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ABSTRACT 
 

The effect of microwave pretreatment with different microwave power 90, 180, 270 and 360 watt at 2, 4, 6, 8 
and 10 min on the quality of carrot samples was investigated. Then, the best microwave treatment (high quality 
parameters) was chosen to complete drying with two drying techniques convection and vacuum oven drier. 
Increasing microwave power from 90 to 360 watt decreased weight loss and moisture content regardless of 
drying time. Also, increasing drying time in microwave oven decreased weight loss and moisture content 
regardless of microwave power. On the other hand, increasing microwave power increased non- enzymatic 
browning especially with increasing drying period. The obtained data  indicated that, the superior microwave 
treatment was 360 watt at 6 min which reduced weight loss to 81.75%, moisture content to 52.32%, moderate of 
ascorbic acid of 38.76mg/100g on dry weight basis and non-enzymatic browning was 0.465 while, slight 
decrease of carotenoid compared to the other treatments. The results indicated that, using microwave treatment 
before drying were reduced 75 - 78.5% of drying period as compared with other methods. Non- enzymatic 
browning was lower in microwave treatment before drying than other ones. While, the ascorbic acid and 
carotenoids were higher. 
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Introduction 

 
The carrot consumed and related products widely in the world because their high content of carotene 

compared to other foods (Lin et al., 1998) and (Hiranvarachat et al., 2011). The moisture content of carrot was 
90 % and it is belong to the foods contain the high moisture content (Wu et al., 2014). Gopalan et al. (1991) 
reported that, the chemical constituents of carrot were 86, 1.2 and 1.1% of moisture, crude fiber and ash 
contents, respectively. Whereas, the values reported by Holland et al. (1991) for most of these parameters are 
different i.e. moisture (88.8%), total sugars (5.6%), crude fiber (2.4%), carotenes (5.33 mg/100 g) and vitamin C 
(4 mg/100 g). 

Hot air drying is the most widely used method. Also, exposure the products to the heat for a long time during 
hot air drying due to decrease in most quality parameters Giri and Prasad, (2007). Presently, many tries were 
made to decrease the drying period and the energy consumption of the drying process and to improve products 
quality (Chou and Chua, 2001). The microwaves can be used as an alternative method for hot air drying which 
used as conventional drying method. The purpose of this work, contributing to use microwaves as pretreatment 
to reduce drying time and its effect on quality parameters of carrot slices before drying with different methods. 

 

Materials and Methods 

 
Materials: 
 

Carrot (Daucus carota L. ssp. sativus) at ripe stage was obtained from Horticulture Research Institute 
Station at Kaluobia Governorate, Ministry of Agric., Egypt.  

 
Processing methods: 
 
Preparation of carrot slices: 
 

Carrot was washed in tap water and then were peeled and then cut into slices (thick, 2-3mm). Blanching is 
carried out by treating the carrot slices with steam for 5 min to inactivate polyphenol oxidase, and then cooled in 
tap water according to Pazarincevic and Baras (1970). 
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Microwave Pretreatment:  
 

The microwave pretreatment was used to partially dry blanched carrot samples with multiwave MS-191 MC 
microwave oven at frequency of 2450 MHz with varying intensities of microwave power, which were 90, 180, 
270 and 360 Watt for 2, 4, 6, 8 and 10 min. The best treatment of samples (high quality parameters) was chosen 
to complete drying with vacuum or convection oven drier. 

 
Dehydration:  
 

The selected treatments of partially dehydrated carrot slices were completed dried in a convection oven 
(Fisher Scientific model 230, U.S.A.) at 60 C  2 or vacuum oven (SHEL LAB, USA) at 20 in. Hg vac, 
vacuum pump was a J/B. The control treatments of blanched slices were dehydrated directly with vacuum or 
convection oven drier at the same previous condition till moisture content <7%. Then, the dried samples were 
grounded by petern laboratory mill.  
 
