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Abstract. Sun drying is perhaps one of the oldest methods of food preservation that has been
practiced for centuries. The direct usage of solar radiation which is renewable and abundant
favours farmers that harvest and process at small quantity. As technology advances, an
alternative to sun drying evolves to maximize the potential of solar radiation and this
technology is known as solar drying. Solar drying has several inherent advantages over sun
drying namely faster drying rate, better protection of products, reduce risk of prolonged drying,
lesser risk of product spoilage and improvement in product quality. Various studies have
reported the application of solar drying for fruits, vegetables, grains, seeds, beans, herbs, spices
and medicinal plants. Product quality improvement is definitely associated with solar dried
products as compared to sun dried and to some extent oven/hot air dried products. However,
uptake of this technology especially among farmers in developing countries are still low
despite the many years of research and technology advancement. Nonetheless, some successful
application of solar drying have been reported in countries such as Indonesia, Laos, Zimbabwe,
Tanzania, Brazil, Uganda, Kenya and Senegal.
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1. Introduction

Conventionally, most food crop products are dried using mechanical dryers that utilize convective
hot air to dry the products to final content safe for storage. Food crop products are dried mainly for
purposes such as storage and preservation, reduction in weight and volume, ease in transportation and
reduction in spoilage and wastage. Solar drying is one of the alternatives to drying with aims to reduce
dependency on fossil fuels and electricity in drying operation. Solar drying also helps to eliminate the
disadvantages associated with natural sun drying such as prolonged drying duration, low drying
throughput, contamination by foreign matters/debris, rewetting by rain droplets and low drying
temperature (ambient condition). In recent years, solar drying have received much attention in
agricultural sector owing to the following reasons:

»  To substitute the scarce and expensive fossil fuels
»  To improve quality of sun dried products

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
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. To increase revenue of farmers with small farm size

*  Government’s efforts towards the use of sustainable and renewable energy

Upon processing, product quality is the only criteria that decides the marketable opportunities of
the dried products in the market. Product quality is equally important in fresh, semi-dried and fully
dried products in both edible and non-edible food categories. Traditionally, most food products are
dried under direct sunlight to achieve the required degree of dryness. This has been done ever since
mankind realizes the importance of drying. However, thanks to technological advancements many
food products are now dried by mechanical dryers. Nevertheless, in many parts of the world sun
drying is still a usual practice especially in many developing countries [1, 2, 3, 4].

Comparisons of product quality between sun and hot air drying have been discussed in many
published literatures. However, when comparing these techniques against solar drying, it depends on
several factors such as types and designs of solar dryers/collectors, the nature of the products when
expose to sunlight, drying rate and inclusion of auxiliary heating device. Hot air drying has been
associated with several quality damaging issues such as case hardening, colour deterioration, high
degree of shrinkage, degradation of nutrients, flavour loss and etc. [5,6,7,8,9,10].

On the other hand, sun drying has its inherent disadvantages owing to the unpredictable weather
conditions, which often lead to quality deterioration [1, 3, 11]. Therefore, solar drying in some extent
helps to solve these problems. However, this is only possible when care is taken during the design,
construction and testing of the solar dryer for the target agriculture product. In this paper, reported
studies on the product quality aspects are compiled for food crop products dried using solar dryers.
This mini review serves as a useful guide to industrial practitioners, scientist and academic researchers
with the aim to provide latest development on the implication on product quality as affected by solar
dryer design and operation.

2. Classification of Solar Dryers

Various published literatures have reviewed and classified solar dryers into several categories
depending on the mode of operations [1, 3, 12, 13, 14, 15]. Generally, solar dryers developed for
agricultural food products can be classified into direct, indirect and hybrid type solar dryers (Figure 1).
It can also be further classified into active or passive mode [16]. The definition of direct solar dryer is
straightforward where the product inside a transparent enclosure is dried under direct exposure to solar
radiation (Figure 1a). In the case of indirect solar dryer, drying is achieved either by natural or forced
convection and the product is placed in an opaque drying chamber and solar energy is absorbed by
collector separated from the drying chamber (Figure 1b). The hybrid solar dryer combines the
characteristics of the direct and indirect types and it also denotes solar dryer that uses another heat
source in conjunction with solar energy (Figure 1c¢) [17].
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Figure 1. Classification of solar dryers (a) direct solar dryer (b) indirect solar dryer and (c) hybrid

solar dryer

3. Product Quality
3.1 Quality attributes

Leitzmann,1993 [18] mentioned that food quality represents the sum of all properties and assessable
attributes of a food item. In general, product quality of dried products can be classified into physical,
chemical, biological and nutritional depending on the type as listed in Table 1. Further elaboration of
some of these quality attributes can be found from various published literatures [19, 20, 21, 2, 6, 22].

Table 1. Selected dried product quality attributes.

