, 2, and 3 were done to compare the betalain
extractability of various solvents through microwave irra-
diation. The examined percentages of extraction yield were
topmost in run 3 with the following descending order: 9.14%
(sample A), 8.23% (sample B), 7.31% (sample C), and 6.91%
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Fig. 1 Respective yield % of each sample extract with different sol-
vents at varied conditions of MAE (“*” denotes p-values less than
0.001)

(sample D) manifesting the advantage of pure water solvent
(Fig. 1). Concerning the statistical approach for the signifi-
cant differences among the treatments (run 1, 2, and 3) of all
samples, Tukey’s post-hoc test was performed.

Under the minimum processing level of MAE (run
1), the estimated amount of total betalains is per follow-
ing descending order: 74.35+1.07 mg/100 g FW (D),
59.68 £0.16 mg/100 g FW (A), 44.33 +1.2 mg/100 g FW
(C), and 29.58 +£0.39 mg/100 g FW (B) (Fig. 2). Although
the greater amounts of betalains were observed in the con-
trol sample that is 180.38 +0.84 mg/100 g FW of total
betalains, betaxanthin (85.51+0.43 mg/100 g FW) and
betacyanin (94.9+0.6 mg/100 g FW), it is still worthy to
mention the superiority of MAE than the conventional way
in the matter of saving extraction time. Subsequently, total
betalains recovered in the corresponding extracts under
the center point of MAE (run 2) processing condition are
127.45 +£4.08 mg/100 g FW (D), 113.46+1.92 mg/100 g
FW (C), 62.17+1.39 mg/100 g FW (A), and
43.12 +£2.37 mg/100 g FW (B), respectively. The interac-
tion of 800 W microwave power with 150 s of irradiation
time which is the highest point of processing condition (run
3) was observed to be the most efficacious with the following
total betalains outcomes: 202.08 +2.23 mg/100 g FW (A);
174.93+2.61 mg/100 g FW (D); 170.26 +0.64 mg/100 g
FW (C); and 103.4 +2.15 mg/100 g FW (B). This proved
the fact that enough microwave exposure of plant matrix
may guarantee the extraction efficacy to bring out the tar-
geted bioactive compounds. Accordingly, the microwave
absorptivity of the solvent is theoretically determined by
its dielectric constant and polarity, of which the greater in
dielectric constant, the better the absorption of microwave
[4, 26, 27]. In MAE, the temperature can strongly affect the
solubility of the matrix and the solvent by upgrading their
intimation. Apart from that, the larger surface area of the

Fig.2 Amount of BC, BX, and 250
TBC extracted by MAE from
the peel of beetroot with four
different types of solvents: run
1 (microwave wattage-100 W,
irradiation time-30 s); run 2
(microwave wattage-450 W,

BC (A)
BC (B)
200 = BC (C)

mBX(A)
mBX(B)

BC (D)

gBX(C)
BX(D)

mTBC (A)
mTBC (B)
mTBC(C)

mTBC (D)

irradiation time-90 s); run 3
(microwave wattage-800 W,
irradiation time-150 s) (same
letters represent the statisti-
cal differences among the
treatments (runs) at 99.99%
confidence interval)

e
o
o

Betalains (mg/100g FW)
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matrix is preferable for better absorption of microwave to
leach out trapped compounds [26]. Since polar intermolecu-
lar reaction occurs in the medium of solvent, the transforma-
tion of microwave exposure of reactants depends upon the
absorptivity of the solvent whether it is protic or aprotic.

