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Abstract

Purple cabbage is one of the world's most widely consumed vegetables with high
nutritional values containing the antioxidants and anti-inflammatory activity of an-
thocyanins, vitamins, and minerals. But due to rapid postharvest quality decay, novel
processing techniques including drying are required. In order to determine the condi-
tions of combined microwave and hot air drying for purple cabbage, factors affecting
the drying process including microwave density, hot air temperature, and the dry
base water content at conversion point were investigated using the anthocyanin con-
tent, DPPH antioxidant capacity, chewiness, AE, rehydration ratio, and average drying
rate as responses. The combined drying conditions were optimized considering three
independent variables at three different levels by response surface methodology.
The results showed that the processing parameters of purple cabbage with combined
microwave and hot air drying technology were microwave density at 2.5 W/g, mois-
ture content of conversion point at 4.0 g/g, and hot air temperature at 55°C. Under
these conditions, the anthocyanin content, DPPH antioxidant capacity, chewiness,
AE, rehydration ratio, average drying rate, and overall score of the dried purple cab-
bage were 175.87 mg/100 g, 87.59%, 4,521.468 g, 26.5, 4.3, 0.76 g/min, and 0.785,
respectively. Therefore, combined microwave and hot air drying technology is an

effective, suitable method for drying purple cabbage.
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1 | INTRODUCTION

Purple cabbage (Brassica oleracea L.), which has been widely used
for therapeutic purposes for many years, is one of the most im-
portant vegetables grown around the world for consumption (Li
et al., 2020; Mizgier et al., 2016; Wiczkowski et al., 2013). It has been
reported that purple cabbage is highly suitable for obtaining natu-
ral dyes for food products due to the high content of anthocyanins
(Ahmadiani et al., 2014; Podsedek, 2007). Anthocyanins have many
beneficial effects, including the prevention of obesity and provid-
ing protection against cardiovascular diseases, cancer, and diabetes
(Bakuradze et al., 2019). Besides, high concentrations of anthocya-
nins pigment do not present toxic, teratogenic, or mutagenic effects
(Alvarez et al., 2019), so purple cabbage pigment is being used in
beverages, chewing gum, candies, dry mixes, sauces, and yogurt (He,
Zhang, Yue, et al., 2016; He et al., 2016). However, mechanical injury
to vegetable after harvesting can generate a series of detrimental
physiological and biochemical changes, such as enzymatic brown-
ing, nutrient content deterioration, and microbial contamination (Li
etal., 2020).

Drying is one of the most important methods in food processing,
and the major aim is to decrease water activity, which in turn mini-
mizes the chemical and physical modifications during storage (Chen
et al., 2017). Microwave drying has the advantage of uniform material
heating and fast drying rate and is widely used in the drying of agri-
cultural products (Ashtiani et al., 2018). However, microwave drying
has been mainly used in the initial stage of preheating in sample dry-
ing because of high drying intensity and difficulties in power control
(Ning et al., 2019). Hot air drying is very energy intensive, has low dry-
ing efficiency, and causes serious damage to the color, flavor, nutri-
tional value, and rehydration capacity of the dried products (Ashtiani
et al., 2018; Zhang et al., 2011). To overcome the limitations of only
microwave drying or only hot air drying techniques, microwave-hot
air combination was used (Jebri et al., 2019; Wang et al., 2018).

A study (Chen et al., 2020) on combined microwave and hot air
drying of celery stalk slices showed that it reduced drying time, min-
imized chromatic aberrations, and maximized the retention of the
characteristic aroma of celery. Xu et al. (2018) investigated the effect
of material temperature, temperature difference, and size of cube on
the drying rate and quality of carrot cubes and determined the op-
timal drying condition of microwave combined with hot air drying.
Also the obtained results by Yu et al. (2020) illustrated that the anti-
tyrosinase activity of saponins and polyphenols from asparagus could
be enhanced by hot air coupled with microwave treatments. Das and
Arora (2018) reported that the application of microwave combined
hot air drying was more effective in shortening Agaricus bisporus
mushroom drying time and improving product quality (low water ac-
tivity, lighter in color, and higher rehydration ratio). Compared with
numerous reports on fruits and vegetables, there are very few re-
ports on the drying of purple cabbage. The objective of this paper
was to examine the feasibility of using the combined microwave and
hot air drying to dry purple cabbage. Through experiments, the ef-