Analytical methods: 
 

Moisture content, pH value, crude fiber, ash, acidity, total soluble solids (TSS), ascorbic acid, total sugars, 
reducing and non-reducing sugars contents, were determined according to A.O.A.C. (2012). 

Non-enzymatic browning of the alcoholic extracts for fresh and dried samples were determined according to 
the method of Ranganna (1986) and total carotenoids were determined according to Askar and Treptow (1993).  

 

Results and Discussion: 
 
Physiochemical characteristics of fresh carrots: 
 

Carrots (Daucus carota L.) considered very important root and the most consumed vegetables throughout 
the world Lin et al. (1998) and Hiranvarachat et al. (2011). Data in Table (1) indicate that, the moisture content, 
T.S.S% and pH value of flesh carrot were 91.32 %, 7.5% and 6.25, respectively. Also, the results in the same 
table reveal that total sugars, reducing and non-reducing sugars were 73.85, 62.79 and 11.706 % (on dry weight 
basis), respectively. These findings are in accordance with those obtained by El-Anany (1997), El-Sayed (2000), 
Rashidi et al. (2010), wu et al. (2014) and Tadesse et al. (2015). The results illustrate also that, the total 
titratable acidity, ash, fiber of flesh carrot were 0.92, 7.03 and 12.56 (on dry weight basis), respectively. These 
results were agreed with Bawa and Saini (1987) and El-Sayed (2000). Also, the results in Table (1) indicate that, 
ascorbic acid and carotenoids of carrot flesh were 81.77 and 32.60 mg/100g (dry weight), respectively. It could 
be seen that, carrot flesh is good source of antioxidant capacity.  This result is in agreement with those reported 
by Riad et al. (1981), Krarup et al. (1986), Sanad (1991), Kaur and Sharma (2013) and Bystricka  et al. (2015). 
On the other hand, Soares et al. (2007) showed that, the chemical composition changed according to the cultivar 
and environmental conditions such as the climate and soil. 

  
Table 1: Physiochemical characteristics of fresh carrots  

Properties Fresh weight  Dry weight 
Moisture (%) 91.320 ± 0.017 ---- 
T.S.S (%) 7.00 ± 0.010 ---- 
pH value 6.25 --- 
Non-enzymatic browning  (absorbance at 420 nm) 0.068 ± 0.001 --- 
Acidity as citric acid (%) 0.080 ± 0.002 0.92 ± 0.020 
Ash (%) 0.61 ± 0.010 7.03 ± 0.120 
Crud fiber (%) 1.090 ± 0.017 12.56 ± 0.200 
Reducing sugar (%) 5.45 ± 0.010 62.79 ± 0.120 
Non-reducing sugar (%) 0.96 ± 0.010 11.06 ± 0.120 
Total sugar (%) 6.41 ± 0.017 73.85 ± 0.200 
Ascorbic acid (mg/100g) 7.098 ± 0.002 81.77 ± 0.020 
Total carotenoids (mg/100g) 2.830 ± 0.003 32.60 ± 0.030 

* Mean of three replicates ± SD.  

 
Effect of microwave treatment on quality parameters of carrot slices. 
 
Moisture content: 

Moisture content is a reference parameter for dried food because the growth of most microorganisms is 
inhibited below certain water activity levels Miranda et al. (2011). Data in Table (2) showed that, microwave 
treatment of carrot slices using different microwave power (90, 180, 270 and 360 watt  for 2 min caused a 
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reduction in the moisture content from 91.3 for fresh carrot to 90.89 and 87.69% at 90 and 360 watt, 
respectively. Data also indicated that, increasing the microwave treatment time from 2 to 6 min reduction in the 
% moisture from 91.3 for fresh carrot to 90.16 and 52.32% at 90 and 360 watt, respectively was observed. Also, 
the increasing of microwave treatment time to 10 min caused a reduction in the % moisture. While, % moisture 
was 88.83, 80.05, 34.30 and 19.89 % for microwave treatments at 90, 180, 270 and 360 watt, respectively. 
These results were agree with Baysal et al. (2003) who mentioned that, the effect of microwave drying on the 
vaporization of the free moisture and the total drying time was considerably reduced. Also, the results are agree 
with Cui et al. (2004b) who mentioned the drying rate was linear to the microwave power output. Also, Sumnu 
et al. (2005) mentioned that, as expected higher absorbed microwave power led to increased rates of evaporation 
and moisture loss. The drying times were about 98% shorter in microwave drying than that of corresponding 
hot-air drying. 

