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Oats provide a useful substitute for wheat products in patients suffering from celiac disease. The incorporation of oats
into a gluten free diet diversifies the celiac diet and also provides many health and nutritional benefits. Keeping these
facts in view, the present study was undertaken to develop gluten free muffins by utilizing processed (malted, flaked,
roasted and popped) and unprocessed oat flour in combinations with rice flour, mung bean flour and linseed powder. It
was found that overall organoleptic acceptability of Type-I (unprocessed oat flour based blend), Type-II (malted oat flour
based blend) and Type-III (flaked oat flour based blend) muffins were ‘liked moderately’ by the judges whereas Type-IV
and Type-V muffins (i.e. roasted and popped oat flour based blend) were ‘liked slightly’ by the panelists. Hence, most
acceptable (Type-I, Type-II and Type-III) muffins were selected for their physico-chemical and nutritional composition.
Water and oil absorption capacity was significantly higher (2.25 and 1.94 g/g) in Type-II muffins as compared to Type-III
and Type-I muffins. Whereas, Type-I muffins exhibited higher (0.65 g/ml) bulk density. Muffins prepared from Type-II and
Type-III blend contained higher albumin (4.48 and 4.32%), globulin (6.98 and 6.64%) and glutelin (3.92 and 3.76%)
fractions. Nutritional composition revealed that muffins prepared from malted oat flour based blend had significantly
higher amount of protein (16.82%), available Ca (57.78%), Fe (46.30%) and Zn (40.43%). Total minerals i.e calcium,
phosphorus, magnesium, iron and zinc was found to be maximum in Type-I and Type-III muffins. Total and insoluble
dietary fibre was higher in Type-I (11.40 and 3.21%) and Type-III (10.26 and 2.26%) muffins as compared to Type-II
muffins. However, soluble dietary fibre was found to be maximum in muffins prepared Type-II (4.70%) and Type-III
(4.61%) muffins. It may be concluded that oat based gluten free muffins could be suitable for patients suffering from
celiac disease.
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INTRODUCTION
Celiac disease is an autoimmune inflammatory

disease of the small intestine that can occur in genetically
predisposed people due to ingestion of gluten (a protein
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found in wheat, rye and barley (Zannini et al., 2012 and
Salehi and Sardarodiyan, 2016) which leads to damage
in the small intestine villi (small finger like projections). It
usually develops with in the first three years of life,
however, it may occur even in adulthood. Currently this
disease affects one in 100 individuals world wide or 1 to
2 per cent of the general population in developed and
developing countries. Celiac disease can be treated by
avoiding of gluten ingestion. It was also reported that the
only dietary treatment for celiac disease is to follow a
gluten free diet. Oats may provide a useful substitute for
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wheat products in patients suffering from celiac disease
(Sharma and Chawla, 2012 and Comino et al., 2013).
The incorporation of oats into  gluten free diet which
diversifies the celiac diet and also provides many health
and nutritional benefits (Padalino et al., 2011; Sharma
and Chawla, 2012 and Comino et al., 2013). Oat is the
only cereal containing a globulin or legume like protein
avenalins, as the major (80%) storage proteins. It is
currently a very popular coarse cereal in consumer
demand due to its unique nutritional and health properties
(Sharma et al., 2010 and Kaur et al., 2012) but long
before this, it was used only for brewing and animal feed
purposes and to some extent as human food. They are
excellent source of different dietary fibre compound of
mixed linkage (13), (14) -D glucan, arabinoxylans
and cellulose. Soluble fibre of oat has been reported to
reduce elevated blood cholesterol, triglycerides and
glucose levels and thereby reducing the risk of
degenerative diseases (Anderson et al., 2009 and
Immerstrand, 2010), whereas insoluble dietary fibre helps
in preventing the colorectal cancer (Ryan et al., 2007).
Therefore, keeping in consideration the importance and
nutritional benefits of oats, the present study was carried
out to use blends/mixtures of processed and unprocessed
oat flour in combination with rice flour, mung bean flour
and linseed powder for preparation of gluten free muffins
suitable for patients with celiac disease. The developed
muffins were assessed for their organoleptic acceptability
and nutritional composition.

METHODOLOGY
Procurement of selected oat varieties :

Sample of five oat varieties namely HJ-8, HFO-114,
OS-6, OS-346 and Kent were procured from the Forage
Section of the Department of Genetics and Plant
Breeding, CCS Haryana Agricultural University, Hisar.
The grain samples were cleaned and stored in plastic
containers till further use.

