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ABSTRACT 

Maize (Zea mays L.), it is most widely cultivated cereal crop, followed by wheat and rice. Andhra Pradesh, 

Karnataka, Maharashtra, and Rajasthan produce more than half of India's total maize production. While 

corn is a source for high fibre, antioxidants, phytochemical and other vitamins and minerals, it has a broad 

range of health benefits. This review gives a detailed view of the activities of different type of maize in the 

nutritional, phytochemicals and antioxidants.  Phytochemicals are important in the prevention of chronic 

diseases. Phenolic compounds,   Carotenoids, and phytosterols are among the main phytochemicals found 

in it.  Maize is also regarded as a low-cost-high-benefit food for humans, as it contains antioxidants such 

as phenols and phytosterols, which help in the prevention of metabolic syndrome. 
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INTRODUCTION   

Maize (Zea mays L.), also called as corn, it is the most widely cultivated cereal crop, followed by rice and 

wheat. [1] In 1950-51 the total maize produced was approximately 1.73 million tonnes, which in 2018-19 

was about 27.8 million tonnes, approximately 16 times higher as the previous one. During this period, the 

average productivity increased by 5.42 times to 547 kg/ha from 2965 kg/ha (1950-51 to 2018-19). [2] 

Maize is grown throughout the year in all regions, including cereals, fodder, grain cereals, sweet maize, 

baby maize, popcorn, etc. The developing maize crop that contributes the most 80% of the complete maize 

http://www.ijcrt.org/


www.ijcrt.org                                                              © 2021 IJCRT | Volume 9, Issue 4 April 2021 | ISSN: 2320-2882 

IJCRT2104675 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 5667 
 

creation is Andhra Pradesh (20.9%), Karnataka (16.5%), Rajasthan (9.9%), Maharashtra (9.1%), Bihar 

(8.9%), Uttar Pradesh (6.1%), Madhya Pradesh (5.7%), and Himachal Pradesh (4.4%). [3] 

 

 

 

Year Area 

(million ha) 

Production 

(million tonnes) 

Productivity 

(kg/ha) 

2007-08 8.12 18.96 2335 

2008-09 8.17 19.73 2414 

2009-10 8.26 16.72 2024 

2010-11 8.55 21.73 2542 

2011-12 8.78 21.76 2478 

2012-13 8.67 22.26 2566 

2013-14 9.07 24.26 2676 

2014-15 9.19 24.17 2632 

2015-16 8.81 22.57 2563 

2016-17 9.63 25.90 2689 

2017-18 9.47 28.75 3065 

2018-19 9.20 27.8 2965 

Table No. 1 Area, production, and productivity of maize in India [4] 

 

HYBRIDIZATION OF MAIZE  

Hybridized maize is the result of cross-pollination between different inbred maize lines. Although Gregor 

Mendel first understood and reported on the methods used to interbreed plants in the 1860s, but they were 

not widely used in agriculture until the 1930s. The impact on agriculture was astounding, and farmers were 

suddenly able to produce far more corn than they had been able to produce before. Later, another researcher 

suggested that two hybrids could be crossed to produce a plant with high production and a high proportion 

of viable seeds, which improved the crossing process. [5] This hybrid or heterosis vigor occurs when two 

genetically unrelated inbred parents, they are crossed to create a hybrid. Farmers will select several maize 

plants which share a desired element, such as disease resistance, poor stability, height, rapid growth, or 

appearance, and then try to improve these characteristics by planting and allowing them to grow. Hybrid 

maize results in high yields, higher quality, and lower costs of production. [6] These plants are larger, 

stronger, and more vigorous. Improved nutritional qualities, like provitamin-A, high-grained zinc, and 

high-quality protein corn. [7]    
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  NUTRITIONAL COMPOSITION OF MAIZE 

Maize is a widely consumed and multipurpose crop. Wholegrain kernels are a great source of carbohydrates 

and fiber, including whole protein and some micronutrients. [8] The Maize kernel is a plant part that is 

edible and nutritious. It also includes vitamin E, vitamin C, Vitamin B1 (thiamine), B2 (Niacin), B3 

(Riboflavin), B5 (Pantothenic acid), and B6 (Pyridoxine), vitamin K, selenium, Folic Acid, N-Ferrulyl 

