Asian Food Science Journal

BRr s 20(10): 47-54, 2021; Article no.AFSJ.73367
et e ISSN: 2581-7752

Oats: Its Biologically Active Compounds as
Functional Food Source

Yamini Bhatt'" and Hemlata Pandey?

1Department of Foods and Nutrition, G.B. Pant University of Agriculture and Technology, Pantnagar-

263145, India.
2GDC Haripur, Nihastha, Raibarelly, U.P., India.

Authors’ contributions

This work was carried out in collaboration between both authors. Both authors read and approved the
final manuscript.

Article Information

DOI: 10.9734/AFSJ/2021/v20i1030358

Editor(s):

(1) Dr. Nelson Pérez Guerra, University of Vigo, Spain.

Reviewers:

(1) Abdela Befa, Ethiopia.

(2) Nezif Abamecha Ababulgu, Jimma University, Ethiopia.

Complete Peer review History: https://www.sdiarticle4.com/review-history/73367

Received 29 June 2021
; ; Accepted 09 September 2021

R Articl ;
eview Articte Published 14 September 2021

ABSTRACT

Oats are known to be a healthy food for the heart mainly due to their high B-glucan content.
Besides, they contain more than 20 unique polyphenols, avenanthramides, which have shown
strong antioxidant activity in vitro and in vivo. The polyphenols of oats have also recently been
shown to exhibit anti-inflammatory, anti-proliferative, and anti-itching activity, which may provide
additional protection against coronary heart disease, colon cancer, and skin irritation. Oats have
been labelled as a functional food as they contain 3-glucan, minerals, and antioxidants. Owing to
their high nutritional value, oat-based food products like bread, biscuits, cookies, probiotic drinks,
breakfast cereals, flakes, and infant food are gaining increasing consideration.
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1. INTRODUCTION grain has led to an expanded usage for food

purposes. Oats are consumed as a rolled, flaked
Oats are a significant world crop, and growing breakfast cereal throughout the world. Flavour is
recognition of the nutritional value of the oat an important parameter for the acceptance of oat
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products by consumers. Within cereals, oats
(Avena sativa) rank sixth in world production and
in India, almost 1.0 lakh hectares of land is under
oat cultivation as a fodder crop with an average
yield of 42 tons/hectare [1]. It is mainly grown as
a fodder crop for feeding farm animals. However,
today oats are receiving increased interest
because of their excellent health-related
properties. They are a rich source of soluble
fiber, balanced proteins, vitamins and minerals,
which are essential for human health [2].

2. THE GRAIN

Oat grain has a soft kernel and lipid distributed
throughout the seed, which makes its milling
process more difficult than wheat and corn. To
prevent atmospheric oxidation, the oat is given a
hydrothermic treatment before processing. Hull
(husk) of oat grain is about 25-30% of the seed

(Fig. 1).
3. PROCESSING OF OATS

Oats are processed to produce oat-based food
products with health-beneficial properties. Fig. 2
illustrates the various processing steps
associated with oats.

3.1 Milling

Before processing oats into products, the oats
are dehulled and groats are subsequently
separated and decontaminated. Oat milling is
performed to get a good quality appearance and
taste. The milling operations consist of cleaning,
grading, hulling, ‘hull, fine and groat separation’,
and kilning. Oats are graded based on groat
length and thickness. The kernels are dehulled
using either impact or stone hulling systems.
However, impact hulling is more commonly used
than stone hulling [3].

3.2 Pearling

Pearling technology, also referred to as
debranning and pre-processing, was originally
used for the polishing of rice and wheat. By
integrating pearling with the milling of wheat,
improved flour yield was obtained [4]. Laca et al.
suggested that pearling could lead to substantial
microbial decontamination of wheat grains [5].
Pearling of oat has been studied to a limited
extent. These studies demonstrate the high
potential of oat pearling for the removal of
trichomes that are found to be closely related to
aluminium content in oats. Industrial application
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and control of oat pearling may be easier than in
the case of wheat because of their softness and
higher lipid content which reduce kernel
breakage. Application of pearling technology to
oat facilitates separation of -glucan-rich
fractions  from  pericarp, aleurone, and
subaleurone layers of oat [6].