Attribute Parameters

Physical colour, texture, shrinkage, porosity, rehydration, breakage

Chemical flavour, odour, water activity

Nutritional calorie, vitamins, minerals, fibres, lipids, proteins, carbohydrates,
antioxidants

Biological mould, yeast, E. coli, Salmonella, mycotoxins, aflatoxins

Sensory appearance, odour, flavour, after taste, mouthfeel, texture, colour
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Some established grading systems are available for some dried products such as for grains, cocoa,
coffee, spices and etc but it is recommended to search for quality standards from relevant authorities
(e.g. Department of Health) before the dried product is produced and packed for shipment and sales.

According to the US Food and Drug Administration, the water activity (aw) of a food is defined as
the ratio between the vapor pressure of the food itself, when in a completely undisturbed balance with
the surrounding air media, and the vapor pressure of distilled water under identical conditions [18].
Typically for dried food products, the water activity should not exceed the critical value of 0.85 and
0.62 to prevent the activity of bacteria and yeasts/moulds, respectively. As a safe practice, it is
desirable to have water activity below 0.6 for dried food products.

3.2 Quality of Solar Dried Products

The quality aspects of solar dried products are not widely reported as compared to the design and
performance aspects of solar dryers (e.g. computer simulation, energy, exergy and economics). The
following tables (Table 2 — 5) show the research findings summarized from various solar drying studies for
food crop products such as vegetables, fruits, grains, seeds, beans, medicinal plants, herbs and spices. The
summary covers as many as possible food crop products that are commonly dried using sun light but also
subject to investigation using solar drying for quality improvement purposes. Further details of the studies
can be obtained from the reference sources as indicated in the tables.

Table 2. Vegetable products.

Product Typeof Location Major findings Ref.
type solar
dryer
Carrots Solar India - High B-carotene loss was found in solar cabinet [24]
cabinet dried carrots due to longer drying time and exposure
dryer to light leading to oxidation.
- Low rehydration ratio was observed due to greater
shrinkage in solar dried samples.
Sweet Green Uganda - Solar dried sample showed no significant losses in [25]
potato house total carotenoids as compared to sun and hot air
solar dried samples.
dryer Sun drying showed the lowest retention value.
Green Indirect  India Higher losses of B-carotene and ascorbic acid were [26]
leaves solar observed in solar drying as compared to hot air
dryer cabinet drying upon storage.
Chlorophyll loss was also higher in solar dried
sample.
Retention of the quality parameters of leafy green
vegetables was better at faster drying conditions.
Spinach,  Enclose  Africa Maximum retention of ascorbic acid and total [27]
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carotene was observed in enclosed solar dryer with
shade as compared to sun drying.

Sun drying showed minimum retention of these
nutrients.

Degradation of vitamin C destruction during solar
drying of okra was not influenced significantly by
sample thickness.

Vitamin C remained fairly constant after 48 h of
drying.

Slice thickness showed no significant effect on the
changes in whiteness of the solar dried okra with
drying time.

Internal temperature and relative humidity of a solar
dryer with concentrated solar reflector is higher than
a normal dryer.

The concentrated solar reflector dryer led to
increased drying rates of tomatoes.

Drying times of tomatoes were reduced in the
concentrated solar dryer and quality such as pH,
titratable acidity, colour, Brix, lycopene, and vitamin
C was comparable for both types of dryers.

The optimum solar panels chosen are 1 panel or 2
panels based on air drying temperature and water
content variation.

The hybrid solar drying of the potatoes slices with
panel induces a considerable colour changes in all
tested cases.

Solar dried bitter-gourd and capsicum has the
highest moisture loss and maximum retained
functional components.

Solar dried vegetables attained the highest score of
sensory acceptability and proved to be a potent
technique over hot air and open sun drying.

Solar drying and natural sun drying produced
astonishing vitamin D contents and excellent source
of dietary.

Whole UVB-treated brown button mushrooms
contained high vitamin D2 content and could also
boost vitamin D2 formation.

Slicing of mushrooms prior to UVB induced a ten-
fold increase in vitamin D2 content.

[28]

[29]

[30]

[31]

[32]
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Product Type Location Major findings Ref.
type of
solar
dryer
Lemon Solar Taiwan - Dried lemon samples with bright colour were [33]
slices  dryer observed under complementary solar drying using
associa gradual temperature increment (range 36 — 52°C).
ted - Lesser browning was observed as compared to hot air
with drying at 60°C.
the PV
module
Grapes Indirec  Egypt - Vitamin C content of dried fruits was low due [34]
& figs tand oxidation during solar drying especially when the
direct samples were either scalded or sulfurized.
solar - The colour of grapes dried using indirect solar dryer
dryers showed high acceptance as compared to the natural
dried sample (medium acceptance).
- The texture and colour of figs dried using mixed solar
dryers showed better acceptance than the natural dried
samples.
Grapes Solar Iraq - The most effective factor on the drying rate is the [35]
: Drying temperature of the air inside the cabinet.
apricot  System - The effect variation of speed of air inside the drying
s, and cabinet is small and no need for high velocity air
beans inside the cabinet.
Plums  Greenh Turkey - Both solar and open sun drying of plums pre-treated [36]
ouse by combination of 1% potassium hydroxide and 60°C
dryer dipping temperature or by combination of 1% sodium
hydroxide and 60°C dipping temperature resulted in
relatively higher values of redness and yellowness as
compared to artificial drying.
- The combined effect of solar radiation and these pre-
treatment combinations reduced the darkish colour of
plums during solar drying and open sun drying.
Indian  Forced India - Flaking treated sample retained maximum ascorbic [37]