 
Table 2: Effect of microwave pretreatment on moisture content (%) of carrot slices. 

 
Time (min) 

 

Microwave Power (watt) 

90  180  270  360  

2  90.89 ± 0.02 90.32 ± 0.01 89.28 ± 0.01 87.69 ± 0.02 
4  90.69 ± 0.01 89.07 ± 0.01 85.83 ± 0.02 80.93 ± 0.01 
6  90.16 ± 0.01 87.02 ± 0.02 79.26 ± 0.02 52.32 ± 0.01 
8  89.95 ± 0.02 82.80 ± 0.01 58.18 ± 0.02 26.74 ± 0.02 
10  88.83 ± 0.01 80.05 ± 0.02 34.30 ± 0.01 19.89 ± 0.01 

* Mean of three replicates ± SD. 

 
Weight loss:  
 

Drying is applied to highly hydrate agricultural products, for weight reduction, stabilization and reduces bulk 
volumes, for saving in the cost of transportation and Storage. Data in Table (3) showed that, microwave 
treatment of carrot slices using different microwave power at 90, 180, 270 and 360 watt for 2 min caused 
increasing in the weight loss from 4.47 to 29.31%, While, increasing the microwave treatment period from 2 to 
6 min increasing in the weight loss was observed, the % weight loss was increased to 11.59 and 81.75% at 90 
and 360 watt, respectively. On the other hand, the increasing of microwave treatment time to 10 min caused 
increasing in the % weight loss to 22.14, 56.38, 86.76 and 89.14 % at 90, 180, 270 and 360 watt, respectively. 
These data are in agreement with those obtained by Baysal et al. (2003). 

 
Table 3: Effect of microwave pretreatment on weight loss (%) of carrot slices. 

 
Time (min) 

 

Microwave Power (watt) 

90  180  270  360  

2  4.47 ± 0.02 10.16 ± 0.03 18.81 ± 0.03 29.31 ± 0.02 
4  6.58 ± 0.01 20.41 ± 0.02 38.61 ± 0.03 54.39 ± 0.01 
6  11.59 ± 0.02 32.95 ± 0.02 58.05 ± 0.01 81.75 ± 0.03 
8  13.42 ± 0.01 49.43 ± 0.03 79.2 ± 0.03 88.12 ± 0.02 
10  22.14 ± 0.02 56.38 ± 0.02 86.76 ± 0.02 89.14 ± 0.02 

* Mean of three replicates ± SD. 

Total soluble solids: 
 

In drying, a food loses its moisture content, which results in increasing the concentration of nutrients in the 
remaining mass. Proteins, fats, and carbohydrates are present in larger amounts per unit weight in dried foods 
than in their fresh counterpart. Data in Table (4) showed that, microwave treatment of carrot slices using 
different microwave power at 90, 180, 270 and 360 watt for 2 min caused increasing in the total soluble solids 
(T.S.S.) of carrot from 7.0 for fresh carrot to 7.3 and 9.4%. Also, results in the same table indicated that, 
increasing the microwave treatment time from 2 to 6 min increased the % total soluble solids of carrot to 7.7 and 
35 for microwave treatment at 90 and 360 watt, respectively. Also, increasing the microwave treatment time to 
10 min at 90, 180, 270 and 360 watt caused increasing in the total soluble solids of carrot to 8.6, 15.0, 48.2 and 
55.7%, respectively. These results agree with Baysal et al. (2003) and Sumnu et al. (2005), they mentioned that, 
the microwave drying caused increase in the drying rate and with decrease moisture content while the total 
soluble solids increased. 