Tryptamine, and N-p-coumaryl tryptamine. Potassium is a good nutrient because the average human diet 

is deficient in it. [9] Corn contains a lot of protein, vitamins, carbohydrates, and minerals like potassium, 

magnesium, calcium, and sodium salts. [8] The wet grinding method produces corn oil, which is 40 to 50 

% of the oil used in food and salads. [10] Saturated fatty acids contribute for 14% of the oil, 

monounsaturated fatty acids of 30%, and polyunsaturated fatty acids of 56%. Refined maize oil also 

contains 54-60% linoleic acid, 25-31% oleic acid, 11-13% palmitic acid, 2-3% stearic acid and 1% linolenic 

acid. [11] Maize seeds are present in the Sugar (16.39 - 21.20 g/100g dw), protein (11.46 – 12.70 g/100g 

dw), and crude oil (5.73 – 6.21 g/100g dw). [12] Moisture (9.65–10.4%), carbohydrates (65.5–74.3%) 

protein (9.42–17.6%), fat (0.29–4.74%), ash (1.2–3.91%), and dietary fibre (7.34%) are all present in maize 

husk. And a good vitamin and mineral composition, including sodium, potassium (28, 1360 mg / 100g dw, 

respectively), calcium, iron, magnesium, manganese, zinc, and copper (0.1869, 0.005, 0.1939, 0.0109, 

0.0165, and 0.0073 mg / 100g dw, respectively). [8, 13, 14] 

  

Macronutrients   Vitamins   Minerals  

        

Moisture 10.23g/100g  Thiamine 0.385mg/100g  Calcium 10mg/100g 

Carbohydrate 74.3g/100g  Riboflavin 0.10mg/100g  Phosphorus 210mg/100g 

Protein 8.84g/100g  Pantothenic acid 0.424mg/100g  Sodium 15.9mg/100g 

Fat 4.74g/100g  Vitamin B-6 0.622mg/100g  Sulphur 114mg/100g 

Fibre 2.15g/100g  Niacin 3.63mg/100g  Minerals 1.5mg/100g 

Ash 1.2g/100g  Folate 19µg/100g  Iron 2.3mg/100g 

Sugar 0.64g/100g  Vitamin A 11µg/100g  Potassium 287mg/100g 

Energy 365 kcals/100g  Vitamin C 0.485mg/100g  Magnesium 139mg/100g 

   Amino acids 1.78mg/100g  Copper 0.314mg/100g 

      Zinc 2.21mg/100g 

      Manganese 0.485mg/100g 

      Selenium 15.5µg/100g 

        

Table No. 2 Nutrient composition per 100g edible portion of maize. [8, 15, 16] 
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4. ANTIOXIDANT POTENTIAL OF MAIZE 

The total phenolic content (TPC) of maize and the total antioxidant activities are higher than wheat, oats, 

and rice. Corn extract has a TPC of 15.55 ± 0.60 mmol of gallic acid equiv/100g of grain, which is higher 

than wheat (7.99 ± 0.39 mol of gallic acid equiv/100g of grain), oats (6.53 ± 0.19 mol of gallic acid 

equiv/100g of grain), and rice (5.56 ± 0.17 mol of gallic acid equiv/100g of grain). In maize extract bound 

phenolics also were observed to be significantly higher than free phenolics. About 69% of the total 

phenolics present in corn are in insoluble bound forms, with ferulic acid being the main phenolic 

compound. Bound phenolic content was also highest for corn (13.43 ± 0.59 mol/100g grain), followed by 

wheat (6.10 ± 0.39 mol/100g grain) and then oats (76.7676 ± 0.14 mol/100g grain). [17] The phenolic 

content and antioxidant potential extracted from both typical and mutated corn genotypes, TPCs in mutant 

maize have been confirmed to be higher than all extraction methods (methanol, HCL / methanol extraction, 

and alkaline hydrolyzates). [18] Also, corn kernel anthocyanin is rich in antioxidants and bioactive 

properties that are well established in purple pigmented. [19] In addition, after thermal processing, sweet 

corn's total antioxidant activity increases by 44%. [20] For their respect to reducing serum cholesterol 

levels, the industry has concentrated on plant matrices rich in phytosterols and phytostanols. The 

Phytosterols and phytoesthenol content of various corn kernel fractions (endosperm, pericarp, and germ). 

