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Oats (Avena sativa L.) are a popular functional cereal grain due to their numerous health benefts. Tis review article summarized
the information on the chemical composition and phytonutrients of oats grown in diferent countries. It also reviewed recently
developed fermented oat products to highlight their potential for human health. Oats have an interesting nutritional profle that
includes high-quality protein, unsaturated fats, soluble fber, polyphenolic compounds, and micronutrients. Oat grain has
a unique protein composition, with globulins serving as the primary storage protein, in contrast to other cereals, where prolamins
are the main storage proteins. Oats have the highest fat content of any cereal, with low saturated fatty acids and high essential
unsaturated fatty acid content, which can help reduce the risk of cardiovascular diseases. Oats are a good source of soluble dietary
fber, particularly β-glucan, which has outstanding functional properties and is extremely important in human nutrition. β-Glucan
has been shown to lower blood cholesterol and glucose absorption in the intestine, thereby preventing diseases such as car-
diovascular injury, dyslipidemia, hypertension, infammatory state, and type 2 diabetes. Oats also contain high concentration of
antioxidant compounds. Avenanthramides, which are unique to oats, are powerful antioxidants with high antioxidative activity in
humans. Recognizing the nutritional benefts of oats, oat-based fermented food products are gaining popularity as functional
foods with high probiotic potential.

1. Introduction

Oat (Avena sativa) is a cereal grain from the Poaceae family
cultivated for cattle feed (70%) and human consumption
(30%) [1]. Some studies suggest that oats can be traced back
to around 2000 BC. [2]. However, the exact origins of the
various Avena spp. are unknown. After many years of
growing wheat and barley, oats became known and culti-
vated [3].Te genus Avena contains a polyploid collection of
wild, weedy, and cultivated species [4]. Avena sativa is
a hexaploid species that is the world’s most widely grown
and popular oat cultivar today [5].

Oats’ nutritional composition difers signifcantly from
that of other cereals, with high protein content and an ample
amount of essential amino acids [6, 7]. Oats have a higher fat
content (6–10%) than wheat and most other cereals (2-3%)
[8]. It had the highest fat content of any cereal, with a high
percentage of unsaturated fats [9].Te high nutritional value
of oats is also due to their high β-glucan content [10]. Beta-
glucan is a vital functional component in various food in-
dustries [11]. Furthermore, oats possess more than 20
unique polyphenolic compounds known as avenan-
thramides [12]. Te antioxidant activity of avenanthramides
is 10 to 30 times higher than that of other cereals’
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polyphenolic compounds such as ferulic acid, gentisic acid,
p-hydroxybenzoic acid, protocatechuic acid, syringic acid,
vanillic acid, and vanillin [13].

Oats are used for food in various forms, including whole
grains, rolled oats, crushed oatmeal, and oat four [14, 15].
Oats are best known as a breakfast cereal food, whether eaten
whole or in the form of rolled oats. Oatmeal is primarily used
for porridge and to prepare several baked goods such as
oatcakes, oatmeal cookies, and oat bread. Several novel
products using oats have been developed [16–18].

Oat-based foods have recently gained popularity due to
their health benefts. Consumption of oat products has been
associated with a reduced serum cholesterol level, a lower
risk of cardiovascular disease (CVD), and a lower risk of
obesity, hypertension, cancer, diabetes, and gastrointestinal
disorders [19]. Te European Food and Safety Authority and
the US Food and Drug Administration (FDA) have
accredited health claims for oat foods containing oat
β-glucan to lower serum cholesterol and the risk of CVD
[20]. Furthermore, the potential benefts of oats have been
related to various other bioactive components in addition to
β-glucan. Avenanthramides (AVAs), a unique oat antioxi-
dant, help prevent free radicals from damaging low-density
lipoprotein (LDL) cholesterol, and AVA-enriched oat ex-
tract combined with vitamin C inhibits LDL oxidation
synergistically. AVAs have anti-infammatory, anti-
proliferative, vasodilation, anti-itch, cytoprotective, and
anticancer properties [21–23]. Te purpose of this article is
to review the nutritional potential of oat grains and oat-
based fermented food products.

2. Nutritional Composition of Oats

2.1.Carbohydrate,DietaryFiber, andβ-Glucan. Oats contain
fewer carbohydrates but more protein and lipids than other
cereals [24]. However, starch remains the most abundant
component like in other cereal grains, comprising ap-
proximately 60% of oat grains [25]. Amylose and amylo-
pectin make up 98-99% of the carbohydrate constituents of
oat starch granules. Oat starch has diferent characteristics
such as short amylose, relatively high crystallinity, and
a well-developed and small granule surface [26]. Tese
special characteristics of oat starch make it unique from
other cereal starches.

Oats have a well-balanced profle of soluble and in-
soluble dietary fbers [6]. Dietary fbers, also known as
roughage, are edible plant parts that are essential compo-
nents of human nutrition. Dietary fber enters the large
intestine and is partially or completely fermented by gut
bacteria [27]. Fermentation produces various types of by-
products, including gases and short-chain fatty acids. Te
combined action of the fermentation process and products
contribute to the benefcial efects of dietary fber on health
[28]. Te proximate composition of oats is summarized in
Table 1.

Oat fbers from whole grains are nearly 60% insoluble
and 40% soluble [42]. Mixed-linkage (1–3), (1–4)-β-D-
glucans or β-glucans and arabinoxylans are signifcant

sources of soluble and insoluble dietary fbers [43]. Oats have
higher soluble fber content than other cereals [44]. Soluble
β-glucans found in subaleurone cell walls are one of the most
extensively researched oat constituents [45, 46]. β-Glucan is
a polysaccharide with a D-glucose unit linkage. Oat β-glucan
is unique in that; it is composed of a group of linear polymers
of glucose molecules linked by roughly 30% −(1–3) and 70%
−(1–4) linkages [47]. Tese linkages are not arranged ran-
domly, with (1–4) links appearing in groups of two to four
and (1–3) links appearing singly [46].Tis leads to molecules
composed of −β (1–3) linked units, with the cellotriosyl:
cellotetraosyl ratio being about 2.2 in oats [48]. Te presence
of β-(1–3) links breaks up the regularity of β-(1–4) link
sequences, and the resulting increased fexibility allows
water to penetrate the molecular chains and solubilize the
fber [49]. However, adjacent β-(1–4) links may exhibit
interchain aggregation via strong hydrogen bonds, reducing
β-glucan solubility. Te β-glucan contents of oats are
summarized in Table 2.

Oats were frst found to have cholesterol-lowering
properties in 1997, and the active ingredient was identi-
fed as β-glucans [59]. After reviewing 42 clinical trials, the
FDA acknowledged the cholesterol-lowering features of oats
[60]. Te recommended intake for a cholesterol-lowering
efect is 3 g of oat β-glucan per day [19]. According to recent
research, doses of 3–13 g/day resulted in total cholesterol
reduction of 8.2–15.1mg/dL and LDL reduction of
7.8–13.2mg/dL [61].Tese changes may appear insignifcant
compared with those obtained through drug therapy.
However, a 1% reduction in blood cholesterol can reduce the
risk by 2–4% [62].

In general, scientifc studies have shown that eating oats,
like other fber-rich cereal grains, helps lose weight, lowers
blood cholesterol levels, and improves postprandial glycemic
and insulinemic responses in noninsulin-dependent di-
abetes mellitus and healthy subjects. Oatmeal reduces the
risk of colon cancer, regulates blood pressure, and prevents
cardiovascular disease. Oat-based foods also strengthen the
immune system’s defenses against parasites, bacteria, fungi,
and viruses [63] (Figure 1).

