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The object of this research was the beetroots prepared by intermittent microwave drying at different conditions.
The paper aimed to investigate the influence of intermittent microwave drying conditions (power density,
microwave gap ratio and slice thickness) on the bioactive compounds and antioxidant capacity of beetroots.
A microwave drying system SAM-255 (CEM Corporation, USA) was used to intermittent microwave drying of fresh
beetroots. The effect of different power densities (1.0, 1.5, 2.0, and 2.5 W/g), microwave gap ratios (1, 2, 3, and 4)
and slice thicknesses (2, 4, 6, and 8 mm) on the bioactive compounds and antioxidant capacity of beetroots were
investigated. Colorimetric methods were used to determine contents of betalains, total phenolic and total flavonoid,
and antioxidant capacity of dried beetroots. The ascorbic acid content was determined using 2,6-dichloroindo-
phenol titration method.

Results showed that power density, microwave gap ratio and slice thickness significantly affected the drying time,
bioactive compounds and antioxidant capacity of beetroots. The drying time decreased with the increasing of power
density, while increased significantly with the growth of slice thickness and microwave gap ratio. The shortest drying
time (35.4%2.6 min) of beetroots was occurred at microwave gap ratio of 2. The content of betacyanins was found
to be the highest in the dried beetroots with thickness of 2 mm. The beetroots with slice thickness of 2 and 4 mm
showed the highest betacyanins content. Moreover, the highest content of ascorbic acid (240.00+2.32 mg/100 g)
and total flavonoid (14.52+0.06 mg rutin equivalent (RE)/g) was appeared at power density of 2.0 W/g, while
the content of total phenolic to be highest (12.54+0.13 mg gallic acid equivalent (GAE)/g) at slice thickness
of 6 mm. For the antioxidant capacity of dried beetroots, the 1,1-diphenyl-1-picrylhydrazyl (DPPH) radical sca-
venging activity reached to the highest value of 6.43%0.03 mg trolox equivalent (TE)/g at power density of 2.5 W/g.
While the highest values of ferric-reducing antioxidant power (FRAP) (15.47+0.10 mg TE/g) and 2,2"-azino-
bis- (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) radical scavenging activity (25.31+0.30 mg TE/g) at micro-
wave gap ratio of 2. It was found that ABTS radical scavenging ability and FRAP were related to the presence
of reductions including betalains, ascorbic acid, and total flavonoid in beetroots.

The most effective condition for intermittent microwave drying of beetroots were microwave gap ratio of 2,
power density of 2.0 W/g, and slice thickness of 4 mm, leads to a better preservation of bioactive compounds and
high antioxidant capacity.
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1. Introduction

Beetroot (Beta vulgaris 1.) is a valuable vegetable due
to its high content of bioactive compounds with antioxi-
dant activity, such as betalains, ascorbic acid, polyphenols,
flavonoids, carotenoids and saponins, as well as important
minerals such as potassium, calcium and sodium, are also
a source of dietary fiber [1, 2]. Nowadays, beetroot is grown

in a lot of countries all over the world and frequently
consumed in daily life. It was estimated that the world
production of beetroot was 275.49 million metric tons
in 2018 [3]. Beetroot is commonly consumed fresh as well
as cooked, pickled, or canned [4], which is especially used as
the main ingredient of borsch in Eastern Europe. Borsch
is a sour soup that is popular in Ukrainian, Romanian,
Moldavian, Belarusian, Latvian, Lithuanian, Russian and
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Polish cuisines [5]. Beetroot widely used as food colorant
or additive in food products, such as yogurts, ice cream
and other products. The beetroot extracts are often used
to improve the redness in soups, tomato pastes, desserts,
sauces, jellies, jams, sweets and breakfast cereals [1].

Fresh beetroot is prone to spoilage due to its high
moisture content. Drying plays a vital role in prolong-
ing shelf life of fresh perishable foods such as fruits and
vegetables, reducing packaging costs as well as reducing
the weight of transportation [6]. Convective hot air drying
is the most commonly used method in food drying, but
due to the low thermal conductivity of food materials, its
main disadvantages are low energy efficiency, long drying
time, great loss of nutritional value and physical proper-
ties (shrinkage, color) [7, 8].

Microwave drying is a good alternative way to preserve
heat-sensitive compounds, save time and reduce energy
consumption [9]. However, microwave drying also has
some disadvantages, including uneven electric field dis-
tribution leading to non-uniform heating, limited penetra-
tion depth and possible texture damage [10]. Moreover,
it also leads to the occurrence of hot spots, which may
result in charring and off flavors [11]. Therefore, it has
been proven that intermittent microwave drying is an
alternative method, which can avoid the redistribution of
temperature and moisture distribution in the product due
to thermal diffusion during microwave heating, thereby
avoiding uneven heating, reducing hot spots, improving
product quality and energy efficiency [12].