gooseb  convec
erry tive

acid (76.6%).
- The greater retention of ascorbic acid in flaking
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treated sample might be due to reduced exposure of
the sample in the drying air.

Loss of taste and flavour were found lower in flaking
and pricking treatments.

Solar dried latex had a slightly higher preteolytic [38]
activity than the fresh sample because of the effect of
ultraviolet radiation on the histidine residue which is
essential for proteolytic activity.

This was attributed to the use of the indirect dryer

since the latex was not exposed to any direct

radiation.

The results showed that convective drying air [39]
temperature and microwave oven power levels

influenced the total drying time, total energy

requirement, specific energy requirement and color
difference for sorbus fruits.

50° C drying air temperature and PL-1 was found to

yield better quality product in terms of color retention

of Hunter L, a, b and AE.

Convective drying is preferred for better drying

energy consumption and colour retention.

In this study, 7 pre-treatments (ascorbic acid, [40]
microwave, blanching with hot water and steam,
potassium carbonate, osmotic and ultrasound) were
used at different levels to improve the quality of dried
samples.

The pretreated samples were freeze-dried, and their
qualitative parameters (pH, rehydration, vitamin C,
failure force, and total color differences) were
analyzed.

Mean comparison of different treatments showed that
the ultrasonic pretreatment can relatively preserve
product parameters better than other pretreatments.

Dates were dried under direct natural convective solar  [41]
drier, under indirect convective solar drier and in

indirect natural solar drier.

The drying with indirect natural convective dryer

provides a good product quality (visual colour

change) with acceptable duration, and it is satisfactory

and competitive to a forced convective solar drying
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process.
Persim flat Pakistan -  The correlation between vitamin C content of [42]
mons  plate persimmon at different slice thicknesses and drying
solar temperatures showed that there is a strong negative
collect correlation between drying time and moisture lost and
or drying rate with values of -0.991 and -0.997.
- Persimmons may be dried at a temperature lower than
50°C and slice thickness more than 1.0 cm to get dried
persimmons rich in vitamin C.
Orang  Solar India - Orange peel need 14 hrs to dry in natural convection [43]
e Peel  Tunnel where as it took 8 hrs to dry in natural convection
Dryer along with sensible heat storage material.
- Solar tunnel dryer integrated with solar air heater and
sensible
heat storage material represents a more drying
efficiency than mechanical dryers.
- Sensible heat storage is a good method to improve the
performance of the dryer.
Table 4. Grains, seeds and beans.
Product Typeof Locat Major findings Ref.
type solar ion
dryer
Cocoa Indirect St Dried sample from indirect dryer showed the highest  [44]
and direct  Lucia cut test score while the direct dryer showed the
type solar lowest.
dryers The dried beans from the direct dryer were more
brittle and higher in acidity than open air and indirect
dryers.
Overall dried bean quality is the best from the
indirect dryer.
Cocoa Direct Malay Overall quality evaluation (flavour, acidity, [45]
solar dryer sia fermentation index, appearance and odour) indicated
that lower drying load of 20 kg beans is
recommended.
At this quantity, drying period was shorter and
eliminates the risk of putrefactive development in
beans due to unfavourable weather condition.
Cocoa Indirect Cote Shrinkage decreased linearly with decrease in [46]
solar dryer d’Ivoi moisture content.
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re - The real density decreased linearly from 825.10
kg/m?® to 695.25 kg/m®) with decrease in moisture

content.

- The porosity increased linearly from 15.82 to
24.67% with decrease in moisture content.

Coffee  Solar Indon - Visual and organoleptic tests showed no significant [47]
tunnel esia difference between the solar dried and sun dried
dryer beans.

- This could be due to the rather similar drying rates
between solar and sun drying.