2.2. Protein and Amino Acid Profle of Oats. Oat grain has
high protein content and a distinctive protein composition
[64, 65]. Most cereals (including barley, wheat, and rye) rely
heavily on prolamins as their main storage proteins, but oats
are an exceptional case.Temain storage proteins in oats are
globulins (which are salt-water-soluble and account for
roughly 55% of the total Osborn protein solubility classi-
fcation), with prolamins accounting for a minor percentage
[66]. Avenins also serve as protein storage for oats, ac-
counting for 10 to 13% of the total protein content [44]. Te
oat protein consists of more limiting amino acids such as
glutamine, lysine, and threonine and less proline compared
to other cereal grains [44]. Te protein content of oat groats
ranges from 12.4 to 24.5% [66]. Te embryonic axis and the
scutellum contain greater quantities of amino acids than
other parts of the kernel.
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Enzymes are the most essential metabolically active
proteins in the oats. Oats, like other cereal grains, contain
a lot of enzymes. Previous research identifed maltase,
proteases, phenoxyacetylase, hydroxylase, α-amylase,
lichenase, tyrosinase, phosphatase, and lipase as oat enzymes
[67]. Table 3 shows the amino acid composition of oats from
various sources.

2.3. Crude Fat andFattyAcidComposition ofOats. Oats have
the highest fat content of any cereal [44]. Tey are high in
linoleic acid and low in saturated fat, which can help reduce
the risk of heart and vascular diseases [70]. Mono-
unsaturated fatty acids (MUFA, C18 :1) and poly-
unsaturated fatty acids (PUFA, C18 : 2) are the most
abundant fatty acids in oats, followed by saturated fatty acids
(C16 : 0) [44]. Triglycerides also constitute the main

component of lipids and phospholipids; glycolipids and
sterols are also present in considerable amounts [67]. Te
high lipid content makes them a valuable functional food
ingredient in a wide range of industries [9]. According to
VanDen Broeck et al. [44], the fatty acid content inmg/100 g
of the oat four sample was 193.5–292.9 (C16 : 0), 11.5–33.3
(C18 : 0), 385.0–718.0 (C18 :1), 532.3–748.9 (C18 : 2), and
12.3–16.1 (C18 : 3). Te relative proportion of fatty acids of
oat grains is summarized in Table 4.

2.4.Micronutrients ofOats. Micronutrients are minerals and
vitamins that the body needs in minute amounts. On the
other hand, they cannot be compromised, and defciencies in
any of them can result in life-threatening conditions [74].
Vitamins and minerals are essential for proper metabolism
and tissue maintenance Micronutrients must be obtained
through the diet because the body does not produce them.
To achieve the best results from the diet, a proper balance of
micronutrients and macronutrients is required [75].

Minerals are classifed into two types: major and minor.
Sodium, potassium, magnesium, calcium, phosphorus,
chlorine, and sulfur are examples of major minerals with
daily requirements greater than 100mg for adults [76]. On
the other hand, minor or trace elements are minerals with
daily requirements of less than 100mg, such as iron, zinc,
copper, chromium, cobalt, molybdenum, selenium, nickel,
manganese, fuorine, iodine, silicon, tin, and vanadium [76].
As with other cereal grains, the mineral content of oats
ranged from 2 to 3%. According to Bhardwaj et al. [56], the
iron and zinc contents of 43 oats ranged from 1.8 to 6.8mg/
100 g and 6.5 to 10.2mg/100 g, respectively. Butt et al. [6]
reported that the mineral content of oats per 100 g of four
sample was 60mg of calcium, 372mg of phosphorus, 3.8mg
of iron, and 3.9mg of zinc. Table 5 updates the mineral
content of the oat grains.

Oats’ micronutrients include not only trace minerals but
also vitamins, which are organic compounds required in
microgram or milligram amounts. Oat grains contain sig-
nifcant amounts (mg/100 g) of vitamins such as thiamine

Table 1: Summary of the proximate composition of oat grains.

Type
of oat
sample

Place Moist.
(%)

C.
Prot.
(%)

C.
Fat (%)

C.
Fib.
(%)

Ash (%) Total
CHO (%) Source

Hulled — 8.2 16.9 6.9 10.6 1.7 66.3 [29]
Dehulled India — 12.5 5.9 2.2 6.2 69.4 [30]
Dehulled Poland 9.7 16.3 8.6 3.0 2.4 69.6 [31]
Hulled India 6.7–8.2 12.9–14.4 4.2–5.1 12.6–13.1 2.6–3.9 55.7–59.9 [32]
Dehulled Morocco 11.6–13.0 11.3–17.2 2.1–3.6 — 2.7–3.6 56.6–65.0 [33]
Dehulled India 8.7 13.6 7.8 3.5 1.8 64.7 [34]
Dehulled Pakistan 7.9–8.7 13.1–13.7 7.7–8.3 2.6–2.8 3.2–3.7 63.7–64.6 [35]
Dehulled Finland 8.6 13.4 8.5 — 2.2 — [36]
Hulled Pakistan 9.6 14.5 6.3 15.4 5.7 47.9 [37]
Hulled Pakistan — 10 6.3 14.4 4.8 57.1 [38]
Dehulled Egypt 10.0–10.5 11.6–13.6 7.2–8.9 3.5–5.9 2.0–2.2 69.4–75.6 [39]
Hulled Poland — 11.5 4.8 13.6 2.3 67.8 [40]
Dehulled Ethiopia 8.5–9.8 11.9–15.8 6.7–10.3 2.1–3.5 1.2–1.3 72.6–74.3 [41]
“—” represent the values that the authors did not report. Moist.: moisture; C. Prot.: crude protein; C. Fat: crude fat; C. Fib.: crude fber; CHO: carbohydrate.

Table 2: Summary of β-glucan content of dehulled oat grains.

Place β-Glucan content (%) Source
Italy 3.3 [50]
India 2.5–2.9 [51]
India 1.3–5.4 [52]
China 2.7–4.8 [53]
Poland 3.9–5.7 [54]
Hungary 4.1–6.3 [55]
India 1.1–3.0 [56]
Macedonia 1.2–5.7 [57]
Poland 2.8–3.1 [58]
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Figure 1: Structure of oat β -(1–3) (1–4)-glucan.
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(0.76), ribofavin (0.14), niacin (0.96), pantothenic acid
(1.35), vitamin B-6 (0.12), and total folate (56) [29]. On the
other hand, Youssef et al. [39] reported in mg/100 g of oats’
vitamin C (0.1), thiamine (0.44–0.53), ribofavin (0.40–0.60),
and vitamin E (0.13–0.87), while Gabrovska et al. [77] also
reported vitamin C (0.1), niacin (0.68), vitamin B-6 (0.18),
and vitamin E (1.32).

3. Bioactive Components and Health
Benefits of Oats

Oat has gained popularity as a healthy food in recent years
due to its high content of bioactive compounds that can
beneft human health, such as β-glucan, avenanthramides,
tocols, sterols, and avenacosides [20].Tese compounds help

Table 3: Summary of the amino acid composition of dehulled oat grains.

