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Introduction
Over the last several decades, India has achieved significant progress in ensuring food 

security for its citizens and has become mostly self-sufficient in agriculture. The Food 
Processing Industry (FPI) has added value to output by generating new work opportunities, 
enhancing exports, and reinforcing the domestic supply chain [1]. As per Ministry of Food 
Processing of India (MOFPI), several segments of processing are responsible for the growth of 
the industry [2]. To increase the shelf life of fruits and vegetables, the food industry employs 
a range of preservation, or processing, technologies. Different processing methods can lead 
to a change in colour, texture, flavour and nutritional quality [3]. It can change them both 
in a positive and negative way [4]. All foods which undergo processing are subject to some 
degree of loss of nutrients. Among all nutrients, micronutrients are most affected by the 
processing. Minerals can be lost during cooking processes due to their solubility in water or 
heat. Minerals leach out during processing, but at a lower rate than vitamins. Furthermore, 
food processing and cooking processes can alter the content of food (vitamins, proteins, or 
fatty acids), resulting in changes in the composition and bioavailability of micronutrients. It is 
critical; therefore, all efforts should be made to restore the nutritional value of foods during 
preparation [5]. High temperature exposure causes undesirable changes such as a reduction 
in organoleptic quality as well as in heat-sensitive nutrients [6-8]. Common food technologies 
including pasteurisation, high-temperature sterilisation, drying, and evaporation can ensure 
the microbiological safety or stability of their products, but they can also destroy some of 
the food ingredients, particularly heat-sensitive vitamins and polyphenols, which are linked 
to food quality [9,10]. With the increasing demands for high-quality foods with ‘fresh-like’ 
characteristics, the non-thermal technologies introduced to the food industry, such as low 
processing temperatures with a short treatment time, exert minimal or no changes on food 
flavours and essential nutrients such as vitamins and minerals [11-14]. This review paper 
provides information on different processing methods affecting vitamins and minerals as well 
as techniques to overcome the reduction losses.
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Abstract
The objective of this review paper is to discuss the impact of food processing methods on nutritional value 
of vitamins and minerals and to focus on the ways of reducing the processing losses of these nutrients. 
The major reason for processing foods is to preserve them so that man is no longer completely reliant on 
geography and environment to meet his nutritional needs and desires. Processing makes food healthier, 
safer, tastier and more shelf stable. While there are various advantages to processing, it can also be 
harmful to food quality. Blanching, for example, prior to freezing or drying is used primarily to inactivate 
enzymes that can lead to quality deterioration of vitamins and minerals. During processing, milling and 
extrusion can also result in the physical removal of minerals. Non thermal techniques have been identified 
as suitable for retention of micronutrients.
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Effect of Processing on Vitamins
Vitamins are organic molecules that, in very small amounts, 

are required in the diet. They provide specialised and distinct tasks 
in the promotion of development and reproduction, as well as in 
the maintenance of health and life. Vitamins are divided into two 
main types according to solubility: fat-soluble vitamins (A, D, E, 
and K) and water-soluble vitamins (B-complex including B1, B2, 
B3, B5, B6, B7, B9, B12, C, D, E, and K). Vitamins in food are not 
stable. Vitamin disintegration depends on the different parameters 
during the processing, e.g., temperature, oxygen, light, moisture, 
pH, and length of exposure [15-17]. The loss of vitamins could 
be attributed to trimming and removing the skins of fruits and 
vegetables. Nutrients, particularly vitamins, found in cereal seed 
coats and germ are lost during milling. Thermal processing is the 
most detrimental to food vitamins, results in the degradation of 
water-soluble vitamins such as vitamin B complex and vitamin 
C, and the degree of thermal damage follows time/temperature 
relationship. Vitamins that are fat-soluble have a longer shelf life. 
Temperature, time, pH, moisture content, water activity, and oxygen 
concentration are all factors that influence the quantity of vitamins 
lost during food preparation [18].