3.3 Flaking

Oat groats are mainly flaked. The flaking process
involves various unit operations such as
cleaning, heat treatment, dehulling, cutting and
flaking (or milling). These steps are mainly
dependent upon the final oat product and also on
the variety of oats (covered or naked) used. The
oats are cleaned to remove coarse field trash,
dust, etc. which may interfere in further
processing. Oats are rich in lipid content and
hence oat flour shows high adhesiveness and is
difficult to handle. Despite having this
disadvantage, oat flakes are the most common
whole grain oat product used in the baking
industry [7]. Owing to the high amount of lipases,
the lipids may be prone to hydrolysis leading to
rancidity in the flaked oats. Thus oats for food
purposes are heat treated to deactivate the
enzymes responsible for changes in oat lipids [8].
Generally, during the heat treatment, the
moisture is increased to approximately and the
grains are kept at a temperature above 100 °C
for 90— 120 min [9]. Additionally, heat treatment
provides other benefits such as the destruction of
bacteria and fungi and also the development of
oat aroma. Oats are graded to have similar-sized
grains before they are dehulled. This improves
the efficiency of the dehulling process. Steam
(99-104°C) is used to increase the moisture
content and soften the groats to obtain minimum
breakage during the flaking process. Steamed
oats develop characteristic oat flavour and
steaming also results in the deactivation of
enzymes including lipases. In a study, flaking of
intact oat groat produced rolled oats of 0.5-0.8
mm thickness. After flaking, the rolled oats were
cooled with air to about 45°C and the product
had a moisture content of about 9—-11.5% [8].

3.4 Heat Processing

A typical heat processing operation of oats
includes kiln drying and steam stabilization, while
superheated steam processing and microwave
heating are recent methods used for the
processing of oats. Moltenberg et al. (1986)
reported that thermal treatment of oats may
result in rancid and bitter flavour if processed
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with hulls [10]. Fors and Schlich reported that the
biggest influence on flavour composition was the
lipid content and the processing of oats such as
heat treatment and milling before or after
roasting [11]. Sand roasting is a traditional
method of grain processing in India. A variety of
whole grains like black gram, barley, rice, corn,
groundnuts, etc. are roasted in the hot sand at
temperatures varying from 250 to 350°C to
produce ready-to-eat snack food [12,13,14].
Maillard reaction is often associated with heat
treatment, which is involved in flavour
development in oats [15]. Prevention of lipid
hydrolysis in oats is the main goal in the
manufacture of oat-based products. Though kiln
drying and steam processing serve the purpose,
novel processing techniques are been explored.
Microwave heating is one such technique used to
deactivate lipase and lipoxygenase in cereal
bran, germ, soybean [16], groundnuts [17],
rapeseed [18], and olive oil [19]. Microwave
heating is reported to stabilize the oat flour, by
enzyme deactivation. Microwave heating at
above 150 °C for 15 min, has shown increased
phenolic content and antioxidant activity in oat
bran extracts [20].

4. NUTRIENTS IN OATS

Oat has a well-balanced nutritional composition.
It is a good source of carbohydrates and quality
protein with a good amino acid balance. Oat
contains a high percentage of oat lipids
especially unsaturated fatty acids, minerals,
vitamins, and photochemical [21].

4.1 Oat Starch

Starch constitutes about 60% of the oat grain. It
is mainly a constituent of the endosperm. There
is a considerable difference observed between
the physicochemical properties of oat starch and
other  cereal  starches. Differences in
physicochemical properties are also observed in
different cultivars of oat. These differences are
probably due to differences in the magnitude of
the interaction between and among starch chains
within the amorphous and crystalline regions of
the native granules and by the chain length of
amylose and amylopectin fractions of oat starch.
Oat starch offers untypical properties such as the
small size of granules, well-developed granule
surface, and high lipid content [22].

