Solar drying of food
This document gives just some hints and information about drying food. But it lives from feedbacks and experiences of you. Let me know if some information is not correct or you have some more hints and ideas. Thank you!

1Background


2Preparation of the food


2Cutting and slicing Thickness of fruit pieces depends upon the kind of fruit being dried


2Preparing the Dryer


2Drying


3When it is ready?


3Unloading the dryer


3Storage


4Testing of humidity


4Storage-Time


4Moth-attack


4Mould


4Using dried foods


4How long you can keep the food?


4Overview dry-times


6Overview how to manage dry- and storage-problems


6Utilization and processing


7Reference for different Products


7Fruits


9Vegetables


10Herbs


12Meat


12Fish


12Flowers


12Cooking of dried vegetables


12Photo-Gallery


16Links and Resources:




Background

· Up to 50 % of the precious food rots in the countries of the South because they cannot be preserved.

· During the harvest, the huge quantity of food can not be sold .By drying the food the farmers can have more incomes and for a longer time.
· The direct drying in the sun has a negative effect on the quality of the product through dust and animals. One rain shower can destroy the food. So a Solar-dryer provides a higher quality of the product which is required by the market. 
· By drying, the taste of the fruits are intensified and the nutrients are contained more intensely and they taste more sweet and richer. The vitamins and minerals remain in the product beside of vitamin C, which is reduced. 

· Dried fruit and vegetables are freely from preservatives.

· Dried food has a very good nutritive quality (vitamins etc)
· Solar dryers are a good solution but unfortunately not very common. 

Preparation of the food
The operator must wash his/her hands and ideally wear clean gloves when handling the fruit

Take away cores, kernels and stalks. Apples should be skinned. Dry the pealed fruit as fast as possible otherwise it becomes brown. And clean with water or water with some chlorine (400ml to 20liters of water)
Blanch 

Blanch Vegetables before drying to halt the action of enzymes. 
Put vegetables directly in the boiling water, after that cool it with cold water. 
Steam blanching is recommended because it prevents the loss of some nutrients and the products being dried from adhering to each other
Pour several centimetres of water into a large cooking pot that has a close-fitting lid. Heat the water to boiling and place over it, high enough to keep clear of the water, a wire rack or basket holding a layer of the vegetables (not more than 5 cm deep). Cover and let the vegetables steam for half the required time, then test to make sure all pieces are reached by the steam. 

A sample from the centre of the layer should be wilted and feel soft and heated through when it has been properly blanched.

Remove the vegetables and spread them on paper towelling or clean cloth to remove excess moisture
Prevent discoloration of the fruit before drying
Put the food shortly in 1-% saltwater (10g salts on 1 l of waters). 

or with diluted lemon juice or citric acid sprays (0,01 cl acid on 1 l waters). 

or sweeten the fruits - with many fruit-types commendable (500 g sugars on 1 l waters)

Cutting and slicing
Thickness of fruit pieces depends upon the kind of fruit being dried

Very thin pieces tend to stick to the drying trays and will be difficult to remove. 

Thicker pieces may not dry fully and may subsequently deteriorate after packing.

Preparing the Dryer

Trays where the food is located should be washed and cleaned to remove any fragments of dried fruit or contamination.

Keep flies away and load trays quickly and continuously.

The dryer should be positioned in a level area unobscured by trees or buildings so that it is fully exposed to the sun throughout the day.

If the wind blows predominantly in one direction for long periods the dryer should be placed end-on to the wind.
The plastic covers outside should be brushed or washed clean of dust because dirty plastic will reduce dryer performance and increase drying times.
The cover should be closed immediately, that no flies etc. come in

Drying
If the food to be dried is exposed to the direct sun, there is a loss of nutrients and vitamins. One should not expose herbs to direct sunlight. 

Fruit: Predrying with 50°, then it can be increased until 70°C. At the end it can be again 50°C
Dry vegetables with 70°C. Turn from time to time. 
At 70°C you kill the flies and the eggs 
Rapid drying with the right temperature prevents nutrient-loss and mold-affection.
The food to e dried may not overlap or be in two layers. In this case no air can pass by. 
The food to be dried can be lined up on strings as well, but put a knot between the fruits 
It can be dried in a warm oven by 50 °C as well 
Fruits generally don't tolerate temperatures more than 45°C 
In poor weather drying will stop. Rain will rapidly cool the dryer and this will result in a moisture film on the cover because of condensation. It will be some time before the dryer functions again after the sun breaks through. Therefore, protect the dryer from rain.
Dry strong-flavored or odored foods by themselves.
When it is ready?