During the intermittent microwave drying process, the
bioactive compounds and antioxidant capacity of beetroots
might be lost. The aim of this research was to investigate
the effect of intermittent microwave drying conditions
on the bioactive compounds and antioxidant capacity of
beetroots. Important factors, including microwave gap ratio,
power density and slice thickness, were used to design
experiments. The drying time, bioactive compounds and
antioxidant capacity of beetroots were used to evaluate
levels of influence in each factor. Thus, the object of re-
search is the beetroots prepared by intermittent microwave
drying at different conditions.

2. Research methodology

Fresh beetroots (Beta vulgaris L.) were purchased from
a local market in the city of Xuzhou in Jiangsu Pro-
vince, China. The average initial moisture content of fresh
beetroot was 92.32+1.37 % (wet basis). Before drying,
beetroots were stored in a refrigerator at 4 °C. Beetroots
were washed by running water to remove impurities. The
washed beetroots were peeled and then cut transversely
with a stainless steel slicer, chopped into slices of diffe-
rent thicknesses with a diameter of 80 mm.

The one-factor-at-a-time method was applied in this
study to design experiments with three replications. Inves-
tigated factors include power density, microwave gap ratio
and slice thickness. The fresh beetroot slices were carefully
placed into a circular fiberglass tray (diameter=300 mm).
The circular fiberglass tray was put into a microwave
drying system SAM-255 (CEM Corporation, USA) for
continuous dehydration at different power densities (1.0, 1.5,
2.0, and 2.5 W/g), microwave gap ratios (1, 2, 3, and 4)
and slice thicknesses (2, 4, 6, and 8 mm). The drying
process was stopped when the moisture content of beetroot

slices approached about 10.0£1.0 % (wet basis), which
was considered the final moisture ensuring safe storage.

Extraction of bioactive compounds. Dried beetroots ob-
tained from triplicate were mixed and then grounded into
powder (pass through a 60-mesh sieve) to obtain samples
with representative chemical components for particular dry-
ing conditions. Beetroot powder sample (2.0 g) was place in
a centrifuge tube, 20 mL of 50 % ethanol (v/v) was added,
and then mixed by a vortex mixer VORTEX-5 (Kylin-
Bell Instrument Manufacturing Co., Ltd, Jiangsu, China)
for 2 min. After centrifugation (H1850, Xiangyi Centrifuge
Instrument Co., Ltd, Hunan, China) at 5000 rpm for 10 min,
the supernatant was collected and the sample residue was
extracted twice with 20 mL of 50 % ethanol (v/v). The
combined supernatants were adjusted to 100 mL with 50 %
ethanol (v/v). The extracts were stored at 4 °C until further
analysis of bioactive compounds (betalains, ascorbic acid,
total phenolic, total flavonoid) and antioxidant capacity.

Betalains can be divided into two groups: red-violet
betacyanins (Ap,x=538 nm) and yellow-orange betaxan-
thins (Anax=480 nm). The betalains content was conducted
by the method as described in [13]. The extracts were diluted
with 0.05 mol/L phosphate buffer solution (pH 6.5) to
obtain absorption values of 0.8<A<1.0 at 538 nm. Absorptions
of betaxanthins, betacyanins, and non-betalain substances
were measured using a spectrophotometer 722N (Precision
Scientific Instruments Co., Ltd, Shanghai, China) at 480,
538 and 600 nm, respectively. The betalains content (BC)
was calculated by the following equation:

A-DF-MW -1000
BC(mg/Ly=—
el

where A is the absorption value at the absorption maximum
corrected by the absorption at 600 nm. DF the dilution
factor, and [ is the path length (1 cm) of the cuvette.
For quantification of betacyanins and betaxanthins, the
molecular weights (MW) and molar extinction coeffi-
cients (¢g) of betanin (MW=550 g/mol; e=60000 L/(mol-cm)
in HyO; A=538 nm) and indicaxanthin (MW=308 g/mol,
£=48000 L/(mol-cm) in H,0O; A=480 nm) were applied.
The betalains content was expressed as mg betanin equiva-
lent (BE)/g for betacyanins and mg indicaxantin equiva-
lent (IE)/g for betaxanthins.