Fig. 1. Cross section of oat grain . By courtesy of encyclopedia Britannica Inc., copyright 1996
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Fig. 2. Processing of Oats

4.2 Oat Protein

Oat is considered to be a potential source of low-
cost protein with good nutritional value. Oat has
a unique protein composition along with high
protein content of 11— 15%. Cereal proteins have
been classified into four types according to their
solubility as follows: albumins (water-soluble),
globulins (salt water-soluble), prolamins (soluble
in a dilute alcohol solution), and glutelins (soluble
in acids or bases). Oat protein not only differs in
the structural properties but also differs in the
distribution of protein fraction in comparison to
other cereal grains 123,

4.3 Dietary Fibers

Dietary Fibers (DF) are an essential part of the
human diet. They consist of many substances of
plant origin that are not digested in the human
upper gastrointestinal tract. They include
polysaccharides such as cereal (-glucan,
arabinoxylans, and cellulose. Dietary fibres are
located in the cell walls of the grain. The outer
layers, the seed coat, and the pericarp contribute
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significantly to the insoluble dietary fiber content
of the grain [23].

Oat B-glucans are components of dietary fiber.
Schneeman (2001) suggested that dietary fiber
regulates the rate of nutrient digestion and
absorption and serves as a substrate for the
microflora of the gut and promotes laxation [24].

B -glucan also has good water binding and
emulsion stabilizing properties thus it has been
used in different food products to improve the
textural and rheological properties [25].

4.4 Lipids

Oat is a good source of lipids. It contains much
higher levels of lipids than other cereals which
are excellent sources of energy and unsaturated
fatty acids. The majority of lipids of oats are in
the endosperm. The fat content of oat ranges
from 5.0 to 9.0 % of the total lipid content. The
lipid content in an intact kernel of oat stored for 1
year at room temp was found to be stable [20]
due to the protection from endogenous
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antioxidants such as tocopherols, L- ascorbic
acid, thiols, phenolic amino acids, and other
phenolic compounds.

5. HEALTH BENEFITS OF OATS

Oats have received considerable attention for
their ~ high  content of dietary fibers,
phytochemicals, and nutritional value. It is
believed that the consumption of oats possesses

various health benefits such as
hypocholesterolaemic and anticancerous
properties. Oats have also recently been

considered suitable in the diet of celiac patients.
Owing to their high nutritional value, oat-based
food products like bread, biscuits, cookies,
probiotic drinks, breakfast cereals, flakes, and
infant food are gaining increasing consideration
[32].

Oats have recently attracted research and
commercial attention mainly due to their high
content of P-glucan and compounds with
antioxidant activity [25,33,34].

5.1 Oats
(CHD)

in Coronary Heart Diseases

Epidemiological evidence has indicated that a
high intake of whole-grain foods is associated
with a lower risk for coronary heart disease
(CHD) and diabetes [35]. Wholegrain foods
contain a significant amount of fiber, which is
believed to be the major factor contributing to
their beneficial effects on CHD and diabetes.

focused on the association of cereal fibers
(representing whole-grain fiber) with the risks of
CHD. An inverse relationship has been reported
between the high intake of cereal fiber and the
risk of myocardial infarction. An early meta-
analysis of multiple, controlled studies has
suggested that consumption of whole grains
including wheat, rice, maize, and oats reduces
the risk of CHD slightly better than even fruit or
vegetables [36].

