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Abstract
In this study, oil from moringa seeds (Moringa oleifera lam) was substituted by cake shortening at various quantities (20, 40, 60, 80,

and 100%). It was studied how this supplementation affected the cake's chemical composition, color characteristics, baking quality, chemical
quality attributes (Acid value, Peroxide value and Thiobarbituric acid), organoleptic assessment, stalling rate, and texture profile analysis. These
findings showed that the various enriched cake samples had higher levels of moisture, oil, and carbs than the control sample. L (lightness), a
(redness), and b (yellowness) values dropped as the storage duration increased from 0 to 15 days, according to the results of the crust color
evaluation. Additionally, during the storage period, the supplemented cake samples' crumb color L and b values dropped in comparison to the
control, while the opposite pattern was seen for the a (redness) color values. All amounts of Moringa seed oil was added to the mixtures of cakes;
cake samples supplemented with 60, 80, and 100% Moringa seed oil exhibited greater weight values than the control during storage. At various
storage times, the volume values of the cake supplemented with oil from Moringa seeds at all levels were noticeably less than those of the control.
During storage, the moisture contents of cakes with all supplementation amounts were greater than the control. The acid and peroxide levels of
the various enhanced cakes did not change significantly (p < 0.05) during the course of the storage periods. TBA readings were significantly
affected by any of the prepared supplemented cakes (p < 0.05), with the exception of 20%, which had the lowest levels at zero time and five days
(43.79 and 46.81 mg malonaldehyde/kg). The cake with 100% Moringa seed oil added obtained the best ratings for overall acceptance and all
identified sensory characteristics. Cake's alkaline water retention capacity (AWRC) values were lowered during storage times when varying
amounts of Moringa seed oil were added. The gumminess and hardness values of all the treated cakes were greater than those of the control
samples, according to the texture profile analysis.
Keywords: Sponge cake, moringa seeds oil, chemical composition, color, baking quality, sensory characteristics

1. Introduction
Excessive calorie consumption and inadequate dietary fiber intake are contributing to the rise of nutrition-related disorders. As a result,

the number of people who are overweight or obese has doubled during the past 30 years [1]. Other non-communicable illnesses may be linked to
obesity [2]. Since fat has the highest energy value of all the main dietary elements, it might be difficult to replace fat with other ingredients,
particularly in baked goods that may include high fat content [3]. In bakery products, fat improve texture, mouth feel and flavour [4].
Additionally, fat gives cakes a number of benefits, including increased volume and softness in the finished product. Cake, whether homemade or
commercially created, is regarded as one of the most significant bakery goods for Egyptians [5].

The species and environmental factors mostly determine the oil's composition and characteristics [6]. The bright yellow oil extracted
from Moringa oleifera seed kernels has a high oleic acid content (about 75%) [7, 8]. Unlike polyunsaturated fatty acids, oleic acid has significant
oxidative stability, making it indispensable for high-temperature frying and extended storage [7]. The oil has a variety of applications, including
cosmetics [9], medicine, and new research indicates that Moringa oleifera may be used to produce biodiesel [10].

The level of lipids in M. oleifera seeds was reported between 14% and 46% dwb [11, 12]. The lipids are low in monounsaturated and
saturated fatty acids but higher in polyunsaturated fatty acids representing up to75%–79% [12]. However, the oil is a source of some minor
compounds (phytosterols and tocopherols). Several studies investigated the role of M. oleifera seed oil in human nutrition, and this includes
physicochemical characteristics of the oil and its biological value [13-16]. The functional compounds in moringa seed oil consist of 82%
unsaturated fatty acids, 70% oleic acid [17]. Moringa oleifera seed oil is one of the most important natural alternatives as it contains tocopherol,
phenols, carotenoids and sterols [18-20]. In addition to the high content of oleic acid, this is important for extending the shelf life of oils and
increasing their stability [21].

Sponge cake has a porous structure like a sponge and is lightweight and soft. The sponge cake making involves ingredients such as
flour, fat source, water and other minor ingredients like salt. This type of cake is traditionally produced by the multistage mixing method which is
time consuming. The single-stage mixing method has been developed and widely practiced in the large-scale production of sponge cakes. To
produce foam with a good texture, sponge cake formulations generally use an additional emulsifying agent to form better aeration [22]. Therefore,
this study was carried out to investigate the effect of supplementation with different levels of moringa seeds oil on the physical, chemical, and
organoleptic characteristics to improve the quality of sponge cake.

