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Abstract: A study was conducted with an objective to
develop meat analogue rolls using various plant sources.
Wheat, bajra, maize and sorghum flours were taken at
different levels (alternatively with all permutation combina-
tion at 0, 25, 50 and 75 %) for selection of cereal mix base and
Textured Soya Protein (soaked soy grits), cowpea (flour) and
mushroom (paste) were taken (alone and in combination
alternatively with all permutation combination at 0, 25, 50
and 75% levels) as protein supplements with selected cereal
mix base. The products were selected on the bases of texture
profile analysis and sensory evaluation. However, on the
bases of texture profile analysis the cereal mix flour (wheat
50% + maize 50%) and (bajra 75% + maize 25%) were
found very similar to control (chicken meat rolls) but
panelists rejected rolls having bajra due to a bitterness in
taste (organoleptically). Hence, cereal mix base with wheat
flour and maize flour (1:1) was selected for further studies.
The meat analogue rolls prepared with a combination of
selected cereal mix base (50%) + textured soy grit (soaked)
25% + mushroom paste 25% were finalized for development
of meat analogue rolls on the bases of texture profile analysis
and sensory scores which were almost similar to chicken
meat rolls. It is concluded that meat analogue rolls can be
prepared from combinations of wheat flour 25% + maize
flour 25% + textured soy grit (soaked) 25% and mushroom
paste 25% without compromising the textural and sensory
characters in comparison to the chicken meat rolls.

Keywords: Analogue Rolls, Chicken Meat, Plant Sources,
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1. INTRODUCTION

Although meat is a very nutritious and high quality food
but during processing, it is usually turned unhealthy due to
incorporation of large quantity of saturated fat. Consump-
tion of meat products have been associated with increased
risk of cardio vascular diseases, hypertension, obesity,
colorectal cancers etc [1].

A meat analogue is a designed food product that is made
to have similar texture, colour, taste and form as meat that
looks and taste like meat [2]. Another advantage of meat
analogues over meat products is that they are a rich source
of fiber because they are made from plant of or fungi
sources. Moreover, there is a severe shortage of protein of
high biological value in developing countries, and the cost
of meat is very high. More specifically, protein-energy
malnutrition is among the most serious problems faced by
developing countries today [3]. Plant proteins such as
glutens of wheat, peanut, yeast, and soybean are the main
source of material for development of meat analogues [4].
Soybean is a good source of high quality protein due to its
relatively well balanced composition of amino acids [5],
[6]. These also provide a texture and meat like taste with

other ingredients.

Now, it is the responsibility of the food technologists to
provide this vegetarian segment as an alternative of meat
which is tasty as well as nutritious. Therefore, the study
was undertaken to utilize different plant sources for
development of good quality meat analogue rolls.

2. MATERIALS AND METHODS

Meat analogue rolls were prepared using various cereals
flour combinations like wheat (Triticumaestivum), maize
(Zea mays), sorghum (Sorghum bicolor) and bajra
(Pennisetumglaucum) at different levels alternatively with
all permutation combinations at 0, 25, 50 and 75 percent
levels for selection of cereal mix base (CMB) for further
studies. The combinations were as follows:

C:Control (Chicken Meat Rolls),TI:IOO%Wheal,T2:75% Wheat+25% Bajra,
T3:50%Wheat+50%Bajra,T4:25%Wheal+75%Bajra,T5:IOO%Bajra,
T6:75%Wheat+25%Maize,T7:50%Wheal+50%Maize,
T8=25%Wheat+75%Maize, T9= 1 OO%Maize,T 10=75%Wheat+25%Sorghum,
Tl 1=50%Wheat+50%Sorghum, Tl2=25%Wheal+75%Sorghum,
Tl3=100%Sorghum, Tl4=75%Bajra+25%Maize,T15=50%Bajra+50%Maize,
Tl6=25%Bajra+75%Maize,Tl7=75%Maize+25%Sorghum,

T 18=50%Maize+50% Sorghum,T 19=25%Maize+75% Sorghum,
T20:75%Bajra+25%Sorghum,TZ1:50%Bajra+50%Sorghum,
T22:25%Bajra+75%50rghum.