Meanwhile, under the maximum level of pro-
cess condition, PW could bring the highest numbers
of specific betalains: BC (115.89+1.08 mg/100 g
FW); BX (86.21+1.16 mg/100 g FW); and TBC
(202.08 +£2.23 mg/100 g FW), which is 49%, 16%, and 13%
greater as compared to AW, EW, and AEW solvents (Fig. 2).
Since solvent properties directly impact desired outcomes,
the behavior of the solvent must have been manipulated by
microwave treatment. Biosynthesis reaction of compounds
present in the matrix can be prohibited by acidification of
extraction medium. For example, enzymatic decolorization
of betanin can be retarded by ascorbic acid, which disturbs
oxidative activity of polyphenol oxidases or 3-gluconolac-
tone and inhibits B-glucosidase [28]. Thus far, the effect of
ascorbic acid (0.01-0.04 mM) on two-step microwave treat-
ment for betalain extraction which enhanced the pigment
recovery was investigated by Cardoso-Ugarte et al. [29].
Acidified extraction medium of pH 3.5 adjusted by ascorbic
acid upgraded the yield of betanin to the highest as well
[30]. However, within the study range, the utilized amount
of ascorbic acid, as well as aqueous ethanol, did not show
any influence on the expected products as pure water only
ensured the topmost betalains recovery. Due to its active
hydrophilic property, water seems to be more operative to
extract these desired compounds than alcoholic solvents in
some cases [10]. In contrast, almost double amounts of BX
and BC were recovered conventionally with 15% (v/v) aque-
ous ethanol at 22 °C in 1 h of extraction time from beet-
root (Rhonda variety) peel as to pure water [31]. With high
water affinity, betalains compound extraction can simply be
accomplished by pure water though changes in polarity of
the solvent are also beneficial to accomplish the extraction
performance, which can further be deduced by the com-
pany of water-soluble proteins [23, 28, 32]. According to
Chong et al. [33], water encourages the implementation of
the desired compounds extraction with less impurity than
alcoholic solvents. Under the scope of waste valorization,
it can be mentioned that the scavenged betalain amounts
from the peel of beetroot are satisfactory according to the
extracted results from the other sources such as Opuntia
fruit peel (2.016 mg/100 g FW), dragon fruit peel (9 mg/L),
and white-fleshed red pitaya peel (1.66 mg/g of dry extract)
[34-36].

The color tonality (L"a"b") measurement of BME rep-
resented the lightness and redness of the extracts together
with the clarity and the intensity of vivid color. Herein, the
visual color of crude extracts was observed to be remarkably

influenced by the behavior of solvents as can be seen in
Fig. 3. Continuously, the differences in color patterns (light-
ness, yellowness, and redness) of respective extracts are
visualized and listed in Table 2. The examined values of
AE?,, which stands for the difference between the displayed
color and the standard of the respective input content, were
within the range of 61.3+0.01 and 80.21 +0.02 (sample
B). The greater C’, and Hue® values typify the more redness
of the sample, whereas the lower L” value represents the
deeper in color intensity. As enlisted in the table, C’, values
ranged between 48.06+0.14 (sample C) and 64.27 +0.2
(sample B), while Hue® values were between 5.88 +0.12
and 26.34 +0.07 (sample B). Compared to acidified sol-
vents, PW and EW solvents contributed lower L" values of
27.13+0.15 (A) and 24.48 +0.1 (C), respectively, under the
highest process condition of MAE. In the extracts of AW and
AEW, higher C?, values (61.37+0.04 and 57.49 +£0.19) and
Hue® values (26.34 +0.07 and 24.61 +0.07) were exhibited.
Heat treatment with exposure to oxygen can lead to dehy-
drogenation and decarboxylation reactions of betalains with
yellow-orange color changes [11]. Besides, in the medium
of pH > 7, the hydrolysis of betanin to betalamic acid and
cyclo-dopa-5-0O-glucoside can occur with the improvement
of the yellowish brown color [11]. Mikotajczyk-Bator and
Czapski [37] pointed out the correlational changes of heat-
induced betalain pigments along with pH in which the loss
of violet color was more intense within a pH range of 4-9;
however, the yellow color-giving pigments increased with
pH from 6.5 to 7. Probably, the improvement of yellow pig-
ment is due to neo-derivatives of BC diversification via
isomerization, deglycosylation, dehydrogenation, hydrolysis,
deamination, and decarboxylation [38].

3.2 Stability of betalain compounds

Degradation kinetics of betalains in BME (run 2) was inves-
tigated over different temperatures (30 °C, 40 °C, 50 °C,
60 °C, and 70 °C) for the time range of 0—5 h with the closed
vessel in the dark. The resulted variations in half-life (t,,),
degradation constant (k), regression coefficient (R), tem-
perature quotient (Q,,), and activation energy (E,) with sol-
vent characteristics used for MAE are listed in Table 3. The
pattern of the betalains deterioration over the temperature
range followed the first-order kinetic model with R values
between 0.8 and 0.9 generally. In PW and EW extracts, the
rate of BC degradation is faster than BX although BC tends
to degrade less than BX in AW and AEW extracts, thereby
revealing the efficacy of ascorbic acid in assisting slower
degradation of BC.