2-Materials and Methods
Moringa seeds (Moringa oleifera lam) were obtained from National Research Center (NRC), Horticulutural Departement, Dokki,
Giza, Egypt. Wheat flour (72%) was obtaind from South Cairo Mill Company, Giza, Egypt. Sugar, salt (sodium chloride),
shortening, salt, baking powder and vanilla were purchased from the local market, Giza, Egypt.
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Oil Extraction

The dried seeds were crushed in a knife mill to obtain homogenes seed particles. Subsequently, the crused seeds
were mechanically pressed to extract the edible oil then filtered and kept in dark bottles with airtight lids under cooling
temperature until being used [23].
Preparation of sponge cakes

Sponge cake was prepared according to Bennion and Pamford [22] with some modifications as follows: Flour
(100gm) and baking powder (3gm) were mixed together; whole fresh eggs (125gm), sugar (75gm), skimmed milk (50gm),
shortening (28gm) and vanilla (2gm) were whipped for 6 min. with using a mixer at high speed. Flour mixture was added
gradually on the whipped milk-vanilla mixture and beaten for three min. using the mixer at low speed. One hundred gram of
dough were poured in baking pans, then placed in a preheated oven and baked at 180ºC for 35 min. Cakes were allowed to
cool for 30 min. in pans at room temperature. Moringa seeds oil was utilized to prepare cake as replacement of shortening at
different levels (20, 40, 60, 80 and 100% moringa oil).
Analytical methods
Chemical composition

Moisture, protein, Fat, ash and crude fiber contents were determined according to AOAC [24]. Carbohydrates were
calculated by difference.
Color measurements

The color of produced cake samples were measured using a Spectro-Colorimeter ( Tristimulus color machine) with
CIE lab color scale ( Hunter, Lab Scan XE, Reston VA.) calibrated with a white standard tile of Hunter Lab color standard
(LXNO. 16379): X= 77.26, Y= 81.94 and Z= 88.14 [25].
Chemical parameters of extracted oil
Acid value, peroxide value and Thiobarbituric acid were determined according to AOAC [24].
Physical measurements of sponge cake

Weight, volume and specific volume of cakes were determined as described in AACC [26].
Texture properties of cake

Texture parameters (hardness, springiness, cohesiveness, gumminess and chewiness) of cake samples were
measured objectively by using a Texture Analyzer TA-CT3 (Brookfield, USA) according to AACC [26].
Freshness of cake

Freshness of cake samples was tested at refrigerator temperature (4°C) during storage for 0, 5, 10 and 15 days by
alkaline water retention capacity (AWRC) according to method of Yamazaki [27] as modified by Kitterman and Rubenthaler
[28].
Organoleptic evaluation of cakes

Cakes were assessed by 15 panelists for some sensory parameters (color (20), taste (20), odor (20), texture (20),
appearance (20) and overall acceptability (100) as described by Bodyfelt et al [29].
Statistical Analysis

All the measurements were performed in triplicate and the data are presented as mean ± SD. The obtained data were
subjected to analysis of variance. Duncan [30] multiple ranges at 5% level of significance used to compare between means.
The analysis was carried out using the proc- ANOVA procedure according to PC-STAT, Version I A Copyright 1985, the
university of Georgia, USA.