Selection of best oat variety for product
development :

Out of five (HJ-8, HFO-114, OS-6, OS-346 and
Kent) oat varieties, OS-346 variety was found superior
in terms of its physico-chemical and nutritional
composition, hence selected for employing various
processing techniques.

Different processing of oat grains :
Different processing methods were used to process

the oat grains:

Malting:
The seeds were manually cleaned and steeped in

tap water in ratio of 1:3 (w/v) grains for 12 h at room
temperature. At the end of the period, the seeds were
drained, spread separately and were allowed to germinate
for 48 h covered with damp cotton cloth to optimize most
suitable time for germination for maximum nutrient
availability and digestibility. Water was sprinkled at 12 h
interval to facilitate the germination process. The seed
samples were dried in hot air oven at 60oC till constant
weight and then root-lets were removed. The dried
samples were ground into fine powder and stored in air
tight containers for further analysis.

Roasting :
Roasting invariably improves the flavour and shelf

life of the product. The seeds were manually cleaned
and roasted in a Karahi until they become brown and
then kept for cooling. Then the samples were ground to
fine powder and stored in air tight polythene bags for
further analysis.

Popping:
Popped grain is a crunchy, porous and precooked

product. Popping invariably improves texture and flavour.
Popping was done first by soaking the grains in tap water
in a ratio of 1:3 for 12 h. Then dried at room temperature
in open for 12 h and puffed in traditional iron Karai using
sand at 200-250oC and then kept for cooling. The samples
were ground to fine powder and stored in air tight
containers.

Flaking:
Flaking is done to prepare instant foods for

Breakfast. Flaked were prepared by soaking the grains
in tap water in a ratio of 1:5 for 12 h. Then pressure
cooked the oat grains for 20 min and they pressed by
rollers and finally dried in hot air oven at 50 ± 5o C. Then
the samples were ground to fine powder and stored in air
tight containers.

Preparation of muffins :
The unprocessed and processed oat grains, rice and
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mung bean were subjected to milling to obtain flour.
Linseed seeds were roasted and ground to obtain fine
powder. The muffins prepared with unprocessed and
processed oat flour with rice flour, mung bean flour  and
linseed powder in ratio of 60:40:20:5 (butter 100g, sugar
100g, baking powder 1 tsp and eggs 3 no.). The following
baking schedule was adopted: Sieving, creaming (butter
and egg then mix sugar), mixing (flour, baking powder),
placed in greased baking tin, baking (160o C for 20 min).

Organoleptic acceptability :
Organoleptic acceptability of developed breads were

determined by a panel of 10 judges using a nine point
Hedonic Rating Scale ranging from like moderately (9)
to dislike extremely (1) for each organoleptic
characteristics.

Functional properties and nutritional evaluation of
unprocessed and processed oat based gluten free
muffins :

On the basis of organoleptic acceptability, the muffins
prepared with unprocessed, malted and flaked oat flour
based blends were selected for further nutritional analysis.
Water absorption capacity of flours was measured by
the method described by Singh and Singh (1991). Oil
absorption capacity was done according to the method
of Iyer and Singh (1997). For measuring the bulk density,
grains were gently filled in a 100 ml graduated cylinder.
The bottom of cylinder was gently tapped several times
until there was no further diminution of the sample level
either filling to the 100 ml mark. Bulk density was
calculated as weight of sample per unit volume of sample
(g/100 ml). The different protein fractions viz., albumin
(water soluble), globulin (salt soluble), prolamin (alcohol
soluble) and glutelin (alkali soluble) were determined
according to the method of AACC (2000). Proximate
composition such as moisture, protein, crude fat, crude
fibre and ash was determined as per method of AOAC
(2000).

Total carbohydrates were estimated by the following
calculation method : Total carbohydrates (%) = 100 –
(Crude protein+crude fat+crude fibre+ash) Total energy
was calculated theoretically by using the following
conversion factors 4.0, 4.0 and 9.0 Kcal/ g for protein,
carbohydrates and fat, respectively, according to the
method described by Paul and Southgate (1979). Total
minerals i.e. calcium, iron, magnesium and zinc in acid

digested samples were determined by Atomic Absorption
Spectrophotometer according to the method of Lindsey
and Norwell (1969). Whereas, phosphorus was
determined colorimetrically by using the method of Chen
et al. (1956). In vitro availablility of minerals, iron in the
samples were extracted according to the procedure of
Rao and Prabhavathi (1978). Calcium and zinc were
extracted by the method of Kim and Zemel (1986).  Total,
soluble and insoluble dietary fibre constituents were
determined by the enzymatic method given by Furda
(1981).