fects of microwave density, switching point water content, and hot

air temperature on anthocyanin content, DPPH antioxidant capacity,
chewiness, 2E, rehydration ratio, and average drying rate were exam-
ined. In addition, the parameters of combined microwave and hot air
drying were optimized through response surface methodology (RSM)

design to produce a high quality dried purple cabbage.

2 | MATERIALS AND METHODS
2.1 | Materials

Fresh purple cabbages were purchased from market and kept in cold
storage at 4°C until further use. Slices of 1.5 cm x 3 c¢cm squares
were obtained by carefully cutting purple cabbages vertically with
a vegetable slicer, and the slices were used for drying experiments.
Drying experiments were accomplished in a microwave oven (NN-
CD997S; Panasonic Co., Ltd.) and in a blast drying box (101-2AB;
Taisite Instrument Co., Ltd.). The average initial water content of pur-
ple cabbages was recorded as 8.58 g/g in dry basis (db) utilizing the
oven method at 105°C for 24 hr.

2.2 | Drying experiments

The sliced samples, which were evenly distributed on the materials
trays, were dried by different drying strategies until the final mois-
ture content was less than 0.08 g/g (db). Microwave density, hot air
temperature, and dry point moisture content at conversion point
were chosen for studying the optimal technical conditions.

The cabbage slices were dried at various microwave densities
(0.75, 1.75, 2.75, 3.75, 4.75 W/g, respectively) in NN-CD997S micro-
wave oven, with 1-mininterval every 1 min. Because the weighing took
only a few seconds, it had little effect on the drying process (Wang
etal,, 2019; Yu et al., 2020). The cabbage slices were dried in 101-2AB
blast drying box at various temperatures (40, 50, 60, 70, or 80°C), with
recirculation of air with 10%-20% relative humidity and at approxi-
mately 1 m/s (Assis et al., 2018; Wang, Li, et al., 2019). The cabbage
slices were also dried with a microwave density of 2.75 W/g reached
the conversion point (30%, 40%, 50%, 60%, or 70%), and the micro-
wave drying was replaced by hot air drying at 60°C. The optimiza-
tion assay of response surface was designed such that the microwave
density, moisture content at conversion point, and hot air temperature
were considered as independent variables, while anthocyanin content,
DPPH antioxidant capacity, chewiness, 24E, rehydration ratio, and aver-

age drying rate were considered as response values.

2.3 | Analysis of sample
2.3.1 | Moisture content

Moisture content was determined by the oven method. At regular

time intervals during the drying processes, samples were taken out
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and dried at 105°C until constant weight (Zhang et al., 2011). The
moisture content (db) was expressed as the ratio of the mass of
water (g) to the mass of dry solid (g) (Wang et al., 2014). Average
drying rate was expressed as the ratio of total mass reduction during
drying (g) to the total drying time (min) (Horuz et al., 2018; Wang, Li,
etal., 2019).

2.3.2 | Anthocyanin content

The dried samples were grounded by medicine grinder (FW177;
Taisite Instrument Co., Ltd.) to a fine powder. The dried powder
samples were weighed accurately of 250 mg. They were treated
with 15 ml mixed solution of 95% ethanol and 1.5 mol/L HCI (85:15,
pH1.0) and placed in a KH2200DV ultrasonic water bath at 100 W,
45°C (Hechuang Instrument Co., Ltd.) for 30 min. The extract was
centrifuged for 5 min at 5,000 x g. The supernatants were collected,
and the pellets were re-extracted twice. The two extracts were com-
bined and diluted to 100 ml (Hunaefi et al., 2013; Junka et al., 2017).