3.Results and Discussion
Chemical composition of cake

The chemical makeup of cake supplemented with varying amounts of moringa oil is displayed in Table (1). Both the
control sample and the various cake samples supplemented with 20, 40, 60, 80, and 100% moringa oil showed a shift in
moisture content from 22.28 to 30.33%. Several cake samples exhibited higher moisture contents than cakes reported by Eman
[31] and Abd Elhadi and Nadir [32], who examined the cake's chemical makeup and discovered that it contained 18.6 and
21.01%, respectively. However, there were no appreciable variations (p <0.05) in the protein content between the prepared cake
samples and the control sample. According to Shokery et al. [33], the protein composition of the cake was unaffected when
extracted Moringa oil (MO) was used in place of shortening. The oil content of the control sample and the various
supplementation percentages (20, 40, 60, 80, and 100%) were, respectively, 25.84, 28.26, 28.05, 29.42, 31.14, and 31.45 percent,
according to the data in Table (1). All treatments had higher oil contents than the control cake's oil %. The significant increase in
moringa oil may be due to the high emulsifying capacity of moringa oil, as reported by Abdelraouf et al. [34] . Furthermore,
shortening contains a moisture content of up to 20%, which contributes to the significant differences. At the same time, it could
be said that the made cake samples had ash contents ranging from 2.75 to 3.69%. Ash is significantly greater than that observed
in control cake. The fiber and carbohydrate levels in several cake samples ranged from 0.27 to 0.47 and 45.70 to 51.88%,
respectively. The prepared cake samples' total carbohydrate content was determined to be 50.36%, which is consistent with the
findings of Al-sayed and Abo_Elfetoh [35].
Color attributes for crust and crumb of cake

Table (2)'s color assessment showed that 20, 40, 60, 80, and 100% moringa oil had a significant (P < 0.05) impact
on the Hunter color parameters values of every made cake sample's crust. Over the course of the storage period, the control
sample's lightness (L*) and a* (redness) values declined, but the b* (yellowness) color values showed the opposite trend.
Cake samples supplemented with moringa oil had an impact on the color parameters values during the course of the storage
period; at the fifteenth.
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Table 1: Chemical composition of cake supplemented with moringa oil at different levels (on dry weight basis)
Samples Moisture % Protein % Oil % Ash % Fiber% Carbohydrate %

Control 22.28c±0.37 18.86a±0.11 25.84d±0.31 3.01bc±0.09 0.41ab±0.02 51.88a±0.031

20% MO 26.45b±1.84 18.85a±0.58 28.26bcd±0.47 3.33ab±0.08 0.27c±0.02 49.29abc±1.11

40% MO 23.99bc±1.02 17.82a±0.64 28.05cd±0.85 3.14abc±0.31 0.33bc±0.02 50.66ab±3.54

60% MO 26.56ab±0.83 18.65a±0.86 29.42abc±1.09 3.69a±0.08 0.29c±0.03 47.95bc±1.91

80% MO 27.36ab±0.60 19.39a±0.37 31.14ab±0.22 2.75c±0.02 0.47a±0.01 46.25bc±0.65

100% MO 30.33a±0.18 19.49a±0.30 31.45a±0.97 3.07bc±0.02 0.29c±0.03 45.70c±1.23

L.S.D at 0.05 3.87 2.13 2.92 0.56 0.09 7.16
Where: MO: moringa oil; Values are means ± standard deviation of triplicate determinations, Means in the same row not followed by the

same superscript letters are significantly (p ≤ 0.05) different.

Table 2: Color attributes of cake crust Supplemented with moringa oil during the storage periods at different levels
Samples crust L* a* b* L* a* b*

zero time After 5 days
Control 60.06aA±0.40 12.64cA±0.08 34.34aA±0.18 57.29aB±0.01 12.10dB±0.01 34.94aA±0.01
20%MO 45.25cdC±0.14 17.20bA±0.05 30.67cB±0.06 48.52cB±0.00 16.62cB±0.02 33.01bA±0.02
40%MO 45.77cA±1.18 17.56bA±0.08 32.43bA±0.19 44.44dB±0.04 17.01bcB±0.04 30.05cB±0.21
60%MO 44.23dA±0.84 17.46bA±0.34 29.38dA±0.33 42.47eB±0.53 17.06bB±0.05 27.75dB±0.08
80%MO 50.79bAB±0.40 19.02aA±0.00 35.45aA±0.21 51.66bA±0.36 17.67aC±0.16 35.37aA±0.30
100%MO 44.50cdA±0.08 17.55bA±0.04 32.59bA±0.21 41.66eB±0.01 16.84bcB±0.01 29.22cC±0.04