 
Non- enzymatic browning: 
 

Most non-enzymatic browning in food materials is undesirable because it indicates deterioration in flavor 
and appearance of the product involved. Data in Table (5) showed that, microwave treatment of carrot slices 
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using different microwave power 90, 180, 270 and 360 watt for 2 min caused increasing in the non-enzymatic 
browning of carrot from 0.115 to 0.203. Also, increasing the microwave treatment period from 2 to 6 min 
increased the non- enzymatic browning of carrot from 0.175 to 0.465. While, increasing the microwave 
treatment period to 10 min increasing the non- enzymatic browning of carrot to 0.263, 0.453, 0.574 and 0.726 
for microwave treatments at 90, 180, 270 and 360 watt, respectively. Prabhanjan et al (1995) found that, 
microwave drying of carrot cubes resulted the product quality was better when dried at the lower power level of 
microwave. 
 
Table 4: Effect of microwave pretreatment on total soluble solids (%) of carrot slices. 

 
Time (min) 

 

Microwave Power (watt) 

90  180  270  360  

2  7.30 ± 0.02 7.60 ± 0.01 8.30 ± 0.01 9.40 ± 0.02 
4  7.40 ± 0.03 8.50 ± 0.02 10.80 ± 0.02 14.30 ± 0.02 
6  7.70 ± 0.01 10.00 ± 0.02 15.60 ± 0.03 35.00 ± 0.02 
8  7.80 ± 0.02 13.10 ± 0.03 31.10 ± 0.01 52.60 ± 0.01 
10  8.60 ± 0.03 15.00 ± 0.02 48.20 ± 0.02 55.70 ± 0.03 

* Mean of three replicates ± SD. 

Table 5: Effect of microwave pretreatment on non-enzymatic browning (absorbance at 420nm) of carrot slices. 
 

Time (min) 
 

Microwave Power (watt) 

90  180  270  360  

2  0.115 ± 0.003 0.132 ± 0.002 0.168 ± 0.003 0.203 ± 0.002 
4  0.131 ± 0.003 0.147 ± 0.001 0.208 ± 0.002 0.254 ± 0.002 
6  0.175 ± 0.004 0.210 ± 0.002 0.381 ± 0.002 0.465 ± 0.003 
8  0.209 ± 0.003 0.387 ± 0.004 0.446 ± 0.002 0.826 ± 0.002 
10  0.263 ± 0.003 0.453 ± 0.002 0.574 ± 0.003 0.913 ± 0.002 

* Mean of three replicates ± SD. 

Total carotenoids content: 
 

Carotenoids are fat soluble pigments present in green leaves and red and yellow vegetables. Chemical 
changes to carotenoid pigments are caused by heat and oxidation during drying. In general, longer drying times 
and higher drying temperatures produce greater pigment losses. Data in Table (6) showed that, microwave 
treatment of carrot slices using different microwave power 90, 180, 270 and 360 watt  for 2 min caused 
reduction in the carotenoids content of carrot to 32.45 and 32.11 (mg/100g) on dry weight. Also, increasing the 
microwave treatment period from 2 to 6 min, reduction in the carotenoids of carrot to 32.24 and 31.50 content 
(mg/100g) on dry weight at 90 and 360 watt was achieved, respectively. While, increasing the microwave 
treatment time to 10 min caused reduction in the carotenoids content of carrot to 32.08, 31.55, 30.77 and 30.28 
(mg/100g) on dry weight at 90, 180, 270 and 360 watt, respectively. Park (1987) mentioned that carotene 
contents of fresh, vacuum-dried, and microwave-dried carrots were found to be 989, 459, and 368 mg/g 
respectively.  

 
Table 6: Effect of microwave treatment on total carotenoids content (mg/100g, on dry weight basis) of carrot slices.  