Five approved European Food Safety Authority
(EFSA) health claims apply to oats. Four relate to
the oat-specific soluble fibers, the B-glucans, and
concern the maintenance and reduction of blood
cholesterol, better blood glucose balance, and
increased faecal bulk. The fifth claim concerns
the high content of unsaturated fatty acids,
especially present in the endosperm, which
reduces the risks of heart and vascular diseases.
Furthermore, oat starch has a low glycemic
index, which is favourable for weight control. Oat-
specific polyphenols and avenanthramides have
antioxidant and anti-inflammatory properties.
Thus, oats can contribute significantly to the
presently recommended whole-grain diet [37].

According to Kristina A. Harris whole grains high
in viscous fiber (oats, barley) decrease serum
low-density lipoprotein cholesterol and blood
pressure and improve glucose and insulin
responses [38,39]. Furthermore, the health
effects of [-glucanas related to cholesterol
reduction, improved gastrointestinal function, and
glucose metabolism would be achieved at a daily

Thus, several epidemiological studies have consumption level of 10 g oat $-glucan[40].
Table 1. Shows the main nutritional components of oats [26]
Components Properties Ref.
Proteins Albumins, globulins, Oats are distinct among cereals due to [27,28]
prolamins, and glutenins their higher protein concentration and
distinct protein composition. The major
storage proteins are globulins
Carbohydrates B-glucan, glucose, B-glucan is the most important [29,30]
fructose, pentosans, component because it is a constituent of
saccharose, kestose, the dietary fiber obtained from oats. -
neokestose, bifurcose, glucan has important functional and
neobifurcose, acid nutritional properties, and exhibits a high
galactoarabinoxylan, etc viscosity at relatively low concentrations
Lipids Oat lipids are highly Oats, after corn, have the highest lipid [31,32]
unsaturated and contain content of any cereal. Oat lipids include
several essential fatty acids very high levels of antioxidants
Antioxidants Vitamin E (tocols), phytic Antioxidants may reduce serum [32]

acid, phenolic compounds,
avenanthramides,
flavonoids, and sterols

cholesterol concentrations, and inhibit
the growth of certain cancer cells
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5.2 Oats in Coeliac Disease (CD)

The water-insoluble storage proteins of cereals
(prolamins) are called “gluten” in wheat, barley,
and rye, and “avenins” in oats. Oat avenins do
not contain any of the known coeliac disease
epitopes from the gluten of wheat, barley, and
rye [37].

The avenins in the genus Avena are free of the
known CD immunogenic epitopes from wheat,
barley, and rye. T cells that recognize avenin-
specific epitopes have been found very rarely in
CD patients. CD patients that consume oats daily
do not show significantly increased levels of
intraepithelial lymphocyte cells. The safety and
the positive health effects of the long-term
inclusion of oats in the gluten-free diet have been
confirmed in long-term studies [41].

5.3 Oats in Cancer

The high amount of short-chain fatty acids
among dietary fiber fractions from oat is believed
to possess potent anticancerous activity. In vitro
studies imply butyrate exerts multiple effects to
modulate gene expression and regulatory effect
of apoptosis and cell cycle. This is involved in
countering colon cancer [42].

Lunasin peptides isolated from oats are believed
to have anti-inflammatory and anticancerous
properties [43].

Phenolic compounds are important
phytochemicals in oats and function as free
radical scavengers and are involved in reducing
the risk of atherosclerosis; prevent some forms of
cancer and coronary heart disease [33].

6. CONCLUSION

Oats are whole-grain food, known scientifically
as Avena sativa. Oat groats, the most intact and
whole form of oats, take a long time to cook. For
this reason, most people prefer rolled, crushed,
or steel-cut oats. They are a good source of
carbohydrates and fiber, including the powerful
fiber B-glucan. Oats are loaded with important
vitamins, minerals and antioxidant plant
compounds. Whole oats are high in antioxidants
and beneficial plant compounds called
polyphenols. B-glucan in oats helps reduce
cholesterol and blood sugar levels; promotes
healthy gut bacteria and increases feelings of
fullness. Due to the soluble fiber B-glucan, oats

52

may improve insulin sensitivity and help lower
blood sugar levels.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. ICAR. Forage crops and fodder. In Hand
book of agriculture. New Delhi: Indian
Council of Agriculture Research; 2006;
1128-1161.