Place
Amino acids

Source
Try Tr Ile Leu Lys Met Cys Phe Tyr

— 0.23 0.58 0.69 1.28 0.70 0.31 0.41 0.90 0.57 [29]
Latvia 0.00 0.48 0.44 1.02 0.49 0.22 0.00 0.65 0.43 [68]
China 0.00 0.39 0.45 0.96 0.53 0.16 0.32 0.70 0.47 [69]
Pakistan 0.00 0.39–0.42 0.39–0.42 0.88–0.91 0.34–0.36 0.11–0.16 0.00 0.39–0.53 0.31–0.34 [38]
Poland 0.00 3.02∗ 3.02∗ 6.25∗ 3.33∗ 1.41∗ 2.29∗ 4.55∗ 3.03∗ [31]
Poland 1.15∗ 2.46∗ 2.32∗ 5.26∗ 2.73∗ 4.30∗ 2.74∗ 5.88∗ 2.26∗ [40]
Place Val Arg His Ala Asp Glu Gly Pro Ser
— 0.94 1.19 0.41 0.88 1.45 3.71 0.84 0.93 0.75 [29]
Latvia 0.70 1.09 0.43 0.63 1.02 2.97 0.66 0.82 0.64 [68]
China 0.65 0.90 0.28 0.62 0.94 2.89 0.64 0.61 0.84 [69]
Pakistan 0.41–0.59 0.91–0.96 0.28–0.36 0.49–0.53 0.79–0.81 2.24–2.40 0.52–0.57 0.66–0.68 0.47–0.51 [38]
Poland 4.16∗ 7.01∗ 1.99∗ 4.24∗ 8.24∗ 21.20∗ 4.44∗ 4.68∗ 4.02∗ [31]
Poland 3.20∗ 5.79∗ 1.74∗ 3.59∗ 7.37∗ 19.10∗ 3.81∗ 4.54∗ 3.86∗ [40]
∗Amino acid values are reported in g/16 g·N, whereas for other amino acids, values are reported in g/100 g. “—” represents the values that the authors did not
report. Try: tyrosine; Tr: threonine; Ile: isoleucine; Leu: leucine; Lys: lysine; Met: methionine; Cys: cysteine; Phe: phenylalanine; Tyr: tyrosine; Val: valine;
Arg: arginine; His: histidine; Ala: alanine; Asp: asparagine; Glu: glutamic acid; Gly: glycine; Pro: proline; Ser: serine.

Table 4: Summary of the relative proportion of fatty acids in dehulled oat grains.

Place
Saturated fatty acids Monounsaturated fatty

acids
Polyunsaturated fatty

acids Source
C12 : 0 C14 : 0 C16 : 0 C18 : 0 C16 :1 C18 :1 C18 : 2 C18 : 3

— 0.02 0.02 1.03 0.07 0.01 2.17 2.42 0.11 [29]
Turkey 0.00–0.51 0.08–4.38 10.80–22.4 1.30–4.80 0.00–5.30 19.60–37.90 18.90–54.00 2.40–8.30 [71]
Poland 0.00 0.27 18.60 1.90 0.19 43.1 32.80 0.90 [58]
Czech Republic 0.00 0.32–0.39 19.30–20.40 1.04–1.32 0.23–0.28 27.8–29.90 39.60–41.20 1.50–1.70 [72]
Morocco 0.00 0.18–0.27 15.30 - 16.40 2.80–3.50 0.17–0.57 41.30–44.50 33.00–35.10 0.81–1.86 [33]
Poland 0.00 0.29–0.35 21.30–23.90 1.12–1.68 0.20–0.31 36.10–38.00 34.90–36.00 0.97–1.39 [73]
“—” represents the values that the authors did not report.

Table 5: Summary of mineral composition (mg/100 g) of dehulled oat grains.

Place Ca Fe Mg P K Na Zn Cu Mn Source
— 54.0 4.7 177.0 523.0 429.0 2.0 4.0 0.6 4.9 [29]
Czech Republic 99.0 4.1 139.0 502.0 575.0 — 2.1 0.4 3.9 [77]
Pakistan 43.2–69.4 3.0–4.1 129.3–171.4 — 289.6–315.3 8.3–9.1 2.9–3.4 0.4–0.5 — [35]
Morocco 42.1–86.0 8.5–43.9 49.5–75.5 162.8–254.2 214.6–395.6 24.1–61.5 6.9–8.2 — 5.2–19.0 [33]
Turkey 56.9–127.0 3.0–8.1 125.3–202.5 242.9–455.7 305.6–562.1 — 1.5–3.8 1.8–8.7 2.6–6.3 [78]
Egypt 54.7–71.7 13.8–24.2 112.3–120.7 469.6–472.6 350.0–362.0 5.3–7.0 3.4–3.6 1.2–1.3 3.7–4.4 [39]
Ethiopia 44.0–102.7 2.5–3.0 62.4–89.1 — 241.7–258.3 — 1.6–2.1 0.2–0.4 — [41]
Brazil — 3.9–6.3 — — — — 2.7–5.8 0.4–0.8 5.9–10.6 [76]
“—” represents the values that the authors did not report.
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prevent gastrointestinal disorders, type 2 diabetes (T2DM),
CVD, and cancer [24].

In human cells, radicals are formed from normal
metabolism and environmental radiation.Tese radicals can
cause deoxyribonucleic acid (DNA) changes, which may
produce cancerous cells or diseases like atherosclerosis
[79, 80]. Free radicals are also known to oxidize LDL
cholesterol, contributing to heart disease and stroke [81].
Tus, free radicals are key causal factors in many chronic
diseases. Te human body has a natural defense system
against these reactions, but dietary antioxidants also con-
tribute to body defense [82]. Some phenolic compounds
found in oats have free radical scavenging activities with
potential health-benefcial properties [83].

Anthranilic acid amides aid in the prevention of free
radical damage to LDL cholesterol [84]. Anthranilic acid
amide-enriched oat extract combined with vitamin C in-
hibits LDL oxidation synergistically in vitro [84, 85]. Oats
contain a unique group of approximately 40 diferent
anthranilic acid amides consisting of anthranilic acid de-
rivatives and hydroxycinnamic acid derivatives [84, 86]. Oat
antioxidants have been shown in animal and human studies
to reduce CVD risk by inhibiting LDL cholesterol oxidation
and peroxidation and reducing serum cholesterol [84]. As
a result, eating oats and other foods is recommended as part
of a healthy diet.

3.1. Phenolic Compounds of Oats. Te importance of phe-
nolics stems primarily from their high antioxidant capacity
and health benefts. Oat products have recently gained
popularity as bioactive ingredients for industries such as
pharmaceuticals, food, and cosmetics [87]. Oats’ primary
antioxidants are polyphenolic compounds, favonoids, and
sterols [24]. Te total phenolic content (TPC) and total
favonoid content (TFC) of oats are summarized in Table 6.

Phenolics serve as potent antioxidants by scavenging
reactive oxygen and nitrogen species and chelating transi-
tion minerals [84]. Oats contain 2.3mg/100 g of tocopherols
[94] and 12.4 to 586.6mg/kg of total avenanthramides [95].
Te total avenanthramide content varies depending on the
milling fractions. Hitayezu et al. [96] reported 323.7 to
775.5 μg/g of avenanthramides in diferent oat milling
fractions such as medium bran, fne bran, low bran, and
whole oat groats four. Avenanthramides are unique to oat
grains and are not found in other cereal grains [85, 97].
Pioneering work in the identifcation of avenanthramide
structures has been performed by Collins [98], Collins [86],
and Collins et al. [99]. Avenanthramides have been reported
to improve health parameters in animal and human studies.
Avenanthramides have antioxidant, antiproliferative, anti-
atherogenic, and anti-infammatory properties [100, 101].
Table 7 presents the total avenanthramides content in
dehulled oat from diferent geographies.