Statistical analysis :
The data obtained were analyzed statistically using

standard methods of analysis (Sheoran and Pannu, 1999).

OBSERVATIONS AND ASSESSMENT
Overall acceptability scores of muffins based on

unprocessed (Type-I), malted (Type-II) and flaked (Type-
III) oat flour based blends were 7.59, 7.69 and 7.52 which
was ‘liked moderately’ by the judges. However, overall
acceptability mean scores of muffins prepared using
roasted (Type-IV) and popped (Type-V) oat flour based
blends were 6.98 and 6.78, respectively, which were ‘liked
slightly’ by panel of judges (Table 1). It might be due to
the fact that roasting and popping of oat grains changed
the aroma, appearance and taste of developed cookies
and muffins which were not found highly acceptable by
the panelists. These results are supported by other findings
of Chappalwar et al. (2013) and Bornare (2015) who
reported that incorporation of oat flour upto 40 and 50
per cent levels in gluten free cookies and biscuits found
acceptable but further increase in incorporation level
caused significant reduction in scores of texture and taste.

Muffins made from Type-II blend had maximum
(2.25 g/g) water absorption capacity followed by Type-
III (2.24 g/g) and Type-I (2.20 g/g) blends based muffins.
Oil absorption capacity was 1.91 g/g, which was similar
in Type-I and Type III (flaked oat flour based blend)
muffins. However, the Type-II (malted oat flour based
blend) muffins had significantly (P<0.05) higher (1.94 g/
g) oil absorption capacity. Highest bulk density (0.65 g/
ml) was noted in Type-I (unprocessed oat flour based
blend) and lowest (0.60 g/ml) in Type-II muffins (malted
oat flour based blend) (Table 2). These results are in
accordance with Murugkar et al. (2013) who reported
that water absorption index and water solubility index
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increased significantly in germinated mixes indicating the
ability of flour to absorb more water. Deepali et al. (2013)
reported that germination promote/induced oil absorption
capacity may be due to solubilization and dissociation of
proteins leading to exposure of non-polar constituents from
within the protein molecule. The results of bulk density
of gluten free muffins made from malted oat flour based
blends are also in close proximity with the previous results
reported by Murugkar et al. (2013).It might be due to
breakdown of complex compounds such as starch and
proteins (Ocheme et al., 2015; Takhellambam and
Chimmad, 2015).

Protein fractions :
Albumin content of all three types of muffins were

3.58, 4.48 and 4.32 per cent, respectively. Highest (4.48%)
albumin content was found in muffins prepared with
malted (Type-II) oat flour based blend and lowest (3.58%)
in muffins prepared with unprocessed (Type-I) oat flour
based blend. Globulin content was 5.72 per cent in Type-
I (unprocessed oat flour based blend) muffins, which was
significantly (P<0.05) increased to 6.98 and 6.64 per cent
in Type-II (malted oat flour based blend) and Type-III
(flaked oat four based bend) muffins (Table 3).

Prolamin content ranged from 1.15 to 1.29 per cent,

respectively, with the highest in muffins prepared with
Type-I blend followed by Type-III and lowest in muffins
prepared with Type-II blend.

Glutelin content of muffins prepared with
unprocessed (Type-I) oat flour based blend was 3.70 per
cent, whereas other two types of muffins exhibited 3.92
and 3.76 per cent of glutelins, respectively. Other workers
also reported similar results (Wu, 1983; Moneim et al.,
2012 and Rasane et al., 2015) which are in agreement
with the present results.

Moisture content of muffins prepared with Type-I
blend was 20.93 per cent, which increased gradually in
Type-II (22.89%) and Type-III (22.59%) muffins.Protein
content ranged from 16.40 to 16.82 per cent, respectively.
Processing treatments non- significantly (P<0.05)
increased the protein content in other two types of muffins.
Crude fibre content of Type-I (unprocessed oat flour
based blend) muffins was 7.89 per cent. Significantly
(P<0.05) lower crude fibre contents were found in Type-
II and Type-III muffins.

