Physico-chemical Properties of Pancakes Made from an Instant Mix
Containing Different Levels of Peanut (Arachis hypogaea) Flour
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ABSTRACT

Partially defatted peanut flour has proven to
exhibit excellent functional and nutritional proper-
ties in many foods. In this study, a peanut pancake
instant mix was developed by replacing a portion of
wheat flour with peanut flour; either 12% fat
medium roast (12M) or 28% fat light roast (28L)
peanut flours at various levels (20, 30, 40 and 50%)
in a starting pancake formulation. Effect of peanut
flour initial fat content and degree of roasting on
physico-chemical properties such as viscosity of the
batter, surface color, texture and composition of the
pancakes were determined. In addition, the effect of
microwave reheating time on moisture loss, bulk
density and texture of the frozen peanut pancakes
was investigated at 30% replacement level and
compared with a commercial frozen pancake.
Viscosity of the instant mix batter made with 12M
peanut flour was higher than the control whereas
28L was lower than the control. All peanut
pancakes were darker (lower L values) and browner
(lower hue angle) than the control. Texture profile
analysis properties such as hardness, cohesiveness
and chewiness values decreased with increasing
peanut flour replacement level; whereas, springiness
values increased. Moisture, fat, ash and protein
content were increased with increasing peanut flour
replacement level. Pancakes made from 12M have
higher protein content than the 28L samples at
same level of replacement. Frozen peanut pancakes
after microwave reheating showed significant mois-
ture loss, increased bulk density and increased
hardness and chewiness. At tested conditions a
microwave reheating time of 20 or 30 s was
sufficient to achieve desirable eating characteristics
(moisture loss, density and texture) of peanut
pancakes when compared to the commercial frozen
pancakes or freshly prepared peanut pancakes. This
study demonstrated that the instant peanut pancake
mix has potential as a functional breakfast food
item to replace regular wheat pancakes.
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Peanut (Arachis hypogaea L) is one of the major
oil seed crops cultivated in many regions of the
world. It is valued as an important food protein
source in the developing and developed countries
(Win et al., 2011). Peanut flours are low fat, high
protein functional ingredients prepared from par-
tially defatted, roasted peanut kernels (Howard
and Hung, 2010). Peanut flour has a relatively high
protein content, bland flavor, and light tan color
which allows it to be incorporated into a wide
range of foods (Priyanwiwatkul et al., 1995).
However, different types of roasted peanut flours
(i.e. medium, dark) will give a characteristic peanut
flavor and darker color when incorporated in
products at certain levels. The use of peanut flour
as a protein supplement in breakfast cereals, pasta,
baked goods, sauces, beverages, dressings and
many other food products has been extensively
studied (Cheewapramong et al., 2002; Howard
et al., 2010, 2011; Ory and Conkerton, 1983 and
others). Rheological, foaming, emulsifying, and
water holding properties of peanut flour were also
investigated (Davis et al., 2007; Ferreyra et al.,
2007).

Pancakes are very popular wheat based break-
fast food items consumed in different parts of the
world with different regional names. Conventional
wheat pancakes have been studied extensively on
processing conditions for the improvement of
texture and flavor (Seguchi, 1993; Seguchi et al.,
1998). Trend towards gluten free, functional foods
for various health reasons lead to the development
of alternative foods using composite flours. Studies
have been conducted in developing non-wheat
based gluten free pancakes from rice and sweet
potato flours (Shih et al., 2006). However, so far no
work has been reported on the use of peanut flour
as a replacement for wheat flour in pancake
preparation to improve its nutritional value. Also,
information on the effect of roasting and initial fat
content of peanut flour on various quality attri-
butes of supplemented products is not well
understood. Furthermore, increase in popularity
of ready to heat frozen breakfasts requires evalu-
ation of reheated frozen peanut pancakes com-
pared to fresh counterparts for better market or
consumer acceptance evaluation. In this context,

any study focusing on developing nutrient dense
peanut pancakes and investigating the effect of
degree of roasting, fat content and microwave
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Table 1. Typical proximate composition of peanut flours®.