The percentage loss of nutrients from fruits and vegetables is 
also affected by the amount of time they have been stored and amount 
of chemical added. Refrigerated storage can be accomplished using 
plastic wraps, bags, net bags, paper bags, or airtight containers 
[19]. The vitamin content of cereals (rice and wheat) remains 
relatively stable as long as the moisture content does not exceed 
10%. If good storage conditions are used, the vitamin B content 
of stored bread and breakfast cereals remains stable. During 
processing and storage, vitamin C is highly susceptible to oxidation 
[20,21]. Postharvest nutritional quality losses, particularly vitamin 
C content, can be significant, and are magnified by physical damage, 
extended storage duration, high temperatures, low relative 
humidity, and chilling injury of cold-sensitive commodities [22,23]. 
The factors that affect vitamin degradation are the same whether 
the vitamins are naturally occurring in food or added to food from 
synthetic sources. However, the form in which a synthetic source 
is used (e.g., a salt or ester) may improve its stability. For example, 
vitamin E (tocopherol) esters are more stable than the tocopherol 
form [24]. 

Different Methods
High-pressure preservation

Total carotenoids in fruits and vegetables are relatively resistant 
to HPP and thermal processing. The majority of researchers 
discovered that high-pressure preservation had no effect on the 
total carotenoid content of fruits and vegetables, or even boosted 
it [25,26]. Depending on the fruit or vegetable product form, the 
effects of HPP on individual carotenoids varied (e.g., pieces, puree 
or juice). B vitamins in particular are extremely resistant to high-
pressure storage. Sancho et al. [27] discovered that HPP had 
no effect on vitamin B1 and B2 retention in strawberry ‘coulis,’ 
and that retention was higher than when the strawberries were 

heated. Vitamins B1, B2, B6, and C (ascorbate) were similarly 
better preserved in high-pressure treated (400-600MPa/25 °C/30 
min) model solutions than in thermally processed solutions. The 
majority of investigations have revealed that HPP has little effect on 
vitamin C. Vitamin C was reported to be unstable at high pressure 
levels paired with temperatures exceeding 65 °C by Oey et al. [25] 
and Barrett DM [3].

Freezing
Freezing is a method of preservation because it lowers 

water activity to a level that prevents microbial activity and 
reduces the rates of chemical reactions. While the heat exposure 
in frozen vegetables and fruits is limited, depending on the pace 
and temperature at which each is applied, the freezing and 
thawing process causes significant tissue structure damage. This 
degradation of plant tissue may allow for the loss of cellular integrity 
and the interaction of enzymes and nutrient substrates, resulting 
in nutrient loss as well as texture, colour, and flavour deterioration 
[2,3]. Vitamin C losses have been observed at temperatures as low 
as -23 °C [24].

Pasteurisation
Pasteurization is the process of destroying microorganisms 

by heating liquid foods like milk and fruit juices at specific 
temperatures. Milk’s nutritional value is unaltered in most cases. 
Some vitamin C loss might occur in pasteurised fruit juices [2].

Dehydration
Drying fruits can reduce the amount of vitamin C they retain, 

but it can also concentrate other nutrients, especially fibre in plant 
foods. Dehydrating food also increases the energy density of food, 
which may contribute to weight gain. When a dehydrated food is 
reconstituted and cooked with water, additional nutrients are 
leached out and lost in the cooking water [2]. According to research 
on the dehydration of blanched vegetables, the dehydration 
process can result in additional losses. Dehydration of blanched 
(unsulphited) cabbage resulted in an additional 30% reduction in 
vitamin C content, a 5 to 15% reduction in niacin content, and a 
15% reduction in thiamine content [24].

Preparation of vegetables
Before cooking, most vegetables are peeled or trimmed to 

remove the tough skin or outer leaves. However, because most 
nutrients, such as vitamins, tend to be concentrated near the skin’s 
surface, excessive trimming can result in a significant reduction in a 
vegetable’s nutrient value [2]. 

Cooking
Some vitamins dissolve in water, so if you prefer to boil your 

vegetables, you will lose some of your vitamins to the cooking 
water. Boiling a potato, for example, can cause much of the potato’s 
B and C vitamins to migrate into the boiling water. You can still 
benefit from these nutrients if you consume the liquid, for example, 
by making a soup with the potato and the liquid. Alternative 
cooking methods, such as grilling, roasting, steaming, stir-frying, 
or microwaving, generally preserve more vitamins and other 
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nutrients [2]. Lipophilic vitamins are released when green fresh 
vegetables are cooked. In contrast, a decline or no change occurs 
in a red vegetable fruit or frozen veggies that have undergone a 
blanching procedure [4].