After 10 days After 15 days
Control 53.29aC±0.03 12.74dA±0.04 35.31aA±0.01 53.57aC±0.01 12.45dAB±0.01 34.45bA±0.01
20%MO 49.34bAB±0.38 15.60cC±0.00 33.27bA±0.19 50.04cA±0.66 15.22cD±0.08 32.58cA±0.30
40%MO 41.18cD±0.06 16.58bC±0.11 28.90cC±0.12 42.44dC±0.37 16.46bC±0.04 29.02eBC±0.22
60%MO 42.08cB±0.04 16.58bC±0.02 29.30cA±0.02 42.65dB±0.07 16.39bC±0.05 27.70fB±0.11
80%MO 49.80bB±0.08 18.37aB±0.01 35.13aA±0.13 51.83bA±0.01 17.35aC±0.21 35.77aA±0.37
100%MO 42.24cB±0.29 16.76bB±0.01 30.06cBC±0.00 39.94eC±0.99 16.73bB±0.44 31.01dB±1.82
Where:MO: moringa oil; L*= lightness; a*= redness and b*= yellowness; Results are presented as means for triplicate analyses ± standard

deviation (SD). Means within column with different small letters are significantly different (P ≤ 0.0) between samples, while a
difference in captal letters indicates significant differences between different storage period of the same sample in the same raw at (P
≤ 0.05)

Table 3: Color attributes of cake crumb supplemented with moringa oil during the storag periods at different levels
Samples crumb L* a* b* L* a* b*

zero time After 5 days
Control 57.86cC±0.40 7.03cA±0.13 35.84aB±0.02 63.70aA±0.11 6.29cC±0.04 35.09aC±0.07
20%MO 54.34dC±0.01 7.15bcB±0.01 30.85eD±0.01 57.16dB±0.04 7.28aB±0.01 31.25eC±0.04
40%MO 57.78cB±0.83 7.36abB±0.04 34.14cB±0.24 58.75cAB±0.11 7.20aB±0.00 33.51cC±0.01
60%MO 58.11cA±0.10 7.57aB±0.04 34.89bB±0.09 58.35cA±0.04 7.30aC±0.01 34.21bC±0.04
80%MO 63.50aA±0.04 5.20dC±0.06 32.98dC±0.06 60.84bB±0.59 6.40bcB±0.01 33.05dC±0.13
100%MO 59.65bB±0.18 6.92cC±0.05 35.51aB±0.10 61.05bA±0.06 6.68bC±0.03 34.81aC±0.07

After 10 days After 15 days
Control 62.21aB±0.02 6.64dB±0.04 37.97aA±0.04 62.46aB±0.04 7.19bA±0.00 37.98aA±0.05
20%MO 57.26bB±0.11 7.66cA±0.01 34.00eA±0.08 59.65bA±0.90 6.79cC±0.19 31.70eB±0.27
40%MO 56.13cC±0.33 8.51bA±0.21 35.96bcA±0.16 59.23bA±0.72 7.20bB±0.15 34.06dB±0.10
60%MO 52.67eB±0.05 9.16aA±0.05 35.72bcA±0.08 57.61cA±0.05 7.60aB±0.04 34.83cB±0.18
80%MO 58.29bC±0.30 7.39cA±0.13 35.17dA±0.09 62.79aA±0.37 6.32dB±0.16 33.70dB±0.23
100%MO 54.49dC±0.04 8.59bA±0.11 36.25bA±0.29 58.96bB±0.48 7.48abB±0.11 35.79bB±0.12
Where:MO: moringa oil; L*= lightness; a*= redness and b*= yellowness; Results are presented as means for triplicate analyses ± standard

deviation (SD). Means within column with different small letters are significantly different (P ≤ 0.0) between samples, while a
difference in captal letters indicates significant differences between different storage period of the same sample in the same raw at (P
≤ 0.05). day of storage, the lightness (L*) values reduced to range between 42.44 and 50.83. In the meantime, the *
(redness) values rose in comparison to the control and fell during the course of storage. The range of the decline was
15.22 to 17.35. Additionally, the yellowness, or b*, was lower than the control. As the storage duration increased from
day 0 to day 15, L*, a*, and b* typically
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decreased. Regarding the crumb color characteristics displayed in Table (3), the supplementation cake samples containing
moringa oil showed a drop in Lightness (L*) and b* (Yellowness) values as compared to the control sample throughout the
course of storage. The opposite trend was seen for a* (redness) color values. Values for color parameters changed during the
course of storage; for example, lightness (L*) values rose on the fifteenth day. In contrast, values were lowest throughout
other storage periods, whereas a* (redness) and b* (yellowness) values peaked on the tenth day of storage.