The germ contains 25–31% oil compared to other fractions. Corn oil is high in β-sitosterol (62–69%), 

followed by campesterol (11–18%) and stigmasterol (5–13%). [21] 

 

PHYTOCHEMICALS OF MAIZE  

Phytochemicals their derived from the Greek word "phyto," which means "plant." Non-nutrient bioactive 

chemical compounds found in plants such as fruits, vegetables, and whole grains are called phytochemicals. 

It can help to reduce the risk of the chronic diseases. [21] Maize is a major component of various essential 

phytochemicals, including carotenoids, phenolic compounds, and phytosterols. The composition of 

phytochemicals varies between different types of corn. The carotenoids are found in yellow and red maize, 

the concentration of anthocyanins in red, blue, purple, and black maize and the concentration of 

phytosterols in a kernel component of maize. [22, 23] 

 

PHENOLIC COMPOUNDS  

One of the most common phenolic compounds found in whole grains is phenolic acid.  Maize phenolic 

acid does include caffeic, coumaric, hydroxybenzoic, protocatechsic, syringic, vainillic, sinapic, syringic 

and gallic acids as well as ferulic acids. [24, 25] The major compound containing 70 % of the total ferulic 

acid is phenolic acid, including an average maize of 255 mg/100g. [24] Anthocyanins are a common class 
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of phenolic compounds as called flavonoids. They are the largest group of water-soluble plant pigments 

that are reddish to purple colour. Corn has the second-largest concentration of anthocyanin. [26]  

 

Type of Maize Phenolic Compounds Concentration 

(mg/100gm) 

Reference 

    

Yellow Maize 

(Whole) 

Ferulic acid 178.8 [24] 

 P-Coumaric acid 24.2  

 Vainillic acid 20.1  

 Sinapic acid 13.3  

 p-Hydroxybenzoic acid 2.0  

 Syringic acid  11.6  

 Total phenolic acid 255.0  

    

Yellow Maize Ferulic acid 1840.0 [24] 

    

Purple Maize Cyanidin 3-O-(6’’-malonyl-glucoside) 39.9 [27] 

 Pelargonidin 3-O-(6’’-malonyl-glucoside) 5.1  

 Peonidin 3-O-(6’’-malonyl-glucoside) 14.5  

 Cyaniding-3-glucoside 113.5  

 Pelargonidin-3- glucoside 11.6  

 Peonidin-3- glucoside 28.5  

 Total anthocyanins 1640 [27, 28] 

    

Red Maize Total anthocyanins 5.1 [29] 

    

Blue Maize Total anthocyanins 36.8 [27] 

Table No.3 show the Phenolic Compounds of different types of maize.  

 

CAROTENOIDS  

Carotenoids are yellow, orange, and red natural pigments. There were more than 600 in nature carotenoids. 

[29] Carotenoids have 40 carbon polysiopreoids, which are rich in colouring plants. Grains that give a 

yellow colour to endosperm. [30] Most carotenoids that occur in nature are in trans form. The carotenoids 

exhibit light absorbing and a unique single oxygen cooling capacity due to their large chain of conjugated 
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double bonds in the middle part of their chemical structure. [31] Carotene is almost non-existent in white 

corn, while the yellow genotype contains large quantities of both carotene and xanthophyll’s. [32, 33] 

Yellow and high carotenoid kernels contain between 50 to 80mg/g and among the 95 to120mg/g of 

carotenoids. As expected, most carotenoids are associated with endosperm. [34] The most detected 

carotenoids are corneal endosperm (74 to 86%), followed by flour endosperm (9 to 23%), germ (2 to 4%) 

and pericarp (1%). [35] 

 

Type of Maize Carotenoids Concentration 

(mg/100gm) 

References 

    

White Maize α – Carotene 0.01 [36, 31, 37] 

 β – Carotene 0.04  

 γ – Carotene 0.09  

 Lutein 0.06  

 Zeaxanthin 0.03  

 Total Carotenoids 0.30  

    

Yellow Maize β -Cryotoxanthin 0.41 [38] 

 13-cis- β - Carotene 0.09  

 All trans- β - Carotene  0.30  

 Lutein 0.21  

 Zeaxanthin 0.53  

 9-cis- β - Carotene 0.10  

 Total Carotenoids 6.60  

    

High Carotenoids 

Maize 

α – Carotene 0.72 [39, 33, 31, 37] 

 β – Carotene 5.93  

 γ – Carotene 0.48  

 Lycopene 2.28  

 Lutein 1.46  

 Zeaxanthin 3.57  

 α - Cryptoxanthin 1.34  

 β - Cryptoxanthin 0.52  

 Total Carotenoids 6  

Table no.4 show the Carotenoids of different types of maize. 
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PHYTOSTEROLS 

The only difference between phytosterols and cholesterol is in the side chains of plant sterols and stenols.  