Under fine and sunny conditions the fruit slices should be dry after 2 full days in the dryer. However, it is essential to test slices
If you press it and no more juice is coming out
Beans, maize (corn) and peas are hard after drying

Lamellar cut vegetables are crunchy

Fruits and other vegetables is leathery, you can bend it without breaking
Herbs: if the leaves are rustle, roughly or crumply, the stems break easily
Fungi should rustle.
The final moisture content of dried fruit should be approximately 10 % (on a wet basis)
A cheap moisture-measurement-Device can help
· Before filling to the storage bin cool it down for 12 hours

Unloading the dryer

When the fruit is considered to be dry, the dryer should be unloaded as soon as possible. This must not be carried out in the early morning because dew and high humidity overnight may cause condensation of moisture onto the fruit. The best time to unload is in the afternoon on a sunny day.
Trays should be removed from the dryer and taken to a clean and covered area for removal of the dried product

The dried fruit should be stored temporarily in clean dry baskets before packaging so that the product can cool down
Storage
Often fruit, even when dry, will stick together when stored. A tasty way to help prevent this is by “dusting” before storing. Powdered sugar, spices, or powdered oats can be used as “dust.” Place it in a bag then add fruit and shake to coat the pieces. Dusting fruit leather or placing pieces of paper between the rolls will prevent them from sticking. 

Put in lockable tin-cans, glasses, material (cloth) or brown paper-bags. Almost anything can be used as a storage container, as long as it has a tight fitting lid. Recycled jars or other containers work well, as well as storage bags or canning jars. If using a metal lid, place a piece of paper between the food and lid. Light causes oxidation, so store the dried food in a dark place or put the containers inside paper bags or a cardboard box to block light. Keep in a cool place. 

Packaging should be carried out immediately after unloading and cooling because the dried slices will reabsorb moisture and be susceptible to attack by insects and other pests. 

Fruits can be done in sealed plastic-bags

Meat in simple plastic-bags

Proper storage should take place in the absence of moisture, light and air.

The use of brown paper bags folded tightly and then placed inside plastic bags is recommended.

Store in small quantities to avoid large-scale contamination.
Pack carefully to avoid crushing the vegetables.
Glass containers are excellent, but these should be kept in a dark area
Put adhesive labels with content and date on the storage-vessels

The dried products must be stored in a cool, dry and clean area which is secure and protected against rodents and other pests.

The room should have a good ventilation, dry, dark and cold with approximately 12°C. 

Put intact screens against insects. 

Avoid strongly smelling foodstuffs in the neighborhood (onions or garlic). 

For sale you can put it in plastic bags, keep herbs in a cotton-sack (but don’t cut them)
Testing of humidity 

If no humidity can be determined at the cutting-edge (if you cut it)
If there is Water at the glass-walls, opens once more and dry it again.

Storage-Time
Herbs up to one year, fungi one to two years, fruit and vegetables up to six months, nuts  six to eight months. The durability can still be extended by the storage in airtight containers.

Moth-attack
For to prevent moth attack put rosemary and/or lavender-branches close by. Or use scent-trap. Check regularly. But there is also as protection the slack-wasp, that destroys the moth-eggs and then dies.
Mould 

Either dried to shortly or the package or storage place is not in order. 

Using dried foods

Add dried vegetables to soups or stews. The liquid will “re-hydrate” them while cooking. They can also be used in casseroles, sauces like spaghetti, and in nearly any recipe requiring vegetables. 

Fruits can be eaten as they are for snacks. They can also be “re-hydrated” by soaking or cooking in juice. The warmer the liquid, the quicker the fruit will soak it up. Use dried fruits to stew, in baking, jams, sauces, or for syrups. 

How long you can keep the food?
Dried foods will keep a minimum of six months in storage under the proper conditions. 