Ash content of all three types of muffins were 1.93,
1.72 and 1.79 per cent, respectively. Ash content was
significantly decreased in Type-II and type-III muffins.
Fat content of muffins prepared with Type-I blend was
31.87 per cent, which decreased gradually in muffins

Table 1 : Mean scores of organoleptic acceptability of oat based gluten free muffins
Muffins Colour Appearance Aroma Texture Taste Overall acceptability

Type-I 7.75±0.13 7.78±0.25 7.8±0.29 7.35±0.31 7.30±0.21 7.59±0.09

Type-II 7.50±0.16 7.80±0.23 7.98±0.26 7.63±0.14 7.55±0.18 7.69±0.09

Type-III 7.25±0.13 7.80±0.13 7.68±0.22 7.60±0.18 7.30±0.13 7.52±0.06

Type-IV 7.15±0.10 7.00±0.00 7.37±0.22 6.80±0.20 6.60±0.26 6.98±0.11

Type-V 6.93±0.13 6.90±0.10 7.00±0.21 6.65±0.15 6.45±0.28 6.78±0.08

C.D. (P<0.05) 0.37 0.48 0.68 0.58 0.63 0.28
Values are mean ± SE of ten independent determinations
Type-I : Unprocessed oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)
Type-II : Malted oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)
Type-III : Flaked oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)
Type-IV : Roasted oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)
Type-V : Popped oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)

Table 2 : Physico-chemical properties of oat based gluten free muffins (on dry matter basis)
Muffins Water absorption capacity(g/g) Oil absorption capacity (g/g) Bulk  density (g/ml) Gluten (g/100g)

Type-I 2.20±0.01 1.91±0.03 0.65± 0.01 ND

Type-II 2.25±0.00 1.94±0.00 0.60±0.02 ND

Type-III 2.24±0.03 1.91±0.04 0.64±0.00 ND

C.D.(P<0.05) 0.02 0.03 0.01 -
Values are mean ± SE of three independent determinations                ND=Not detected
Type-I : Unprocessed oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)
Type-II : Malted oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)
Type-III : Flaked oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)
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prepared from Type-II and Type-III muffins. Gupta and
Brar (2015) who reported that sprouted mixes had
significantly higher amount of protein but lower amount
of crude fat, crude fibre and ash contents as compared
to unprocessed mixes. The increase in protein content
could be due to a compensatory increase in free amino
acids, peptides and non-protein nitrogenous constituents
during germination. Fat and crude fibre degraded during
malting/sprouting process as also reported by Bau et al.
(1997).The decrease in oil content on sprouting may be
attributed to their utilization in the sprouting process as
energy source (Kumar et al., 2006). Carbohydrate
content of three types of muffins ranged from 41.91 to
44.46 per cent, respectively, being highest (44.46%) in
muffins made from Type-III blend and lowest (41.91%)
in muffins made from Type-I blend. Energy content of
all three types of muffins ranged from 519.75 to 523.59
Kcal/100g, respectively. Type-II muffins exhibited highest
(523.59 Kcal/100g) energy content followed by Type-I

(520.07 Kcal/100g) and Type-III (519.75 Kcal/100g)
muffins (Table 4).

Total and available minerals :
Muffins prepared with Type-I blend exhibited non

significantly higher amount of total calcium, phosphorus,
magnesium, iron and zinc as compared to muffins
prepared with Type II  and Type-III blend 176.45, 532.56,
146.32, 5.52 and 4.69 per cent, respectively (Table 5). It
might be due to leaching out of minerals in soaking medium
during germination and flaking process. Chitra et al.
(1996); Hooda (2002); Magdi and Osman (2007) also
reported similar results which are in agreement with the
present results.  In vitro calcium, iron and zinc availability
was significantly higher in Type-II and Type-III muffins
as compared to Type-I muffins 57.78, 46.30 and 40.43
per cent, respectively, Type II 53.60, 44.52 and 38.56 per
cent, respectively in Type III (Table 6). Arora et al. (2009)
reported that germination and flaking significantly

Table 3 :  Protein fractions (%) of oat based gluten free muffins (on dry matter basis)
Muffins Albumin Globulin Prolamins Glutelin