Coffee  Solar Thaila - Coffee beans dried faster in the solar dryer and [48]
dryer with  nd produced acceptable cup with no serious defects.
black - No OTA forming fungi was found in solar dried
transpired samples.
air solar
collector
Rice Mixed Iran - Solar dried rice resulted in higher degree of [49]
mode whiteness than sun dried rice.
passive - Samples dried in solar dryer are similar in flavour
solar dryer than those dried under the sun.
Rough indirect Iran - Bending strength for solar dried samples showed no  [50]
rice and significant difference with continuous dried sample
mixed- at 35°C and 45°C.
mode - However, highest head rice yield was obtained when
active both cultivars were dried in a continuous dryer.
solar
dryers
Corn Drying bin Canad - The quality of solar dried corn was superior to that [51]
installed a dried using one-pass high-temperature.
will bin- - The improvement was in physical characteristics of
wall solar the kernels i.e. stress cracking, bulk density and
collector breakage susceptibility.
Cashew  Solar Indon - Cashew kernels looked bright-white and clean [52]
nuts cabinet esia without black spot or toxin sign
Pistachi  Direct Iran - Both solar and sun dried samples showed excellent [53]
0 nuts solar dryer taste as compared to hot air dried samples.

- No aflatoxin was found in both sun and solar dried

pistachio nuts.
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Peanut  Solar USA - Interms of milling quality, there was no significant [54]
water and difference among dried products from solar water,
solar air solar air and conventional dryers (range 1.1 — 4.5 %
dryer split kernels)

Bulgur  Forced Turke - No significant difference in terms of overall [55]
convectio vy acceptability based on flavour and mouthfeel among
n Solar tray, solar, sun and microwave samples.
dryer - However, solar dried sample showed the highest

acceptance score (7.8) as compared to other samples
(scores 7.6-7.7)

Melon Flat plate  Nigeri - Proximate composition of solar dried seeds was not [56]
seeds solar a significantly different from other drying methods.
dryer - No significant differences were observed in the

colour, texture and taste of all dried seeds.

Green Solar India - Colour and overall acceptance from solar dried [57]
peas cabinet sample was observed higher than sun dried sample.
- Solar dried sample showed lower shrinkage (38%)
and hardness (548 g) and higher rehydration ratio
(1.69) as compared to sun dried sample (Shrinkage
80%, hardness 590 g and rehydration ratio 1.35)

Table 5. Medicinal plants, herbs and spices.

Product  Typeof Location Major findings Ref.
type solar
dryer
Thyme Solar West - The essential oils extracted from the oven dried [58]
dryer Indies and solar dried samples were 0.5% and 0.6% (per
using 100 g dry wt), respectively.
wire - The oleoresin and ash content were 27% for both
basket drying methods and 1.6%, 2.03% and 2.25% for

the fresh, oven dried and solar dried samples,
respectively.

Turmeric  Solar India - Dried turmeric rhizomes obtained from solar [59]
biomass drying by two different treatments namely water
dryer boiling and slicing were similar in terms of

physical appearance.
- Sample dried in open sun had lesser volatile oil.

Wild Direct Peru - Some leaves from upper trays of the direct solar [60]
coriander  cabinet dryer were completely brown in colour which

10
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could be due to the effect of direct solar radiation
in combination with high temperatures.

The highest preservation of natural colour and
absence of browning were observed from samples
using indirect solar dryer.

Essential oil from samples dried in the indirect
solar dryer was closer in its composition to those
obtained from oven or the fresh one.

The colour of solar dried pegaga leaf did not
become darker due to the lower air temperature
used (T< 56°C) and the lower RH used (RH <
36%).

Pegaga leaf dried at 65°C using warm air became
darker.

The values of L* parameter of the solar dried olive
leaves increase compared to the fresh one.

The luminance of the leaves was improved by
solar drying but the greenness of the leaves
reduced.

Dried olive leaves dried at 60°C (at 3.3 m*/min)
showed total phenols close to the fresh leaves.

The olive leaves dried at 40°C (1.62 m*/min)
exhibited the lowest DPPH radical scavenging
activities.

The amounts of oil obtained from medicinal plants
dried in the solar dryer were higher compared to
the traditional drying methods.

Higher test scores for sensation were obtained for
the solar dried plants (rosemary, marjoram, and
moghat) in terms of colour, odour, and taste.

Overall quality is better in solar dried peppers over
commercial samples

A total quality improvement in terms of colour,
appearance, aroma and pungency was achieved
All the tunnel dried samples were qualified for
ASTA and Agmark standards of pepper quality.

Drying at 40°C at tray load of 1kg/m? is optimum

condition for high quality saffron with intense
flavour

11
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dryer - Content of crocin pigments from solar drying (153
o/kg) was better than sun (127 g/kg) and shade
drying (110 g/kg).
Saffron Heat Iran - Colouring characteristics (Crocin content) of [66]
pump saffron improved with drying air temperature and
assisted heat pump system.
hybrid - Aromatic strength (Safranal content) of saffron
photovo increased with increasing air temperature.
Itaic- - No significant change in bitterness (Picrocrocin
therm content) was observed at different air temperatures
al solar and heat pump system.
dryer
Safed solar India - Solar dried sample with reflector showed the [67]
musli dryer highest acceptance sensory score (8.5) as
assisted compared to sun dried sample (5.2) in terms of
with colour, texture and flavour.
reflector
Ginger Solar India - Sun and solar tunnel dried ginger showed the [68]
tunnel maximum retention of essential oil (13.9 mg/g of
dryer dry ginger) and oleo-resin content (45.2 mg/g of
dry ginger)