Roast type Moisture Fat Protein Ash Crude fiber Carbohydrate
Light/Medium <35 12 502 4+2 10%2 30+2
Light <25 28 40£2 4=2 102 202

*The values in the above table were reported in % wet basis as per Golden Peanut Company certificate of analysis.

reheating time on various quality attributes would
be beneficial. Hence the objectives of the present
study were to: 1) Develop a peanut pancake instant
mix by replacing wheat flour with peanut flour in a
basic pancake formulation, ii) Evaluate the effect
of roasting and fat content of peanut flour on
physico-chemical properties of peanut pancakes,
iii) Evaluate the effect of microwave reheating time
on the quality of frozen peanut pancakes.

Materials and Methods

Peanut flours (Table 1) with 12% initial fat and
light roasted (12L), 12% initial fat and medium
roasted (12M) and 28% initial fat and light roasted
(28L) used in this study were provided by Golden
Peanut Company (Alpharetta, GA). Wheat flour
(White Lily’s Light Baking All-Purpose Flour,
Memphis, TN), granulated sugar (Great Value,
Bentonville, AR), salt (Morton, Chicago, IL),
nonfat milk powder (The Kroger Co., Cincinnati,
OH), double acting baking powder (Great Value,
Bentonville, AR), baking soda (Great Value,
Bentonville, AR) and peanut oil (Hollywood®
enriched gold peanut oil, Boulder, CO) were
purchased from local supermarkets in Griffin,
GA and whole egg powder was purchased from
the Barry farm (Wapakoneta, OH).

Preliminary experiments were conducted by
systematically replacing all-purpose wheat flour
with 12L and 28L peanut flours at 0, 20, 30, 40 and
50% levels in the starting pancake formulation. The

Table 2. Formulation for peanut pancake using dry ingredients.

amount of water added to the dry mix for batter
preparation increased with increasing percentage of
peanut flour replacement to achieve desirable
eating quality of peanut pancakes. Further, 12L
peanut flour was replaced with 12M peanut flour in
order to achieve reasonable color consistency
among the pancakes from both 12M and 28L
peanut flours.

In the first stage of experiments, wet ingredients
in the peanut pancake formulation were replaced
with appropriate amounts of dry ingredients. Final
formulation was adjusted to have uniform levels of
all the ingredients except wheat flour, peanut flour
and water (Table 2). For the second stage of
experiments, the peanut pancake preparation
protocol from dry mix was developed (Fig. 1).
Briefly, the procedure involves weighing the
appropriate amounts of all-purpose wheat flour,
peanut flour, whole egg powder, non-fat dry milk
powder, sugar, salt, baking powder and baking
soda for a particular formulation. The weighed
ingredients were sifted through a three cup capacity
measuring sifter (Broomwell’s, Michigan city, IN)
for about 1 min in clockwise direction to make sure
that all dry ingredients mixed thoroughly then
again re-mixed with a balloon shaped wire whisk
for 2 min. Later, measured quantities of water and
peanut oil were added to the instant mix and stirred
with a wire whisk for about 2 min. Over mixing was
avoided to minimize gluten formation and retain
consistency of the batter. Viscosity of the batter
was measured at room temperature (23 C) using a

Peanut flour usage (%)

Ingredient 0 20 30 40 50
g

All-purpose wheat flour 196 157 138 118 98
Peanut flour - 39 58 79 98
Whole egg powder 7.5 7.5 7.5 7.5 7.5
Nonfat dry milk powder 12.5 12.5 12.5 12.5 12.5
Salt 2.5 2.5 2.5 2.5 2.5
Sugar 12.5 12.5 12.5 12.5 12.5
Baking Powder 38 3.8 3.8 3.8 38
Baking Soda 2.5 2.5 2.5 2.5 2.5
Peanut oil 12.5 12.5 12.5 12.5 12.5
Water® 245 265 278 298 315

*Quantity of added water in peanut pancake formulation is variable based on the peanut flour replacement level.
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Fig. 1. Peanut pancakes preparation steps.