The ascorbic acid content was determined using 2,6-di-
chloroindophenol titrimetric method as described in [14].
2,6-dichloroindophenol (DCPIP) is a blue dye, genera-
tes a distinguished rose-pink color in acidic conditions.
DCPIP can form a colorless solution when reacting with
ascorbic acid. Thus, the adding of ascorbic acid into an
acidic aqueous DCPIP solution drives its rose-pink color
faded continuously into colorless. The end-point was de-
tected when excess DCPIP gave a light but distinct rose
pink color that persisted for more than 10 s. The DCPIP
solution was standardized using a standard solution of
ascorbic acid. The ascorbic acid content was expressed as
milligrams per 100 g of dry weight (mg/100 g).

Total phenolic content (TPC) was evaluated using Folin-
Ciocalteu method [15]. Diluted sample extract (0.5 mL) was
mixed with 2.5 mL of 10 % Folin-Ciocalteu reagent (v/v),
and then 2 mL of 7.5 % sodium carbonate (w/v) was
added. The mixture was incubated at 50 °C for 15 min
and cooled to room temperature, and the absorbance was
read at 760 nm. Results were expressed as mg of gallic acid
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equivalent (GAE) per g of dry weight based on a calibra-
tion curve using gallic acid as a standard at concentrations
of 0-0.1 mg/mL.

Total flavonoid content (TFC) was determined by the
aluminum chloride colorimetric method with some modi-
fications [16]. Sample extract (1 mL) was mixed with
4 mL of 50 % ethanol (v/v) and 0.5 mL of 50 % NaNO,
solution (w/v) in a 10 mL tube. After 6 min of reaction,
0.5 mL of 10 % AICl3 solution (w/v) was added to the
tube. After 6 min, 4 mL of 1 mol/L NaOH was added.
The above solution was mixed thoroughly and left to
stand for 10 min. The absorbance was recorded at 510 nm.
A calibration curve was obtained using different concentra-
tions (0—500 mg/L) of rutin. TFC was expressed as mg
of rutin equivalent (RE) per g of dry weight (mg RE/g).

Beetroots contain a wide variety of phytochemicals that
function as antioxidants. This study evaluated the antioxidant
capacity of dried beetroots by three methods (2,2-diphenyl-
1-picryl-hydrazyl radical scavenging capacity, ferric-reducing
antioxidant power, and 2,2’-azino-bis-(3-ethylbenzthiazoline-
6-sulfonic acid) radical scavenging capacity).

The 2,2-diphenyl-1-picryl-hydrazyl (DPPH) assay was
analyzed using the colorimetric method, reported in [17]
with minor modifications. The DPPH assay was performed
by adding 2 mL of diluted extract to 4 mL of 0.2 mM
DPPH solution and reacting for 30 min at room temperature
in the dark. The absorbance of the mixture was read at
517 nm. A calibration curve with trolox at concentrations of
0—150 pumol /L was used. Results were expressed as milligrams
trolox equivalent (TE) per gram of dry weight (mg TE/g).

The ferric-reducing antioxidant power (FRAP) as-
say was conducted by the method proposed by authors
of paper [18]. First of all, FRAP reagent was prepared
by mixing 0.01 M TPTZ solution (prepared in 0.04 M
HCI), 0.02 M FeCl; solution and 0.3 M acetate buf-
fer (pH 3.6) at the volumetric ratio of 1:1:10. The diluted
extract (0.2 mL) was fully reacted with 6 mL of FRAP
reagent. After incubating at 37 °C for 10 min, the absor-
bance at 593 nm was recorded. A calibration curve was
obtained using different concentrations (0—600 pmol/L)
of trolox. All solutions were prepared on the day of use.
Results were expressed as trolox equivalent (TE) in mg/g.

The 2,2’-azino-bis-(3-ethylbenzthiazoline-6-sulfonic
acid) (ABTS) assay was slightly modified from the method as
described in [19]. Equal quantities of 2.45 mM K,S,Og solu-
tion and 7 mM ABTS were mixed to obtain ABTS** solution.
The ABTS'" solution was allowed to stand for 16 h at
room temperature in the dark. The ABTS'" solution was
diluted with 80 % ethanol (w/v) to obtain an absorbance
of 0.70£0.02 at 734 nm before the measurement. Diluted
sample extract (0.4 mL) was reacted with 3.6 mL diluted
ABTS"* solution for 6 min at room temperature. Absor-
bance was read at 734 nm. Trolox with concentrations of
0-140 pmol/L was used as the standard curve. Results
were calculated as mg trolox equivalent per g of dry
weight (mg TE/g).