Avenanthramides are heat-stable under commercial
processing conditions [109, 110]. Magee et al. [111] de-
veloped an anti-infammatory oat-based product that con-
tains a sufcient amount of avenanthramide
(0.05–100.00 ppm) combined with hydrocortisone

(0.1–1.0% w/w, based on the total weight of the composi-
tion). Tis patent was received under the category “Com-
positions for inhibiting or reducing skin infammation.”
Yang et al. [112] conducted an extensive study on the an-
tioxidant capacity of avenanthramides (AVAs). Te report
showed that the antioxidant activity of AVA was
10–30 times higher than that of antioxidants of typical cereal
grain components such as ferulic acid, gentisic acid,
p-hydroxybenzoic acid, protocatechuic acid, syringic acid,
vanillic acid, and vanillin.

Flavonoids are a type of polyphenolic unit that has a C6-
C3-C6 skeleton and contains over 4,000 phenolic complexes.
Flavonols, favones, favanols, favanones, favans, and an-
thocyanins are the most common favonoids [113]. Collins
[114] identifed the major favones present in oat four as
apigenin, luteolin, and tricin. Table 6 summarizes the TFC of
oats. Flavonoids have generated interest because of their
broad human health-promoting efects, which are related to
their antioxidant properties and synergistic efects with
other antioxidants and metals [115]. Te synergistic efects
of the antioxidant properties increased after interaction with
iron and copper [116].

Natural antioxidants obtained from oat extracts, par-
ticularly avenanthramides, are currently the focus of intense
research and interest among food scientists and health
professionals. Several studies reveal a positive correlation
between antioxidant-rich oat-based foods and a reduced risk
of diseases associated with oxidative stress, such as cancer,
cardiovascular, and neurodegenerative diseases [12, 23].
Saltzman et al. [117] compared the efects of an oat diet
(oatmeal, oat mufn, spice cookies with oats, chocolate
cookies with oats, custard with oats, and berry drink with
oatmeal) with that of a control diet (cream of wheat, wheat
mufn, spice cookies, chocolate cookies, custard, and berry
drink with wheat bran) on cardiovascular risk and weight
loss in 43 adults (men and women) for two weeks. Te
fndings revealed that an oat-containing hypocaloric diet
signifcantly lowers systolic blood pressure and promotes
weight loss in both men and women. Ji et al. [118] reported
that supplementing rats’ diet with avenanthramide-enriched
oat extract at 100mg/kg diet (providing about 20mg ave-
nanthramides (Avns)/kg) increases superoxide dismutase
(SOD) activity in skeletal muscle, liver, and kidneys, as well
as glutathione peroxidase activity in heart and skeletal
muscles. Table 8 reviews in vivo and in vitro studies on the
positive health outcomes of oat extract and avenanthramides
and how these properties were demonstrated. Many authors
have reported multiple antioxidative and bioactive mole-
cules of oats with a signifcant positive health outcome
[22, 85, 92, 96, 105, 124].

Several studies indicate that oat phenolics serve as potent
antioxidants by scavenging reactive oxygen and nitrogen
species and chelating transition minerals [84, 112, 125, 126].
Many assays are used to determine the antioxidant activity of
cereal grains. Table 9 summarizes the antioxidant activity of
oats using ferric reducing antioxidant power (FRAP), ox-
ygen radical absorbance capacity (ORAC), 2,2-azino-bis-(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS) free radical,
and 1, 1-diphenyl-2-picrylhydrazyl (DPPH) free radical.
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4. Oat-Based Processed Food Products

Te demand for oat-based products has increased in recent
years as people have become more aware of the numerous
nutritional and health benefts of oats [67]. In 1997, the Food
and Drug Administration (FDA) ofcially recognized the
importance of oat fber with at least 0.75 g of beta-glucan per
serving size as a functional food [16]. Furthermore, sub-
sequent studies on the health implications of oat constitu-
ents like avenanthramides have raised hopes that the
nutritional benefts of oats in human diets may extend far
beyond those currently recognized [67]. Tere are many
nonfermented and fermented oat-based products available
in the market. Oat is used to make oat-based breakfast
cereals, oatmeal, fakes, porridge, granola bars, muesli, oat
bread, cookies, biscuits, oatrim, oat milk, infant food, and an
oat-based fermented probiotic drink [134]. Table 10 presents
some recent fermented oat-based products.

Te incorporation of oats has been shown to improve the
overall quality of food [134]. Sanchez-Pardo et al. [149]
found that pound cake made with 25% (w/w) oat fber had
better textural characteristics than the conventional product.
Bread is an integral part of the daily diet of a large part of the
world’s population. According to Flander et al. [150], oat-
based bread has a mild nutty and pleasant favor. Because
oats retainmoisture well, bread stays fresher for longer [151].
Adding oat starch or oat lecithin to wheat bread was found to
slow the bread’s staling rate [152]. Oat starches and their
modifed products were organoleptically comparable to

conventional ones used in pasta products [153]. Boukid
[154] identifed oat proteins as an emerging ingredient for
food formulation.

Khanna and Mohan [155] discussed the suitability of the
incorporation of oats into Indian diets such as bread
(chapattis andmissi rotis), breakfast items (upma and poha),
snacks (biscuits), and beverages (smoothies and shakes).
With a partial substitution of up to 50% of oats, the modifed
traditional products had acceptable sensory and textural
characteristics. Chauhan et al. [151] also demonstrated that
the incorporation of oat four in the preparation of value-
added functional foods such as bread and noodles was
successful. Oats and their resistant starches make low-
calorie, low-fat, high-fber granola bars and cereals [26].
Breakfast cereals made with oats have received a lot of at-
tention recently. Tese are high in functional ingredients
such as β-glucan and bioactive components (high poly-
phenol and antioxidant content), which are known to lower
serum and plasma cholesterol levels and postprandial gly-
cemic response [156].

Another advantage of oats as a food ingredient is that
they do not contain gluten; their storage proteins are avenins
[157, 158]. As a result, they can be used in gluten-free food
formulations for coeliac patients, as avenins are less likely to
cause allergies [158]. Oat fber with a minimum of 0.75 g of
beta-glucan per serving size was used as a functional food in
1997 [16]. Oats have desirable properties for incorporation
into various food formulations, although there are limita-
tions to using them in bakery products for it lacks gluten

Table 6: Summary of TPC and TFC of dehulled oat grains.

Place TPC TFC Source
Pakistan 160.2–191.6mg GAE/100 g 70.8–128.0mg QE/100 g [35]
Czech 772.9–890.6mg GAE/kg — [88]
Morocco 17.2–23.5mg GAE/g 6.6–22.5mg rutin equivalent/g [33]
India 1,688.0–2,016.0 μg GAE/g — [89]
Turkey 577.7mg GAE/100 g 346.9mg QE/100 g [90]
India 1744.0–2687.0 μg GAE/g 433.0–612.0 μg CE/g [32]
Australia 19.5–52.5mg GAE/100 g — [91]
India 75.2–79.5mg GAE/100 g 201.6–244.9 μg rutin equivalent/g [51]
Pakistan 36.1–101.6mg GAE/100 g 754.2–1147.1mg GAE/100 g [38]
China 52.8–64.6mg GAE/100 g — [92]
Ethiopia 1.6–1.9mg GAE/100 g 0.5–0.8mg CE/100 g [93]
“—” represents the values that the authors did not report. TE: Trolox equivalent; QE: quercetin equivalent.