Brindzova L, Certik, M., Rapta, P.,
Zalibera, M., Mikulajova, A., & Takacsova,
M. Antioxidant activity, B-glucan and lipid
contents of oat varieties. Czech Journal of
Food Science. 2008;26: 163-73.

DOI: doi.org/10.17221/2564-CJFS

Zwer PK. (Oats. In: Wrigley, C., Corke, H.,
Walker, C.E. (eds). Encyclopedia of grain
science.  Elsevier Academic  Press,
Waltham, Massachusetts, USA, 365-375.
Journal of Food Science and Technology.
2015;52(2):662—75.

Bradshaw, J. Developments in semolina
milling. Grain Feed Mill Tech. 2005;14-17.
Laca A, Mousia Z, Diaz M, Webb C,
Pandiella SS. Distribution of microbial
contamination within cereal grains. Journal
of Food Engineering. 2006;72(4):332-38.
DOl:doi.org/10.1016/j.jfoodeng.2004.12.01
2

Wang R, Koutinas AA, Campbell GM. Dry
processing of oats — Application of dry
milling. Journal of Food Engineering.
2007;82(4):559-67.
DOl:doi.org/10.1016/j.jffoodeng.2007.03.01
1

Kaur KD, Jha A, Sabikhi L, Singh AK, et
al. Significance of coarse cereals in health
and nutrition: a review. Journal of Food
Science and Technology. 2014;51:1429—
41.

DOI: doi: 10.1007/s13197-011-0612-9
Deane D, Commers E. Oat cleaning and
processing. In: Webster, F.H. (ed) Oats:
chemistry and technology. American
Association of Cereal Chemists
International, St. Paul, Minnesota, USA,
1986;371-412.

Ganssmann W, Vorwerck K. Oat milling,
processing, and storage. In: Welch, R.W.
(ed). The oat crop: production and
utilization. Chapman and Hall, London, UK;
1995;369-408.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bhatt and Pandey; AFSJ, 20(10): 47-54, 2021; Article no.AFSJ.73367

Moltenberg EL, Magnus EM, Bjorge JM,
Nilsson A. Sensory and chemical studies
of lipid oxidation in raw and heat treated
oat flours. Cereal Chemistry. 1996;73:579—
87.

Fors SM, Schlich P. Flavor composition of
oil obtained from crude and roasted oats.
In: Parliament TH, Mc Gorrin RJ, Ho CT.
(eds). Thermal generation of aromas.
American Chemical Society, Washington,
USA; 1989;121-131.

Sharma P, Gujral H S, Rosell C M. Effects
of roasting on barley, B-glucan, thermal
and pasting properties. Journal of Cereal
Science. 2011;53:25-30.

DOI: doi.org/10.1016/j.jcs.2010.08.005
Sharma P, Gujral H S. Milling behavior of
hulled barley and its thermal and pasting
properties. Journal of Food Engineering.
2010;97(3):329-34.
DOl:doi.org/10.1016/j.jfoodeng.2009.10.02
5

Sharma P, Gujral H S. Antioxidant and
polyphenols oxidase activity of germinated
barley and its milling fractions. Food
Chemistry. 2010;120(3):673-78.
DOl:doi.org/10.1016/j.foodchem.2009.10.0
59

Klensporf D, Jelen HH. Effect of heat
treatment on the flavor of oat flakes.
Journal of Cereal Science. 2008;48(3):
656—61.