Canning
Although the initial thermal treatment of canned products can 

result in loss, nutrients are relatively stable during subsequent 
storage due to the lack of oxygen. Frozen products lose fewer 
nutrients during blanching because of the short heating time, but 
they lose more nutrients during storage due to oxidation [3].

Blanching
Vitamin retention is better with a high temperature and a short 

water-blanch time than with a low temperature and, consequently, a 
long blanch period. Steam blanching is superior to water blanching 
in most cases. Sulphite added to blanching water has been shown to 
have a significant impact on thiamin levels in fruits and vegetables. 
-Carotene was discovered to be the most resistant to blanching. 
Under ideal conditions, riboflavin retention ranged from 80 to 95 
percent; vitamin C retention ranged from 70 to 90 percent; and 
niacin retention ranged from 75 to 90 percent [24-27].

Milling
Milling grains causes significant losses of thiamine, biotin, 

vitamin B6, folic acid, riboflavin, niacin, and pantothenic acid (in 
descending order); there are also significant losses of calcium, iron, 
and magnesium [28,29]. Because most of the bran and some of the 
germs are removed during the refining process, refined grains are 
higher in starch. The germ and bran part of grains contains the 
majority of vitamins and minerals (44.45%). When wheat is milled 
into wheat flour, about 70 percent of vitamins and minerals (range 
25-90 percent) and fibre are lost, along with 25 percent protein, 
90 percent manganese, 85 percent zinc, and linoleic acid, and 80 
percent magnesium, potassium, copper, and vitamin B6 [30-32].

Microwave drying
Microwaving resulted in vitamin C losses of up to 57 percent 

and increases of 10-260 percent in fruits and vegetables. Total 
vitamin C concentration in apple puree was similar before and 
after the microwave procedure, according to Picouet et al. [33]. 
However, ascorbic acid content reduced (43 percent retention) and 
dehydroascorbic acid increased (57 percent). Microwaving was 
found to be less harmful to vitamin C, and fruits and vegetables 
retained more vitamin C after microwaving than following a 
comparable heat procedure. The orange juice trial was an outlier, 
with microwave-processed juice having the lowest vitamin C level 
[3].

Microwave vaccum drying
Clary et al. [34] investigated the effects of microwave vacuum 

drying on whole grapes and compared the levels of vitamins A, 
B, and C in fresh and sun-dried grapes. The removal of water 
resulted in a concentration of the initial nutritional content in the 
microwave-dried product ranging from 50 percent to over 700 
percent higher values in all conditions.

Irradiation
Irradiation can influence vitamin levels in food, and the losses 

are usually proportional to the exposure. The losses for most 
vitamins are negligible at low dosages (e.g., up to 1kGy). Vitamin 
losses have been observed in foods exposed to air during the 
irradiation and subsequent storage at higher doses (3-10kGy). 
When employing the highest allowed radiation doses, special care 
must be taken to preserve the food by using airtight packing and 
performing the irradiation procedure at a low temperature. The fat-
soluble vitamins A, E, and K, as well as the water-soluble thiamin, 
have been shown to be the most sensitive to irradiation, while 
niacin, riboflavin, and vitamin D are reasonably stable. If nutrition 
claims for irradiated foods are to be made, research on the content 
and stability of vitamins after treatment with ionising radiation are 
recommended [24].

Effect of Processing on Minerals
For humans, food is the primary source of minerals. Major 

essential elements are Ca, Cl, Mg, Na, K, and P; minor essential 
elements are Co, Cu, Cr, F, Fe, Mn, Mo, Ni, Se, I, and Zn; and important 
elements in very small quantities are Li, B, Si, V, As, Sn, and Pb. The 
amount of these minerals in food is determined by a variety of 
factors, including the type of food (animal or vegetable), genetic 
origin, farming practises, and geographic location. Industrial 
processing and cooking processes are also key determinants in 
food mineral content. Cooking improves the palatability of food. 
Different cooking methods can be utilised, such as frying, boiling, 
baking, or grilling. In some circumstances, additives are added to 
food during processing, resulting in a higher mineral concentration. 
Minerals can be combined with other food components and become 
unavailable for digestion when food is cooked, processed, or stored. 
Natural changes in raw food products and cooking procedures also 
result in variances in the final mineral composition of foods, just as 
they do with vitamins [3]. 