- Gingerol content is the highest in both sun and
solar dried samples

Based on the compiled lists above, it clearly shows that solar drying has a positive impacts on quality of
dried products such as better retention of nutrient, improved physical appearance, better antioxidant
properties and higher sensory and product acceptance scores. However, the adaptation of solar drying is
still relatively scarce as technology transfer activities involved laborious extension activities and services in
order to disseminate the correct information and advice to the farmers. Government and non-governmental
organization have to educate the right target groups and promote the use of solar drying technology. In this
regard, the level of adaptation is still considered low due to several reasons as follow:

e High capital cost of installation (e.g. solar panel and building) and lack of durability in the dryer
design

e Lack of government incentive to encourage the use of new technology.
e No premium price is given for better quality product dried using solar drying.

e Farmers are reluctant to learn new technique and replace the conventional one that has been used
for decades.

o Difficulties in getting spare parts and lack of skilled personnel for periodic maintenance job.

e Limited funding to carry out continuous and follow up extension work to promote the use of solar
dryers.

e Allocation of dryer to each household may make it prohibitive to involve too large target group

e Lack of power supply or fuel source to power auxiliary heater or fan

12
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Nevertheless, there has been some successful examples of commercial installation of solar drying such
as the large scale (1 tonne capacity) solar greenhouse dryer for fruits and vegetables built in Laos [69], the
solar cocoa processing center with annual production of 85 tonnes built in Indonesia [70] and also from
compilation of works carried out in various countries (Zimbabwe, Tanzania, Brazil, Uganda, Kenya and
Senegal) as reported by Weiss and Buchinger, 2003. [71]

4, Conclusions

Solar drying are broadly applied in various agriculture food crops such as fruits, vegetables, grains,
seeds, beans, herbs, spices and medicinal plants. Generally, the main processing variables that determine
the final quality of the solar dried products are the drying time as well as the exposure period to sunlight.
The drying rate of product is important as it influences the physical and chemical changes, and therefore
affects both the quality attributes and level of acceptance of the product by consumers. Appropriate
methods should be used to monitor and evaluate these quality attributes.

5. References

[1] Garg H P 2001 Developments in Solar Drying, In Proceedings of the 2nd Asian-Oceania
Drying Conference, p. 297-321.

[2] Benali M 2004 Thermal Drying of Foods: Loss of Nutritive Content and Spoilage Issues, In
Mujumdar, A.S. (Ed.), Dehydration of Products of Biological Origin, Enfield, New
Hemisphere, USA, p. 137-152.

[3] Murthy M V R 2009 A Review of New Technologies, Models and Experimental Investigations
of Solar Driers. Renewable and Sustainable Energy Reviews, 13: 835-844.

[4] Immaculate J, Sinduja P and Jamila P 2012 Biochemical and microbial qualities of Sardinella
fimbriata sun dried in different methods. International Food Research Journal, 19(4): 1699-
1703.

[5] Ratti C 1994 Shrinkage During Drying of Foodstuffs. Journal of Food Engineering, 23 (1): 91-
105.

[6] Perera C O 2005 Selected Quality Attributes of Dried Foods. Drying Technology, 23: 717-730.

[7] Sablani S S 2006 Drying of Fruits and Vegetable: Retention of Nutritional/Functional Quality.
Drying Technology, 24: 123-125.

[8] Santos P H S and Silva M A 2008 Retention of Vitamin C in Drying Processes of Fruits and
Vegetables — A Review. Drying Technology, 26: 1421-1437.

[9 HiiCL,OngSPandLaw C L 2011 Drying studies of tropical fruits cultivated in Malaysia: A
review. Journal of Applied Sciences, 11(24):3815-3820.

[10] Chin S K, Siew E S and Soon W L 2015 Drying characteristics and quality evaluation of Kiwi
slices under hot air natural convective drying method. Int Food Res J, 22:2188-2195.

[11] Mohanraj M and Chandrasekar P 2009 Performance of a forced convection solar drier
integrated with gravel as heat storage material for chili drying. Journal of Engineering
Science and Technology, 4 (3), 305-314.

[12] Fudholi A, Sopian K, Ruslan M H, Alghoul M A and Sulaiman M Y 2010 Review of solar
dryers for agricultural and marine products. Renewable and Sustainable Energy Reviews,
14(1): 1-30. DOI: 10.1016/j.rser.2009.07.032

[13] EI-Sebaii A A and Shalaby S M 2012 Solar drying of agricultural products: A review. In
Renewable and Sustainable Energy Reviews, 16(1): 37-43.