All experiments were conducted in triplicate and results
were expressed as meantstandard deviation (SD). Statistical
analysis was performed using Microsoft Excel 2007 and
IBM SPSS Statistics 20.0 (SPSS Inc., Chicago, IL, USA).
The analysis of variance (ANOVA) and Duncan’s multiple
range test were used to determine significant differences
at 95 % confidence level (p<0.05). Origin 9.0 (Origin
Lab, MA, USA) was used to draw figures.

3. Research results and discussion

3.1. Effect of power density on the bioactive compounds
and antioxidant capacity of heetroots. The effect of power
density on the intermittent microwave drying of beet-
roots was investigated at the microwave gap ratio of 2
and slice thickness of 4 mm. The power density is the
microwave power received by the unit mass of sample
during drying [20]. The results indicated that power den-
sity significantly impacted the moisture removal from the
beetroots (Fig. 1).
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Fig. 1. Effect of different power densities on the drying time of beetroots

As shown in Fig. 1, the drying time of beetroots de-
creased progressively with rising power density. At high
power density, free water within beetroots evaporated in
a short time after absorbing much microwave energy. The
time to dry the beetroots reduced around 47 % when power
density increased double (from 1.0 to 2.0 W/g), and the
reduction in drying time became 54 % when the power
density was 2.5 W/g. As it is known, water is the main
component which adsorbs and converts energy from mi-
crowave radiation to thermal energy used both to vaporize
the moisture and heat the materials [14]. Thus, the higher
power density was, the more energy was absorbed by the
beetroots, leading to accelerating the beetroot drying periods.
It was also reported that the drying time decreased signifi-
cantly when the high level of power density was applied
in microwave drying of tomato slices [21] and ginger [22].

Results of betalains, ascorbic acid, total phenolic and
total flavonoid contents of dried beetroots at different
power densities are exhibited in Table 1. The power den-
sity of 2.0 W/g resulted in higher contents of betacyanins
(1.60+0.01 mg BE/g) and betaxanthins (1.32£0.01 mg I[E/g),
higher than those of other power densities. The lowest con-
tent of betaxanthins (0.86+0.01 mg IE/g) was found in
the dried beetroots produced using the lowest power den-
sity (1.0 W/g), which required longest drying time. The
ascorbic acid content of dried beetroots was ranged from
206.78+1.95 to 240.00+2.32 mg/100 g and the beetroots
dried at power density of 2.0 W/g reached the maximum
value (240.00£2.32 mg/100 g). The TPC of dried beetroots
ranged from 9.73+£0.10 to 10.43+0.10 mg GAE/g (Table 1).
Dried beetroots obtained at power density of 1.5 W/g
showed the highest TPC of 10.434£0.10 mg GAE/g. It was
observed from Table 1 that the TFC was significantly
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influenced by the power density (p<0.05). The highest TFC
(14.52+0.06 mg RE/g) of beetroots was attained by drying
at power density of 2.0 W/g.

Betalains, ascorbic acid, total phenolic and total flavonoid contents

of dried beetroots at different power densities

It can be seen from Table 2 that the DPPH radical
scavenging activity was increased with the increase of power
density, reached to the highest value (6.43+0.03 mg TE/g)
at power density of 2.5 W/g. The fer-
ric-reducing ability of dried beetroots
decreased when the power density in-
creased from 2.0 to 2.5 W/g. Thus,

Tahle 1

Power density, W/g

FRAP was not always proportional to

Bioactive compound

DPPH radical scavenging activity. It was

10 15 2.0 2.5 found that the FRAP had a positive
Betacyanins, mg BE/g 1.10+0.01° 1.20+0.02b 1.60+0.012 0.92+0.01¢ correlation with the contents of beta-
Betaxanthins, mg [E/g | 0.86+0.01° | 090+001® | 132+001¢ | 091+0.01° lains, ascorbic acid and total flavonoid.

The ABTS radical scavenging ability of

Ascorbic acid, mg/100 g | 206.78+1.95" | 211.40+3.56°

240.00x2.32°

237.11£B14* | dried beetroots ranged from 21.37+0.18

TPC, mg GAE/g 9.73+0.10¢ 10.43+0.10°

9.99+0.06°

9.75+0.07° to 25.31+£0.30 mg IE/g, and also reached

10.61+0.18¢ | 11.42+0.31°

TFC, mg RE/g

14.52+0.06*

to the highest value at power density

b
15114051 of 2.0 W/g. There was no significant

Note: different letters in the same row indicate that values are significantly different (p<0.05),