Type-I 3.58±0.01 5.72±0.17 1.29±0.02 3.70± 0.00

Type-II 4.48±0.00 6.98±0.25 1.15±0.00 3.92±0.05

Type-III 4.32±0.02 6.64±0.30 1.22±0.01 3.76±0.06

C.D. (P<0.05) 0.04 0.18 0.02 0.05
Values are mean ± SE of three independent determinations
Type-I : Unprocessed oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)
Type-II : Malted oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)
Type-II : Flaked oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)

Table 4 :  Proximate composition (%) and energy (Kcal/100g) of oat based gluten free muffins (on dry matter basis)
Muffins Moisture Crude protein Crude fibre Ash Crude fat Carbohydrates Energy

Type-I 20.93±0.99 16.40±0.29 7.89±0.10 1.93±0.01 31.87±1.16 41.91± 0.85 520.07±3.59

Type-II 22.89± 0.28 16.82±0.59 6.42±0.11 1.72±0.01 31.23±1.45 43.81± 0.78 523.59±2.98

Type-III 22.59±0.37 16.56±1.28 6.56±0.09 1.79±0.02 30.63±0.87 44.46± 0.49 519.75± 2.43

C.D. (P<0.05) 0.67 NS 0.15 0.03 0.23 1.34 1.26
Values are mean ± SE of three independent determinations NS=Non-significant
Type-I : Unprocessed oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)
Type-II : Malted oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)
Type-III : Flaked oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)

Table 5 : Total minerals (mg/100g) of oat based gluten free muffins (on dry matter basis)
Muffins Calcium Phosphorus Magnesium Iron Zinc

Type-I 176.45±2.26 532.56±1.58 146.32±1.67 5.52± 0.01 4.69± 0.03

Type-II 174.94±1.78 530.71±1.80 144.69±2.24 4.85±0.02 3.92±0.01

Type-II 173.89± 1.54 529.54±1.28 143.28±1.28 4.70± 0.08 3.78± 0.00

C.D. (P<0.05) NS NS NS NS NS
Values are mean ± SE of three independent determinations                                  NS=Non-significant
Type-I : Unprocessed oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)
Type-II : Malted oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)
Type-III : Flaked oat flour: Rice flour: Mung bean flour: Linseed powder (60:40:20:5)
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improved the in vitro availability of minerals as germination
and pressure cooking cause hydrolysis in anti-nutrient
contents as they are known to form insoluble complexes
with minerals and lowering their bio-availability.

Total dietary fibre content of all three types of
muffins were 11.40, 8.97 and 10.26, per cent, respectively.
Maximum (11.40%) was noted in muffins made from
Type-1 blend (unproceesed oat flour based blend) and
minimum (8.97%) in muffins made from Type-II blend
(malted oat flour based blend).

Soluble dietary fibre content ranged from 3.17 to
4.70 per cent, respectively. Highest was observed in
muffins prepared from Type-II blend (malted oat flour
based blend) and lowest in muffins prepared from Type-
I blend (unprocessed oat flour based blend). Type-II and
Type-III muffins had significantly (P<0.05) higher content
of soluble dietary fibre. Insoluble dietary fibre content
was 3.21 per cent in muffins prepared from Type-I blend,
which was significantly decreased in muffins prepared
from Type-II and Type-III blend. The values were 2.23
and 2.26 per cent, respectively in Type-II and type-III
muffins (Table 7). It might be due to that increased alpha-
galactosidase activity during germination has been
reported to cause a decrease in oligosaccharides content
leading to reduced level of dietary fibre during germination
(Chitra et al., 1996 and Anita, 2002).

On the other hand, the decrease in TDF and IDF
contents and increase in SDF content during flaking may

be due to leaching out of soluble dietary fibre in to soaking
medium and conversion of some of IDF in to SDF
contents (Takhellambam and Chimmad, 2015). The
increase in soluble dietary fibre could have been the result
of depolymerization and/or solubilization of non-starch
polysaccharides during steam gelatinization under pressure
(Patil et al., 2014).

Conclusion :
It may be concluded from the present results that

the muffns prepared from malted and flaked oat flour/
grits based blends were found organoleptically acceptable
and nutritionally superior. Whereas muffins prepared from
roasted and popped oat flour/grits based blends were
found organoleptically unacceptable by the panelists.
Processing treatments (malting and flaking) can be used
for improving the protein, soluble dietary fibre, availability
of nutrients in oat based gluten free products. These types
of muffins may be useful in the gluten free diets and also
helpful for improving the nutritional status of celiac
patients.
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