Brookfield viscometer (LVTD model, Stoughton,
MA) with a TC-3 spindle operating at 20 rpm.
About 200 mL batter was spooned into a standard
600 mL low form griffin beaker and tapped for 20
times in order to remove entrapped air bubbles in
the batter. The viscosity (cP) of the leveled batter
was measured for three different batches in
triplicate. Finally, about 40 mL of the batter was
poured onto a preheated griddle (Presto Griddle,
National Presto Ind. Inc, Eau Claire, WI) that has
been lightly sprayed with an antistick cooking
spray (The Kroger Co, Cincinnati, OH). The
pancakes were cooked for about 1.5 min at 190 C
until the bubbles on the upper surface of the
pancake were broken (as an indication to the
proper cooking) and turned to the other side and
cooked for another 1.5 min. The pancakes were
cooled down to room temperature and divided into
two batches. One batch was used to measure
physical properties immediately and the other
batch was packed in zip-lock freezer bags and
freeze in a —20 C freezer for composition analysis
and measuring the effect of microwave reheating
times on quality.

Color measurements were conducted using a
Hunter Lab® Miniscan XE™ colorimeter (model
45/0-L, Hunter Associates Laboratory, Reston,
VA). Samples were held inside an anti-reflective
glass container (about the same size of the
pancake), and placed against the scanner to

measure the surface color of each pancake. The
colorimeter was standardized with black and white
tiles. Color values were measured in triplicate, for
three different pancakes in each batch; and measure-
ments were recorded as L*, a*, and b*. Subsequently,
hue angle [tan~'(b*/a*)] were calculated.

Texture profile analysis (TPA) parameters
namely hardness, cohesiveness, springiness and
chewiness were derived from the force deformation
curves as described elsewhere (Plahar et al., 2006).
Immediately after color measurements, the same
pancakes were used for TPA. Approximately lcm?
specimens (1 cm? surface area and 1 cm height)
were cut from each pancake using a stainless steel
cutting blade. A double bite compression test was
performed using an Instron® universal testing
machine (model 5542, Instron Corporation, Can-
ton, MA) equipped with a flat head cylindrical
compression cell (25 mm diameter, 22 mm height)
and a 100 N load cell. The sample specimen were
placed on a flat base and compressed to a fixed
height of 5 mm (50% compression) at a crosshead
speed of 10 mm/min then the crosshead returns to
the initial detection point and wait for 10 sec then
again compressed to the same height in the second
cycle under the same test conditions. TPA was
conducted for three specimens in each pancake
sample and for three pancakes in each batch.

For compositional analysis, the frozen pancake
samples were allowed to come to room temperature
in the freezer bag and ground into homogenous
mixture using a kitchen food processor (GE 4-
speed food processor, Model 106622F, Wal-Mart
store Inc., Bentonville, AR). Moisture content was
determined on a 5-g samples dried overnight in a
vacuum oven at 70 C under 25 mm Hg, following
AACC method 44-40 (AACC, 2000). The weight
loss was then used to calculate the moisture
content. Moisture free sample was used for fat
analysis using Goldfisch fat extraction apparatus,
following the AACC method 30-26 (AACC, 1976).
Defatted samples were used to measure nitrogen
content using the Dumas combustion method
(LECO analyzer, model 602-600, Warrendale,
PA) following AOAC method 990.03 (AOAC,
2006). A factor of 6.25 was used to convert
nitrogen to protein content (FAO, 1970). Ash
content was determined on 1.5-g samples using the
AOAC method 942.05 (AOAC, 2006). All the
measurements were made in triplicate for each
batch. A total of eight different peanut pancake
formulations (Table 3) each with three different
batches were prepared using both 12M and 28L at
20, 30, 40 and 50% wheat flour replacements. A
control sample was made from formulation with
100% wheat flour.
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Table 3. Approximate composition of peanut pancakes®.

Samples Replacement® Fat Protein® Ash Carbohydrate?
%

Control 0 5.77g 5.58h 3.26e 85.40a

12M 20 7.71f 9.87f 3.97d 78.45b
30 8.14ef 11.87d 4.34c 75.64c
40 8.79def 13.70c 4.81b 72.70d
50 9.35de 15.30a 5.02a 70.33e

28L 20 10.07cd 9.38¢g 4.04d 76.52¢
30 11.19¢ 10.74e 4.17cd 73.90d
40 14.00b 12.07d 4.69b 69.23¢
50 16.31a 13.98b 5.07a 64.64f

*All composition data were expressed in percent dry basis.