DOI: doi.org/10.1016/j.jcs.2008.02.005
Tao J, Rao R, Liuzzo J. Microwave heating
for rice bran stabilization. Journal of
Microwave Power and Electromagnetic
Energy. 1993:28(3):156-64.
DOl:doi.org/10.1080/08327823.1993.1168
8217

Ramesh M, Rao PH, Ramadoss CS.
Microwave treatment of groundnut (Arachis
hypogaea): extractability and quality of oil
and its relation to lipase and lipoxygenase
activity. LWT - Food Science and
Technology. 1995;28(1):96-9.
DOl:doi.org/10.1016/S0023-
6438(95)80018-2

Ponne CT, Moeller AC, Tijskens LMM.,
Bartels PV, Meijer MMT. Influence of
microwave and steam heating on lipase
activity and microstructure of rapeseed
(Brassica napus). Journal of Agricultural
and Food Chemistry. 1996;44(9):2818-24.
DOI: doi.org/10.1021/jf950697I

Farag RS, El-Baroty G, Abd-El-Aziz N,
Basuny AM. Stabilization of olive oil by
microwave heating. International Journal of

53

20.

21.

22.

23.

24.

25.

26.

27.

28.

Food Sciences and Nutrition. 1997;48(6):
365-71.

DOI: doi.org/10.3109/09637489709028584
Keying Q, Changzhong R, Zaigui L. An
investigation on  pre-treatments  for
inactivation of lipase in naked oat kernels
using microwave heating. Journal of Food
Engineering. 2009;95(2):280-84.
DOIl:doi.org/10.1016/j.jfoodeng.2009.05.00
2

Head DS, Cenkowski S, Arntfield S,
Henderson K. Superheated steam
processing of oat groats. LWT - Food
Science and Technology. 2010; 43(4):690—
94.

DOI: doi.org/10.1016/j.lwt.2009.12.002
Berski W, Ptaszek A, Ptaszek P, Ziobro R,
Kowalski G, Grzesik M, et al. Pasting and
rheological properties of oat starch and its

derivatives.  Carbohydrate = Polymers.
2011;83(2): 665—71.
DOI:

doi.org/10.1016/j.carbpol.2010.08.036
Rasane P, Jha A, Sabikhi L, Kumar A,
Unnikrishnan V S. Nutritional advantages
of oats and opportunities for its processing
as value added foods - a review. Journal of
Food Science and Technology.
2015;52(2):662-75.

DOI: doi: 10.1007/s13197-013-1072-1.
Schneeman BO. Dietary fibre and
gastrointestinal function. In: McCleary BV,
Prosky L. (eds). Advanced dietary fibre
technology. Blackwell Science, Oxford,
UK; 2001:168-173.

Lazaridou A, Biliaderis CG. Molecular
aspects of cereal B-glucan functionality:
Physical properties, technological
applications and physiological effects.
Journal of Cereal Science. 2007;46(2):101-
18.

DOI: doi.org/10.1016/}.jcs.2007.05.003
Comino I, Moreno ML, Carolina S. Role of
oats in celiac disease. World Journal of
Gastroenterology. 2015;21(41):11825-31.
DOI: doi: 10.3748/wjg.v21.i41.11825

Klose C, Arendt EK. Proteins in oats; their
synthesis and changes during germination:
a review. Critical Reviews in Food Science
and Nutrition. 2012;52(7):629-39.
DOI:doi.org/10.1080/10408398.2010.5049
02

Klose C, Schehl B, Arendt EK.
Fundamental study on protein changes
taking place during malting of oats. Journal
of Cereal Science. 2009;49(1):83-91.

DOI: doi.org/10.1016/j.jcs.2008.07.014



29.

30.

31.

32.

33.

34.

35.

36.