according to the Duncan’s test

Notably, the contents of betalains, ascorbic acid and
flavonoid were the highest when the beetroot was dried at
power density of 2.0 W /g. Energy radiation from microwave
had the power to weaken polar bonds in a molecule, such
as betalains, ascorbic acid and flavonoid compounds that
have several polar bonds. Those bonds vibrate dramati-
cally under microwave irradiation, which caused the bond
rupture to induce chemical reactions [23] and enhanced
catalytic reaction. Therefore, the higher the microwave
power density was, the faster the degradation reaction
was. On the other hand, effect of microwave drying on
the degradation of the bioactive compounds in the beet-
roots is the drying time. The longer drying time was the
larger amount of bioactive compounds lost. Thus, it is
not surprised at all to observe the contents of betalains,
ascorbic acid and flavonoid in the beetroots dried at power
density of 1.0 and 1.5 W/g was smaller than those at
power density of 2.0 W/g. However, if the microwave
power is too large, the sample absorbs more energy, and
the bioactive compounds are destroyed, resulting in a de-
crease in its contents.

At least two methods should be employed to evaluate
the total antioxidant capacity due to different mechanisms
of antioxidants, such as free radical scavenging, reducing
capacity, decomposition of peroxides, prevention of contin-
ued hydrogen abstraction, and binding of transition-metal
ion catalysts [24, 25]. Therefore, DPPH, FRAP, and ABTS
assays were used to determine the antioxidant capacity of
the beetroots under various intermittent microwave drying
conditions. Antioxidant activities of dried beetroots under
different power densities are shown in Table 2.

Tahle 2
Antioxidant capacity of dried beetroots at different power densities
Power density, W/g | DPPH, mg TE/g | FRAF, mg TE/g | ABTS, mg TE/g
1.0 4.79+0.10¢ 12.83+0.10¢ | 21.37+0.18°
1.5 5.23+0.03° 13.07+0.07° | 21.88+0.14
2.0 5.68+0.02° 15.47+0.10° | 25.31+0.30°
2.5 6.43+0.03° 13.29+0.07° | 21.71+0.40°

Note: values in the same column with different letters are significantly
different (p<0.05), according to the Duncan’s test

difference (p>0.05) in FRAP values
among the power densities of 1.0, 1.5,
and 2.5 W/g.

The lowest values of antioxidant capacity (DPPH,
FRAP, and ABTS assays) were found in beetroots dried at
power density of 1.0 W/g. It was reported that long-term
exposure to microwave radiation made sensitive compo-
nents (betalains, ascorbic acid and phenolic compounds)
vulnerable to decompose, leading to the reduction in the
antioxidant capacity [14]. Therefore, application of higher
microwave power density decreased the drying time and
in this way could reduce thermal degradation of the com-
pounds responsible for antioxidant activity of dried beet-
roots [26]. The highest FRAP value and ABTS radical
scavenging ability, as well as contents of betalains, ascor-
bic acid and total flavonoid were found in the beetroots
dried at power density of 2.0 W /g, indicating that FRAP
value and ABTS radical scavenging ability were direct
correlations to ascorbic acid and total flavonoid. Similar
correlations were also reported in other studies about dry-
ing cranberries [27] and bitter melon [14].

3.2. Effect of microwave gap ratio on the bhioactive com-
pounds and antioxidant capacity of heetroots. The effect of
microwave gap ratio on the intermittent microwave drying
of the beetroot was carried at the power density of 2.0 W /g
and slice thickness of 4 mm. Microwave gap ratio represents
a ratio which is calculated by dividing the sum of the micro-
wave on and off times by the microwave on times [12].
Microwave gap ratio value of 1 denotes the lack of off time
and continuous microwave drying [20]. For example, if the
total drying time is 3 min when the microwave gap ratio is 1,
then the microwave is on for 3 min (no off time). When
the drying time is 6 min and the microwave gap ratio is 2,
it means that the microwave on time is 3 min and the
microwave off time is 3 min. In a word, as microwave gap
ratio increases, the off time of the microwave is gradually
elongated. In this study, the drying time include off time
and on time of microwave. A comparison of microwave gap
ratio 1 with 2 to 4, showed that the drying time of intermit-
tent microwave drying were longer than that for continu-
ous drying (microwave gap ratio of 1, without microwave
off times). Drying time increased gradually with increasing
microwave gap ratio (Fig. 2). The drying time of beetroots
at microwave gap ratio of 1 was the shortest (35.4+2.6 min),
while the longest drying time (127.0£5.9 min) of beetroots
appeared at microwave gap ratio of 4.