The pH differential technique of Giusti and Wrolstad (2001) with
a slight modification was used for measuring anthocyanin content
in this experiment. Potassium chloride buffer (0.02 mol/L KCI, pH
1.0) and sodium acetate (0.2 mol/L CH,CO,Nae3H,0, pH 4.5) were
used for examining anthocyanin contents. One milliliter of extract
from purple cabbage was added to the test tubes. Two tubes of one
extract sample were followed by the two buffers. Nine milliliters of
potassium chloride buffer and sodium acetate buffer was added. The
test tubes were mixed and incubated for 60 min at room tempera-
ture (25°C). The anthocyanin was measured by spectrum scanning
from 320 to 700 nm using a TU-1900 visible spectrophotometer
(General Instrument Co., Ltd). Anthocyanin content in the purple
cabbage was calculated with Equation (1).

Anthocyanin content (mg/100g) =

[(Asvis - max —Auoo)pHi.o — (Ayyis—max _A}\700)pH4.5] x M x DF x V x 100

(25°C) for 30 min. The absorbance (A)) at 517 nm was determined
using absolute ethanol as reference. The absorbance (A,) of the
mixture of 2 ml absolute ethanol and 2 ml 0.1 mmol/L DPPH, and
the absorbance (Aj) of the mixture of 2 ml absolute ethanol and 2 ml
ethanol extract were also detected, respectively. DPPH antioxidant

capacity was calculated with Equation (2) (Szewczyk et al., 2020).

DPPH antioxidant capacity % = <1 - j) x 100 (2)

0
2.3.4 | Texture analysis

Chewiness mainly reflects the continuous resistance of the sam-
ples during chewing, which is positively correlated with hard-
ness. According to the improved method of Rajkumar et al. (2016),
after purple cabbage was rehydrated, drained, and sliced into
1.5 cm x 1.5 cm squares, the chewiness of 4 tablets was deter-
mined by TA-XT.EXDRESS Enhanced Texture Analyzer (Stable Micro
Systems Ltd.). Eight samples were used in each treatment. The cylin-
der penetrometer probe (P5) was passed through the samples with
the test parameters set as: 1 mm/s of prespeed, 5 mm/s of test speed

and postspeed, 70% compression ratio, and 5 g trigger.

2.3.5 | Total color change

The CIE La'b™ color coordinates were measured using a WSD-3C
automatic whiteness meter (Kangguang Instrument Co., Ltd.). The
instrument was calibrated using standard white tile before the meas-
urements. The surface color of the samples was measured in terms
of L (degree of darkness), a (degree of redness and greenness), and

(1)

where A is the maximum absorbance of the mixed solution,

Avis-max
A, 500 is the 700 nm absorbance of the mixed solution, M is cyanidin-
3-glucoside which has molecular weight as 449.2 (g/mol), DF is the
dilution factor, V is the total volume of anthocyanin extract (ml), ¢ is
the molar absorptive as 26,900 (L/(mol cm)), L is the path length of the

cuvette (cm), and m,is the weight of purple cabbage (g).

2.3.3 | DPPH antioxidant capacity

The dried powder samples (0.2 g) were added into 50% ethanol at
the ratio of 1:50 (g:ml). After ultrasonic shock extraction at 45°C for
30 min, the extract was centrifuged for 15 min at 5,000 x g. The su-
pernatants were collected, and the pellets were re-extracted again.
The two extracts were combined and diluted to 100 ml. Two milliliters
ethanol extract was pipetted into a tube with 2 ml 0.1 mmol/L DPPH

solution, and the mixture reacted in the dark at room temperature

exXLxm

b (degree of yellowness and blueness) (Omari et al., 2018). Samples
were placed on the measure head of whiteness meter, and measure-
ments of color were performed for all prepared samples. Finally, the
total color change between blank white (L,, a, and b,) and dried cab-
bage samples (L, a and b") was determined according to Equation (3)
(Wang et al., 2020).