[38] Most phytosterols are connected to the germ oil. The oil amounts to between 3.1% and 5.7% of the 

raw maize kernel weight. For the sum of phytosterols the germ content is 310 mg/100 g. [30] Corn oil is 

rich in phytosterols, and between 56 to 60 % of corn esters contain phytosterols. [40] The most consumed 

phytosterols from maize oil are sitosterol (60.75%), stigmasterol (6.44%), and campesterol (19.60%). [41]  

 

 

Type of Maize part  Phytosterols Concentration (mg/100gm) References 

    

Maize oil Sitosterol 510 [42] 

 Sitostanol 184  

 Stigmasterol 46  

 Campesterol 135  

 Campestanol 74  

 Total Phytosterols 1109  

    

Maize Germ β - Sitosterol 198 [43] 

 Stigmasterol  17  

 Campesterol 65  

 Δ7 - Campesterol 1  

 24-Methylencholesterol 2  

 Total Phytosterols 311  

    

Maize Germ Oil Sitosterol  503 [40] 

 Sitostanol 30  

 Stigmasterol 54  

 Campesterol 151  

 Campestanol 13  

 Total Phytosterols 840  

    

Maize Fiber Oil Sitosterol  1897 [43] 

 Sitostanol 2964  

 Stigmasterol 142  

 Campesterol 594  

 Campestanol 1182  
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 Total Phytosterols 7939  

Table no.5 show the Phytosterols of different types of maize. 

 

 

 

 

CONCLUSION 

Maize is a widely consumed and multipurpose crop. Maize wholegrain kernels are a rich source of 

carbohydrate and fiber, with moderate amounts of total protein, some micronutrients and minerals. Corn is 

rich in phytochemicals including phenolic acids, flavonoids, and carotenoids. The high nutritional value of 

maize pollen, as well as abundance of its bioactive compounds with high antioxidant capacity.   

REFERENCES 

 

1) FAOSTAT, F. (2015). Agriculture Organization of the United Nations FAO statistical database 

Available from: http://faostat. fao. org. Accessed June, 30. 

2) Anonymous. 2021 https://iimr.icar.gov.in/india-maze-scenario/. 

3) Anonymous. 2021 https://farmer.gov.in/m_cropstaticsmaize.aspx.    

4) Anonymous. 2019. Pocket book of agricultural statistics 2019, government of India, ministry of 

agriculture & farmers welfare, department of agriculture, cooperation & farmers welfare, 

directorate of economics & statistics, New Delhi. (Website: http://eands.dacnet.nic.in) 

5) N. kalu, 2021 https://www.wise-geek.com/what-is-hybrid-maize.htm.  

6) Anonymous. 2014  

https://www.researchgate.net/publication/277076675_Maize_Hybrid_Seed_Production_manual. 

7) Anonymous. 2021 http://www.cimmyt.org/work/maize-research/.  

8) Nuss, E. T., & Tanumihardjo, S. A. (2010). Maize: a paramount staple crop in the context of global 

nutrition. Comprehensive reviews in food science and food safety, 9(4), 417-436. 

9) Kumar, D., & Jhariya, A. N. (2013). Nutritional, medicinal and economical importance of corn: A 

mini review. Res J Pharm Sci, 2319, 555X. 

10) Orthoefer, F., Eastman, J., & List, G. (2003). Corn oil: composition, processing, and 

utilization. Corn: Chemistry and technology, (Ed. 2), 671-693. 

11) Gaffney, S. (2008). Corn Refiners Association (http://www. corn. org). Journal of Agricultural & 

Food Information, 9(2), 94-100. 