"Wheat flour in basic pancake recipe was replaced with respective percentages of peanut flour.

‘Protein= N X 6.25.
9Determined by difference.

“Mean values followed by the same letter are not significantly different according to p < 0.05.

To evaluate the effect of freezing and reheating
on the quality of pancakes, peanut pancakes made
with both 12M and 28L at 30% replacement level
were reheated for three different time periods (20,
30 and 50 sec) in a 1100 W power commercial
microwave oven (Amana Radarange, Model
AMC2206BAW, Benton Harbor, MI). The weight
of peanut pancakes before and after microwave
reheating was measured using a calibrated balance
and the difference in the weights was recorded as %
moisture loss. Bulk density of the same samples
was measured using glass beads displacement
method as described in Yemmireddy et al (2013)
for two pancakes in each batch. Using a stainless
steel borer, 1 cm? (radius X height) cylindrical
specimens of reheated pancakes were cut to
conduct the TPA as described earlier.

Statistical Analysis. Statistical analysis of the data
was performed using ANOVA procedure at 5%
level of significance using SAS version 9.1 (SAS
Inc., Cary, NC). Difference tests were conducted
using the Least Significance Difference (LSD) test.

Results and Discussion

Proximate composition of peanut pancakes is
shown in Table 3. The mean values of fat content
ranged from 7.71% (12M at 20% replacement) to
16.31% (28L at 50% replacement). The control
sample has a much lower fat content (5.77%)
compared to peanut pancake samples. As expected,
fat content increased with increasing peanut flour
concentration and the initial fat level of partially
defatted peanut flour (12% or 28% fat).

Protein content of the peanut pancakes ranged
from 9.38% (28M at 20% replacement) to 15.30%
(12L at 50% replacement) while the control has a
protein content of 5.58%. Statistical analysis of

protein data revealed that the peanut pancakes
made from 12M showed higher protein values
compared to 28L at same level of replacement.
These results also show that there is an inverse
correlation between fat content and protein content
(i.e., with increase in fat content, the protein content
decreased). Total ash content of peanut pancakes
ranged from 3.97% (12M at 20% replacement) to
5.07% (28L at 50% replacement). The ash content
increased with increasing peanut flour. Total carbo-
hydrate content of pancakes was determined by
difference and the values ranged from 85.40% (for
control) to 64.64% (for 28L at 50% replacement).
Total carbohydrates decreased with increasing
peanut flour. Pancakes made from 12M are found
to have higher carbohydrate content compared to
28L at the same replacement level.

Results from preliminary experiments indicated
that the flow behavior of pancake batter is
important in the pancake preparation. Batter
viscosity affects appearance, texture and sensory
quality of the finished products (Shih et al., 2006).
To achieve similar consistency in batter viscosity
and uniformity in pancake quality, for every 10%
increase in peanut flour concentration in the
pancake mix, the amount of added water was
increased by about 8% (Table 2). Mean values of
viscosity of the pancake batter are shown in
Table 4. Batter viscosity increased with increasing
12M and decreased with increasing 28L. Davis et
al. (2007) studied the rheological properties of
aqueous peanut flour dispersions and found that
the dispersions with higher-fat flours were less
viscous than lower-fat flours on an equal weight
basis. Similar effect might be attributed to the
peanut pancake batter used in this study.

Mean color values of peanut pancakes are
shown in Table 4. The lightness (L*) values of
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Table 4. Viscosity of peanut pancake batter, color and texture profile analysis measurements of peanut pancakes.

Texture profile analysis

Samples Replacement  Viscosity Color values Hardness Cohesiveness Springiness  Chewiness
% cP L N mm N.mm
Control 0 4675.3¢ 51.6a 69.1a 1.96a 0.79a 10.7abc 16.4a
12M 20 5375.3b 48.1ab 66.1bc 1.72abc 0.75b 10.9a 14.0ab
30 5755.7ab 45.7bc 64.9cd 1.79ab 0.69cde 10.8ab 13.2bc
40 5937.7a 43.3cde 63.1d 1.52abc 0.71c 10.5abc 11.3cd
50 5604.3ab 43.8cd 64.4cd 1.34bc 0.70cd 10.5abe 9.8de
28L 20 4095.3d 44.0cd 68.3ab 1.40bc 0.68de 10.3bcd 9.8de
30 4244.3d 43.9cd 66.6abc 1.45bc 0.69cde 10.2cd 10.2de
40 3564.3¢ 40.9de 64.3cd 1.34bc 0.68de 9.9d 9.0de
50 3386.7¢ 39.6e 64.1cd 1.23¢ 0.67e 10.2cd 8.3e