Table 7: Summary of total avenanthramide content of dehulled oat grains.

Place Total avenanthramides Source
Russia 43.9–133.0mg/kg [95]
China 42.5–182.6mg/kg [102]
Sweden 37.0–45.0 µg/g [103]
USA 62.7–112.2 µg/g [104]
Sweden 68.8–227.5 µg/g [105]
Czech Republic 25.2–407.4 µg/g [106]
USA 15.9–144.1 µg/g [107]
Canada 2.1–33.1 µg/g [108]

6 Te Scientifc World Journal



Ta
bl

e
8:

Su
m
m
ar
y
of

in
vi
vo

an
d
in

vi
tr
o
st
ud

ie
s
on

th
e
po

sit
iv
e
he
al
th

ou
tc
om

es
of

oa
te

xt
ra
ct
s
an
d
av
en
an
th
ra
m
id
es
.

Pl
ac
e

Po
te
nt
ia
lb

io
ac
tiv

e
co
m
po

un
ds
/p
ol
yp
he
no

l
ex
tr
ac
to

fo
at
s

St
ud

y
ty
pe

O
bs
er
ve
d
he
al
th

ou
tc
om

es
So
ur
ce
s

C
an
ad
a

A
ve
na
nt
hr
am

id
e
(A

V
-A

,A
V
-B
,a

nd
A
V
-C

)-
en
ri
ch
ed

oa
te

xt
ra
ct
s

In
vi
vo
:h

um
an

bl
oo

d
sa
m
pl
es

w
er
e
co
lle
ct
ed

at
15
,3

0,
an
d
45

m
in

af
te
rd

ri
nk

in
g
th
e
te
st
sa
m
pl
e
(o
at
be
ve
ra
ge
)

an
d
at

1,
2,

3,
5,

an
d
10

hr
s,
an
d
pl
as
m
a
G
SH

(g
lu
ta
th
io
ne

or
-g
lu
ta
m
yl
-c
ys
te
in
yl
-g
ly
ci
ne

tr
ip
ep
tid

e)
st
at
us

w
as

as
se
ss
ed

In
cr
ea
sin

g
pl
as
m
a
G
SH

(g
lu
ta
th
io
ne

or
-g
lu
ta
m
yl
-c
ys
te
in
yl
-g
ly
ci
ne

tr
ip
ep
tid

e)
st
at
us

an
d
ac
tin

g
in

sy
ne
rg
y
w
ith

ot
he
r
an
tio

xi
da
nt
s
su
ch

as
vi
ta
m
in

E
[1
19
]

Tu
rk
ey

O
rg
an
ic

so
lv
en
t
oa
te

xt
ra
ct
s

In
vi
vo
:t
es
t
oi
nt
m
en
ts

(o
at

ex
tr
ac
ts
)
w
er
e
ap
pl
ie
d

to
pi
ca
lly

to
th
e
w
ou

nd
ed

sit
e
of

ra
ts

im
m
ed
ia
te
ly

af
te
r

th
e
w
ou

nd
w
as

cr
ea
te
d
w
ith

a
su
rg
ic
al

bl
ad
e

Po
ss
es
sin

g
a
w
ou

nd
he
al
in
g
ef
ec
t

[1
20
]

C
an
ad
a

O
at

gr
oa
ts

fo
ur

ex
tr
ac
t

In
vi
tr
o:

ce
lls

w
er
e
cu
ltu

re
d
at

37
° C

in
D
ul
be
cc
o’
s

m
od

if
ed

Ea
gl
e’
s
m
ed
iu
m

(D
M
EM

)
su
pp

le
m
en
te
d
w
ith

10
%

fe
ta
lb

ov
in
e
se
ru
m
,L

-g
lu
ta
m
in
e,
an
d

pe
ni
ci
lli
n-
st
re
pt
om

yc
in
.C

el
ls
w
er
e
th
en

in
cu
ba
te
d
fo
r

ad
di
tio

na
l2

4
hr
s
in

a
ne
w

m
ed
iu
m

co
nt
ai
ni
ng

va
ry
in
g

co
nc
en
tr
at
io
ns

of
oa
te
xt
ra
ct
s.
T

e
in
hi
bi
tio

n
of

nu
cl
ea
r

fa
ct
or

ka
pp

a
be
ta

(N
F-
kB

)
w
as

m
ea
su
re
d
us
in
g
hu

m
an

29
3T

ce
lls
.A

Tr
an
sA

M
™

N
F-
kB

EL
IS
A

ki
tw

as
us
ed

to
m
ea
su
re
N
F-
kB

bi
nd

in
g
ac
tiv

ity
to

its
co
ns
en
su
sb

in
di
ng

sit
e

In
hi
bi
tio

n
of

N
F-
kB

,i
nd

ic
at
in
g
an
ti-
in
fa
m
m
at
or
y

ac
tiv

ity
[1
3]

In
di
a

Et
ha
no

le
xt
ra
ct

of
oa
ts

fo
ur

In
vi
tr
o:

Fe
nt
on

’s
re
ag
en
tw

as
m
ad
e
by

co
m
bi
ni
ng

fe
rr
ic
ch
lo
ri
de
,h

yd
ro
ge
n
pe
ro
xi
de
,a
nd

as
co
rb
ic
ac
id

in
a
1
:1
:1

ra
tio

.O
at

ex
tr
ac
t,
Fe
nt
on

’s
re
ag
en
t,
D
N
A
,a
nd

nu
cl
ea
se
-f
re
e
do

ub
le
-d
ist
ill
ed

w
at
er

w
er
e
us
ed

in
th
e

re
ac
tio

n.
T

e
pr
ot
ec
tiv

e
ef
ec
to

fo
at

ex
tr
ac
ts

w
as

ca
lc
ul
at
ed

us
in
g
th
e
re
te
nt
io
n
pe
rc
en
ta
ge

of
no

rm
al
iz
ed

su
pe
rc
oi
le
d
D
N
A

D
N
A

da
m
ag
e
pr
ot
ec
tio

n
ac
tiv

ity
[1
21
]

—
A
ve
na
nt
hr
am

id
es

(A
V
-1
p,

A
V
-1
c,
A
V
-1
f,
A
V
-1
s,

A
V
-2
p,

A
V
-2
c,
A
V
-2
f,
an
d
A
V
-2
s)

In
vi
tr
o:
th
e
co
m
et
as
sa
y
(s
in
gl
e-
ce
ll
ge
le
le
ct
ro
ph

or
es
is)

w
as

us
ed

to
ev
al
ua
te

th
e
te
st

co
m
po

un
ds
’p

ot
en
tia

l
pr
ot
ec
tiv

e
ef
ec
ts
ag
ai
ns
tD

N
A
da
m
ag
e
in

ce
lls

st
re
ss
ed

w
ith

hy
dr
og
en

pe
ro
xi
de
.F
or

24
hr
s,
H
T-
29

ce
lls

(h
um

an
co
lo
n
ad
en
oc
ar
ci
no

m
a
ce
lls
)
w
er
e
in
cu
ba
te
d
in

a
m
ed
iu
m

co
nt
ai
ni
ng

th
e
te
st

co
m
po

un
ds

A
nt
ig
en
ot
ox
ic

ef
ec
ts

[1
22
]

—
A
ve
na
nt
hr
am

id
e
(A

V
-2
c)