AE = /(Lo — L") + (o — )2 + (bg — b )2 (3)
2.3.6 | Rehydration ratio

The dried samples were immersed in 60°C distilled water for 30 min
and drained on the filter paper for 30 min to remove free water on
the surface. The rehydration ratio was expressed as the ratio of
the mass rehydrated sample (g) to the mass of the dried sample (g)
(Ashtiani et al., 2018).
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2.3.7 | Overall score

According to the method of Hu et al. (2006), the overall score of the
samples was calculated based on the sum of the weight coefficient
of each index and the membership function value (I) of tested values.
Based on the emphasis of nutritive value, rehydration performance,
and drying speed of the dry samples, the weight coefficient was
given to calculate the overall score, including anthocyanin content
(0.25), DPPH antioxidant capacity (0.2), rehydration ratio (0.2), AE
(0.15), chewiness (0.1), and drying rate (0.1). The lower the chewi-
ness, the lower the hardness of the dried samples, and the better of
the taste (Zhou et al., 2020). The chewiness function and the total

color change were calculated by | = ,"““—_" But the higher the other

max = min

indicators, the better the quality. The membership function was cal-

culated by I = %

max — 'min

refers to the maximum

The |, refers to the index tested value, I

value of the index tested value, and |_._refers to the minimum value

min

of the index tested value, and the higher the | value, the better the
quality of dried products.

2.4 | Data processing

Each experiment was repeated three replicates, and graphs were
drawn with Microsoft Excel 2013. The mean values for all param-
eters were examined for significance by analysis of variance using
SPSS Statistics 22.0 software. p < .05 meant a significant difference,
and p < .01 meant a highly significant difference. Design-Expert
8.0.7.1 software (Stat-Ease) was used to analyze the results of the

response surface assay.

3 | RESULTS AND DISCUSSION

3.1 | Single factor experiment of combined
microwave and hot air drying

The influences of microwave density on anthocyanin content, DPPH
antioxidant capacity, chewiness, 2E, rehydration ratio,and drying rate
were shown in Figure 1. As microwave density increased from 0.75
to 4.75 W/g, drying rate increased and reached its maximum value
of 6.23 g/min at 4.75 W/g while the anthocyanin content decreased
and had a minimum value about 62.31 mg/100 g at 4.75 W/g. As the
microwave density increased, the DPPH antioxidant capacity and
rehydration ratio first increased and then decreased, reaching the
highest value of 96.5% and 4.26 at 2.75 W/g, respectively, whereas
the chewiness and 2E initially decreased rapidly and then increased
slowly as microwave density increased. When the microwave den-

sity was 2.75 W/g, the chewiness and 2E reached its minimum value

of 2,838.2 g and 4.7, respectively. All these results showed that the
purple cabbage dried at 1.75 ~ 3.75 W/g had a better drying quality
except 2E. Since a lower microwave density needed a longer drying
period, the dried products showed poor DPPH antioxidant capacity
(Wang, Li, et al., 2019). An increase in the microwave density gradu-
ally resulted in a porous dried product with severe browning, im-
proved rehydration and good DPPH antioxidant capacity (lIsik, 2014).
However, when the microwave density was too high, the cell wall
tissue of purple cabbage was destroyed. Moreover, the rapid dehy-
dration caused a burning phenomenon, improving the color 2E and
reducing sensory quality (Maray et al., 2017). These were consistent
with a previous report for macadamia drying and unripe grapes dry-
ing (Pakonkiad et al., 2018; Razgeh et al., 2020).