Bhatt and Pandey; AFSJ, 20(10): 47-54, 2021; Article no.AFSJ.73367

Sadig-Butt M, Tahir-Nadeem M, Khan MK,
Shabir R, Butt MS. Oat: unique among the
cereals. European Journal of Nutrition.
2008:47:68—79. doi.org/10.1007/s00394-
008-0698-7

Lyly M, Salmenkallio-Marttila M, Suortti T,
Autio K. Influence of oat [B-glucan
preparations on the perception of
mouthfeel and on rheological properties in
beverage prototypes. Cereal Chemistry.
2003;80(5):536-41.
Available:https://doi.org/10.1094/CCHEM.2
003.80.5.536

Zhou MX, Glennie-Holmes M, Robards K,
Helliwell S. Fatty acid composition of lipids
of Australian oats. Journal of Cereal
Science. 1998;28:311-319.

DOl: doi.org/10.1016/S0733-
5210(98)90011-X

Peterson DM. Oat antioxidants. Journal of
Cereal Science. 2001;33(2):115-29.

DOI: doi.org/10.1006/jcrs.2000.0349

Gray DA, Clarke MJ, Baux C, Bunting JP,
Salter AM. Antioxidant activity of oat
extracts added to human LDL particles and
in free radical trapping assays. Journal of
Cereal Science. 2002;36(2):209-18.

DOI: doi.org/10.1006/jcrs.2001.0456
Emmons CL, Peterson DM. Antioxidant
activity and phenolic contents of oat groats
and hulls. Cereal Chemistry. 1999; 76(6):
902-906.
DOl:doi.org/10.1094/CCHEM.1999.76.6.90
2

Anderson JW. Dietary fiber prevents
carbohydrate-induced hypertriglyceridemia

Current Atherosclerosis Reports. 2000;
2(6):536-41.

PMID: 11122790.

DOI: 10.1007/s11883-000-0055-7
Anderson JW. Whole grains protect
against  atherosclerotic  cardiovascular

37.

38.

39.

40.

41.

42.

43.

disease. Proceedings of the Nutrition
Society. 2003;62(1):135-42.

DOI: doi.org/10.1079/PNS2002222
Smulders MJM, van de Wiel CC, van den
Broeck HC, Van der Meer IM, Israel-
Hoevelaken TPM, Timmer RD, et al. Oats
in healthy gluten-free and regular diets: A
perspective. Food Research International.
2018;110:3-10.
DOl:doi.org/10.1016/j.foodres.2017.11.031
Harris KA, Kris-Etherton PM. Effects of
Whole Grains on Coronary Heart Disease
Risk. Current Atherosclerosis Reports.
2010;12:368-76.

DOI: doi.org/10.1007/s11883-010-0136-1
Tiwari U, Cummins E. Factors influencing
B-glucan levels and molecular weight in
cereal-based products. Cereal Chemistry.
2009;86(3):290-301.

DOI: doi.org/10.1094/CCHEM-86-3-0290
Maélkkia Y, Virtanen E. Gastrointestinal
Effects of Oat Bran and Oat Gum: A
Review. LWT - Food Science and
Technology. 2001;34(6):337-47.

DOI: doi.org/10.1006/fstl.2001.0795
Gilissen LIJWJ, Van der Meer IM, Smulders
MJIM. Why Oats Are Safe and Healthy for
Celiac Disease Patients. Medical
Sciences. 2016;4(4): 21.

DOI: doi.org/10.3390/medsci4040021
Wang HC, Hung CH, Hsu JD, Yang MY,
Wang SJ, Wang CJ. Inhibitory effect of
whole oat on aberrant crypt foci formation
and colon tumor growth in ICR and BALB/c
mice. Journal of Cereal Science. 2011;
53(1):73-7.

DOI: doi.org/10.1016/j.jcs.2010.09.009
Nakurte I, Kirhnere 1, Namniece J,
Saleniece K, Krigere L, Mekss P, et al.
Detection of the lunasin peptide in oats
(Avena sativa L) Journal of Cereal
Science. 2013;57(3):319-24.

DOI: doi.org/10.1016/j.jcs.2012.12.008

© 2021 Bhatt and Pandey; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle4.com/review-history/73367

54


http://creativecommons.org/licenses/by/2.0

