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Cabbage

• Water 92.8%
• Protein 1.45%
• Fat  0.2%
• Ash (mineral) 0.7 %
• Carbohydrate  3.2%
• Fiber 1.6%

Proximate compositions of foods

Papaya

• Water 89.4%
• Protein 0.6%
• Fat   0.1%
• Ash (mineral) 0.6%
• Carbohydrate  7.44%
• Fiber 1.9%

https://inmu2.mahidol.ac.th/thaifcd
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Anchovy

• Water 80.5%
• Protein 18%
• Fat   0.3%
• Ash (mineral)  1.1%
• Carbohydrate  0.1%

Proximate compositions of foods

Beef

• Water 72.6%
• Protein 20.3%
• Fat   4.2%
• Ash (mineral)  3.1%

https://inmu2.mahidol.ac.th/thaifcd
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https://doi.org/10.1016/j.jfca.2010.05.002

Energy, moisture and macronutrient content of selected African leafy 
vegetables (values per 100 g edible portion, fresh weight basis).
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• Carbohydrates 

• Protein

• Fats

• Fibers

• Vitamin and minerals

• Other health-promoting compounds (e.g. 
phenolic compound, phytosterols, etc.)

Compositions with health benefits

macronutrients

micronutrients
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The content of health-benefit compounds 
may be:

1. Unchanged

2. Decreased

3. (Possibly) increased

After drying

Fresh weight basis 

How to find this?

How to express the content of compound in sample

weight of compound

weight of sample 

Dry weight basis 

weight of compound

weight of solid in s ample 
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•not digested/absorbed carbohydrate in human gut

• Increase fecal bulk, absorb fat and cholesterol from 
diet

•Fiber is stable during drying

•Thus, dried fruit and vegetables increase fiber intake

Fiber
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Food Technology, November 2012, Volume 66, No.11

What is fiber?
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•Soluble dietary fiber (SDF) include β-glucan, 
psyllium, pectins, guar gum, arabinoxylans, and 
inulin → beneficial effects on human organisms, 
such as reduction of cholesterol levels, decrease of 
gastric emptying and small intestine transit time, 
prebiotic effect, and fecal bulk effect

• Insoluble dietary fiber (IDF) include cellulose, 
hemicellulose, chitosan, lignin, etc., → water 
insolubility, decreased fermentability, and stool bulk 
forming

Classification of fibers
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Dietary Fiber Measurement Product Guide (Megazyme)
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SDF= SDFS + SDFP

TDF = SDF + IDF
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Fresh pineapple
m.c. = 80% (w.b.)

Dried pineapple
m.c. = 20% (w.b.)

initial fiber content  
=  1.5 g/100 g

fiber content  = 
1.5/25*100 = 6 g/100 g

BUT the sugar (10%) which is also stable will also 
increase 4 times!

Example
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Vegetable, fruit and nuts are sources of fiber which 
is a good selling point of dried products
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Prebiotics

International Scientific Association of Probiotics and
Prebiotics (ISAPP)

“dietary prebiotics” is “a selectively fermented
ingredient that results in specific changes in the
composition and/or activity of the gastrointestinal
microbiota, thus conferring benefit(s) upon host health”

https://dx.doi.org/10.3390%2Ffoods8030092

Some fibers are prebiotics
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Sunchoke tuber is a source of “inulin”, a soluble 
fiber which promotes growth of good bacteria in 
human gut (prebiotics)

Prebiotics
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Structure of inulin

The degree of polymerization (DP) of  inulin can be  
from 2 to 60
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Dried sunchoke chips
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• Vegetable and fruit are good sources of important 
vitamins e.g. vitamin C and vitamin A

• Meat are a good source of vitamin B and iron and zinc

• Fish and seafoods is a source of calcium, zinc, iodine

• Minerals e.g. ferric, phosphorus, calcium, potassium 
are stable during drying

• Stabilities of vitamins are varied

• temperature, light, oxygen are important factors 
affecting stability of vitamin

Vitamins and minerals
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Recommended daily nutrient intakes (RNI) of selected micronutrients for different 
age groups as released by the FAO/WHO (2001).

https://doi.org/10.1016/j.jfca.2010.05.002
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https://doi.org/10.1016/j.jfca.2010.05.002

Vitamin content of selected African leafy vegetables (values per 
100 g edible portion, fresh weight basis).
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•Fruits and several vegetables contain high 
amount of vitamin C (ascorbic acid)

•Vitamin C tends to degrade after drying (heat, 
light, oxygen)

•also possibly losses during washing, blanching 
steps

Vitamin C
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https://doi.org/10.1016/j.solener.2020.12.026