	Overview dry-times
	

	Fruits
	Dry-time / h
	Preparation
	Degree of dry-Status

	Apples
	8
	about 10 mm thick disks
	40%

	Pears
	10
	quartered
	25%

	Apricots
	12
	halve
	30%

	Cherry
	11
	completely
	40%

	Prunes
	12
	halve
	35%

	Peaches
	10
	thin slices
	20%

	Plantains
	8
	8 mm little slices
	50%

	Whortleberries
	10
	completely
	30%

	Brambles / raspberries
	12
	completely
	25%

	Strawberries
	14
	halve
	25%

	Elder
	12
	completely
	30%

	Vegetables
	Dry-time / h
	Preparation
	

	Carrots 
	6
	small piece
	25%

	Pod pepper 
	6
	10 mm strips
	30%

	Tomatoes 
	8
	Little slices
	25%

	Cauliflower
	6
	blanch in small pieces
	50%

	Beans 
	5
	small slices
	60%

	Onion-vegetables
	5
	Small Pieces
	50%

	Fungi
	Dry-time / h
	Preparation
	

	chestnut, birch-fungi
	8
	little slices
	50%

	Red-bonnets  
	
	
	

	Grains
	Dry-time / h
	Preparation
	

	Maize
	6
	whole grains
	80%

	Grains
	5
	Without shell
	90%

	Seeds, kernels, nuts
	4
	without shell
	90%

	Fruit-leather / fruit-bolt
	Dry-time / h
	

	
	8-12. according to the used fruit-mixture

	Herbs
	Dry-time / h
	

	Solid, brittle herbal-types
	at the air 2-3 weeks
	

	Smoothly leaves herbal-types
	In the dryer at ,moderate heat, 4-6 h or air-desiccation

	
	
	


	Overview how to manage dry- and storage-problems

	Problem
	Reason
	Avoidance

	Humidity in the Storage-glass or containers
	Insufficient Drying-Process
	dry again sufficiently

	
	Slices of product to dry is not cut in same thickness
	Cut product in equally slices

	
	Dry product was stored too long with room temperature after the dry-procedure so that the humidity could come back again 
	After drying and cool down faster and store soon afterwards

	Mold on the dry product
	Insufficient Drying-Process
	take away moldy pieces 

	
	Dry product was not checked for humidity within ten days after drying
	Check dry product within ten days after drying on humidity and if needed dry again. Provided that the Dry product is still good

	
	Storage-containers not airtight
	Use airtight containers 

	
	Store-temperature is  too high and in the dry product is still humidity
	Put dry product at the coolest and dry place in the house 

	
	It was dried with too high temperature, so that the outside of the dry product gets solid and the inner moisture remains
	adjust dry-Temperature the dry product 

	Brown parts at the dry Vegetable 
	Too high drying-Temperature 
	Adjust the Drying-Temperature to the product 

	
	Vegetables dried too long 
	Check Status of Dry Product from time to time 

	Insects in the  Dry product glass
	Lid doesn't fit right
	Use airtight closing glasses 

	
	The outside-Dryer is not closed perfect
	Dry at an insect-free place

	Punch in the Dry product 
	Insects or rodents drill themselves through the plastic
	Avoid plastic-bags for storing. Only if you keep it in the refrigerator

	
	
	Dry product best in airtight glasses, firmly lockable plastic-box, clean metal-box. 


Utilization and processing
Put dry-fruit for 2-4 hours in warm water and let it swell up. 

Put Vegetables for two hours in cold water and let it swell up. If the vegetable was boiled before drying one hour is enough.

Put Fungi-Slices 3-4 hours in warm water
Pour leaves with boiling water and let it for 5 minutes.
Let Roots and woods for several hours in water
Leave beans for 6-8 hours in water. 

The remaining water contains also nutrients and can also be used. 

Reference for different Products

Fruits 
They can be treated before drying with some lemon, Sugar, honey or small coconut-pieces
Fruits like grapes should be blanched.  

Mangoes

Select firm, ripe mangoes

Wash with clean water

Peel

Cut into slices (2 - 3 mm thick) 

Arrange on trays for loading into the dryer

Test for dryness: slices should be pliable, without sticking together 

Pineapples

Select firm, ripe fruit

Wash

Cut off the top and base

Peel

Cut into slices (2 - 3 mm thick) 

Arrange on trays ready for loading into dryers

Test for dryness: slices should be pliable, without sticking together 

Apples
In order to avoid getting brown, they can be put shortly into saltwater. 
Select good-quality fruit
Wash
Peel
Split
Core
Cut into regular slices (2 - 3 mm thick). 
As you cut, dip the slices into lemon juice to retain the colour temporarily
Steam blanch for 5 minutes and remove excess moisture
Arrange slices on trays ready for drying
Test for dryness: leathery, no moisture when cut and squeezed 

From the dried apple skin, you can prepare an aromatic apple-tea. 
Fruit-pastes
Cut Fruits to small pieces, chops, mix it and purees. Then sweeten it with thick honey. Or cook the fruits soft with little water and purees and cook the mash with sugar. 