 
Time (min) 

 

Microwave Power (watt) 

90  180  270  360  

2  32.45 ± 0.01 32.38 ± 0.01 32.28 ± 0.01 32.11 ± 0.02 
4  32.34 ± 0.01 32.25 ± 0.02 32.08 ± 0.02 31.86 ± 0.01 
6  32.24 ± 0.02 32.15 ± 0.01 31.91 ± 0.01 31.50 ± 0.01 
8  32.16 ± 0.02 32.04 ± 0.01 31.69 ± 0.02 20.18 ± 0.02 

10  32.08 ± 0.02 31.55 ± 0.02 30.77 ± 0.01 18.55 ± 0.02 
* Mean of three replicates ± SD. 

Ascorbic acid content: 
 

Ascorbic acid is generally used as a marker for nutrient degradation, it is so sensitive Rickman et al (2007). 
Ascorbic acid is sensitive to high temperatures at high moisture contents. Short drying times, low temperatures, 
and low moisture and oxygen levels during storage, are necessary to avoid large losses. Data in Table (7) 
showed that, increasing microwave treatment of carrot slices from 90 to 360 watt at 2 min decreased ascorbic 
acid from 76.20 to 60.86%, respectively. Also, increasing the microwave treatment period from 2 to 6 min 
decreased the ascorbic acid to 73.58 and 38.76 at 90 and 360 watt, respectively. While, increasing the 
microwave treatment period to 10 min caused reduction in the ascorbic acid of carrot to 69.36, 55.85, 28.00 and 
17.83 (mg/100g) on dry weight at 90, 180, 270 and 360 watt, respectively. Brewer and Begum (2003) 
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mentioned that, increasing the microwave power or treatment time caused decrease the retention of ascorbic 
acid content. 

 
Table 7: Effect of microwave pretreatment on ascorbic acid (mg/100g, on dry weight basis) of carrot slices.  

 
Time (min) 

 

Microwave Power (watt) 

90  180  270  360  

2  76.20 ± 0.03 72.39 ± 0.03 67.75 ± 0.03 60.86 ± 0.02 
4  75.06 ± 0.02 71.63 ± 0.02 61.46 ± 0.02 51.54 ± 0.03 
6  73.58 ± 0.03 66.51 ± 0.01 53.67 ± 0.02 38.76 ± 0.01 
8  72.05 ± 0.03 61.73 ± 0.02 40.32 ± 0.03 20.09 ± 0.03 
10  69.36 ± 0.01 55.85 ± 0.03 28.00 ± 0.01 17.83 ± 0.02 

* Mean of three replicates ± SD. 
 

Effect of drying methods on moisture content of carrot slices 
 

In a drying process, typically more moisture is lost from the outer regions. The microwave absorption in the 
drier outer regions will reduce, and the microwaves will be preferentially absorbed in the wetter regions, leading 
to more efficient evaporation of the moisture (faster drying)—a very desirable situation Datta (2001). Figure (1) 
illustrated that, moisture content (g moisture / g dry weight) of the carrot slices was less than 0.08 regardless of 
pretreatment or drying methods. Also, results from the same figure noticed that, the air drying time (extrapolated 
from drying curve), the time required to reduce moisture content of the carrot slices to 0.20 (g moisture / g dry 
weight) for the fresh carrot slices was 7.83 and 6.79 hrs which dried with convection oven and vacuum driers, 
respectively. While, carrot slices which pretreated with microwave then complete drying with convection and 
vacuum drier was 1.67 and 1.25 hrs, respectively. On the other hand, the results in the same figure showed that, 
the drying rate of carrot slices which pretreated with microwave was higher than the drying rate of carrot slices 
which untreated with microwave at each drying time. It may be increasing total soluble solids and reducing 
moisture content after drying with microwave treatment. Prabhanjan et al (1995) found that, microwave drying 
of carrot cubes resulted in a substantial decrease (25-90%) in the drying time and the product quality was better 
when dried at the lower power level of microwave.  

 

 
 

Fig. 1: Drying curves of fresh and pretreated carrot slices before drying with convection or vacuum oven.  