;28
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Results showed that the changes in the contents of beta-
cyanins, ascorbic acid and total phenolic in the beetroots dried
at microwave gap ratio of 1 and 2 were insignificant (p>0.05).
Furthermore, the highest contents of betacyanins, ascorbic acid,
total phenolic and total flavonoid appeared at microwave gap
ratio of 2. The results indicated that bioactive compounds
of dried beetroots maintained better as the microwave gap
ratio of 2 in comparison with other microwave gap ratios.

Table 4 displays the antioxidant capacity of dried beet-
roots at different microwave gap ratios.

Tahle 4

Antioxidant capacity of dried beetroots at different microwave gap ratios

Microwave gap ratio

Fig. 2. Effect of different microwave gap ratios
on the drying time of beetroots

Results for the change of betalains, ascorbic acid, total

Microwave gap ratio | DPPH, mg TE/g | FRAF, mg TE/g | ABTS, mg TE/g
1 5.26+0.04 | 14.12+0.05" | 21.22+0.31°
2 5.68+0.02° 15.47+0.10* | 25.31+£0.30%
3 5.57+0.02° 12.25+0.17° | 20.82+0.12%
4 543+0.06° | 11.85+0.15¢ | 20.57+0.19°

phenolic and total flavonoid in dried beetroots at different
microwave gap ratios are exhibited in Table 3.

The lowest contents of betacyanins (1.09£0.03 mg BE/g)
and betaxanthins (0.86+£0.01 mg IE/g) were found in the
dried beetroots at microwave gap ratio of 4, which re-
quired the longest drying time. The betacyanins content
of beetroots reduced gradually with increasing microwave
gap ratio from 1 to 4. The results showed that the beet-
roots dried at microwave gap ratio of 1 had the highest
betacyanins content (1.65£0.03 mg BE/g), while the be-
taxanthins content of dried beetroots decreased with the
increasing of microwave gap ratio from 2 to 4. The highest
content (1.32+0.01 mg I1E/g) of betaxanthin was observed
at microwave gap ratio of 2. For ascorbic acid content,
the maximum content of 240.00£2.32 mg/100 g was oc-
curred in dried beetroot at microwave gap ratio of 2, but
no significant difference was observed at microwave gap
ratio of 1 and 2. Different microwave gap ratios provided a
variety of TPC. The highest TPC (9.99£0.06 mg GAE/g)
of beetroots was obtained at microwave gap ratio of 2. The
TPC of beetroots significantly decreased with a decrease
in microwave gap ratio from 2 to 4 (p<0.05). As it can
be seen from Table 3, microwave gap ratio significantly
affected TFC of dried beetroots (p<0.05), and the highest
TFC of 14.52+£0.06 mg RE/g was found in beetroots dried
at microwave gap ratio of 2.

Contents of betalains, ascorbic acid, total phenolic and total flavoneid in dried beetroots

as affected by different microwave gap ratios

Note: values in the same column with different letters are significantly
different (p<0.05), according to the Duncan’s test

Results showed that the antioxidant activity of dried
beetroots was significantly affected by microwave gap
ratios (p<0.05). The lowest DPPH radical scavenging
activity (5.26+0.04 mg TE/g) was determined in dried
beetroots at microwave gap ratio of 1, whereas the DPPH
radical scavenging activity decreased substantially as the
microwave gap ratio increased from 2 to 4 (p<0.05). The
ferric-reducing ability of dried beetroots significantly de-
creased when the microwave gap ratio increased from 2
to 4 (p<0.05). The lowest value of FRAP and ABTS
assays were found in beetroots dried at microwave gap
ratio of 4. It can be observed that the DPPH radical
scavenging activity, FRAP value and ABTS radical scav-
enging ability significantly decreased with the increase of
microwave gap ratio from 2 to 4 (p<0.05).

As shown in Tables 3, 4, the DPPH, FRAP, and ABTS
values, which are highly associated with betaxanthins,
ascorbic acid, TPC, and TFC of dried beetroots. The re-
sults were in agreement with the result in [28], which
reported that the increase in antioxidant activities of
samples depends not only on the presence of betalains,
but also other polyphenols that may have been increased
during the treatments.

Tahle 3 3.3. Effect of slice thickness on the
hioactive compounds and antioxidant ca-
pacity of beetroots. To explore the impact

Microwave gap ratio

of slice thickness on the bioactive com-
pounds and antioxidant capacity of the

Bioactive compound

1 2 3 4 beetroots were dried at power density

f 2.0 W/g, microwave gap ratio of 2

Bet ins, BE/ 1.65+0.03° 1.60+0.01® 1.45+0.01° 1.09£0.03¢ 0 > . ’
elacyanins, mg =g and the thickness of slices ranged 2, 4,
Betaxanthins, mg IE/g 1.11+0.01° 1.32+0.01° 1.10+0.01® 0.86+0.01¢ 6, and 8 mm. The effect of slice thick-

Ascorbic acid, mg/100 g | 238.13+3.53% | 240.00+2.32°

221.02+2.64¢

ness on the drying time of beetroots is

+1.8gb in Fi
e3166+1.89 shown in Fig. 3.