The influences of hot air drying temperature on anthocyanin con-
tent, DPPH antioxidant capacity, chewiness, AE, rehydration ratio, and
drying rate were shown in Figure 2. As hot air temperature increased
from 40 to 80°C, drying rate increased and reached its maximum
value of 1.18 g/min at 80°C. As the hot air temperature increased,
the anthocyanin content, DPPH antioxidant capacity, 2E, and rehydra-
tion ratio initially increased and then decreased, reaching the highest
value of 181.15 mg/100 g at 60°C, 97.2% at 70°C, 28.3 at 50°C, and
3.84 at 50°C, respectively, whereas the chewiness first decreased
and then increased as the hot air temperature increased. When the
hot air temperature was 70°C, the chewiness reached its lowest value
of 2,495.28 g. These results showed that the purple cabbage dried at
50 ~ 70°C had a better drying quality than the other treatments. This
was due to the moisture evaporation on the materials surface was slow
at low hot air temperature, and the enzymatic browning reaction cata-
lyzed by polyphenol oxidase (Assis et al., 2018; Wang, Liu, et al., 2019).
When the hot air temperature increased, the antioxidant substances
in the cabbages, including anthocyanin, polyphenols, and flavonoids,
caused severe heat damages and intensified the Maillard reaction
(Xia, 2013). The similar behaviors were also reported in apple slices,
Asparagus officinalis, white button mushroom slices, and potato chips
(Baltacioglu, 2017; Doymaz, 2014; Horuz et al., 2018; Luo et al., 2019).

The influences of dry point moisture content at conversion point
on anthocyanin content, DPPH antioxidant capacity, chewiness, 2E,
rehydration ratio, and drying rate were shown in Figure 3. As dry base
water content increased from 2.5 to 6.5 g/g, anthocyanin content,
DPPH antioxidant capacity, 24E, rehydration ratio, and drying rate ini-
tially increased and then decreased, while the results of chewiness
was opposite. The anthocyanin content, DPPH antioxidant capacity,
AE, and drying rate at 3.5 g/g dry base water content had the maxi-
mum value of 150.47 mg/100 g, 91.86%, 26.9, and 0.70 g/min, respec-
tively. When the dry point moisture content at conversion point was
4.5 g/g, the chewiness reached the lowest value of 2,005.19 g, but
the rehydration ratio showed the highest value of 3.12. All these re-
sults showed that the purple cabbage dried under 3.5 ~ 4.5 g/g mois-
ture content at conversion point could have a better drying quality
and most of quality indexes were better than the others. This may
be because microwave drying was beneficial to maintain the shape
of cabbages and gave the dried product a reducing anthocyanin con-

tent, while hot air drying made the products shrink severely (Maray



LIU ET AL. 4573
—WILEY
(a) (b) (c)
130 [ 1 100 7500 450 5 110
= < ¢ —o— Chewiness a b
S nart 190 % 6200 A 140 4t ¢ 18 2
? ‘é AE ° d d a E
S .l ] £ I ] Bl l¢ =
E % 80 S 5 4900 30 z 3 6 &
g 5 < m 2 Q
S 2 3 < = =
£ 8 170 & £ 3600 ) 120 < 2 14 g
§ —o— Anthocyanin content g 15} E‘ . . g
2 L i s S St —0—Rehydrationratio{ , &
g 661 _, 60 & 2300 F 410 ~ ; A
g DPPH clearance . E —A— Drying rate
50 1 1 1 1 50 ]000 1 1 1 1 0 0 ' I I
075 175 275 375 475 075 175 275 375 475 075 175275375 475
Microwave density (W/g) Microwave density (W/g) Microwave density (W/g)
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FIGURE 3 Effect of dry base water content on the quality of purple cabbage. (a) Anthocyanin content and DPPH antioxidant capacity; (b)

chewiness and 2E; (c) rehydration ratio and drying rate

et al., 2017; Yadav et al., 2017). Similar results were also obtained by
Wang, Li, et al. (2019) and Razgeh et al. (2020), indicating that hot air
combined with microwave should be considered due to its obviously
enhanced physical properties and chemical components.