*Mean values followed by the same letter are not significantly different according to p < 0.05.

peanut pancakes ranged from 39.6 to 48.1. Control
sample (L*=51.6) was lighter than samples con-
taining peanut flour but not significantly different
from 12M sample at 20% replacement (L*=48.1).
It can be inferred that the fat content, degree of
roasting and concentration of peanut flour has
profound effect on lightness values. Similar results
were observed (Cheewapramong et al.,, 2002;
Hinds, 2003; Howard and Hung, 2010) in breakfast
cereals, muffins and pasta noodles containing
peanut flours, respectively. However, by choosing
medium roasted peanut flour at 12% fat level and
light roasted peanut flour at 28% fat level in the
current study minimized the differences in lightness
values.

Hue angle (h) represents the visual sensation of
the color perceived by human eye. The values of
hue angle for the peanut pancakes ranged from
63.1 (for 12M at 40% replacement) to 68.3 (for 28L
at 20% replacement) on the color wheel between 0
(red) and 90 (yellow); representing golden yellow
color for the peanut pancakes. The hue value of
control sample was found to be 69.1 which is not
significantly different than pancakes made from
28L at 20% replacement (h= 68.28). Similar results
were observed by Holt et al. (1992) in muffins
containing composite flour (66.6% wheat flour and
33.3% peanut flour) and those containing 100%
wheat flour. As the concentration of peanut flour
increased, the hue values decreased and pancakes
became more brown (Fig. 2). Statistical analysis of
the data revealed that the hue values for pancakes

Control 12M

made from 12M at different replacement levels; and
for 28L at 30, 40 and 50% replacement levels were
not significantly different from each other
(P=0.05). The subtle differences in perceived color
among the pancakes may be attributed to the
selection of different roasts at different fat levels of
peanut flour.

Parameters of TPA of peanut pancakes are
shown in Table 4. Hardness indicates the force
required to compress a food between the molars
and is defined as force necessary to attain a given
deformation. Hardness of peanut pancakes was
measured as peak force (N) required to compress
the specimen to a depth of 5 mm from its original
height. Hardness values of peanut pancakes ranged
from 1.23 N (28L at 50% replacement) to 1.79 N
(12M at 30% replacement) while control had a
hardness of 1.96 N. Hardness of peanut pancakes
showed a decreasing trend with increasing peanut
flour and pancakes made with 28L tended to be
least hard.

Cohesiveness indicates the non-recoverable de-
formations of the first and second chews of a
product. Cohesiveness of the pancakes was mea-
sured as the ratio of work done during the second
compression to the work done in the first
compression. Cohesiveness values of peanut pan-
cakes ranged from 0.67 (28L at 50% replacement)
to 0.75 (12M at 20% replacement). Statistical
analysis revealed that cohesiveness of control
(0.79) is higher and significantly different than the
peanut pancakes. Springiness indicates how well a

28L
Fig. 2. Color comparison of peanut pancakes with 12% fat medium roast (12M) or 28% fat light roast (28L) as compared to the control.
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Table 5. Effect of microwave reheating time on the moisture loss, bulk density and texture profile analysis of the frozen peanut pancakes.