Soaked textured soya protein grit (brand name Nutrela
manufactured by Ruchi Soy Industries Ltd., Mumbai),
cowpea (Vignaunguiculata) flour and Button mushroom
(Agaricusbisporus) paste were used as protein source at
different levels alternatively with all permutation
combinations at 0, 25, 50 and 75 percent levels with
selected CMB to develop the final product. The com-
binations were as follows:

C=c0ntrol, Pl=50% CMB+50% cowpea,P2=50% CMB+50%TSP,
P3_500CMB+25%cowpea+25% TSP, P4=509% CMB +25%TSP+.25%mushroom,

PS:SO%CMB+25%cowpea+25%mushroom,PG:SO%CMB+50%mushroom,
The meat analogue rolls were prepared following the

standard processing steps, along with other additives
(sodium chloride 2%, sodium tri-polyphosphate 0.4%,
sodium nitrite 100 ppm, Condiments 4%, spice mix. 2%,
soy refined oil 4% and ice flakes 15%), which were used
in control (chicken meat rolls) in similar concentrations.
After mixing of additives and other ingredients, emulsion
was prepared in bowl chopper. Emulsion was filled in auto
claveable beakers. The rolls were cooked in pressure
cooker for 30 min and then cooled rolls were cut in to 5
mm slices. All the ingredients were procured from local
market of Hisar. The products were selected on the bases
of texture profile analysis and sensory evaluation.

The textural properties of meat analogue and chicken m-
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eat rolls were evaluated using texture-meter (Food
Technology Corporation, USA) using central cores of each
sample (lcm’) which were compressed to 50% of the
original height [7]. A crossed head speed of 3mm/sec was
used. The following parameters were determined:

1. Hardness (N /cm2 or g/mm2) = maximum force
required to compress the sample (H).

2. Springiness (Cm/mm) = ability of sample to recover its
original form after a deforming force was removed (S).

3. Cohesiveness = extent to which samples could be
deformed prior to rupture (A2/A1, Al being the total
energy required for first compression and A2 the total
energy required for second compression).

4. Adhesiveness (ns/g sec.) = work necessary to pull the
compressing plunger away from sample.

5. Gumminess (N/cm2 or g/mm2) = force necessary to
disintegrate a semisolid sample for swallowing (H X
Cohesiveness).

6. Chewiness (N/cm or g/mm) = work required to the
sample for swallowing (S x Gumminess).

Sensory evaluation scores which included colour, flavor,
appearance, tenderness, juiciness and overall acceptability
wasevaluated using 9-point Hedonic scale by six semi-
trained judges.

The experiment was replicated thrice in duplicate and
subject to statistical analysis using completely randomized
design [8].
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3. RESULTS

A. Screening of cereal combinations on the basis of
texture profile analysis:

The hardness (N/cm?®) values of meat analogue rolls
prepared with treatment T, (wheat 50%+ maize 50%) and
T4 (bajra 75% + maize 25%) were recorded 9.78 and 9.74,
respectively, which were nearest to the hardness value
(9.76) of control samples (Table 1). The chewiness (N/cm)
values of control (166.97) and meat analogue rolls
prepared with treatment T, (153.31)found highest among
all the samples and were almost similar to each other.

However, adhesiveness (ns/g sec) values of meat
analogue rolls prepared with T, (0.91), T4 (0.89) and Ty
(0.89) combinations were nearest to the value of control
(0.90) sample but this textural character values of various
treatment combinations were also ranged from 0.81 to
0.91 including control sample and did not indicate any
considerable differences among each other, except the
treatment values of Ts, Ty, Ty;, Too and T,; which were
lower than control.

The similarities in textural properties of control, T; and
Ty, treatments regarding springiness (cm / mm) values
(27.4, 27.05 and 18.62, respectively), gumminess (N/cmz)
values (8.90, 8.13 and 7.60, respectively) and cohesive-
ness scores (1.28, 1.26 and 1.48, respectively) were clearly
indicated in Table 1.