13



International Conference on Food Science & Technology IOP Publishing

IOP Conf. Series: Earth and Environmental Science 292 (2019) 012054  doi:10.1088/1755-1315/292/1/012054

114]

[15]

[16]
[17]

[18]

[19]
[20]
[21]
[22]
[23]
[24]

[25]

[26]
[27]
[28]
[29]
[30]

[31]

[32]

Othman N F, Ya’acob M E, Abdul-Rahim AS, Mohd Shahwahid O, Hizam H and Ramlan M F
2016 Integration of solar dryer technologies in high value herbal crops production for
Malaysia: pathway for a sustainable future. International Food Research Journal, 23(Suppl):
S51 - S55.

Sansaniwal S, Kumar Mahesh, Kaushal Rajneesh and Kumar V 2017 Investigation of indirect
solar drying of ginger rhizomes (Zingiber officinale): A comparative study. Journal of
Engineering Science and Technology, 12(7), 1956-1971.

Khama R, Aissani F and Alkama R 2016 Design and performance of an industrial-scale indirect
solar dryer. Journal of Engineering Science and Technology, 11( 9), 1263-1281.

Fuller R J 1993 Solar Drying of Horticultural Produce: Present Practice and Future Prospects.
Postharvest News and Information 4(5): ] 31 N-136N.

Leitzmann C 1993 Food Quality—Definition and a Holistic View. In: Sommer H., Petersen B.,
v. Wittke P. (eds) Safeguarding Food Quality. Springer, Berlin, Heidelberg. Downloaded
from
https://www.fda.gov/ICECI/Inspections/InspectionGuides/InspectionTechnicalGuides/ucmO
72916.htm

Lewicki P P 1998 Some Remarks on Rehydration of Dried Foods. Journal of Food
Engineering, 36: 81-87.

Abbott J A 1999 Quality Measurement of Fruits and Vegetables. Postharvest Biology and
Technology, 15: 207-225.

Szczesniak A S 2002 Texture is a Sensory Property. Food Quality and Preference 13: 215-225.

Rahman M S 2005 Dried Food Properties: Challenges Ahead. Drying Technology, 23: 695-715.

Food and Drug Administration 2015 FSMA final rule for preventive controls for human food.
Available from: http://www.fda.gov/Food/GuidanceRegulation/FSMA/ucm334115.htm.
Accessed 2018 January 2.

Prakash S, Jha S.K and Datta N 2004 Performance Evaluation of Blanched Carrots Dried by
Three Different Driers. Journal of Food Engineering, 62 (3): 305-313.

Bechoff A, Dufour D, Dhuique-Mayer C, Marouzé C, Reynes M and Westby A 2009 Effect of
Hot Air, Solar and Sun Drying Treatments on Provitamin A Retention in Orange-Fleshed
Sweetpotato. Journal of Food Engineering, 92 (2): 164-171.

Negi P S and Roy S K 2001 Effect of Drying Conditions on Quality of Green Leaves During
Long Term Storage. Food Research International, 34 (4): 283-287.

Maeda E E and Salunkhe D K 1981 Retention of Ascorbic Acid and Total Carotene in Solar
Dried Vegetables. Journal of Food Science 46: 1288-1290.

Adom K K, Dzogbefia V P and Ellis W O 1997 Combined Effect of Drying Time and Slice
Thickness on the Solar Drying of Okra. Journal of the Science of Food and Agriculture, 73
(3): 315-320.

Ringeisen et al 2013 Concentrated solar drying of tomatoes. Energy Sustain. Dev., 19, 47-55.

Chouicha S, Boubekri A, Mennouche D and Berrbeuh M H 2013 Solar Drying of Sliced
Potatoes. An Experimental Investigation, In Energy Procedia, 36:1276-1285.

Mehta D, Prasad P, Bansal V, Siddiqui M W and Sharma A 2017 Effect of drying techniques
and treatment with blanching on the physicochemical analysis of bitter-gourd and capsicum,
In LWT - Food Science and Technology, 84: 479-488.

Nolle N, Ambacher S, Biesalski H K, Argyropoulos D and Miller J 2017 Vitamin D2
enrichment in mushrooms by natural or artificial UV-light during drying, In LWT - Food
Science and Technology, 85 (B): 400-404.

14



International Conference on Food Science & Technology IOP Publishing

IOP Conf. Series: Earth and Environmental Science 292 (2019) 012054  doi:10.1088/1755-1315/292/1/012054

[33]

[34]

[35]

[36]

[37]
[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Chen H H, Hernandez C E and Huang T C 2005 A Study of the Drying Effect on Lemon Slices
Using a Closed-Type Solar Dryer. Solar Energy, 78(1): 97-103.

Gallali Y M, Abujnah Y S and Bannani F K 2000 Preservation of Fruits and Vegetables Using
Solar Drier: A Comparative Study of Natural and Solar Drying, I1I; Chemical Analysis and
Sensory Evaluation Data of the Dried Samples (Grapes, Figs, Tomatoes and Onions).
Renewable Energy, 19(1-2): 203-212.