12) Nawaz, H., Shad, M. A., & Batool, Z. (2013). Inter-varietal variation in biochemical, phytochemical 

and antioxidant composition of maize (Zea mays L.) grains. Food Science and Technology 

Research, 19(6), 1133-1140. 

13) Emmanuel, S. A., Olajide, O., Abubakar, S., Akiode, S. O., & Etuk-Udo, G. (2016). Chemical 

evaluation, free radical scavenging activities and antimicrobial evaluation of the methanolic 

http://www.ijcrt.org/
https://iimr.icar.gov.in/india-maze-scenario/
https://farmer.gov.in/m_cropstaticsmaize.aspx
http://eands.dacnet.nic.in/
https://www.wise-geek.com/what-is-hybrid-maize.htm
https://www.researchgate.net/publication/277076675_Maize_Hybrid_Seed_Production_manual
http://www.cimmyt.org/work/maize-research/


www.ijcrt.org                                                              © 2021 IJCRT | Volume 9, Issue 4 April 2021 | ISSN: 2320-2882 

IJCRT2104675 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 5674 
 

extracts of corn silk (Zea mays). Journal of advances in medical and pharmaceutical sciences, 1-

8. 

14) Žilić, S., Janković, M., Basić, Z., Vančetović, J., & Maksimović, V. (2016). Antioxidant activity, 

phenolic profile, chlorophyll, and mineral matter content of corn silk (Zea mays L): Comparison 

with medicinal herbs. Journal of Cereal Science, 69, 363-370.  

15) Shah, T. R., Prasad, K., & Kumar, P. (2016). Maize—A potential source of human nutrition and 

health: A review. Cogent Food & Agriculture, 2(1), 1166995. 

16) Gopalan, C., Rama Sastri, B. V., & Balasubramanian, S. C. (1971). Nutritive value of Indian foods. 

17) Adom, K. K., & Liu, R. H. (2002). Antioxidant activity of grains. Journal of agricultural and food 

chemistry, 50(21), 6182-6187.  

18) Li, W., Wei, C., White, P. J., & Beta, T. (2007). High-amylose corn exhibits better antioxidant 

activity than typical and waxy genotypes. Journal of agricultural and food chemistry, 55(2), 291-

298.   

19) Tsuda, T., Horio, F., Uchida, K., Aoki, H., & Osawa, T. (2003). Dietary cyanidin 3-O-β-D-

glucoside-rich purple corn color prevents obesity and ameliorates hyperglycemia in mice. The 

Journal of nutrition, 133(7), 2125-2130.  

20) Dewanto, V., Wu, X., & Liu, R. H. (2002). Processed sweet corn has higher antioxidant 

activity. Journal of Agricultural and food Chemistry, 50(17), 4959-4964. 

21) Liu, R. H. (2004). Potential synergy of phytochemicals in cancer prevention: mechanism of 

action. The Journal of nutrition, 134(12), 3479S-3485S. 

22) Jiang, Y., & Wang, T. (2005). Phytosterols in cereal by-products. Journal of the American Oil 

Chemists' Society, 82(6), 439-444.  

23) Luo, Y., & Wang, Q. (2012). Bioactive compounds in corn. Cereals and Pulses: Nutraceutical 

properties and health benefits, 85-103.  

24) Ndolo, V. U., & Beta, T. (2014). Comparative studies on composition and distribution of phenolic 

acids in cereal grain botanical fractions. Cereal Chemistry, 91(5), 522-530. 

25) Nile, S. H., & Park, S. W. (2014). Antioxidant, α‐glucosidase, and xanthine oxidase inhibitory 

activity of bioactive compounds from maize (Zea mays L.). Chemical biology & drug design, 83(1), 

119-125.  

26) Abdel-Aal, E. S. M., Young, J. C., & Rabalski, I. (2006). Anthocyanin composition in black, blue, 

pink, purple, and red cereal grains. Journal of agricultural and food chemistry, 54(13), 4696-4704. 

27) Li, Q., Somavat, P., Singh, V., Chatham, L., & de Mejia, E. G. (2017). A comparative study of 

anthocyanin distribution in purple and blue corn coproducts from three conventional fractionation 

processes. Food chemistry, 231, 332-339. 