You can add corianders, cinnamon etc. Put this mass thin (1 cm) on metal-paper or paper for baking. Add agar-agar against mold-formation or add linseed. 

Apples, quinces and apricots are well suitable. 

Bananas

Use only fully ripe Bananas, can have brown spots already
Peel and remove the 2 tips

Slice into pieces (5 mm thick)

Arrange on trays for loading into dryer

Test for dryness: slices should be pliable, without sticking together

Cactus pears (prickly pears) 

Select large ripe fruit

Using a clean cloth remove the glochids, dust and dirt

Wash and cut away both ends

Peel as thinly as possible

Remove the soft peel and keep to one side 

(It is easier to remove if the fruit is cut in half)  

Juice the flesh and sieve

(This can be done by using a blender or a mixer)

Boil the juice

Add the soft peel into the juice together with sugar, lemon juice and salt. Cook for about 1 hour

For 1 kg peel, you need 750 g sugar, 65 ml lemon juice and a pinch of salt 

Pour onto a sieve and allow to drain

Allow to cool

Arrange the pieces on trays and load into the dryer

Test for dryness: slightly sticky 

Figs, dates

Only clean and then dry completely

Cherry

Dried they are a delicacy! But dry without stones. 

Plums

Us only ripe fruits 

Apricots, peaches, greengage and yellow plum
Clean, make half and remove the stone and put it with the cutting-edge upward. So that they won't get brown put in lemon juice before drying. Drying needs relatively long

Gooseberries, grapes

Put shortly in hot water, let it drip and dry. Turn them from time to time. Drying needs relatively long. Maybe you can use Sorts without a stone. 

Lemon-skin

Use not splashed lemons 

Nuts, sunflowers, pumpkin seed, linseed

Shake it from time to time. They have a lot of protein and fat, are very nourishing and give much energy (“vegetarian-beef”).

Beans

Cook (blanch) for 2 minutes before drying. That means put it direct in the hot water and then in the cold water
Vegetables 
Vegetables, like fruits, should be harvested at their peak of flavor. 
Besides from zucchini and tomatoes precook without salt for 3 minutes (see blanch above). Most vegetables are dry when they are brittle and will shatter when struck. Slices will snap when bent.
Pumpkin leaves

Select fresh, tender leaves

Peel off the hairy outer skin

Wash in clean water

Steam blanch for 3 to 5 minutes

Place on trays ready for drying

Test for dryness: crumble easily 

Tomatoes 

Select fresh ripe fruit

Wash in clean water

Slice into regular pieces (vertically)

Arrange the pieces on the tray for drying

Test for dryness: a handful will spring apart after squeezing 

Dry with the cutting-edge upwards. Use solid and ripe fruits. It is ready if the fruit is tough and leathery

Zucchini

Cut young zucchini in 5 mm slices and sprinkle with pepper. Very popular instead of potato chips!
Legume (pulses, Husk-fruits)

Let it dry already at the plant. Then dry it on paper. Later before using put it for 12 hours in water. That shortens cook-time this considerably.
Onions

Especially the red onions are suitable

Cabbage 

Peel off the outer leaves

Wash in clean water

Cut the cabbage in two

Core

Chop into thin strands

Steam blanch for 5 to 8 minutes

Arrange on trays for drying. Spread evenly, not more than 1,5 cm deep.

Test for dryness: extremely tough ribs, the thin edges crumble.

Amaranthus sp.