In
vi
tr
o:
hu

m
an

ao
rt
ic
sm

oo
th

m
us
cl
e
ce
lls

(S
M
C
)w

er
e

cu
ltu

re
d
in

th
e
SM

BM
m
ed
iu
m

(C
am

br
ex
)
co
nt
ai
ni
ng

10
%

fe
ta
lb

ov
in
e
se
ru
m

(F
BS

),
an
d
th
e
ce
ll
cu
ltu

re
w
as

ke
pt

at
37

° C
in

a
hu

m
id
if
ed

in
cu
ba
to
r
su
pp

lie
d
w
ith

a
95
%

ai
r
an
d
5%

C
O

2
at
m
os
ph

er
e

In
hi
bi
tio

n
of

va
sc
ul
ar

sm
oo

th
m
us
cl
e
ce
ll
pr
ol
ife
ra
tio

n
[1
23
]

—
A
ve
na
nt
hr
am

id
es

(is
ol
at
ed

fr
om

oa
ts
)

In
vi
tr
o:

no
rm

al
hu

m
an

ep
id
er
m
al

ne
on

at
al

ke
ra
tin

oc
yt
es

w
er
e
m
ai
nt
ai
ne
d
in

th
e
se
ru
m
-f
re
e
Ep

ili
fe

m
ed
iu
m

su
pp

le
m
en
te
d
w
ith

0.
2%

(v
/v
)b

ov
in
e
pi
tu
ita

ry
ex
tr
ac
t(
BP

E)
,5

μg
/m

L
bo

vi
ne

in
su
lin

,0
.1
8
μg
/m

L
hy
dr
oc
or
tis
on

e,
5
μg
/m

L
bo

vi
ne

tr
an
sf
er
ri
n,

an
d
0.
2
ng

/
m
L
hu

m
an

ep
id
er
m
al

gr
ow

th
fa
ct
or

A
nt
i-i
nf

am
m
at
or
y
an
d
an
ti-
itc
h
ac
tiv

ity
[2
2]

Te Scientifc World Journal 7



Ta
bl

e
9:

T
e
an
tio

xi
da
nt

ac
tiv

ity
of

oa
ts

us
in
g
FR

A
P,

O
RA

C
,A

BT
S+
,a

nd
D
PP

H
as
sa
ys
.

FR
A
P

So
ur
ce

O
RA

C
So
ur
ce

A
BT

S+
So
ur
ce

D
PP

H
So
ur
ce

7.
4–
11
.1
m
g/
g

[1
27
]

27
.7
–3
1.
8
µM

·T
E/
g

[9
6]

12
.1
m
g·
TE

/g
[1
28
]

76
.9
2–

23
7.
14
%

[1
29
]

11
0.
5–

21
2.
6
µm

ol
Fe

2+
/g

[1
29
]

11
.0
–2

8.
0
µm

ol
·T
E/
g

[1
3]

1.
7–

3.
0
µm

ol
·T
E/
g

[1
31
]

50
6.
8–

53
2.
8
m
g·
TE

/k
g

[8
8]

10
4.
5–

29
8.
8
µm

ol
·T
E/
10
0
g

[1
30
]

32
.9
–1
17
.9
µm

ol
·T
E/
g

[1
31
]

0.
8–

3.
5
m
g
Tr
ol
ox
/g

[1
33
]

15
2.
4–

28
0.
1
µm

ol
·T
E/
10
0
g

[9
1]

16
0.
8–

26
2.
2
µm

ol
·T
E/
10
0
g

[9
1]

17
.1
–2

5.
6
µm

ol
TE

/g
[9
2]

IC
50

(6
.9
–8

.4
µg
/m

l)
[8
3]

24
.3
–5

5.
9%

[3
8]

12
.7
–2
1.
3
m
g
A
A
E/
g

[3
3]

88
.4
–9

9.
5%

[1
21
]

11
.2
–1
8.
3%

[9
3]

“—
”
re
pr
es
en
ts
th
e
va
lu
es

th
at

th
e
au
th
or
sd

id
no

tr
ep
or
t.
TE

:T
ro
lo
x
eq
ui
va
le
nt
;Q

E:
qu

er
ce
tin

eq
ui
va
le
nt
;I
C
50
:h

al
fm

ax
im

al
co
nc
en
tr
at
io
n;

A
A
E/
g:
as
co
rb
ic
ac
id

eq
ui
va
le
nt
;F

RA
P:

fe
rr
ic
io
ns

(F
e3

+
)r
ed
uc
in
g

an
tio

xi
da
nt

po
w
er
;O

RA
C
:o

xy
ge
n
ra
di
ca
la

bs
or
ba
nc
e
ca
pa
ci
ty
;A

BT
S+
:2

,2
-a
zi
no

-b
is-
(3
-e
th
yl
be
nz
ot
hi
az
ol
in
e-
6-
su
lp
ho

ni
c
ac
id
)
fr
ee

ra
di
ca
l;
D
PP

H
:1
,1

-d
ip
he
ny

l-2
-p
ic
ry
lh
yd
ra
zy
l.

8 Te Scientifc World Journal



Ta
bl

e
10
:F

er
m
en
te
d
oa
t-
ba
se
d
pr
od

uc
ts
.

Ty
pe

of
pr
od

uc
ts

M
et
ho

d
of

pr
ep
ar
at
io
n

St
ra
in
s
us
ed

So
ur
ce

Pr
ob

io
tic

fo
od

s

M
ad
e
by

m
ix
in
g
oa
tf

ou
r
(1
8%

w
/v
)
an
d
di
st
ill
ed

w
at
er

fo
r

10
m
in

in
a
w
at
er

ba
th

w
ith

sh
ak
in
g,
fe
rm

en
te
d
fo
r
16

hr
s
at

37
° C

w
ith

a
st
ar
te
rc

ul
tu
re

of
8

×
10

8
C
FU

/g
,a
nd

st
or
ed

at
4°
C

fo
r
21

da
ys

La
ct
ob
ac
ill
us

pl
an

ta
ru
m

U
FG

9
an
d
its

ro
se
of

av
in
-r
es
ist
an
t

de
ri
va
tiv

e
Lp

B2
,L

ac
to
ba
ci
llu

sp
la
nt
ar
um

Lp
90

an
d
its

iso
ge
ni
c

Lp
90
D
cp
s2

m
ut
an
t

[1
35
]

Fu
nc
tio

na
lb

ev
er
ag
e

A
n
oa
t-
ba
na
na

m
at
ri
x
w
ith

Pr
om

O
at
ad
di
tiv

e
(O

BP
ro
m
O
at
)

co
nt
ai
ni
ng

35
3
g/
kg

of
be
ta
-g
lu
ca
n
in
oc
ul
at
ed

w
ith

6
lo
g
of

co
lo
ny

-f
or
m
in
g
un

its
(C

FU
/g
)
of

ac
tiv

e
cu
ltu

re
an
d

fe
rm

en
te
d
at

37
° C

St
re
pt
oc
oc
cu
s
th
er
m
op
hi
lu
s
T K

M
3
K
K
P
20
30
p

[1
36
]

Fu
nc
tio

na
lb

ev
er
ag
e

A
fte

r
co
m
bi
ni
ng

oa
tf

ou
r,
su
ga
r,
an
d
w
at
er
,t
he

m
ix
tu
re

is
he
at
ed

to
95

° C
fo
r1

0
m
in
,c
oo

le
d
to

37
° C
,a
nd

in
oc
ul
at
ed

w
ith

a
st
ar
te
r
cu
ltu

re
us
in
g
or
bi
ta
ls
ha
ki
ng

at
15
0
rp
m

fo
r
8
hr
s

La
ct
ob
ac
ill
us

pl
an

ta
ru
m

A
TC

C
80
14

[1
37
]