The limit of time required to reduce betalains to half of
its initial amount was expressed by half-life value. In gen-
eral, the half-life values of BC declined constantly with
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Fig.3 Crude microwave

extracts of betalains with differ-
ent types of solvents under three
process conditions (see Table 1)

Run (1)

(D)

Run (3)

Table 2 Differences in color

_ BME Run L’ a b" c, Hue® AE;,
tonation of the beetroot peel
extracts based on the variations A 1 4548006  56.36+041  9.13+£0.1657.09+£043  92+0.1  67.09+0.37
in process conditions 2 4045%0.12 58094023 17.27+0.0360.61£021 16.56+0.09 72.76+0.12
3 27.13+0.15 48754057 22.01+03453.49+041 243+055 75.83+0.25
B 1 4871+0.08  51.99+0.06  535+0.1152.26+0.07 5.88+0.12 61.3+0.01
2 40654022 58924023 25.67+0.126427+0.2  2355+0.14 75.69+0.15
3 29.1540.02 55+0.03 27.23+0.0861.37+0.04 26.34+0.07 80.21+0.02
C 1 4601+1.04  50.76+0.65 1227+0.7752.55+0.82 13.58+0.65 62.71+1.26
2 259+0.06 43.93+0.12  19.5+0.09 48.06+0.14 23.93+0.08 73.04+0.05
3 24.48+0.1 44254024  18.68+0.1748.09+029 22.89+0.07 74.13+0.12
D 1 35.06+0.03  57.66+0.0526+0.04 63.25+0.03 2427+0.05 78.01+0.04
2 2862+0.13 5354402  25.39+0.2459.26+0.28 2537+0.12 78.97+0.13
3 30.71+£0.07  5226+0.14 23.94+0.1457.49+0.19 24.61+£0.07 76.26+0.1

increasing temperature in all types of extracts which are 30
tol1h(A),39to3h (B),34to1h(C),and 53 to 2 h (D),
though the trends of BX’s half-life fluctuate throughout the
heat treatments (30-70 °C) with half-life values between
30 and 6 h (A), 14 and 4 h (B), 32 and 11 h (C), and 16
and 3 h (D), respectively. In the case of BC, the changes
in half-life with time are more obvious despite the lower
half-life values regarding BX. The trends of samples B and
D behaved the same way, in which, the half-life values of
BC were triple as to BX after 5 h of heat treatment at 30 °C

@ Springer

with the following k values: 0.02 h™! (BC) and 0.05 h™" (BX)
and 0.01 h™! (BC) and 0.04 h™! (BX) in the samples B and
D, respectively. Moreover, in samples A and C, the half-life
values of BC and BX were alike with degradation value
(k) of around 0.02 h™! at temperature (30 °C) howbeit with
a drastic change in both of them beyond 40 °C. Overall,
half-life values of BX exceeded BC in samples A and C
which is the reverse in B and D samples as the half-life
values of BC surpassed BX implying more tolerance of BC
to degradation in acidic medium. Aside from that, along
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Table 3 Effect of variations in the temperature of heat treatment on half-life, degradation constant, regression, temperature quotient, and activa-

tion energy

BME Temp (°C) Half-life (t, ,, h)

Degradation constant Regression (R)

Temperature quotient  Activation energy (E,, kJ/

(k,h™") Qo) mol)
BC BX TBC BC BX TBC BC BX TBC BC BX TBC BC BX TBC
A 30 2075 29.62 2139 0.03 002 002 087 095 097 228 077° 241* 6826° 4526° 5848°
40 939 383 1233 007 0018 006 099 097 098 198 291°® 201°
50 475 1315 614 015 005 011 098 092 097 298 267° 246
60 1.60 492 249 043 0.4 028 097 076 094 1.59¢ 0.82¢ 1.09¢
70 100 601 229 069 012 030 099 099 095
B 30 3894 13.64 66.65 002 005 001 079 088 081 122° 1.8% 383 5306° 2642° 5820°
40 31.80 752 1742 002 0.09 004 095 090 091 215 1.87° 2.04°
50 1478 401 855 0.05 017 008 091 093 093 154 1.12¢ 1.21°
60 959 358 7.04 007 019 0.0 085 089 085 298 0.81¢ 1.89¢
70 322 443 373 022 016 019 091 0.84 0.93
C 30 34.15 31.65 3224 002 0.02 002 089 086 094 291* 1.08 208 70.06° 22.73° 4970°
40 1175 2937 1547 006 0.02 0.04 099 096 099 254> 193> 2.13°
50 462 1520 725 015 005 0.0 098 089 096 1.94° 0.83° 1.34°
60 239 1839 542 029 0.04 0.13 099 088 097 1.78¢ 1.71¢ 1.74¢
70 134 1073  3.11 052 006 022 096 096 0.92
D 30 5332 1643 31.08 001 0.04 002 09 096 083 245 1.74* 1.92* 78.04° 38.70° 62.05°
40 21.80 942 16.16 0.03 0.07 004 099 098 096 3.11° 1.55° 2.44°
50 702 609 662 010 0.11 010 099 090 096 2.92° 271° 2.83°
60 240 226 234 029 027 030 098 097 098 1349 0.75¢ 1.02¢
70 179 342 229 039 020 030 099 085 099