Considering all these findings on the basis of texture
profile analysis from the meat analogue rolls prepared
with treatments of T, (wheat 50% + maize 50%) and T,
(bajra 75% + maize 50%) were considered for the sensory
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evaluation to selection the cereal mix base for further
studies.

B. Selection of cereal mix base on the basis of
sensory evaluation:

All the sensory characters including overall acceptabi-
lity scores for treatment T14 (bajra 75% + maize 25%)
were significantly lower as compared to control and T7
(wheat 50% + maize 50%) samples (Table 2). Moreover,
panelists reported a bitterness feeling in the rolls prepared
with bajra flour (T14), and hence rejected for further
studies. Therefore, on the basis of texture profile analysis
and sensory evaluation the meat analogue rolls (T7)
prepared with wheat: maize (1:1) was selected as cereal

mix base for further development of meat analogue rolls.

Table 1.Screening of cereal combinations on the basis of
texture profile analysis. (n=6)

Parameters
Tre _
am | Hardne | Chewi | 2des | Springi | o in .
ent o ness ive ness css Cohesi
s N/em?) | (N/em) (ns/g (cm/m (N/em?) veness
sec) m)

C 9.78 166.9 0.9 27.4 8.9 1.28
T, 8.06 0.72 0.87 1.32 0.52 0.55
T, 9.7 0.85 0.88 9.62 0.57 0.26
T 10.43 8.39 0.66 8.7 3.59 0.34
T, 10.47 9.58 0.81 8.33 2.79 0.21
Ts 10.07 8.61 0.82 7.48 2.66 0.21
T 9.63 10.25 0.87 7.58 1.55 0.14
T, 9.74 153.3 0.91 27.05 9.13 1.26
Ty 12.94 36.28 0.87 10.16 2.36 0.2
Ty 7.43 8.36 0.87 7.5 0.64 0.09
Tio 10.44 17.92 0.44 4.66 3.04 0.36
T 10.1 44.5 0.68 3.25 4.57 0.77
T 13.56 18.5 0.88 2.53 2.65 0.23
T 12.41 2.61 0.88 2.36 1.27 0.14
T 9.76 51.43 0.89 18.62 7.6 1.48
Tis 9.29 16.07 0.88 3.76 245 0.07
Tie 8.5 17.96 0.88 11.34 1.67 0.15
Ty 6.51 3.69 0.88 7.14 0.96 0.15
Tis 547 3.8 0.87 8.58 0.61 0.14
Tio 6.48 3.5 0.89 10.27 0.84 0.15
Tao 7.78 10.34 0.33 3.49 3.09 0.29
Toy 10.53 48.03 0.65 4.7 3.63 0.28
Ta 12.58 30.78 0.87 3.37 2.57 0.25

Table 2. Selection of cereal base mix on the bases of
sensory evaluation (n=6)

Parameter Control T, Ty
Col 8.50° 7.33% 6.33"
r
olou +0.54 +051 +051
8.33° 7.50° 5.50°
Flavour
+0.51 +0.54 +0.54
7.33° 8.16" 6.16"
Tenderness
+0.51 +0.51 +0.41
. 8.16° 7.33° 6.16"
Juiciness
+0.41 +0.51 +0.40
Text 8.16" 7.50° 6.50"
exture
+0.54 +0.54 +0.55
Overall 8.16° 7.33% 6.00°
Acceptability +0.41 +0.40 +0.54*
Means with different superscripts in rows differ

significantly (P<0.05).*(bitterness)
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C. Screening of various plant protein sources on the
basis of texture profile analysis:

The hardness values (N/cm2) of meat analogue rolls
prepared with combinations of 50% selected cereal mix
base (T7) and 25% TSP + 25% mushroom (P4) were
(8.66) nearest comparable with the values (9.78) of
chicken meat rolls (Table 3). The meat analogues prepared
with the selected cereal mix and other plant protein
sources showed the hardness values ranged from 4.89 to
6.18, which were considerably lower than the value of
control and P, samples.