Be
ve
ra
ge

(y
og
ur
t-
lik

e
oa
tb

ev
er
ag
e)

M
ad
e
by

fe
rm

en
tin

g
oa
tf

ak
es

fo
ur

w
ith

a
st
ar
te
r
cu
ltu

re
(5

×
10

7
C
FU

/m
L)

at
30

° C
un

de
r
st
ir
ri
ng

(1
00

rp
m
).
A
fte

r
fe
rm

en
ta
tio

n,
th
e
be
ve
ra
ge
s
w
er
e
pa
st
eu
ri
ze
d
at

63
° C

fo
r

30
m
in

an
d
st
or
ed

at
4°
C
fo
r
30

da
ys

La
ct
ob
ac
ill
us

pl
an

ta
ru
m

LP
01
,L

P0
6,

LP
09
,L

P3
2,

LP
39
,L

P4
0,

LP
48
,a
nd

LP
51
;L

ac
to
ba
ci
llu

sc
as
ei
LC

10
,L

C
11

an
d
LC

03
;a
nd

La
ct
ob
ac
ill
us

pa
ra
ca
se
iL

PC
02

an
d
LP

C
16

[1
38
]

N
ut
ri
tio

na
lly

en
ha
nc
ed

fo
od

A
fte

r
st
er
ili
zi
ng

oa
tf

ou
r
(7
.5
%

w
/v
),
ri
ce

fo
ur

(7
.5
%

w
/v
),

an
d
di
st
ill
ed

w
at
er

(o
r
w
at
er
+2

%
w
/v

of
gl
uc
os
e)
,i
tw

as
in
oc
ul
at
ed

w
ith

a
st
ar
te
r
cu
ltu

re
at

37
° C

La
ct
ob
ac
ill
us

pa
ra
ca
se
iC

BA
-L
74

(H
ei
nz

It
al
ia

Sp
A
)

[1
39
]

Sy
m
bi
ot
ic

oa
t-
ba
se
d
be
ve
ra
ge

(S
O
B)

W
ho

le
oa
tf

ou
r(
10
%

w
/w

)w
as

m
ix
ed
,g
el
at
in
iz
ed

fo
r1

hr
at

80
° C
,s
te
ri
liz
ed
,c
oo

le
d
to

40
° C
,a
nd

in
cu
ba
te
d
w
ith

a
st
ar
te
r

cu
ltu

re
(0
.0
03
%

w
/w

).
T

e
in
oc
ul
at
ed

oa
tm

ix
tu
re

w
as

fe
rm

en
te
d
at

30
° C

fo
r
12

hr
s
w
ith

su
ga
r,
st
ab
ili
ze
rs

(p
ec
tin

an
d
ca
rr
ag
ee
na
n)
,v

ita
m
in

C
,a

nd
ci
tr
ic

ac
id

ad
de
d

A
BY

-3
(S
tr
ep
to
co
cc
us

th
er
m
op
hi
lu
s
an

d
La

ct
ob
ac
ill
us

de
lb
ru
ec
ki
is
sp
.b

ul
ga
ric

us
,w

ith
Bi
fd

ob
ac
te
riu

m
BB

-1
2
an

d
La

ct
ob
ac
ill
us

ac
id
op
hi
lu
s
LA

-5
),
La

ct
ob
ac
ill
us

he
lv
et
ic
us
,

L.
pl
an

ta
ru
m

V
eg
e-
St
ar
t
60
,G

IN
69
62
65

[1
40
]

Pr
ob

io
tic

dr
in
k

T
e
m
ix
tu
re

of
oa
tm

as
h
(c
on

ta
in
in
g
oa
tp

re
bi
ot
ic

be
ta
-g
lu
ca
n)
,s
uc
ro
se
,a
nd

sw
ee
te
ne
rs

(H
ux

ol
an
d
so
di
um

cy
cl
am

at
e)

w
as

in
oc
ul
at
ed

w
ith

a
st
ar
te
r
cu
ltu

re
at

37
° C

fo
r

6–
10

hr
s
an
d
th
en

st
or
ed

at
4–

6°
C
fo
r
24

da
ys

La
ct
ob
ac
ill
us

pl
an

ta
ru
m

B2
8

[1
6]

Pr
ob

io
tic

dr
in
k

A
fte

rs
te
ri
liz
in
g,
as
us
pe
ns
io
n
of
oa
tf

ou
r(
8%

w
/v
)i
n
di
st
ill
ed

w
at
er
,p

as
te
ur
iz
ed

ho
ne
y
(3
%

w
/v
),
an
d
a
st
ar
te
r
cu
ltu

re
(1
%

v/
v)

w
er
e
in
oc
ul
at
ed

to
ac
hi
ev
e
an

in
iti
al
ce
ll
co
un

to
f1
09
/m

L
an
d
al
lo
w
ed

to
fe
rm

en
t
fo
r
48

hr
s
at

37
° C

w
ith

sh
ak
in
g

(1
80

rp
m
)

La
ct
ob
ac
ill
us

pl
an

ta
ru
m

M
-1
3

[1
41
]

Pr
ob

io
tic

dr
in
k

M
ad
e
by

fe
rm

en
tin

g
oa
tf

ou
r
w
ith

m
ix
ed

st
ra
in
s
an
d

en
ri
ch
in
g
it
w
ith

iso
fa
vo
ne
s.
T

e
m
ix
tu
re

so
lu
tio

n
w
as

in
cu
ba
te
d
an
ae
ro
bi
ca
lly

at
37

° C
fo
r4

8
hr
sa

nd
th
en

st
or
ed

fo
r

4
w
ee
ks

at
4°
C

St
re
pt
oc
oc
cu
st
he
rm

op
hi
lu
s(
TH

-4
®,s

tr
ai
n
nu

m
be
rD

SM
15
95
7)

an
d
pr
ob

io
tic

st
ra
in

La
ct
ob
ac
ill
us

ac
id
op
hi
lu
s
(L
A
-5
®,s

tr
ai
n

nu
m
be
r:
D
SM

13
24
1)

[1
42
]

G
ru
el

(w
ith

pr
op

er
tie
s
th
at

in
cr
ea
se

no
nh

ae
m

ir
on

ab
so
rp
tio

n)

W
ho

le
gr
ai
n
oa
tm

ea
l(
K
un

gs
o
rn
en

A
B,

Ja
rn
a,

Sw
ed
en
)
an
d

w
at
er

w
er
e
m
ix
ed

w
ith

di
fe
re
nt

en
zy
m
es

an
d
he
at
ed

to
fo
rm

oa
tg

ru
el
.T

e
se
le
ct
ed

cu
ltu

re
w
as

in
oc
ul
at
ed

in
to

th
e

he
at
-t
re
at
ed

gr
ue
l.
T

eo
rg
an
ic
ac
id
sD

L-
la
ct
ic
ac
id

an
d
ac
et
ic

ac
id

w
er
e
al
so

ad
de
d
af
te
r
fe
rm

en
ta
tio

n

La
ct
ob
ac
ill
us

pl
an

ta
ru
m

29
9v

[1
43
]

Te Scientifc World Journal 9



Ta
bl

e
10
:C

on
tin

ue
d.