Mineral stability and availability in foods are often less impacted 
by processing than other macro- and micronutrients within a diet. 
It’s prone to leaching into the water used for processing or cooking. 
If the liquid is not consumed, more than half of the manganese, 
cobalt, and zinc in spinach, beans, and tomatoes may be lost during 
canning. In many cases, processing improves a food’s digestibility, 
which increases mineral availability. Acidification, for example, 
can increase the solubility of mineral complexes, making certain 
metal ions more accessible. Food processing losses are typically 
associated with leaching or the formation of insoluble metal 
complexes, which reduces absorption. Thermal processing has no 
effect on the availability of minerals associated with proteins unless 
there is significant thermal destruction of the protein [18].

Different Methods
Cooking

Squeezing after boiling lost the most minerals from spinach, 
followed by boiling in tap water, 5 percent sodium acetate, 1 
percent salt solution, steam heating, microwave heating, and 
parching. Cooking losses of minerals in spinach were largest in 
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iron and magnesium, followed by in potassium, sodium, zinc and 
phosphorus. Magnesium and manganese were the most lost in rice 
during cooking, followed by phosphorus, copper, and potassium. 
In addition to boiling, soaking in water and washing caused a 
considerable portion of the cooking loss in rice. Cooking losses in 
these minerals ranged from 0-85%, and iron concentrations were 
sometimes higher than pre-cooked values. Squeezing after boiling 
and thin slices soaking in water, followed by parching, frying, and 
stewing, resulted in the greatest loss of minerals in vegetables [4].

Microwave vacuum drying
Clary et al. [34] examined mineral and fibre content in 

microwave vacuum-dried grapes. Microwave vacuum-preserved 
grapes had higher levels of minerals and crude fibre in all cases, 
most likely due to concentration in the dried product.

Extrusion cooking
The iron diffusibility increased just slightly during extrusion 

cooking. The reaction products of depolymerization processes 
under high temperature and shear could modify the chemical form 
of iron and make it more soluble. Studies on baking with iron-
enriched flour yielded similar outcomes [35].

Milling
The bran and germ fractions of grains typically have a high 

concentration of minerals, and their removal by milling yields a 
pure endosperm with a low mineral content. Iron, zinc, copper, 
magnesium, and selenium are lost between 16 and 86 percent 
when whole wheat flour is converted to white flour (Miller, 1996). 
Although significant mineral losses occur during milling, mineral 
bioavailability can improve if the phytic acid/bran concentration of 
the grain is reduced [36]. 

Fermentation
Fermentation increases mineral bioavailability by lowering 

phytate levels and producing lactic acid, which promotes mineral 
solubility. Zinc availability was enhanced from 6.3 percent to 12.5 
percent by fermenting milk with Staphylococcus thermophilus 
and Lactobacillus bulgaricus. The increase in zinc solubility was 
attributed to lactose to lactic acid fermentation, which either 
enhanced zinc solubility or reduced zinc binding to casein [37].

Strategies for Reducing Vitamins and Minerals 
Losses

A. To decrease mineral loss during cooking, take the 
following steps [4]:

a) consume the cooked food with the soup

b) add a tiny quantity of salt (approximately 1% NaCl) to the 
boiling water

c) avoid excessive boiling

d) use a cooking method that causes less mineral loss 
(stewing, frying or parching)

B. Microencapsulation: Although fortification is an 
important strategy for combating vitamin deficiency, many 

vitamins are susceptible to degradation during food processing. 
Microencapsulation can improve their stability, help them survive 
food processing and storage, and ensure they are released in the 
most beneficial part of the human digestive system [38]. Vitamins 
for food can be provided in encapsulated or coated forms to 
improve their stability. Some of these preparations, however, are 
only suitable for low-moisture foods [24].

C. Use of hard water for processing and cooking can result in 
an increase in the calcium or magnesium content of foods, while use 
of softened water can result in an increase in the sodium content 
[39]. 