28) Lao, F., & Giusti, M. M. (2016). Quantification of purple corn (Zea mays L.) anthocyanins using 

spectrophotometric and HPLC approaches: method comparison and correlation. Food analytical 

methods, 9(5), 1367-1380.  

http://www.ijcrt.org/


www.ijcrt.org                                                              © 2021 IJCRT | Volume 9, Issue 4 April 2021 | ISSN: 2320-2882 

IJCRT2104675 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 5675 
 

29) De la Parra, C., Serna Saldivar, S. O., & Liu, R. H. (2007). Effect of processing on the 

phytochemical profiles and antioxidant activity of corn for production of masa, tortillas, and tortilla 

chips. Journal of Agricultural and Food Chemistry, 55(10), 4177-4183. 

30) Liu, R. H. (2007). Whole grain phytochemicals and health. Journal of Cereal Science, 46(3), 207-

219.  

31) Díaz-Gómez, J., Ramos, A. J., Zhu, C., Martín-Belloso, O., & Soliva-Fortuny, R. (2017). Influence 

of cooking conditions on carotenoid content and stability in porridges prepared from high-

carotenoid maize. Plant Foods for Human Nutrition, 72(2), 113-119. 

32) Garavelli, M., Bernardi, F., Olivucci, M., & Robb, M. A. (1998). DFT study of the reactions 

between singlet-oxygen and a carotenoid model. Journal of the American Chemical 

Society, 120(39), 10210-10222. 

33) Burt, A. J., Grainger, C. M., Young, J. C., Shelp, B. J., & Lee, E. A. (2010). Impact of postharvest 

handling on carotenoid concentration and composition in high-carotenoid maize (Zea mays L.) 

kernels. Journal of agricultural and food chemistry, 58(14), 8286-8292. 

34) Zhu, C., Farré, G., Zanga, D., Lloveras, J., Michelena, A., Ferrio, J. P., & Christou, P. (2018). High-

carotenoid maize: development of plant biotechnology prototypes for human and animal health and 

nutrition. Phytochemistry Reviews, 17(2), 195-209. 

35) Eritja, N., Arjó, G., Santacana, M., Gatius, S., Ramírez-Núñez, O., Arcal, L., & Portero-Otin, M. 

(2016). Oral intake of genetically engineered high-carotenoid corn ameliorates hepatomegaly and 

hepatic steatosis in PTEN haploinsufficient mice. Biochimica et Biophysica Acta (BBA)-Molecular 

Basis of Disease, 1862(4), 526-535.  

36) Serna-Saldivar, S. O. (2012). Cereal grains: laboratory reference and procedures manual. CRC 

Press. 

37) Díaz-Gómez, J., Twyman, R. M., Zhu, C., Farré, G., Serrano, J. C., Portero-Otin, M., & Christou, 

P. (2017). Biofortification of crops with nutrients: factors affecting utilization and storage. Current 

opinion in biotechnology, 44, 115-123. 

38) Naqvi, S., Zhu, C., Farre, G., Ramessar, K., Bassie, L., Breitenbach, J., Perez Conesa, D., Ros, G., 

Sandmann, G., Capell, T., Christou, P., 2009. Transgenic multivitamin corn through biofortification 

of endosperm with three vitamins representing three distinct metabolic pathways. Proc. Natl. Acad. 

Sci. 106 (19), 7762–7767. https://doi.org/10.1073/pnas.0901412106. 

39) Taleon, V., Mugode, L., Cabrera-Soto, L., & Palacios-Rojas, N. (2017). Carotenoid retention in 

biofortified maize using different post-harvest storage and packaging methods. Food 

chemistry, 232, 60-66.  

40) Giordano, D., Vanara, F., Reyneri, A., & Blandino, M. (2016). Effect of dry‐heat treatments on the 

nutritional value of maize germ. International Journal of Food Science & Technology, 51(11), 

2468-2473. 

http://www.ijcrt.org/
https://doi.org/10.1073/pnas.0901412106


www.ijcrt.org                                                              © 2021 IJCRT | Volume 9, Issue 4 April 2021 | ISSN: 2320-2882 

IJCRT2104675 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 5676 
 

41) Verleyen, T., Forcades, M., Verhé, R., Dewettinck, K., Huyghebaert, A., & De Greyt, W. (2002). 

Analysis of free and esterified sterols in vegetable oils. Journal of the American Oil Chemists' 

Society, 79(2), 117-122. 
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