Ty
pe

of
pr
od

uc
ts

M
et
ho

d
of

pr
ep
ar
at
io
n

St
ra
in
s
us
ed

So
ur
ce

Pr
ob

io
tic

dr
in
k
(o
at

m
ilk

)

T
e
m
ix
tu
re

of
oa
ta

nd
w
at
er

(8
:1
00

w
/v
)
w
as

ag
ita

te
d
fo
r

20
m
in

to
pr
od

uc
e
oa
tm

ilk
,w

hi
ch

w
as

th
en

ho
m
og
en
iz
ed

fo
r

3
m
in

at
13
,5
00

r/
m
in

an
d
st
er
ili
ze
d.

A
st
ar
te
r
cu
ltu

re
(1
:1

vo
lu
m
e
ra
tio

of
L.

re
ut
er
ia

nd
S.

th
er
m
op
hi
lu
s
PB

S
bu

fe
r

su
sp
en
sio

ns
)
w
as

in
cu
ba
te
d
at

40
° C
.T

e
fe
rm

en
ta
tio

n
pr
oc
es
s
w
as

st
op

pe
d
at

a
pH

of
4.
4–

4.
6,

an
d
th
e
dr
in
k
w
as

fn
al
ly

st
or
ed

at
4°
C

La
ct
ob
ac
ill
us

re
ut
er
iA

TC
C
55
73
0
an
d
St
re
pt
oc
oc
cu
s

th
er
m
op
hi
lu
sC

EC
T
98
6

[1
44
]

Pr
ob

io
tic

fo
od

W
ho

le
gr
ai
n
oa
tf

ou
ra

nd
ta
p
w
at
er

w
er
em

ix
ed

in
a
5.
5%

(w
/

v)
ra
tio

.S
uc
ro
se
1.
5%

(w
/v
)w

as
ad
de
d
to

th
es
lu
rr
y,
st
er
ili
ze
d,

an
d
co
ol
ed

to
37

° C
.T

e
oa
tm

as
h
w
as

in
oc
ul
at
ed

w
ith

5%
(v
/

v)
pu

re
cu
ltu

re
or

m
ix
ed

cu
ltu

re
s.
T

e
ce
ll
co
un

to
ft
he

ye
as
t

cu
ltu

re
s
us
ed

w
as

10
9
C
FU

/m
L
an
d
th
at

of
th
e
LA

B
cu
ltu

re
s

w
as

10
11
C
FU

/m
L.

Fe
rm

en
ta
tio

n
la
st
ed

8–
10

hr
sa

t3
7°
C
.T

e
fe
rm

en
te
d
oa
tw

as
th
en

ke
pt

at
4–

6°
C
fo
r
24

da
ys

La
ct
ob
ac
ill
us

pl
an

ta
ru
m
B2

8,
L
ca
se
is
pp

pa
ra
ca
se
iB

29
,C

an
di
da

ru
go
sa

Y2
8,

C.
la
m
bi
ca

Y3
0

[1
45
]

Fu
nc
tio

na
lf
oo

d

T
e
w
he
y
pr
ot
ei
n
co
nc
en
tr
at
e
(W

PC
)
w
as

de
ve
lo
pe
d
by

st
er
ili
zi
ng

di
st
ill
ed

w
at
er

w
ith

5%
w
he
y
pr
ot
ei
n
co
nc
en
tr
at
e

(W
PC

70
,7

0%
w
/w

pr
ot
ei
n)
.W

PC
m
ed
iu
m

w
as

fe
rm

en
te
d

fo
r1

0
hr
sa

t3
7°
C
.F

er
m
en
te
d
W
PC

w
as

di
lu
te
d
(1
:1
,2

:1
,3

:
1)

w
ith

m
an
go

pu
lp
of

th
ev

ar
ie
ty
A
ta
ul
fo
(M

an
gi
fe
ra

in
di
ca
),

pa
st
eu
ri
ze
d,

an
d
fn

al
ly

st
or
ed

at
4°
C

La
ct
ob
ac
ill
us

ac
id
op
hi
lu
s
N
C
D
C
29
1,

La
ct
ob
ac
ill
us

bu
lg
ar
ic
us

N
C
D
C
30
4

[1
46
]

N
ut
ri
tio

na
lly

en
ha
nc
ed

fo
od

T
e
fo
llo

w
in
g
in
gr
ed
ie
nt
sw

er
e
co
m
bi
ne
d
an
d
ho

m
og
en
iz
ed
:

w
ho

le
oa
tf

ou
r,
m
or
in
ga

le
av
es
,s
ug
ar
,a

nd
ta
p
w
at
er
.E

ac
h

pr
ob

io
tic

ba
ct
er
ia
-a
ct
iv
at
ed

cu
ltu

re
(1
08

C
FU

/m
L)

w
as

ad
de
d

to
th
e
pr
ev
io
us

oa
tm

ix
tu
re
s
se
pa
ra
te
ly
at

a
co
nc
en
tr
at
io
n
of

1%
(v
/w

)
an
d
in
cu
ba
te
d
fo
r
24

hr
s
at

37
° C

fo
r
L.

pl
an

ta
ru
m

fe
rm

en
ta
tio

n
an
d
8
hr
s
fo
r
L.

de
lb
ru
ec
ki
is
sp
.b

ul
ga
ric

us
fe
rm

en
ta
tio

n.
T

e
fe
rm

en
te
d
oa
tp

ro
du

ct
s
w
er
e
ke
pt

at
4°
C

fo
r
21

da
ys

La
ct
ob
ac
ill
us

pl
an

ta
ra
m

A
TC

C
14
,9
17
,L
ac
to
ba
ci
llu

sd
el
br
ue
ck
ii

ss
p.

bu
lg
ar
ic
us

EM
C
C
11
,1
02

[1
47
]

N
ut
ri
tio

na
la

nd
se
ns
or
y-
op

tim
iz
ed

be
ve
ra
ge

M
ad
e
by

fe
rm

en
tin

g
th
e
fo

ur
so

ft
oa
st
ed

oa
t(
60
–7

0%
w
/w

),
bo

ile
d
st
in
gi
ng

ne
ttl
el
ea
ve
s(
5–
15
%
w
/w

),
ro
as
te
d
an
d
so
ak
ed

de
bi
tte

re
d
w
hi
te
lu
pi
ne

(1
0–

25
%
w
/w

),
an
d
10
%
w
/w

pr
em

ix
.

T
e
pr
em

ix
w
as

m
ad
e
by

m
ix
in
g
fo

ur
of

2.
8%

w
/w

to
as
te
d

bl
ac
k
ca
rd
am

om
,2

.8
%

w
/w

m
al
te
d
w
he
at
,2

.6
%

w
/w

pu
m
pk

in
pu

lp
,1
.1
%

w
/w

sp
ic
ed

ch
ili

pe
pp

er
,a
nd

0.
7%

ta
bl
e

sa
lt

Sp
on

ta
ne
ou

s
fe
rm

en
ta
tio

n
[1
48
]

10 Te Scientifc World Journal



which provides the elasticity and structure required for
bread dough. As a result, most oat bread still contains wheat
four to make the dough rise and have a pleasing appearance
[159].

5. Conclusion

Tis review shows that oats are signifcant sources of
valuable nutrients, particularly protein and fat, with a sig-
nifcant concentration of healthy mono- and poly-
unsaturated fatty acids and a balanced amino acid
composition. Tey are a good source of minerals that our
bodies require. Oat grains are also an important source of
natural antioxidants, which beneft human health by re-
ducing the risk of various diseases. Oats are now used in
many functional food formulations around the world, and
they are important component of a healthy diet. Terefore,
with respect to their nutritional, medicinal, and therapeutic
properties, oats are credited as a good plant food for the
future and are recommended for a healthier world.
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