D. Heat is generated locally during electric field processing, 
reducing the quantity of heat required. As a result, advanced 
methods reduce the temperature gradient (and thus maintains the 
quality) in the product while also reducing the amount of time it 
takes to complete the process [3].

E. Incorporation of purified dietary fibers which are 
essentially low or free from anti-nutritional factors like phytic 
acid, oxalic acid etc. to dairy products (a rich source of minerals 
like calcium) can be performed as it does not adversely affect the 
bioavailability of minerals [40].

F. All phases of product processing, handling, and storage 
must be examined for all products with vitamin claims to ensure 
that the vitamins are not degraded. This can be accomplished by 
limiting or eliminating exposure to light and oxygen, as well as 
keeping residence durations at high temperatures to a minimum. 
De-aeration of the solution, for example, during the processing of 
fruit juices, fruit squashes, and fruit drinks, can have a protective 
effect on the vitamin C levels in the product by lowering or 
eliminating oxygen [24].

Conclusion
It is concluded that nutrient losses occur in all processed foods. 

‘Advanced’ technology may have a positive, neutral, or negative 
influence on nutrient retention depending on the fruit or vegetable 
of importance, preservation conditions, and particular nutrient(s). 
Processing, on the other hand, can improve nutrient absorption by 
inactivating antinutritive molecules. To summarise, food processing 
procedures can typically be good in terms of boosting mineral 
availability, but they can sometimes have negative consequences, 
particularly when it comes to vitamins. There is no perfect way of 
cooking that preserves all of the nutrients. Each has its own set of 
advantages and disadvantages. Last, for best outcomes the following 
conditions should be considered: Cook for shorter periods of time, 
at lower temperatures, with little or just enough water, and with 
minimal by-product waste.

References
1. Knorr D, Augustin MA, Tiwari B (2020) Advancing the role of food 

processing for improved integration in sustainable food chains. Frontiers 
in Nutrition 7: 34.

2. Devi R (2015) Food Processing and impact on nutrition. Sch J Agric Vet 
Sci 2(4A): 304-311.

https://pubmed.ncbi.nlm.nih.gov/32309287/
https://pubmed.ncbi.nlm.nih.gov/32309287/
https://pubmed.ncbi.nlm.nih.gov/32309287/


1182

Mod Concep Dev Agrono       Copyright ©  Simran Kaur Arora

MCDA.000783. 12(2).2023

3. Barrett DM, Lloyd B (2012) Advanced preservation methods and 
nutrient retention in fruits and vegetables. Journal of the Science of Food 
and Agriculture 92(1): 7-22.

4. Bernhardt S, Schlich E (2006) Impact of different cooking methods 
on food quality: Retention of lipophilic vitamins in fresh and frozen 
vegetables. Journal of Food Engineering 77(2): 327-333.

5. Barciela-Alonso MC, Bermejo-Barrera P (2015) Variation of food mineral 
content during industrial and culinary processing. Handbook of Mineral 
Elements in Food, pp. 163-176.

6. Shweta S, Vipul J, Vaibhav V (2018) Non-thermal techniques for dairy 
food processing applications. International Journal of Agricultural 
Engineering 11: 142-148.

7. Van Nguyen C (2006) Toxicity of the AGEs generated from the Maillard 
reaction: on the relationship of food-AGEs and biological-AGEs. 
Molecular Nutrition & Food Research 50(12): 1140-1149.

8. Hellwig M, Henle T (2014) Baking, ageing, diabetes: a short history of 
the Maillard reaction. Angewandte Chemie International Edition 53(39): 
10316-10329.

9. Pereira R, Vicente A (2010) Environmental impact of novel thermal 
and non-thermal technologies in food processing. Food Research 
International 43(7): 1936-1943.

10. Lima GPP, Vianello F, Correa CR, da Silva Campos RA, Borguini MG 
(2014) Polyphenols in fruits and vegetables and its effect on human 
health. Food and Nutrition sciences 5(11): 1065-1082.

11. Rawson A, Patras A, Tiwari B, Noci F, Koutchma T, et al. (2011) Effect 
of thermal and non-thermal processing technologies on the bioactive 
content of exotic fruits and their products: Review of recent advances. 
Food Research International 44(7): 1875-1887.