Select young, tender and crisp leaves

Wash

Place loosely in a steaming basket and steam for 3 to 5 minutes or until well "wilted"

Spread sparsely on drying trays, keeping overlaps to a minimum

Test for dryness: crumble easily

Sweet potatoes

Select firm, smooth potatoes

Wash

Steam in small quantity of water until the potatoes are just tender (30-40 minutes)

Peel

Slice into pieces (3-5 mm) or shred

Arrange the pieces on trays for drying

Test for dryness: slices extremely leathery, not pliable, shreds are brittle

Carrots 

Choose crisp, tender carrots without woodiness

(Not necessary to peel good, young carrots)

Steam until cooked through but not mushy (about 15-20 minutes depending on size)

Remove whiskers, tails and crowns

Cut into rings (2-3 mm) or shred

Arrange on trays for drying

Test for dryness: slices very tough, but can be bent. Shreds are brittle

Beetroot

Choose small ones without woodiness

Leave 1 cm of the tops (they will bleed during precooking if the crown is cut)

Steam until cooked through (20-30 minutes)

Cool, trim roots and crowns and then peel

Shred with a coarse blade of a vegetable shredder (slices are not recommended because they take a long time to dry)

Spread thinly on trays for drying

Test for dryness: shreds are brittle

Pumpkin

Deep orange varieties with thick solid flesh make the best product

Cut in half (manageable pieces for peeling) and remove seeds and all pith

Shred with the coarse blade of a vegetable grater

Place in shallow layers in the basket, steam for 6 minutes

Arrange shreds on drying trays ready for drying

Test for dryness: shreds are brittle

Green beans

Select young and tender stringless beans

Wash thoroughly

Steam for 2 to 3 minutes

Cut into short pieces or lengthwise

Arrange on trays for drying

Test for dryness: extremely tough ribs, the thin edge crumbles 

Herbs

This category includes celery leaves as well as other aromatic herbs such as parsley, basil, sage, tarragon, etc. All these should be dried at temperatures not exceeding 40 °C. (If it exceeds this temperature oils valued for flavour will be lost) 

Harvest best on dry, sunny days in the early morning, (morning-dew!). Best shortly before the flower-time. At this time the content of the active substance and aroma is highest. Flowers should be harvested in the full-maturity and roots in the autumn. Look for ripened but young leaves. Flowers should be picked at start of the boom (flowering-time). Both the stick and the leaves can be used. Start drying soon after picking. Herbs should not or very carefully be washed. Herbs never dry in the plain sun! Flowers and leaves don't tolerate any temperatures over 35°C, dry best below 30°C.

Fungi

Most fungi can be dried raw, but clean before (clean thoroughly with the knife), but don’t wash them! Cut them into small pieces. These should be dried slowly and may not become too hot. Only when they break, they are ready dried. Well suitable are Button-Mushrooms, boletus, butter-fungi, birch-fungi and cep. The different fungi-Sort should be stored in different places because of different aroma. Dry at 45°C to 50°C. Dry-fungi are well as spices for soups and sauces. Fungi can be pulled on a thread for drying. 

Fruit leathers

Overripe fruit can be used to make fruit leathers and is actually better than fruit which is at its peak. To prepare fruit for leathers, rinse then turn into puree by grinding, putting through a food mill, or mashing with a potato masher. Remove peels, pits, and seeds. Add fruit juice if necessary until it is of a consistency that will pour. If the fruit is too runny, thicken by cooking over low heat to evaporate water or add a thickener, such as wheat or oat bran. 

Sweetening or spices can be added if you choose. Begin by adding only one to two spoons of sweetener since many totally ripe fruits need nothing more. If you are making leathers from light colored fruits such as apples or peaches, heat to almost boiling before beginning to dry. This will help prevent browning. 

Fruits can also be combined. Some good combinations are cherries and rhubarb and strawberries and rhubarb. All of the small berries like raspberries, blackberries, and mulberries go well together. 

Line a cookie sheet or tray with plastic (don’t use wax paper or foil) or coat with a non-stick vegetable spray or cooking oil. Pour the puree in and spread evenly by tilting the tray or sheet back and forth to spread it out. The thinner and more consistent the thickness, the better and quicker it will dry. One-eighth of an inch thick works well. If it is too thick it may spoil before drying, and if not consistent it will not dry evenly. 

When top side is dry, remove from backing and turn over. Let the other side dry. Cut into squares or strips and roll up. Leather which is slightly sticky to touch will keep for about four to six weeks. Leather which is completely dried will keep longer but may be too brittle to roll. 

Store leather in airtight containers with plastic wrap or paper between them to prevent sticking. Leather can be used as snacks or dissolved in water and used in any recipe calling for fruit. 