TPC, mg GAE/g 9.94+0.117 9.99+0.06*

9.71+0.06°

9.20+0.04° It can be seen from Fig. 3, the drying

TFC, mg RE/g 12.92+0.24" | 14.52+0.06°

10.97+0.12¢

time of beetroots increased with increas-

d
10.56+0.23 ing thickness of beetroot slices. As the

Note: different letters in the same row indicate that values are significantly different (p<0.05),

according to the Duncan’s test

slice thickness increases, the distance of
internal moisture migration to the surface
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increases, and the drying time increases accordingly. The
shortest drying time was 54.6+2.9 min when the slice
thickness was 2 mm. The drying time of beetroots with
slice thickness of 2 mm was only 52.6 % of that of beet-
roots with thickness of 8 mm. In other words, as the slice
thickness of beetroots was increased from 2 to 8 mm, the
drying time increased by 90 %.

=]

As shown in Table 5, the TFC of dried beetroots sig-
nificantly decreased (p<0.05) with increasing slice thickness
from 4 to 8 mm, and there was an insignificant difference
in TFC at slice thickness of 2 mm and 6 mm.

The antioxidant capacity of dried beetroots produced
at different slice thicknesses is shown in Table 6.

different (p<0.05), according to the Duncan’s test

As shown in Table 6, slice thickness significantly af-
fected (p<0.05) the antioxidant capacity of dried beet-

Table 6
120 Antioxidant capacity of dried beetroots at different slice thicknesses
Slice thickness, mm | DPPH, mg TE/g | FRAP, mg TE/g | ABTS, mg TE/g
90 2 3.75+0.05¢ 12.28+0.04¢ | 18.20+0.39¢
= 4 5.68+0.022 15.47+0.10® | 25.31+0.30°
Z:’ o 6 5.34+0.05 14.76+0.10° | 22.79+0.19°
e 8 5.03+0.05° 13.09+0.12¢ | 20.63+0.30°
E Note: values in the same column with different letters are significantly
3
0 2 4 6 8

Slice thickness, mm

Fig. 3. Effect of different slice thickness on the drying time of beetroots

Contents of betalains, ascorbic acid, total phenolic
and total flavonoid of dried beetroots at different power
densities are displayed in Table 5.

Impact of slice thickness on betalains, ascorbic acid, total phenolic

and total flavonoid contents of dried beetroots

roots. The DPPH radical scavenging activity and FRAP
values decreased as the slice thickness increased from
4 to 8 mm, and the lowest values were found at slice
thickness of 2 mm. Similarly to DPPH and FRAP va-
lues, Beetroots with slice thickness of 4 mm were found
to show the highest ABTS radical scavenging activity
(25.31+0.30 mg TE/g). The lowest value of ABTS assay
was 18.20+0.39 mg TE/g at slice thickness of 2 mm. It
was found that the maximum antioxidant
capacity of dried beetroot was at slice
thickness of 4 mm, which was highly
associated with ascorbic acid content

Tahle 5

Slice thickness, mm

and TFC in dried beetroots. However,
there are still some tasks that require

Bioactive compounds

TPC, mg GAE/g

9.47+0.02¢

9.99+0.06°

12.54+0.13*

10.48+0.14"

TFC, mg RE/g

11.84+0.18°

14.52+0.06*

11.64+0.08°

10.52+0.33°

2 4 B 8 further investigation in the future, such

3 : X . - - as which bioactive compounds are as-

etacyanins, mg BE/g 1.73+0.01 1.60+0.01 0.83+£0.01 0.89+0.01 sociated with the antioxidant activity

Betaxanthins, mg IE/g 1.32+0.01® 1.32+0.012 0.89+0.01° 0.83+0.01° of beetroots, and how these bioactive

