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Fig.1. Front view of experimental solar dryer
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Table 1- Mean of mint drying time (in hours) in different solar dryer treatments
Mass density (kg m?) (Jsaxe o515

O35 S ) Trays position il
Drying method Lo s e 2 3 4 Mean
Down tray 6.25 6.7 9.3 7.42

b Cdjen Second tray 7.6 8.3 10.5 8.8
Natura convection Upper tray 8.3 9.3 15.3 10.97
Mean 7.38 8.1 11.7 9.06

Down tray 35 5 7 5.17

ol céyen Second tray 45 6 8.3 6.27
Forced convection Upper tray 55 75 10 7.67
Mean 4.5 6.17 8.43 6.37
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Fig.4. Moisture downswing of different mint density dried in natural convection method
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Fig.5. Moisture downswing of different mint density dried in forced convection method
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Table 2- ANOVA results of the effect of evaluated treatments on color and essence values

©layo aS0le
.. Mean sguares
Q‘M &U& P . - . “
Source of variations &3l a2y orilal jlate )5 lade
Degree of freedom Essence Color
Convection type (A) . -
. . 1 0.028 130.435
S8 ek o)
Mass density (B) " o
. 3 0.96 57.921
Jsame oS5
AxB 3 0.386" 17.783"
Error 16 0.004 0.006
Sampling time (C) i -
- . 5 0.52 8.543
S5 B Gl
AxC 5 0.003™ 0.104™
BxC 15 0.027" 0.082"
AxBxC 15 0.008™ 0.092”
Error 80 0.002 0.003

**k *

Doyd ) g0 e 3 )b e G TN g
*, **: ggnificant at 1% and 5% levels respectively.
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Table 3- Means comparison of the effect of mass density and convection type
interactions on essence and chlorophyll content

oy 0 mhaw 43 Sl duw Lo
M eans comparison at 5% level of significant*

halfl golos S ol ol ) e

Treatments Density Essence content (%) Chlorophyll content (mg.g™%)

B 2kgm? 0.354d 6.56d

e . kg m 0.807a 8.51a

Natural convection kg m2 0.541c 8.49a

s 2kgm? 0.304e 4.18f

SHlal C8yen _ kg m? 0.524c 6.61c

Forced convection 4 kg m2 0.763a 5.15e

L)l () ime WS (itands S e By > () &S giw o (gla Sk ¥
*: There is no significant difference between means which have common letter in each column.
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Table 4- Means comparison of the effect of sampling time on essence and chlorophyl!l content
o0 0 mhaww 3 L pSilo dun Lo
M eans comparison at 5% leve of significant*

(2bo) st 25905 o

Sampling time (month) ol ol ik ,
Essence content (%) Chlorophyll content (mg g-)

1 0.768f 6.37a

2 0.729% 6.58b

3 0.569d 6.76C

4 0.518c 7.05d

5 0.457b 7.42e

6 0.402a 7.98f

)85 (6l sime WS it S yiiie Gy (sl a8 gty (gl pSilo ¥
*: thereis no significant difference between means which have common letter in each column.
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Fig.6. Essence changing curves of natural convection and shade dried mint during shelf time
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Fig.7. Essence changing curves of forced convection and shade dried mint during shelf time
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Introduction

Many vegetables such as mint are highly seasonal in nature. They are available in plenty at a particular
period of time in specific regions that many times result in market glut. Due to perishable nature, huge quantity
of vegetables is spoiled within a short period. The post-harvest |oss in vegetables has been estimated to be about
30-40% due to inadequate post-harvest handling, lack of infrastructure, processing, marketing and storage
facilities. Therefore, the food processing sector can play a vital role in reducing the post-harvest losses and value
addition of vegetables which will ensure better remuneration to the growers. Drying is a common technique for
preservation of food and other products; including fruits and vegetables. The major advantage of drying food
products is the reduction of moisture content to a safe level that allows extending the shelf life of dried products.
The removal of water from foods provides microbiological stability and reduces deteriorate chemical reactions.
Also, the process allows a substantial reduction in terms of mass, volume, packaging requirement, storage and
transportation costs with more convenience. Sun drying is awell known traditional method of drying agricultural
products immediately after harvest. However, it is plagued with in-built problems, since the product is
unprotected from rain, storm, windborne dirt, dust, and infestation by insects, rodents, and other animals. It may
result in physical and structural changes in the product such as shrinkage, case hardening, loss of volatiles and
nutrient components and lower water reabsorption during rehydration. Therefore, the quality of sun dried
product is degraded and sometimes become not suitable for human consumption. For these reasons, to utilize
renewable energy sources, reduce vegetable losses and increase farmers income, the current project has been
conducted in the Agricultural Engineering Department of Khuzestan Agricultural Research Center during the
years 2011-2013.

Materialsand Methods

In this research an indirect cabinet solar dryer with three trays and grooved collector was constructed. To
improve air convection, a chimney was mounted above the dryer. The dryer performance was evaluated by
drying mint leaves in three levels of mass density of 2, 3, and 4 kg m? at two drying manners of natural and
forced convection and compared with drying mint leaves in shade as the traditional method.

Results and Discussion

The results showed that total drying time required in different solar drier treatments was 3.5 to 15 h, while it
was about 5 days in traditional method. Drying time in upper trays was more as the air flow decreased due to
increase in mass density. Mean required drying time in forced convection was 29.7% less than that of natural
convection. Maximum essences with 0.80% and 0.76% were belonged to "natural convection and 3kg m? mass
density" and "forced convection and 4 kg m? mass density" treatments respectively, while minimum one with
0.30% was for "forced convection and 2 kg m? mass density" treatment. Also, the highest and lowest
chlorophyll content with 8.51 and 4.18 mg mi™ were measured in "natural convection and 3 kg m? mass density"
and "forced convection and 4 kg m? mass density" treatments respectively. According to obtained results, 3 and
4 kg m? mass density can be suggested for natural and forced convection solar drying of mint leaves in
Khuzestan condition respectively.
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Conclusions

In order to reduce vegetable losses and increase Khuzestan vegetable producers income, indirect cabinet
solar dryer for drying mint leaves in winter season, could be an appropriate option. For natural and forced
convection drying methods, mass density of 3 and 4 kg m™@ is recommended respectively.

Keywords:. Chlorophyll, Essences, Forced convection, Mint, Natural convection, Solar dryer