3.2 | Optimization of combined microwave and hot
air drying

3.2.1 | The experimental design and results of
response surface

The most important variables in combined microwave and hot air
drying process, that is, microwave density (X;, 1.75-3.75 W/g), dry

point moisture content at conversion point (X,, 3.5-4.5 g/g), and
hot air temperature (X;, 50-70°C), were optimized using response
surface methodology (RSM). Results of investigated responses, in-
cluding anthocyanin content (Y,), DPPH antioxidant capacity (Y,),
chewiness (Y;), 2E (Y,), rehydration ratio (Y;), and drying rate (Y,),
obtained in designed experiments using Box-Behnken design (BBD),

Design-Expert 8.0.7.1 software, were presented in Table 1.
3.2.2 | Establishment and variance analysis of
regression equation

According to the Box-Behnken principle, Design-Expert 8.0.7.1

software was used to do quadratic polynomial regression analysis
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toward the results in Table 1 to obtain the following 6 ternary quad-
ratic regression equations:

Y1

Y2

— 5305 + 0.50X; + 41.45X, + 6.95X; — 20.80X; X, + 1.04X; X3 — 0.074X,X; + 4.60X2 + 1.92X2 — 0.10X2

+65.69 — 21.15X; — 13.09X, + 0.39X; — 2.23X1X, + 0.039X; X; + 0.31X,X; — 2.78X? + 0.11X2 — 0.013X?

Y; =51,453.06 — 13,052.20X,; — 16,557.38X, + 131.10X;5 + 1, 145.87X, X, — 3.91X X3 + 76.30X,X;5 + 1, 492.20Xf +1, 135.02X§ - 3.69X§

Y, = 64.55 + 11.17X; + 24.15X, + 1.08X; — 1.90X; X, — 0.03X, X5 + 0.045X,X; — 0.26X? — 2.75X2 — 0.011X2

Ys = — 38.93 — 1.76X; + 15.85X, + 0.50X; + 0.14X, X, + 0.02X, X5 — 0.06X,X; — 0.054X? — 1.58X2 — 2.813E — 003X?

Ye

As shown in Table 2, the correlation coefficients R? of models
were close to 1 (range 0.8333-0.9594), indicating that the model cor-
relations were good. The coefficients of variation (CV) were between
1.93% and 8.95%, and since the smaller the coefficient of variation,
the higher the confidence, this indicated that the obtained model had
high confidence in anthocyanin content, chewiness, drying rate, and
extremely high confidence in other response values. These models ob-
tained in this experiment could be used to predict each related index
of purple cabbage during combined microwave and hot air drying.

The factors affecting DPPH antioxidant capacity, chewiness,
and drying rate were microwave density >dry point moisture con-
tent at conversion point >hot air temperature, among which micro-

wave density had an extremely significant effect on the chewiness

— 6.26 + 0.73X; + 2.17X, + 0.053X; — 0.15X; X, — 2.75E — 003X, X; — 9.75E — 003X2 — 0.23X2 — 2.975E — 004X,

(p < .001) but had a significant effect on drying rate (p < .05), while
the dry point moisture content at conversion point had a significant
effect on chewiness and drying rate (p < .05). The factors affecting
anthocyanin content were hot air temperature >dry point moisture
content at conversion point >microwave density, but none reached
statistical significance (p > .05). The factors affecting 4E were micro-
wave density >hot air temperature >dry point moisture content at
conversion point, but none reached statistical significance (p > .05).
The factors affecting rehydration ratio were dry point moisture con-
tent at conversion point >hot air temperature >microwave density,
among which dry point moisture content at conversion point and hot
air temperature had an extremely significant effect (p < .001), while

microwave density had a significant effect (p < .05).