Baking quality of cake
Table 4 lists the baking quality of cakes replacement with varying amounts of moringa oil at various storage times.

The table's findings showed that cake samples supplemented with varying amounts of moringa oil throughout storage periods
(0, 5, 10, and 15 days) had weight values that were greater than the control for cake samples supplied with 60%, 80%, and
100% moringa oil. At various storage times, the weight values of cakes supplemented with 20% and 40% moringa oil were
lower than those of the control. Cakes held for zero time had the largest decrease in weight values of the final samples. Cakes
supplemented with 60%, 80%, and 100% moringa oil and cakes supplemented with 20% and 40% moringa oil at varying
storage times showed rising and decreasing rates ranging from 1.22 to 3.48% and 4.12 to 6.94%, respectively. The weight of
the various cakes supplemented with 20, 40, 60, 80, and 100% moringa oil did not change significantly (p≤0.05) during the
course of the storage days. These findings are consistent with those of Shokery et al. [33], who found that the weight of cake
samples containing MO increased and decreased in relation to the control sample. Additionally, the same table demonstrated
that at various storage times, the volume values of cakes supplemented with varying concentrations of moringa oil were much
lower than those of the control. Cakes supplemented with various supplementation percentages at zero time storage had the
lowest drop in volume values, whereas cakes stored under the same conditions for the last 15 days had the biggest reduction in
the same parameter. The same samples' specific volume values exhibited a similar pattern, being considerably lower at zero
time and after five, ten, and fifteen storage days, respectively, although not significantly lower than the control. It varied
between 3.86 and 15.88% at zero time, 4.37 and 15.72% after five days of storage, 6.10 and 17.84% after ten days, and 8.97
and 20.79% after fifteen days.

Table 4: baking quality of cake with different levels of moringa oil at different storage periods at 250C for 15 days
Samples Weight

(g)
Volume
(cm3)

Specific
volume
(cm3/g)

Weight
(g)

Volume
(cm3)

Specific
volume
(cm3/g)

zero time After 5 days
Control 122.50bA±2.12 285.50aA±0.71 2.33aA±0.03 123.72bA±0.34 283.20aA±1.13 2.29aA±0.20
20%MO 117.00cA±1.41 250.50cdA±3.54 2.14aA±0.03 118.38cA±0.24 249.16cA±1.84 2.10aA±0.18
40%MO 114.00cA±1.41 255.00cA±1.70 2.24aA±0.08 115.41cA±0.65 252.53cA±037 2.19aA±0.23
60%MO 126.50aA±2.12 274.50bA±1.13 2.17aA±0.06 127.83aA±1.07 272.91bA±1.17 2.13aA±0.40
80%MO 126.00abA±2.83 246.50dA±4.95 1.96aA±0.04 126.62abA±0.49 243.84dA±0.40 1.93aA±0.17
100%MO 124.00abB±1.41 278.00bA±0.71 2.24aA±0.03 125.47abAB±0.82 275.28bA±0.68 2.19aA±0.34

After 10 days After 15 days
Control 124.40bA±1.17 264.97aB±2.63 2.13aA±0.28 125.37bA±1.05 253.24aC±1.29 2.02aA±0.07
20%MO 119.28cA±1.37 223.05eB±1.56 1.87aA±0.16 120.19cA±0.35 198.31eC±1.00 1.65aA±0.08
40%MO 116.60cA±1.51 230.86dB±1.71 1.98aA±0.18 117.43cA±0.62 213.72cC±0.79 1.82aA±0.28
60%MO 128.73aA±0.75 245.87cB±0.51 1.91aA±0.13 129.68aA±0.66 232.12bC±1.05 1.79aA±0.11
80%MO 127.51abA±0.93 229.51dB±1.13 1.80aA±0.24 128.70abA±0.81 205.92dC±1.15 1.60aA±0.18
100%MO 126.39abAB±1.71 252.78bB±0.78 2.00aA±0.07 127.59abA±0.72 234.76bC±0.58 1.84aA±0.21
Where:MO: moringa oil; Results are presented as means for triplicate analyses ± standard deviation (SD). Means within

column with different small letters are significantly different (P ≤ 0.0) between samples, while a difference in captal letters indicates
significant differences between different storage period of the same sample in the same raw at (P ≤ 0.05)