It was indicated from Table 3 that the other textural
characters like chewiness (95.97 N/cm), springiness (27.39
cm or mm), adhesiveness (0.9 ns/g sec.), gumminess (8.9
N/cmz) and cohesiveness score (1.28) of chicken meat
rolls (control) were nearest comparable with the respective
textural character values of meat analogue rolls (72.89
N/cm, 22.10 cm or mm, 0.9 ns/ g sec., 8.51 N/cm? and
1.22, respectively) prepared with selected cereal mix 50%
in combination with the treatment P, (TSP 25% +
mushroom 25%).
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Table 3. Screening of various plant protein sources on the
basis of texture profile analysis

Parameters
Tre | Hardne Chewi A.dhes Springi Gummin | Cohe
am 88 2 ness 1ve ness ess siven
ents | (N/cm (N/em) (ns/g (cm/m (N/em?) ess
) sec) m)
C 9.78 95.97 0.9 27.39 8.9 1.28
P, 4.89 21.74 0.92 13.09 11.72 2.29
P, 5.4 26.03 0.93 10.48 10.58 2.59
P; 5.69 37.7 0.89 9.35 11.71 2.5
Py 8.66 72.89 0.9 22.1 8.51 1.22
Ps 6.18 46.43 0.9 15.65 12.09 3.58
Ps 5.56 36.59 0.89 10.45 5.14 0.36

D. Selection of plant protein combinations on the
basis of sensory evaluation:

It was revealed from Table 4 that all the sensory
attributes including over all acceptability scores, except
colour, of the developed meat analogue rolls (treatment P)
were statistically similar to the control (chicken meat roll)
sample. Therefore, on the basis of texture profile analysis
and sensory quality evaluation of developed meat
analogue rolls prepared with combinations of selected
cereal mix 50% and TSP 25% + mushroom 25% was
selected.

4. DISCUSSION

A. Screening of cereal combinations on the basis of
texture profile analysis:

It was found that the mostly textural properties like
hardness (N/cmz), chewiness (N/cm), adhesiveness (ns/g
sec.), springiness (cm or mm), gumminess (N/cmz) values
and cohesiveness scores of meat analogue rolls prepared
with treatment T, (wheat 50%+ maize 50%) and T4 (bajra
75% + maize 25%) were nearest to the control samples
(Table 1). These finding are in accordance with the line of
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Howsam who concluded that the industrial manufacture of
meat analogue products from plant based precursors such
as cereal grain gluten of wheat and maize, alone or in
combination, should be taken up on a regular basis [9].

It is well known fact that the functionality of protein
ingredients results from their molecular structure, method
of processing and their interactions with other ingredients
in the food products [10]. Perhaps, by blending properly
selected protein sources (wheat, maize and bajra), it was
possible for the amino acid profile in the protein sources to
complement one another so that the resulting protein more
nearly approximate that of complete or balanced protein
[11

The various plant protein sources which could be used
for food processing was not only limited to soy protein,
but traditional wheat protein, would be mostly used for
meat analogue production [12], [13].

B. Selection of cereal mix base on the basis of
sensory evaluation:

All the sensory characters including over all
acceptability scores for T4 (bajra 75% + maize 25%) were
significantly lower as compared to chicken meat roll and
T; (wheat 50% + maize 50%) samples (Table 2).
Moreover, panelists reported a bitterness feeling in the
rolls prepared with bajra flour (T}4), and hence rejected for
further studies.

It has also been reported earlier that malt from bajra had
an unpleasant smell and a very bitter taste after a few days
of storage. It was due to its high lipase enzymes from
attacking the fatty acids creating bitter taste in bajra flour
[14].

C. Screening of various plant protein sources on the
basis of texture profile analysis:

The textural characters like hardness (N/cmz),
chewiness (N/cm), adhesiveness (ns/g sec.), springiness
(cm or mm), gumminess (N/cmz) values and cohesiveness
scores of developed meat analogue rolls prepared with
selected cereal mix base 50% and TSP 25% + mushroom
25%(P,) were nearest comparable with the textural values
of control chicken meat rolls (Table 3).

It has also been reported by many workers that textured
soy proteins are most suitable substitute for meat analogue
[6].