Texture profile analysis

Samples Reheating time  Moisture loss  Bulk density Hardness Cohesiveness  Springiness Chewiness
sec % gm/ml N mm N. mm
Commercial 30 3.56b* 0.62b 2.23¢c 0.83ab 10.7f 18.1bc
12M 0 - 0.52¢ 2.03¢ 0.84ab 12.1cde 20.2bc
20 3.75¢ 0.55¢ 2.04abc 0.83ab 13.1ab 21.1b
30 8.44b 0.63b 4.22a 0.81b 11.4ef 34.4a
50 23.3a 0.79a 3.69ab 0.80c 11.5def 31.7a
28L 0 - 0.50c 1.52¢ 0.86ab 13.0abc 16.8bc
20 3.48¢c 0.54c 0.96¢ 0.82ab 14.2a 11.1c
30 10.3b 0.62b 1.75¢ 0.81c 12.3bcde 17.3bc
50 26.5a 0.77a 3.20abc 0.83bc 12.4bcd 26.2a

*Mean values followed by the same letter are not significantly different according to p < 0.05.

product physically springs back after it has been
deformed during the first bite. Springiness of
pancakes was measured as the detected height of
the product on the second compression and the
values showed no significant effect due to percent-
age of peanut flour replacement. However, pan-
cakes made from 12M had higher springiness
values than pancakes made from 28L. Chewiness
is the net energy required to chew the solid food to
the point required for swallowing it. Chewiness
(hardness X cohesiveness X springiness) of the
control sample was not significantly different from
the peanut pancake with 12L at 20% replacement.

The current study showed the feasibility of
incorporating 20 to 50% peanut flour in regular
wheat pancakes. At these levels, peanut flour
substantially increased the protein content while
seemingly minimizing differences in texture, as
determined by TPA, when comparing to traditional
wheat pancakes.

The effect of microwave reheating time on
texture of the frozen pancakes is shown in Table 5.
TPA of peanut pancakes was conducted after 0, 20,
30 and 50 sec microwave reheating times, while the
TPA of a commercial frozen pancake (control) was
conducted only at 30 sec microwave reheating time
as per the instructions on the label. Hardness of
pancakes ranged from 0.96 to 4.22 N and increased
with increasing microwave reheating time of peanut
pancakes. Statistical analysis of the data indicates
that the hardness of control sample at 30 sec
microwave reheating time is not significantly differ-
ent from peanut pancakes, except hardness of 12M
at 30 and 50 sec microwave reheating time.
Similarly, cohesiveness of reheated peanut pancakes
did not show significant difference from the control.
Springiness of both peanut pancake varieties (12M
and 28L) not showed significant difference with

microwave reheating time. However, the springiness
is found to be higher at 20 sec microwave reheating
time of peanut pancakes. Chewiness of peanut
pancakes ranged from 11.1 (for 28L at 20 sec
reheating time) to 34.5 N. mm (for 12M at 30 sec
reheating time). Chewiness increased with increasing
microwave reheating time.

The effect of microwave reheating time on
moisture loss and bulk density of frozen pancakes
is shown in Table 5. Moisture loss of peanut
pancakes ranged from 3.48 (for 28L at 20 sec
reheating time) to 26.5% (for 28L at 50 sec reheating
time). The percent moisture loss of peanut pancakes
increased with increasing microwave reheating time.
This indicates microwave reheating time has signif-
icant impact on moisture loss of pancakes, and
peanut pancakes showed higher moisture loss
compared to the control at same microwave
reheating time. The bulk density of pancakes ranged
from 0.50 (28L at 0 sec reheating) to 0.79 g/mL (28L
at 50 sec reheating) and increased with increasing
microwave reheating time. The bulk density of the
peanut pancakes made from either 12M or 28L and
the control were not significantly different (P=0.05)
from each other at the same microwave reheating
times. The selection of two different roasts for two
different dafatted flours might have balanced the
effect on bulk densities in the current study. Overall,
microwave reheating time of 20 sec had similar
moisture loss, bulk density and textural character-
istics as the control, suggesting these peanut
pancakes have the potential to be a frozen breakfast
item.

Conclusions

A working formula for peanut pancake was
established, starting with a basic pancake recipe.
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Peanut pancakes can be made successfully by
replacing 20 to 50% of wheat flour. A minimum
of 20% of peanut flour is needed to increase the
protein content compared to traditional wheat
based pancakes. The initial fat and protein content
of the peanut flours significantly impacted the
composition of the peanut pancakes including fat
and protein levels. As per current test conditions, a
minimum of 20 s microwave reheating time is
required for frozen pancakes to achieve similar
texture profile analysis characteristics as the
control. The developed peanut pancake instant
mix has shown promise as a functional breakfast
food item to replace regular wheat pancakes.
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