Effect of drying methods on physio-chemical properties of dried carrot powder: 
 

The fundamental objective to create a shelf-stable product, in food drying is to dry a product but without 
affecting the desired quality attributes Kaymak-Ertekin and Gedik (2005). Data in Table (8) indicated that, 
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moisture content ranged between 6.24 to 6.39. Also, the results in the same table showed that, a convection oven 
drying and vacuum drying of carrot slices after microwave treatment caused lower in non-enzymatic browning 
at 420 nm of dried carrot powder than the same drying methods without microwave treatment, caused by the 
non-enzymatic browning observed in samples may be due to the reaction between reducing sugars and amino 
acids or organic acids during dehydration. Vadivambal and Jayas (2007) found that, microwave drying causes a 
smaller increment of redness which means the final products are less brown than conventional air-dried ones. 
Maskan (2000) reported that, the microwave drying of bananas caused little change in color, but the microwave 
finish drying maintained the color quality of the fresh bananas compared to hot air and microwave drying 
methods alone. Data also showed that, the convection oven drying and vacuum drying of carrot slices after 
microwave treatment caused higher the retention of ascorbic acid and carotenoids carrot powder compared with 
the same drying methods without microwave treatment. Also, Cui et al. (2004a) studied that, total carotene 
losses for hot-air drying was higher than microwave drying methods. Khraisheh et al. (2004) found that, 
samples of potatoes (Solanum tuberosum) dried under microwave conditions retained a much greater 
concentration of ascorbic acid as compared with air dried samples. From the above results it could be the 
microwave treatment as pretreatment reduced drying time and maintain the color and phytochemical compared 
with the same drying methods only. Alibas and Köksal (2014) found that, the most effective method of drying 
mallow leaves with regard to drying period and ascorbic acid content was the microwave drying method. 

 
Table 8: Physio- chemical characteristics of dried carrot powder. 

      Drying treatments Properties 

 T1 T2 T1 T2 

6.39 ± 0.01 6.31± 0.01 6.73 ± 0.02 6.24 ± 0.02 Moisture (%) 

72.9 ± 0.02 73.6 ± 0.026 74.2 ± 0.01 74.3 ± 0.02 T.S.S (%) 

6.03  5.99 6.11 6.08 pH value 

10.35 ± 0.02 10.44 ± 0.02 10.49 ± 0.02 10.55 ± 0.03 Crud fiber (%) 

0.497 ± 0.002 0.510± 0.003 0.560 ± 0.001 0.575 ± 0.002 Non-enzymatic browning 
(absorbance at 420 nm) 

0.87 ± 0.002 0.88 ± 0.003 0.83 ± 0.001 0.83 ± 0.003 Acidity as citric acids (%) 

6.25 ± 0.02 6.31 ± 0.02 6.35 ± 0.03 6.40 ± 0.03 Ash (%) 

54.35 ± 0.02 54.98 ± 0.02 55.46 ± 0.02 55.76 ± 0.02 Reducing sugar (%) 

7.58 ± 0.01 6.87 ± 0.01 6.96 ± 0.01 6.47 ± 0.02 Non-reducing sugar (%) 

61.93 ± 0.03 61.85 ± 0.03 62.42 ± 0.03 62.23 ± 0.03 Total sugar (%) 

21 ± 0.02 19 ± 0.03 13 ± 0.02 11 ± 0.04 Ascorbic acid (mg/100g) 

31 ± 0.02 31 ± 0.04 30.5 ± 0.01 30.2 ± 0.03 Total carotenoids (mg/100g) 
T1: A convection oven drying  T2: Under vacuum   T3: Microwave + a convection oven drying     T4: Microwave + under 
vacuum 
* Mean of three replicates ± SD. 
 

 
Conclusion: 
 

The best microwave treatment before drying was 360 watt at 6 min which reduced the moisture content of 
carrot to 52.32% and slight decrease of the quality of carrot sample. Also, using the microwave treatment before 
drying was reduced the drying period by 75–78.5% from the drying time using convection oven and under 
vacuum drying, respectively. 
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