12. Birmpa A, Sfika V, Vantarakis A (2013) Ultraviolet light and ultrasound 
as non-thermal treatments for the inactivation of microorganisms in 
fresh ready-to-eat foods. International Journal of Food Microbiology 
167(1): 96-102.

13. Pina-Perez M, Rodrigo D, Martınez A (2014) Non-thermal inactivation of 
cronobacter sakazakii in infant formula milk: a review. Critical Reviews 
in Food Science and Nutrition 56(10): 1620-1629.

14. Zhang ZH, Wang LH, Zeng XA, Han Z, Brennan CS (2019) Non-thermal 
technologies and its current and future application in the food industry: 
a review. International Journal of Food Science & Technology 54(1): 
1-13.

15. Bergstrom L (1994) Nutrient losses and gains in the preparation of food. 
NLG Report, National Food Administration, Sweden, Report No. 32/ 
1994.

16. Murphy EW, Criner PE, Gray BC (1975) Comparison of methods for 
calculating retentions of nutrients in cooked foods. Journal of Agriculture 
and Food Chemistry 23(6): 1153-1157.

17. Lešková E, Kubíková J, Kováčiková E, Košická M, Porubská J, et al. (2006) 
Vitamin losses: Retention during heat treatment and continual changes 
expressed by mathematical models. Journal of Food Composition and 
analysis 19(4): 252-276.

18. Kirk JR (1984) Biological availability of nutrients in processed foods.

19. Potter NN (2003) Food Science. (4th edn), The AVI Publishing Co. Inc., 
Daya Publishing House, New Delhi, India.

20. Santosa J, Mendiolab JA, Oliveiraa MBPP, Ibanezb E, Herrerob M (2012) 
Sequential determination of fat- and water-soluble vitamins in green 
leafy vegetables during storage. Journal of Chromatography A 1261: 
179-188.

21. Ball GMF (2005) Vitamins in Foods. Analysis, Bioavailability, and 
Stability. (1st edn), CRC Press, Boca Raton, Florida, USA, p. 3.

22. Lee SK, Kader AA (2000) Preharvest and postharvest factors influencing 
vitamin C content of horticultural crops. PostharVest Biol Technol 20(3): 
207-220.

23. Hussein A, Odumeru JA, Ayanbadejo T, Faulkner H, McNab WB, et al. 
(2002) Effects of processing and packaging on vitamin C and 𝛽-carotene
content of ready-to-use (RTU) vegetables. Food Res Int 33(2): 131-136.

24. Ottaway PB (2010) Stability of vitamins during food processing and 
storage. In Chemical deterioration and physical instability of food and 
beverages, Woodhead Publishing, Sawston, UK, pp. 539-560.

25. Oey I, Plancken I, van der Loey, Hendrickx M (2008) Does high pressure 
processing influence nutritional aspects of plant-based food systems? 
Trends Food Sci Technol 19(6): 300-308.

26. Tiwari BK, O’Donnell CP, Cullen PJ (2009) Effect of non-thermal 
processing technologies on the anthocyanin content of fruit juices. 
Trends Food Sci Technol 20(3-4): 137-145.

27. Sancho F, Lambert Y, Demazeau G, Largeteau JMB, Narbonne JF (1999) 
Effect of ultra-high hydrostatic pressure on hydrosoluble vitamins. J 
Food Eng 39(3): 247-253.

28. Fardet A (2010) New hypotheses for the health-protective mechanisms 
of whole-grain cereals: What is beyond fibre? Nutrition Research 
Reviews 23(1): 65-134.

29. Truswell AS (2002) Cereal grains and coronary heart disease. European 
Journal of Clinical Nutrition 56(1): 1-14.

30. Ramberg J, McAnalley B (2002) From the farm to the kitchen table: A 
review of the nutrient losses in foods. GlycoScience & Nutrition 3: 1-12.

31. Redy M, Love M (1999) The impact of food processing on the nutritional 
quality of vitamins and minerals. In: Jackson LS, Knize MG, et al. (Eds.), 
Impact of processing on food safety, New York, NY: Plenum, USA, pp. 99-
106.

32. Oghbaei M, Prakash J (2016) Effect of primary processing of cereals and 
legumes on its nutritional quality: A comprehensive review. Cogent Food 
& Agriculture 2(1): 1136015.