Tomato drying using solar dryer



https://doi.org/10.1006/fstl.2000.0659

Effect of Blanching and Drying Methods on β -Carotene, Ascorbic acid and 
Chlorophyll Retention of Leafy Vegetables
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• Fruit and vegetable contain “β-carotene” which can be 
converted into “vitamin A” in human body

• Very necessary for eyes health, protecting from vision 
loss and blindness

• Papaya, carrot, corn, mango, other green vegetables

• all-trans-β-carotene degrade into 9-cis-, 13-cis-β-
carotene → lower vitamin A activity and antioxidative 
properties

Vitamin A
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• Dried mango was found to contain 
high amount of beta-carotene

• Daily requirements for vitamin A are 
about 800 and 500 RE for healthy 
adults and children, respectively

https://doi.org/10.1021/jf034084h
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Ndawula, J et al. “Alterations in fruit and vegetable beta-carotene and vitamin C content caused by 
open-sun drying, visqueen-covered and polyethylene-covered solar-dryers.” African health sciences
vol. 4,2 (2004): 125-30. 

Drying time
Open-sun: 6 days
Polyethylene covered: 4 days 
Visqueen-covered: 3 days 

Visqueen sheet was 
able to protect UV 
more than normal 
PE

29



30



https://doi.org/10.1006/fstl.2000.0659

Effect of Blanching and Drying Methods on β -Carotene, Ascorbic acid and 
Chlorophyll Retention of Leafy Vegetables
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Mulokozi, G. & Svanberg, U. Plant Foods Hum Nutr (2003) 58: 1. 
https://doi.org/10.1023/B:QUAL.0000041153.28887.9c

Effect of traditional open sun-drying and solar cabinet drying on carotene 
content and vitamin A activity of green leafy vegetables
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- Vitamin C
- Dietary fiber
- Beta-carotene

Example of advertise of dried mango on
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Dried vegetables for conveniences of cooking
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Chemical composition, functional properties and processing of carrot—a 
review

https://doi.org/10.1007/s13197-011-0310-7



•Plants contains several other health beneficial 
compounds

•They are called bioactive compounds

•Antioxidant, anti-inflammatory, anticancer, etc

•Usually the effects are not immediate, some need 
more scientific proving

•Processed into several “dietary supplements”

Phytochemicals as bioactive compounds
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Carotenoids

• Carotenoids are natural pigments give yellow, orange, red 
color in fruits and vegetables

• Provitamin A (beta-carotene)

• Nonprovitamin A (Lutein, Zeaxanthin, Lycopene)
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https://doi.org/10.1016/S0963-9969(99)00059-9
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•Found in all plants

•Divided in to several classes

•Possess various activities e.g. antioxidant, anti-
inflammatory, reduce cholesterol etc.

•Phenolic compounds are quite stable during drying

Phenolic compounds

Tea is rich in catechin
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Phenolic substances in selected foodstuffs. 

https://doi.org/10.1002/chemv.201700037



•One class of flavonoids

•Give purple, blue, red color

•Good antioxidant activity

Anthocyanins
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butterfly pea flower Roselle (Hibiscus) Red cabbage

purple sweet potato



Drink

- Drink
- Colorant
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• Another red-purple pigment 

• betanin, prebetanin, isobetanin

• Red-flesh dragon fruit, beetroot

• Nitrogen-containing anthocyanins

• Antioxidant activity

• Quite stable during drying

Betacyanins
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drying of red-fleshed dragon fruit at different 
temperatures (40, 50, 60, 70 and 80 °C) and 
air velocities (1.0 and 1.5 m/s)

46



47



48



Heat induced isomerization of betanin to isobetanin
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Antioxidant and 
phenolic content did 
no change after 
drying
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An idea of dried fruits with peel to increase maintain the 
bioactive compounds in the peels
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Germinated rice contains high content of GABA

γ-Aminobutyric acid, or GABA is the primary inhibitory 
neurotransmitter in the brain → anti-anxiety
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Moringa
(Moringa oleifera) 

Medicinal plant

Moringa tea

Moringa powder

Vitamin A, C, Protein 

https://doi.org/10.1016/j.fshw.2016.04.001
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https://dx.doi.org/10.1002%2Ffsn3.770



Example of presentation of the nutrient and 
bioactive compounds of product
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Green chiretta or Kariyat (Andrographis paniculata) Fah-Talai-Jon

Sun Solar dryer Solar dryer with shade net (80%)
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Retention of bioactive compounds in medicinal 

plant/herb after drying in parabola solar dryer
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Dr. Busarakorn’s unpublished data
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Dried green Kariyat

Sun Solar dryer Solar dryer with shade net (80%)