Al-Juamily K E J, Khalifa A J N and Yassen T A 2007 Testing of the performance of a fruit and
vegetable solar drying system in Irag, In Desalination, 209(1-3):163-170.

Tarhan S 2007 Selection of Chemical and Thermal Pretreatment Combination for Plum Drying
at Low and Moderate Drying Air Temperatures. Journal of Food Engineering, 79 (1): 255-
260.

Verma R C and Gupta A 2004 Effect of Pre-Treatments on Quality of Solar-Dried Amla.
Journal of Food Engineering, 65 (3): 397-402.

Narinesingh D and Mohammed-Maraj R 1989 Solar Drying Characteristics of Papaya (Carica
papaya) Latex. Journal of the Science of Food and Agriculture, 46 (2): 175-186.

Lule F and Koyuncu T 2015 Convective and Microwave Drying Characteristics of Sorbus Fruits
(Sorbus domestica L.), In Procedia - Social and Behavioral Sciences, 195:2634-2643.

Motevali A and Hashemi S J 2017 The Effect of Different Pre-treatments on Qualitative
Properties of Freeze-dried Feijoa Fruit, Chinese Journal of Chemical Engineering,
https://doi.org/10.1016/j.cjche.2017.11.011.

Chouicha S, Boubekri A, Mennouche D, Bouguetaia H, Berrbeuh M H, Bouhafs S and
Rezzoug W 2014 Valorization Study of Treated Deglet-nour Dates by Solar Drying Using
Three Different Solar Driers. In Energy Procedia, 50: 907-916.

Hanif M, Khattak M K, Ali S A, Khan M, Ramzan M, Amin M and Aamir M 2015 Impact of
drying temperature and slice thickness on retention of vitamin c in persimmons (diospyros
kaki. 1) dried by a flat plate solar collector. Pakistan Journal of Food Science, 25(2): 66-70.

Bukke S, Pillai B B K and Karthikeyan A K 2016 Experimental Studies on Drying of Orange
Peel in Solar Tunnel Dryer Using Sensible Heat Storage Material, International Conference
on Energy Efficient Technologies for Sustainability (ICEETS) p.198 — 201. India: IEEE.

Bonaparte A, Alikhani Z, Madramootoo C A and Raghavan V 1998 Some Quality
Characteristics of Solar Dried Cocoa Beans in St. Lucia. Journal of the Science of Food and
Agriculture, 76: 553-558.

Hii C L, Abdul Rahman R, Jinap S and Che Man Y B 2006 Quality of Cocoa Beans Dried
Using a Direct Solar Dryer at Different Loadings. Journal of the Science of Food and
Agriculture, 86(8): 1237-1243.

Koua B K, Koffi P M K and Ghaha P 2017 Evolution of shrinkage, real density, porosity, heat and
mass transfer coefficients during indirect solar drying of cocoa beans. Journal of the Saudi
Society of Agricultural Science, https://doi.org/10.1016/j.jssas.2017.01.002

Amir E J, Grandegger K, Esper A, Sumarsono M, Djaya C and Mihlbauer W 1991
Development of a Multi-Purpose Solar Tunnel Dryer for Use in Humid Tropics. Renewable
Energy, 1(2): 167-176.

Chapman K, Twishsri W, Marsh A, Naka P, Ngangoranatigarn P, Kasinkasaempong Y,
Kraitong T, Nopchinwong P and Yusathid S 2006 Robusta Coffee Drying Alternatives in
South Thailand — Includes a New Solar Dryer, In FAO-DOA Special R&D Report on the
FAO-Thailand Robusta Coffee Project, Chapman, K.R. (Ed.) p. 1-14.

Mehdizadeh Z and Zomorodian A 2009 A Study of the Effect of Solar Drying System on Rice
Quality. Journal of Agricultural Science and Technology, 11: 527-534.

15


https://doi.org/10.1016/j.cjche.2017.11.011

International Conference on Food Science & Technology IOP Publishing

IOP Conf. Series: Earth and Environmental Science 292 (2019) 012054  doi:10.1088/1755-1315/292/1/012054

[50]

[51]
[52]
[53]
[54]
[55]

[56]

[57]
[58]

[59]

[60]

[61]

[62]

[63]
[64]
[65]

[66]

[67]

Nassiri S and Etesami S M 2016 Estimation of head rice yield by measuring the bending strength of
kernels after drying by different drying methods. Agricultural Engineering International,
18(2):368-377.

Otten L and Brown R B 1982 Low-Temperature and Combination Corn Drying in Ontario.
Canadian Agricultural Engineering, 24 (1): 51-55.

Mursalim S and Yuliani S D 2002 Drying of cashew nut in shell using solar dryer. Sci & Tech,
3(2): 25-33.