TABLE 1 Results of combined microwave and hot air drying of purple cabbage in response surface methodology

X, Dry
base water X, Y, DPPH g Vg
X, microwave content Temperature Y, Anthocyanin antioxidant  Chewiness Rehydration Y, Drying
Number density (W/g) (g/g) (°C) content (mg/100 g) capacity (%) (g) Y, 2E ratio rate (g/min)
1 1(3.75) 1(4.5) 0(60) 162.84 83.81 5,863.56 259 347 0.44
2 0(2.75) -1(3.5) 1(70) 124.76 87.30 2,826.50 23.6  3.67 0.74
3 1 0(4.0) -1(50) 167.84 79.80 4,172.92 269  3.69 0.50
4 -1(1.75) 0 1 127.50 86.56 5,401.50 25.6  3.60 0.88
5 1 0 1 158.04 83.87 3,802.38 24.6  3.59 0.69
6 0 0 0 159.24 86.98 3,773.11 26.7 4.08 0.77
7 0 0 0 159.59 85.76 3,873.11 273 4.18 0.67
8 0 1 1 116.29 91.80 3,850.39 240 294 0.63
9 -1 -1 0 153.48 83.67 6,084.27 249 413 0.68
10 0 =il =il 190.94 84.10 3,991.95 27.5 3.47 0.60
11 0 0 175.20 88.46 3,688.46 268 4.15 0.68
12 0 162.07 88.26 3,764.94 281 4.23 0.69
13 -1 1 172.34 85.68 5,181.17 261  4.09 0.79
14 =il 0 =il 179.05 84.03 5,615.70 26.7 4.50 0.58
15 0 0 161.29 88.59 3,026.43 27.6  4.26 0.70
16 1 =il 183.95 82.31 3,489.86 270 393 0.49
17 1 -1 0 185.58 86.26 4,474.92 28.5 3.23 0.63
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TABLE 2 Analysis of variance of regression equations for each response value

Source Yy Y, Y,

Model 0.0149* 0.0314* 0.0023**
X, 0.9938 0.0590 0.0006***
X, 0.8309 0.6543 0.0383*
X5 0.4121 0.7529 0.6507
XX, 0.1014 0.2190 0.0203*
XX 0.1004 0.6552 0.8444
XX, 0.9484 0.0986 0.0871
X12 0.4204 0.0106* <0.0001***
X,? 0.9314 0.9725 0.1729
X32 0.1060 0.1611 0.0890
Lack of Fit 0.0753 0.1606 0.3185

R? 0.8823 0.8504 0.9336
CV% 6.85 1.93 8.95

Y, Y, Y,
0.0435* 0.0004*** 0.0044**
0.0583 0.0461* 0.0318"
0.1451 0.0002*** 0.0330*
0.1296 0.0009*** 0.1738
0.0650 0.3093 0.0172*
0.5122 0.0166* 0.2926
0.6206 0.0023** 1.0000
0.5550 0.4164 0.6913
0.1486 0.0004*** 0.0454*
0.0371* 0.0027** 0.2471
0.1097 0.0530 0.2380
0.8333 0.9594 09193
3.30 3.33 7.36

Note: ***, ** and * denote 0.1%, 1%, and 5% levels of significance, respectively.

TABLE 3 Variance analysis of overall

score regression model Sum of e
Source squares df Mean square F value p-Value Significance
Model 0.30 9 0.033 12.38 .0016 o
X, 8.999E-003 1 8.999E-003 3.34 .1103
X, 4.166E-003 1 4.166E-003 1.55 .2537
X 0.061 1 0.061 22.81 .0020 o
X, X, 0.045 1 0.045 16.85 .0045 *

X Xg 0.013 1 0.013 4.90 .0425 *
XX, 2.486E-003 1 2.486E-003 0.92 .3687
X12 0.038 1 0.038 14.16 .0070 o
X,? 0.043 1 0.043 15.86 .0053 *
X32 0.067 1 0.067 24.72 .0016 **
Residual 0.019 7 2.694E-003
Lack of 9.162E-003 3 3.054E-003 1.26 4001

Fit
Pure 9.694E-003 4 2.424E-003

Error

R? = .9409

Note: ** and * denote 1% and 5% levels of significance, respectively.