— compounds affect the antioxidant acti-
Ascorbic acid, mg/100 g | 225.79+4.46° | 240.00+2.32% | 219.15+3.87" | 202.64+3.393¢

vity of beetroots, etc.
In this research, the intermittent mi-
crowave drying conditions were designed

based on the microwave drying system

Note: different letters in the same row indicate that values are significantly different (p<0.05),

according to the Duncan’s test

The results showed that the content of betacyanins
was found to be the highest (1.73£0.01 mg BE/g) in
the dried beetroots with thickness of 2 mm. Meanwhile,
contents of betacyanins and betaxanthins were found to
be lowest in beetroots with slice thickness of 8 mm. In-
terestingly, contents of betaxanthins were the same at
slice thickness of 2 mm and 4 mm. The ascorbic acid
content in the dried beetroots was found in a range from
202.64+3.39 to 240.00+2.32 mg/100 g, being the highest
value (240.00£2.32 mg/100 g) at slice thickness of 4 mm.
Betaxanthins contents of dried beetroots decreased significant-
ly as the slice thickness increased from 4 to 8 mm (p<0.05).
Regarding total phenolic, as the slice thickness increased
from 2 to 6 mm, TPC increased significantly (p<0.05). The
TPC reached to the lowest value of 9.47+£0.02 mg GAE/g
at slice thickness of 2 mm.

SAM-255. If the microwave drying equip-
ment is different, the drying conditions
may not be applicable.

The dehydrated beetroots obtained by intermittent mi-
crowave drying display strong antioxidant capacity, which
can be used as an antioxidant in the food industry. In
addition, the application of dried beetroots in food indus-
try needs to be further studied. This study can provide a
theoretical basis for beetroots processing, and can facilitate
further development of dried beetroots.

4. Conclusions

The effect of intermittent microwave drying condi-
tions, including power density, microwave gap ratio, and
slice thickness on the bioactive compounds and antioxi-
dant capacity of beetroots were investigated. All of the
investigated factors significantly affected the drying time,
bioactive compounds and antioxidant capacity of beetroots.

;28
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The drying time decreased with the increase of power
density, while increased significantly with the growth of
slice thickness and microwave gap ratio.

Higher power density resulted in more loss in beta-
cyanins, while higher radical scavenging ability of DPPH.
The larger microwave gap ratio led to less contents of
betalains, total phenolic and total flavonoid, and less values
of FRAP and ABTS. Thicker of slice thickness caused
more loss in betalains, ascorbic acid, total flavonoid, and
lower antioxidant capacity.

In conclusion, appropriate power density, microwave gap
ratio and slice thickness were conducive to maintaining
higher bioactive compounds and antioxidant capacity of
dried beetroots, and the effective intermittent microwave
drying parameters were microwave gap ratio of 2, power
density of 2.0 W/g, and slice thickness of 4 mm.
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DESIGN AND DEVELOPMENT
OF A PALM KERNEL NUT
CRACKING UNIT

Dare Ihiyeye,
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Oluwaseun Owolola

The object of this research is the cracking of the nuts of oil palm (Elaesis guineensis). The oil palm tree is one
of the greatest economic assets a nation can have, provided its importance is realized and fully harnessed. After
the oil extraction of palm oil from the palm fruits, virtually all methods involved in palm kernel nut cracking both
in traditional and small-scale exist in scattered or separate units of operations. Hence, this research focused on
designing a palm nut kernel cracking unit incorporating a separator in form of a screen to separate cracked palm
kernel nut shell from kernel. The result shows that there were significant dif ference (p<0.05) among the moisture
content of the palm nuts, shaft speed of the machine and weight (feed rate), having a significant difference between:

— moisture content of the palm nut and the shaft speed of the cracker;

— moisture content and feed rate;

— shaft speed and feed rate.

There exist interaction between cracked, uncracked shell, damaged, undamaged kernel, and palm kernel nut
breakage ratio. While, there was no significant dif ference among interaction between moisture content, shaft speed
and feed weight. The result also indicated that for the highest speed of 1,800 rpm at a feed rate of 700 kg/h for
all moisture contents, the cracking efficiency was between 10 to 90 %, which implies that the kernel cracking ef-
ficiency increases with an increase in machine speed. However, it was observed that higher cracking ef ficiency was
at the cost of higher kernel damage for all cracking speeds and feed rates, which is a problem. The kernel breakage
ratio ranged from 1.040—7.85 for all feed rates and moisture contents. The kernel breakage ratio increased with
moisture content and cracking speed but decreases with feed rate weight.

Keywords: Flaeis guineensis, nut cracking unit, cracking speed, kernel breakage ratio, moisture content.
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important as the world highest yielding source of edible
and technical oils, it is now grown as a plantation crop
in most countries with high rainfall in tropical climates
within 23° N to 23° S of the equator and longitude 17° W

1. Introduction

The oil palm (Elaeis guineensis) originated from the
tropical rain forest region of Africa. But due to its economic
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