Ghazanfari A, Tabil Jr L and Sokhansaj S 2003 Evaluating a Solar Dryer for In-Shell Drying of
Split Pistachio Nuts. Drying Technology, 21 (7): 1357-1368.

Troeger J M and Butler J L 1977 Solar drying of peanuts, Conference on solar crop drying,
Raleigh, NC, USA, 30 Jun 1977, editor: JL Butler, p. 67-84.

Hayta M 2002 Bulgur Quality as Affected by Drying Methods. Journal of Food Science, 67:
2241-2244. doi:10.1111/j.1365-2621.2002.tb09534.x

Bankole S A, Osho A, Joda A O and Enikuomehin O A 2005 Effect of drying method on the
quality and storability of ‘egusi\' melon seeds (Colocynthis citrullus L.). African Journal of
Biotechnology, 4 (8): 799-803

Jadhav D B, Visavale G L, Sutar N, Annapure U S and Thorat B N 2010 Studies on Solar
Cabinet Drying of Green Peas (Pisum sativum). Drying Technology, 28 (5): 600-607.

Balladin D A and Headley O 1999 Evaluation of Solar Dried Thyme (Thymus vulgaris Linné)
Herbs. Renewable Energy 17 (4): 523-531.

Prasad J, Vijay V K, Tiwari G N and Sorayan V P S 2006 Study on Performance Evaluation of
Hybrid Drier for Turmeric (Curcuma longa L.) Drying at Village Scale. Journal of Food
Engineering, 75 (4): 497-502.

Banout J, Havlik J, Kulik M, Kloucek, P, Lojka B and Valterova | 2010 Effect of Solar Drying
on the Composition of Essential Oil of Sacha Culantro (Eryngium foetidum L.) Grown in the
Peruvian Amazon. Journal of Food Process Engineering, 33 (1): 83-103.

Yahya M, Othman M Y, Sopian K, Daud W R W and Yatim B 2004 Quality of Pegaga Leaf
Dried in A Solar Assisted Dehumidification Drying System, In Proceedings of the 14th
International Drying Symposium (IDS 2004), S&o Paulo, Brazil, 22-25 August 2004, vol. B,
p. 1049-1054.

Bahloul N, Boudhrioua N, Kouhila M and Kechaou B 2009 Effect of Convective Solar Drying
on Colour, Total Phenols and Radical Scavenging Activity of Olive Leaves (Olea europaea
L.). International Journal of Food Science and Technology, 44: 2561-2567.

Hassanain A A 2010 Unglazed Transpired Solar Dryers for Medicinal Plants. Drying
Technology, 28 (2): 240-248.

Joy C M |, George P P and Jose K P 2002 Drying of Black Pepper (Piper nigrum L.) Using
Solar Tunnel Dryer. Pertanika J. Trop. Agric. Sci. 25(1): 39 — 45.

Raina B L, Agarwal S G, Bhatia A K and Gaur G S 1996 Changes in Pigments and Volatiles of
Saffron (Crocus sativusL) During Processing and Storage. J. Sci. Food Agric. 71: 27-32.

Mortezapour H, Ghobadian B, Khoshtaghaza M H and Minaei S 2014 Drying Kinetics and
Quality Characteristics of Saffron Dried with a Heat Pump Assisted Hybrid Photovoltaic-
thermal Solar Dryer, J. Agr. Sci. Tech., 16: 33-45.

Kalbande S R, Jadhav P, Khambalkar V P and Deshmukh S 2017 Design of Solar Dryer
Assisted with Reflector for Drying of Medicinal Crops. International Journal of Current
Microbiology and Applied Sciences, 6 (2): 170-184.

16



International Conference on Food Science & Technology IOP Publishing
IOP Conf. Series: Earth and Environmental Science 292 (2019) 012054  doi:10.1088/1755-1315/292/1/012054

[68] Jayashree E, Vlsvanathan R and John Zachariah T 2014 Quality of Dry Ginger (Zingiber
Officinale) by Different Drying Methods. Journal of Food Science and Technology, 51 (11):
3190-3198.

[69] Janjai S, Poolsak I, Jinda K, Chanoke S and Vathsana K 2011 A large-scale solar greenhouse dryer
using polycarbonate cover: modeling and testing in a tropical environment of lao people's
democratic republic. Renew Energy, 36:1053-1062.

[70] Mulato S O, Atmawinata Yusianto Handaka T, Pass W Muehlbauer and A Esper 1999.
Development of a solar cocoa processing center for cooperative use in Indonesia. Planter,
75(875): 57-74

[71] Weiss W and Buchinger J 2003 Solar Drying: Establishment of a Production, Sales and
Consulting Infrastructure for Solar Thermal Plants in Zimbabwe. Arbeitsgemeinschaft
Erneuerbare Energie (AEE) of the Institute for Sustainable Technologies, Austria.
http://www.aee-intec.at/Ouploads/dateien553.pdf

17