In order to determine the conditions of purple cabbage by
combined microwave and hot air drying, a weighting processing of
anthocyanin content, DPPH antioxidant capacity, chewiness, 2E, re-
hydration ratio, and drying rate was adopted to calculate the overall
score according to the method of Hu et al. (2006). The overall score
results were shown in Table 3. The overall score model was signif-
icant (p = .0016, p < .01), and there was no lack of fit (p = .4001,
p > .05), which indicated that the model was very significant and the
model error was small with practical application significance. The
factors affecting overall score were hot air temperature >microwave
density >dry point moisture content at conversion point, and hot air

temperature had a significant effect on the overall score (p < .01).

The ternary quadratic regression equation was Y = 0.72 - 0.034X,
- 0.023X, - 0.088X, - 0.11X,X, + 0.057X,X; - 0.025X,X, - 0.095
X,2 - 0.10X,? - 0.13X,%, (R? = .9409), showing a good fit between
the test value and the predicted value, and could be used to predict
the overall score of purple cabbage during a combined microwave

and hot air drying.

3.2.3 | Interaction analysis

As shown in Figure 4, the opening of the response surface graph

for the overall score was facing down, and when one variable was
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FIGURE 4 The effect of 3 factors on the overall score of purple cabbage by combined microwave and hot air drying. (a) Microwave
density (X;) and dry point moisture content at conversion point (X,); (b) microwave density (X;) and hot air temperature (X,); (c) dry point

moisture content at conversion point (X,) and hot air temperature (X;)

fixed, the overall score showed an increasing trend first followed
by a decrease with the increase of another variable. The inter-
action of microwave density and dry point moisture content at
conversion point showed a very significant difference (p < .01),
and the interaction of microwave density and hot air temperature
showed a significant difference (p < .05). When the hot air tem-
perature was 60°C, the overall score had a response peak with a
microwave density of 2.60 W/g and with a dry point moisture con-
tent at conversion point of 3.98 g/g. As the hot air temperature
increased, the overall score increased to a maximum response
value and then dropped rapidly. However, the response surface
graph of the dry point moisture content at conversion point was
relatively flat, which was consistent with the results of variation
analysis indicating that the effect of hot air temperature was more
important than that of the dry point moisture content at conver-

sion point.

3.2.4 | Optimization and verification of combined
microwave and hot air drying

According to the response surface analysis, the optimized pro-
cessing parameters of purple cabbage by combined microwave
and hot air drying were microwave density at 2.35 W/g, moisture
content of conversion point at 4.08 g/g, and hot air temperature
at 55.45°C. Based on the practical operability, we selected micro-
wave density at 2.5 W/g, moisture content of conversion point at
4.0 g/g, and hot air temperature at 55°C as processing parameters
to carry out three verification experiments of technical amplifi-
cation. The results showed that the anthocyanin content, DPPH
antioxidant capacity, chewiness, 2E, rehydration ratio, and average
drying rate of the dried purple cabbage were 175.87 mg/100 g,
87.59%, 4,521.468 g, 26.5, 4.3, and 0.76 g/min, respectively. The
overall score was 0.785 and showed no significant difference from
the predicted value of 0.797 (p > .05). In summary, the processing
parameters for combined microwave and hot air drying of purple
cabbage as identified in this work were accurate, reliable, and high

practical value.

4 | CONCLUSION

The factors affecting the overall score of dried purple cabbage prod-
ucts were hot air temperature, microwave density, and dry point
moisture content at conversion point, and hot air temperature had a
significant effect on the overall score (p <.01). The optimized param-
eters of combined microwave and hot air drying for purple cabbage
were microwave density at 2.5 W/g, moisture content of conversion
point at 4.0 g/g, and hot air temperature at 55°C. Under these condi-
tions, the anthocyanin content, DPPH antioxidant capacity, chewi-
ness, 2E, rehydration ratio, drying rate, and overall score of the dried
purple cabbage were 175.87 mg/100 g, 87.59%, 4,521.468 g, 26.5,
4.3,0.76 g/min, and 0.785, respectively.
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