33. Picouet PA, Landl A, Abadias M, Castellari M, Vinas I (2009) Minimal 
processing of a Granny Smith apple puree by microwave heating. Innov 
Food Sci Emerg Technol 10(4): 545-550.

34. Clary CD, Mejia-Meza E, Wang S, Petrucci VE (2007) Improving grape 
quality using microwave vacuum drying associated with temperature 
control. J Food Sci 72(1): E23-E28.

35. Lee K, Clydesdale FM (1980) Effect of baking on the form of iron in iron-
enriched flour. J Food Sci 45(6): 1500-1504.

36. Watzke HJ (1998) Impact of processing on bioavailability examples of 
minerals in foods. Trends in Food Science & Technology 9(8-9): 320-327.

37. Reddy MB, Love M (1999) The impact of food processing on the 
nutritional quality of vitamins and minerals. Impact of processing on 
food safety 459: 99-106.

38. Dhakal SP, He J (2020) Microencapsulation of vitamins in food 
applications to prevent losses in processing and storage: A review. Food 
Research International 137: 109326.

39. Bouzari A, Holstege D, Barrett DM (2015) Mineral, fiber, and total 
phenolic retention in eight fruits and vegetables: a comparison of 
refrigerated and frozen storage. Journal of Agricultural and Food 
Chemistry 63(3): 951-956.

40. Arora SK, Patel AA (2019) In vivo effect of two different dietary fiber 
blends on the milk calcium bioavailability. Journal of Food Science and 
Technology 56(4): 2126-2133.