The superscript letters a, b, ¢, and d mean the Q,, between temperatures 30 and 40 °C, 40 and 50 °C, 50 and 60 °C, and 60 and 70 °C, respec-

tively. The superscript letter O represents the overall E, from 30 to 70 °C

08 = m ~o-.5C 0
07 | -e--EC© x BCD)
«e@.« BX(A) .. BX (B) A
e BX(C)  ceaae. BX (D) -
06 { _o_TBC(A) —e—TBC®) p i
—g—TBC(C) A TBC(D)
05 L, ,A
= 04
E
0.3
0.2
01
0

40 (°C)

30 (°C) 50 (°C) 60 (°C)

Fig.4 k values variation with elevated temperature within heat treat-
ments for betalain stability test

with elevated heat treatments, TBC exhibited the continu-
ous decline of half-life values of all sample extracts together
with their enhanced k values such as 21-2 h (0.02-0.3 h™"),
67-4h (0.01-0.19 h™1), 32-3 h (0.02-0.22 h™"), and 312 h
(0.02-0.3 h™"), respectively, which is in accordance with
the observation of Chew et al. [24]. Figure 4 depicted the

variation of k values of respective betalain compounds with
elevated temperatures. Here, highly temperature dependency
of BC stability in all sample extracts was demonstrated with
its drastic changes in k values with a temperature notably
over 50 °C compared to BX as well as TBC. Moreover,
k values of BX rose constantly up to 60 °C but decreased
again at 70 °C. The rational explanation here is the degra-
dation limit of BX which is maximum at 60 °C as well as
its decompartmentalization following degradation, which in
turn affected the overall betalains. However, in the study
of Sharma et al. [39], BX was mentioned as more strongly
temperature-dependent concerning BC. Skalicky and co-
workers [40] claimed that the absolute stability of betalains
was during storage at 22 °C for 6 h. In the study of degra-
dation of betalains in milk, temperature elevation (10 °C)
induced an approximately 1.5-fold higher reaction rate [16].
At any specific temperature, somehow, the asymptotic deg-
radation of the color occurred after a certain time of heat
treatment [19].

The temperature-dependent compartmentalization of
betalains was defined by temperature quotient (Q,,) which is
estimated from the ratio of corresponding k values. Among
the samples, the Q,, value of BC is maximum (3.11) at
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40-50 °C in the sample (D), and the minimum amount of
1.22 is observed in sample (B) at the same temperature
range. In the case of BX, the highest Q,, value is 2.91 which
is at 40-50 °C in sample (A), while the lowest value 0.75 is
found in sample (D) at 60-70 °C. For TBC, 3.83 is the maxi-
mum Q,, value (30-40 °C), and 1.02 is the minimum one
(60-70 °C), those were found in samples B and D. This
means for every increase of 10 °C, the degradation rate will
elevate approximately three times under 50 °C and will not
differ significantly beyond that temperature. Generally, the
more the temperature dependence for betalain deterioration,
the more its Q values are enhanced. The activation energy
(E,) of BC, BX, and TBC were calculated from the slope
value of k versus per temperature graphs. E, of BC exceeded
BX in all sample types in which E, of BC was 68.26 kJ/mol
(A), 53.06 kJ/mol (B), 70.06 kJ/mol (C), and 78.04 kJ/mol
(D), whereas E, of BX was 45.26 kJ/mol (A), 26.42 kJ/mol
(B), 22.73 kJ/mol (C), and 38.70 kJ/mol (D), respectively.
Consequently, E, of TBC in each sample was 58.48 kJ/
mol (A), 58.20 kJ/mol (B), 49.70 kJ/mol (C), and 62.05 kJ/
mol (D). According to these results, it can be noted that E,
required for deterioration of BC and TBC is the greatest in
acidic medium, while it is maximum in pure water for BX. In
the literature, the examined E, of BC was 49.21 kJ/mol while
of BX was 38.99 kJ/mol at 70-120 °C [24]; E, of total beta-
lains in milk was 42.45 kJ/mol at 70-90 °C [16]; E, of water
extracts was observed to be 68.76—119.75 kJ/mol, whereas
E, of ethanol extracts was in the range of 22.97-125.34 kJ/
mol during the storage at 4-30 °C based on pH variation
[22].