The fungal protein gave convincing meat, poultry and
fish analogues by alignment of the protein filaments with
fibrous or flaky texture [15]. The texture of the processed
mycelia product of A35 strain of Fusariumgraminearum
was similar to meat fibre and it could be made into a
passable imitation of fish, chicken, veal or ham [16]. A
composition for making of meat like products by using the
edible mushroom was patented in 1988 [17]. Fishmeat
paste prepared with 15% mushroom had highest values for
strength, hardness, gumminess and brittleness [18].

D. Selection of plant protein combinations on the
basis of sensory evaluation:

All the sensory attributes including over all acceptability
scores, except colour, of developed meat analogue rolls
(P4) were statistically similar to the chicken meat roll
samples (Table 4).
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Instrumental tests employed for textural properties
ofdeveloped meat analogue and chicken meat rolls were
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almost similar and a strong correlation of textural values
with sensory evaluation panel (tenderness, juiciness,

Table 4. Selection of plant protein combinations on the basis of sensory evaluation (n=6)

Treatments Parameters —
Colour Flavor Tenderness Juiciness Texture OA.Acpt.
Control 8.33°+0.51 8.66°+0.51 7.66°+0.51 8.169+0.75 8.33°+0.51 8.66°+0.51
P, 6.50"+0.54 3.33°+0.51 4.337+0.51 3.83%+0.75 4.33°+0.51 5.16"+0.75
P, 6.16°+0.75 4.16"+0.75 4.16"+0.40 3.33°+0.51 4.83°+0.75 5.16"+0.75
P, 6.83°+0.75 4.66"+0.51 4.337+0.51 4.16"+0.75 3.33°+0.51 5.33%+0.51
P, 7.66"+0.51 8.16"+0.75 7.33°+0.51 8.33'+0.51 8.33°+0.51 | 8.33°+0.51
P; 6.16°+0.75 5.16°+0.75 4.337+0.51 3.33%+0.51 5.16°+0.75 | 4.83"+0.75
P, 6.16+0.51 5.16°+0.75 5.66°+0.81 7.16°40.75 | 6.33+#0.51 [ 6.16°+0.75
Means+SD with different superscripts in columns differ significantly (P<0.05)
texture and over all acceptability scores) [19]. Textured REFERENCES

soy products compressed in an Ottawa Texture Measuring
System showed that the products could be separated into
various classes on textural basis [20]. Further study by
Loh and Breene showed that data obtained by this method
correlated well with sensory characters evaluation [21].

The meaty flavour of developed meat analogue rolls
might be contributed by soaking of soy grits in hot water
during processing. Bridget and Sanusi reported that soy
during soaking underwent natural acid fermentation with a
reduction in pH from 7.10 to 5.40 to yield peptides or,
eventually, their constituent amino acids; however, it was
already claimed by Giese that acid hydrolysis is used to
produce the hydrolyzed vegetable proteins (HVP), which
have meaty flavour profiles [22], [23].

Another factor which enhanced the meaty flavour in
developed meat analogue rolls was contribution of volatile
flavouring components of mushroom. The sensory
analysts found that samples with 5% mushroom in fish
meat paste obtained the higher scores for taste and overall
acceptability scores. It was further reported that flavour
scores were highest for fish pastes containing 20%
mushroom [18]. The high concentration of 1-octen-3-ol
contributed meaty flavour, which is a major volatile
flavouring component of many mushroom species [24].

The organoleptic quality of mushroom based meat
sausages was improved with specific flavour imparted by
the mushrooms [25].

It was reported by Caglarirmak that mushroom is very
good source of iron and sulfur containing amino acids
[26]. Perhaps, the colour scores of developed
meatanalogue rolls were lower than that of chicken meat
rolls due to contribution of iron and sulfur by mushroom
for formation of iron sulfide during processing which
caused a gray colour to the developed product [25].

5. CONCLUSIONS

It is concluded that good quality meat analogue rolls can
be prepared from combinations of wheat flour 25% +
maize flour 25% + textured soy grit (soaked) 25% and
mushroom paste 25% without compromising the textural
and sensory characters in comparison to the chicken meat
rolls.
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