For best products 

Water the herbs well the night before harvest. 

Harvest on a sunny morning soon after the dew has dried and choose plants that are reaching flowering stage. 

Harvest with sufficient stem, then strip off tougher leaves growing lower than 10 cm on the stalk. 

Hold in small bunches by the stem and swish the leaves through cold water to remove any dust or soil. 

Shake off the water and lay on absorbent towelling to allow all surface moisture to evaporate. 

Cut off the handle stems and spread the leafed stalks one layer deep on the drying trays. 

Put the dryer under a shade and cover the unventilated sides with a cloth to reduce the light on the herbs. 

Turn the herbs several times to ensure even drying. 

Test for dryness: crumble readily. 

Meat
Remove grease and sinews, cut into narrow strips. Marinate for 6-8 hours. Meat is dried like fruit and vegetables. Protect from insects. Meat is ready for storage when it is completely dry. It should be somewhat flexible but brittle enough to break when it is bent in half. After drying no soft areas should exist any more. Store like dried fruit or vegetables. 
Fish

Fish drying, requires thorough cleaning of the drier after each batch

Flowers

Also flowers can be dried and look very beautiful!
GUIDELINES FOR FRUITS AND VEGETABLES
	Food
	Preparation
	Dryness test

	Apples, pears, peaches . 
	Wash, core, and peel. Cut into 1/4” slices or rings
	Leathery with no moisture when cut

	Apricots, plums
	Wash, halve and pit. 
"Pop" backs.
	Leathery and pliable No moisture when cut

	Bananas, rhubarb
	Peel, slice in thin rounds
	Brittle

	Berries
	Sort, wash, and remove stems.
	Brittle and hard

	Cherries, grapes
	Sort and wash. Pit cherries.
	Slightly sticky, like raisins

	Asparagus tips
	Wash, blanch 3 minutes.
	Leathery to brittle

	Beans, cabbage, peppers
	Wash, chop into small pieces. Blanch 4 minutes
	Brittle

	Broccoli, cauliflower
	Wash, trim, and chop. Blanch 3 minutes.
	Brittle

	Carrots
	Wash, cut into slices. Blanch 3 minutes.
	Dry and brittle

	Corn
	Husk, trim, cut off cob.
	Dry and brittle

	Mushrooms
	Wash, sort, and slice 1/4" thick.
	Dry and brittle

	Onions
	Remove outer skin, then chop.
	Brittle

	Peas 
	Shell and sort. Blanch 3 min.
	Brittle

	Squash, zucchini
	Wash, peel, remove seeds. Blanch 2 minutes.
	Leathery and tough

	Tomatoes
	Scald, chill, and peel. Slice into quarters.
	Leathery and tough


Cooking of dried vegetables

Water removed during drying must be replaced either by soaking, cooking or a combination of both. Root, stem and seed vegetables should be soaked for half an hour to 2 hours in sufficient cold water (only cover) until nearly restored to their original texture. Never supply more water than they can take up and always cook in the water they have been soaked in. Greens, cabbage and tomatoes do not need to be soaked. Add only sufficient water to keep covered, then simmer until tender.

More

Root and onion-vegetables are well suitable.
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Store best in glasses or cans. For to sell put it into plastic bags
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There are fine dried matters with good nutritive quality (vitamins etc)
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It can be dried in this way as well 
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Or like this for herbs, spices
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Ready dried spices
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dried apples
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Dried pears taste very well!
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Flat little slices of dried strawberry-puree. 
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Bread with dry-fruits, very delicious!
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Muesli in the morning with dry-fruits. 
Can the day begin with something better?

Links and Resources: 

A lot of good information and more nice recipe is coming from:

http://www.nda.agric.za/docs/solar/solardrying.htm
good Links for many Solar-Topics: www.knowledgehound.com/topics/solarcoo.htm
good Report of Drying Food by Barbara Kerr: http://solarcooking.org/dryingreview.htm
Energy Efficient Food Preservation: http://www.geopathfinder.com/9473.html
Solar drying of fruit and vegetables: http://www.nda.agric.za/docs/solar/solardrying.htm
Food Drying by Marcella Shaffer  http://www.backwoodshome.com/articles/shaffer58.html
This document and more at www.alternative-technology.de
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