https://pubmed.ncbi.nlm.nih.gov/22102258/
https://pubmed.ncbi.nlm.nih.gov/22102258/
https://pubmed.ncbi.nlm.nih.gov/22102258/
https://www.sciencedirect.com/science/article/abs/pii/S0260877405004462
https://www.sciencedirect.com/science/article/abs/pii/S0260877405004462
https://www.sciencedirect.com/science/article/abs/pii/S0260877405004462
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118654316.ch8
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118654316.ch8
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118654316.ch8
https://pubmed.ncbi.nlm.nih.gov/17131455/
https://pubmed.ncbi.nlm.nih.gov/17131455/
https://pubmed.ncbi.nlm.nih.gov/17131455/
https://pubmed.ncbi.nlm.nih.gov/25044982/
https://pubmed.ncbi.nlm.nih.gov/25044982/
https://pubmed.ncbi.nlm.nih.gov/25044982/
https://www.sciencedirect.com/science/article/abs/pii/S0963996909002786
https://www.sciencedirect.com/science/article/abs/pii/S0963996909002786
https://www.sciencedirect.com/science/article/abs/pii/S0963996909002786
https://www.scirp.org/journal/paperinformation.aspx?paperid=46941
https://www.scirp.org/journal/paperinformation.aspx?paperid=46941
https://www.scirp.org/journal/paperinformation.aspx?paperid=46941
https://www.sciencedirect.com/science/article/abs/pii/S0963996911001554
https://www.sciencedirect.com/science/article/abs/pii/S0963996911001554
https://www.sciencedirect.com/science/article/abs/pii/S0963996911001554
https://www.sciencedirect.com/science/article/abs/pii/S0963996911001554
https://pubmed.ncbi.nlm.nih.gov/23827815/
https://pubmed.ncbi.nlm.nih.gov/23827815/
https://pubmed.ncbi.nlm.nih.gov/23827815/
https://pubmed.ncbi.nlm.nih.gov/23827815/
https://pubmed.ncbi.nlm.nih.gov/25603362/
https://pubmed.ncbi.nlm.nih.gov/25603362/
https://pubmed.ncbi.nlm.nih.gov/25603362/
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.13903
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.13903
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.13903
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.13903
https://pubmed.ncbi.nlm.nih.gov/1238446/
https://pubmed.ncbi.nlm.nih.gov/1238446/
https://pubmed.ncbi.nlm.nih.gov/1238446/
https://www.sciencedirect.com/science/article/abs/pii/S0889157505001067
https://www.sciencedirect.com/science/article/abs/pii/S0889157505001067
https://www.sciencedirect.com/science/article/abs/pii/S0889157505001067
https://www.sciencedirect.com/science/article/abs/pii/S0889157505001067
https://pubs.acs.org/doi/pdf/10.1021/ed061p364
https://pubmed.ncbi.nlm.nih.gov/22608116/
https://pubmed.ncbi.nlm.nih.gov/22608116/
https://pubmed.ncbi.nlm.nih.gov/22608116/
https://pubmed.ncbi.nlm.nih.gov/22608116/
https://www.taylorfrancis.com/books/mono/10.1201/9781420026979/vitamins-foods-george-ball
https://www.taylorfrancis.com/books/mono/10.1201/9781420026979/vitamins-foods-george-ball
https://www.sciencedirect.com/science/article/abs/pii/S0925521400001332
https://www.sciencedirect.com/science/article/abs/pii/S0925521400001332
https://www.sciencedirect.com/science/article/abs/pii/S0925521400001332
https://www.sciencedirect.com/science/article/abs/pii/S0963996900000272?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996900000272?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996900000272?via%3Dihub
https://www.cabdirect.org/cabdirect/abstract/20103153853
https://www.cabdirect.org/cabdirect/abstract/20103153853
https://www.cabdirect.org/cabdirect/abstract/20103153853
https://www.sciencedirect.com/science/article/abs/pii/S0924224407002749
https://www.sciencedirect.com/science/article/abs/pii/S0924224407002749
https://www.sciencedirect.com/science/article/abs/pii/S0924224407002749
https://www.sciencedirect.com/science/article/abs/pii/S0924224409000582
https://www.sciencedirect.com/science/article/abs/pii/S0924224409000582
https://www.sciencedirect.com/science/article/abs/pii/S0924224409000582
https://www.sciencedirect.com/science/article/abs/pii/S0260877498001435
https://www.sciencedirect.com/science/article/abs/pii/S0260877498001435
https://www.sciencedirect.com/science/article/abs/pii/S0260877498001435
https://pubmed.ncbi.nlm.nih.gov/20565994/
https://pubmed.ncbi.nlm.nih.gov/20565994/
https://pubmed.ncbi.nlm.nih.gov/20565994/
https://pubmed.ncbi.nlm.nih.gov/11840174/
https://pubmed.ncbi.nlm.nih.gov/11840174/
https://www.tandfonline.com/doi/full/10.1080/23311932.2015.1136015
https://www.tandfonline.com/doi/full/10.1080/23311932.2015.1136015
https://www.tandfonline.com/doi/full/10.1080/23311932.2015.1136015
https://www.sciencedirect.com/science/article/abs/pii/S1466856409000599
https://www.sciencedirect.com/science/article/abs/pii/S1466856409000599
https://www.sciencedirect.com/science/article/abs/pii/S1466856409000599
https://pubmed.ncbi.nlm.nih.gov/17995881/
https://pubmed.ncbi.nlm.nih.gov/17995881/
https://pubmed.ncbi.nlm.nih.gov/17995881/
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1980.tb07549.x
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1980.tb07549.x
https://www.sciencedirect.com/science/article/abs/pii/S0924224498000600
https://www.sciencedirect.com/science/article/abs/pii/S0924224498000600
https://pubmed.ncbi.nlm.nih.gov/10335371/
https://pubmed.ncbi.nlm.nih.gov/10335371/
https://pubmed.ncbi.nlm.nih.gov/10335371/
https://www.sciencedirect.com/science/article/abs/pii/S0963996920303513
https://www.sciencedirect.com/science/article/abs/pii/S0963996920303513
https://www.sciencedirect.com/science/article/abs/pii/S0963996920303513
https://pubmed.ncbi.nlm.nih.gov/25525668/
https://pubmed.ncbi.nlm.nih.gov/25525668/
https://pubmed.ncbi.nlm.nih.gov/25525668/
https://pubmed.ncbi.nlm.nih.gov/25525668/
https://pubmed.ncbi.nlm.nih.gov/30996446/
https://pubmed.ncbi.nlm.nih.gov/30996446/
https://pubmed.ncbi.nlm.nih.gov/30996446/

	Abstract
	Introduction
	References
	_Hlk123898751
	_Hlk123894314