Concentration ratios (CR) of betalains throughout the
heat treatments were enlisted in Fig. 5. After 5 h of heating,
CR of BC decreases from 0.85 to 0.03 in sample A, 0.91
to 0.29 in sample B, 0.89 to 0.07 in sample C, and 0.93 to
0.14 in sample D with increasing temperature, whereas CR
of BX reduces from 0.89 to 0.56, 0.77 to 0.4, 0.87 to 0.71,
and 0.81 to 0.33 in samples A, B, C, and D, respectively.
Those CR values are additionally proving the better stability
of BX compared to BC. Continuously, TBC reduces from
0.88 to 0.22 (sample A), 0.94 to 0.34 (sample B), 0.89 to
0.32 (sample C), and 0.89 to 0.21 (sample D). Overall, CR
was directly affected by raising the temperature withal pro-
longed treatment time, as the trends of CR started to decline
remarkably above 50 °C. In samples B and D, the fluctuation
of CR trends can be explained by the color restoration with
ascorbic acid function beyond its degradation limit as earlier
discussed. This phenomenon is conspicuous below the heat-
ing temperature of 60 °C as experienced by Chew et al. [24].

The retention percentage (R%) of the respective betalains
extracts after heat treatment of 5 h at 30-70 °C is compared
in Fig. 6. Based on the changes in the temperature from
30 to 70 °C, R% of BC in different sample extracts var-
ied drastically in the following ranges: 85-3% in sample
A, 91-29% in sample B, 89-7% in sample C, and 93-14%
in sample D. Amongst, the highest BC retention evoked in
sample D followed by the sample B, the possible scenario
here is the efficacy of ascorbic acid in both AW and AEW
extracts which could have fastened BC’s stability. Likewise,
R% of TBC was the supreme in sample B which is 94-51%
followed by 89-32% in sample C, 89-21% in sample D,
and 88-22% in sample A. On the other hand, R% of BX
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Fig.5 Concentration ratio of TBC, BX, and BC according to the varied heat treatment time (0-5 h)
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Fig.6 Respective retention percentage of betalains after 5 h of heat treatment at various temperatures (“0” denotes p-values less than 0.05, while

“B and &” denote p-values less than 0.0001)

varied slightly with temperature changes: from 89 to 56%
(sample A), from 77 to 40% (sample B), from 87 to 71%
(sample C), and from 81 to 33% (sample D). Despites minor
fluctuation in some cases, R% of BX was the topmost in the
extract of PW (sample A) proving its better stability regard-
less of ascorbic acid unlike BC. Deduced color retention
may affect the diversification of betacyanin to D-glucoside
cycle-DOPA and betalamic acid; and the generation of BX
and methyl derivative of arginine BX was observed with
prolonged heating at an elevated temperature [22, 41]. In
advance, deduction in yield of BX could be explained by
thermal degradation/isomerization of indicaxanthin [29, 39].
In the study of Elbandy and Abdelfadeil [42], the stability
of the red color betalain has been improved with 0.05% of
ascorbic acid. Similarly, metal-induced bleaching of beta-
lains in Rivina humilis L. berry juice was studied by Khan
and Giridhar [17], in which, selenium (40 pg/mL) together
with ascorbic acid (0.25 g/100 mL) could improve the half-
life of BC. Apart from that, naturally originated copigments
such as flavonoids, polyphenols, and alkaloids in pale yel-
lowish color can lessen the deterioration of food color com-
pounds as well [15].

4 Conclusion

In the extractability test, three combinations of process con-
ditions exhibited the necessity of enough microwave treat-
ment for efficient bio-color extractions due to the uprising
trends of outcomes with improved treatment duration and
power. The presence of ascorbic acid (0.5% w/v) and 15%
aqueous ethanol did not show any significant influence on
the expected products of MAE. However, the stability test
of betalains from BME revealed that the decomposition of
BC was limited by ascorbic acid improving the R% of BC
with subsequent reduction of the R% of BX. Furthermore,
BX revealed not only its less thermo-unstable property than
BC under the expected temperature range (30-70 °C) but
also the color restoration around 40 °C. The substitution of

synthetic dyes with natural ones seems to be an advantage,
though there are certain drawbacks like the limitation of
sources, cost efficiency, and tolerance to food processing
due to their high instability. Therefore, this study could help
fulfill the gap in the knowledge of efficient betalains valori-
zation from beetroot waste for their subsequent incorpora-
tion into food products across agro-industries. Ultimately,
our findings could be related to the future practical usage
of beetroot peel extracts concentrated with reverse osmosis
membrane as a natural colorant in fruit juice blends.
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