Dr. Busarakorn’s unpublished data



Sample
Andrographolide

(mg/100 g DW sample)
%changens

Fresh 3842.58±57.69b -
Sun 2548.68±45.5a -36.27±7.77

Solar dryer 2964.07±1578.93ab -21.83±41.63
Solar dryer with shade 

net (80%)
2657.45±775.20a -30.61±17.64

green Kariyat contains andrographolide which a bioactive effective for 
treatment of common cold and even COVID-19 patient with mild 
symptoms

Dr. Busarakorn’s unpublished data 58



drying of cassumunar ginger 
(Zingiber montanum) slices using 
a hot air dryer at 40, 50, 60, 70, 
and 80 °C, a large-scale 
greenhouse solar dryer, and sun 
drying

“Plai”
“Plai oil” as a 
muscle pain 

relief oil

https://doi.org/10.1016/j.jarmap.2020.100262
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https://doi.org/10.1016/j.jarmap.2020.100262
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https://doi.org/10.1016/j.jarmap.2020.100262



https://doi.org/10.1016/j.jarmap.2020.100262 62



https://doi.org/10.1016/j.jarmap.2020.100262 63



https://doi.org/10.1016/j.jarmap.2020.100262

cassumunar ginger (Zingiber montanum)
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https://doi.org/10.1016/j.jarmap.2020.100262 65



https://doi.org/10.1016/j.jarmap.2020.100262
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Turmeric slices were dried at five 
temperatures (40, 50, 60, 70, and 80 ◦C) 
under two conditions (without light exposure; 
noLE and with light exposure; LE)

https://doi.org/10.1016/j.jfoodeng.2021.110695 67



https://doi.org/10.1016/j.jfoodeng.2021.110695 68



https://doi.org/10.1016/j.jfoodeng.2021.110695 69



https://doi.org/10.1016/j.jfoodeng.2021.110695 70



https://doi.org/10.1016/j.jfoodeng.2021.110695 71



After dryingBefore drying

Fresh 
rhizome

Steamed 
rhizome

Sun 
drying

Greenhouse Solar 
dryer

Drying of black galingale (Kaempferia parviflora) rhizome

Dr. Busarakorn’s unpublished data 72



Sample Drying method
5,7-DMF

(mg/100 g (d.b.)
% change

Fresh rhizome Before drying 411.54 ±51.38a

Sun drying 1,158.49 ± 32.75d 184.21 ± 30.72a

Greenhouse solar 

dryer
1,312.81 ± 57.27c 220.63 ± 18.46a

Steamed 

rhizome
Before drying 744.75 ± 57.71b 83.27 ± 36.90b

Sun drying 1,214.35 ± 119.21d 62.92 ± 2.39b

Greenhouse solar 

dryer
1,325.87 ± 98.89c 79.07 ± 19.01b

Changes in amount of 5,7 –dimethoxyflavone

Dr. Busarakorn’s unpublished data

black galingale contains 5,7 –dimethoxyflavone which shows anti-diabetes, anti-obesity, 
and anti-inflammation
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Drying of germinated ‘Hom nil’ purple rice 

sun drying solar tunnel dryer greenhouse solar dryer

Final moisture content of 13%

Dr. Busarakorn’s unpublished data
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Drying method GABA

(mg/100 g d.b.)

Anthocyanins

(mg/100 g d.b.)

Shade drying 24.61 ± 2.21 14.21 ± 7.38a

Sun drying 22.27 ± 7.52 8.07 ± 4.54b

solar tunnel dryer 22.47 ± 10.28 5.34 ± 3.90b

greenhouse solar dryer 23.44 ± 2.81 7.00 ± 4.93b

Drying of germinated ‘Hom nil’ purple rice 

Dr. Busarakorn’s unpublished data
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Drying method TPC

(mg GAE/100 g 

d.b.)

DPPH

(mg Trolox 100 g d.b.)

FRAP

(mol 

FeSO4/100 g d.b.)

Shade drying 146.82 ± 30.29a 27.80 ± 2.08a 1,447 ± 203a

Sun drying 144.25 ± 37.86a 26.48 ± 1.78ab 1,224 ± 181ab

Solar tunnel 

dryer

131.24 ± 25.65b 23.48 ± 3.37c 1,095 ± 153c

greenhouse 

solar dryer

134.32 ± 19.52b 24.15 ± 2.35ab 1,226 ± 120ab

Drying of germinated ‘Hom nil’ purple rice 

Dr. Busarakorn’s unpublished data



•There are several health-promoting compounds in 
foods

•Health promoting compounds may be unchanged, 
decreased or sometimes increased after drying

•In most cases, reducing direct light exposure and high 
temperature-shorter time seems to be a good strategy 
for using solar drying to dry raw materials that 
contains bioactive compounds

•UV-blocked cover of the solar dryer provides good 
protection for bioactive compounds

Conclusions
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Thank you
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