Moisture and oil contents of cake
Table 5 shows the moisture and oil content of cake that has been supplemented with moringa oil at varying

quantities during storage times. The findings demonstrated that while there was no significant (p≤0.05) change in the oil
content of the various supplemented cakes with 20, 40, 60, 80, and 100% moringa oil over storage periods, all
supplementation levels for cake samples with moringa oil tended to increase their moisture contents. Generally speaking, as
the amount of moringa oil supplementation rose, so did the moisture content of all supplemented cake samples throughout all
storage durations. At zero time, the moisture level of the various enhanced cake samples was at its lowest. Samples that had
been stored for 15 days had the greatest and lowest moisture and oil content values.
Chemical quality attributes of oil extract from cake supplement with moringa oil

Table 6 displays the findings for the cake samples' acid value (AV), peroxide value (PV), and thiobarbituric acid
(TBA) after they were kept at room temperature for 15 days. There was no significant (p≤0.05) in acid levels of the varied
supplemented cake with 20, 40, 60, 80 and 100% moringa oil, similarly comparable result was seen over the storage periods.
PV, which quantifies lipid peroxide and hydroperoxides produced during the early stages of oxidation, is most commonly
employed as an indication of fat oxidation. Values are expressed as milli-equivalent of peroxide per kilogram of fat [36]. The
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peroxide values of the various cakes added with 20, 40, 60, 80, and 100% moringa oil did not change significantly (p≤0.05).
The control sample, however, showed a much greater PV than the enhanced cake after 15 days of storage. Conversely, when
storage time increased, PV rose as well. This is consistent with Shokery et al. [33], who reported that all prepared cup cake
samples had an increase in PV at the end of storage periods. The control sample's oxidation rate was higher than that of the
cup cake samples containing extracted MO, albeit by a different percentage. This could be because extracted MO contains a
high amount of antioxidants. The PV of all prepared cake samples were below the critical values given by Robards et al [37]
who reported that, edible oil with PV of 7.5 meq. O2/kg was deemed unacceptable from sensory point of view. Benade [38]
mentioned that, the PV increase with time to a maximum level after which it decomposes rapidly to secondary products
leading to a subsequent decrease in the PV. The result indicated that the decomposition of peroxides in the control cake occur
at higher rate than the formulated cake. To assess the development of rancidity in the prepared cake samples during storage
periods, the thiobarbituric acid values (TBA) was calculated. Table (6) showed that, all prepared cake samples supplemented
with moringa oil at different levels (20, 40, 60, 80 and 100%) have no significant on TBA values except 20% was lowest at
zero time and after 5 days (0.04 and 0.05 mg malonadhyde/kg), respectively. However, prepared cake samples treated with
moringa oil at zero time, five days, and ten days.

Table 5: Moisture content and oil content of cake with moringa oil at different levels during storage periods
Samples Moisture content Oil content Moisture content Oil content

zero time After 5 days
Control 22.28cB±0.37 25.84bA±0.31 24.70cA±0.22 25.06bA±0.34
20%MO 26.45bB±1.84 28.26abA±0.47 27.80bAB±0.32 27.61abA±3.46
40% MO 23.99cB±1.02 28.05abA±0.85 25.09cB±1.36 27.33abA±2.61
60% MO 26.56bA±0.83 29.42abA±1.09 26.90bcA±0.34 28.42abA±0.50
80% MO 27.36bA±0.60 31.14aA±0.22 28.18bA±1.36 30.65aA±0.15
100% MO 30.33aA±0.18 31.45aA±0.97 30.82aA±1.05 30.20aAB±2.69

After 10 days After 15 days
Control 25.24cA±0.20 24.72bA±0.18 25.90cA±5.09 24.61bA±0.29
20%MO 28.82bcB±0.44 27.06abA±1.22 29.81abA±0.18 26.61abA±0.30
40% MO 27.73cB±0.28 26.90abA±0.78 29.32bA±0.10 26.84abA±1.31
60% MO 27.21bcA±0.61 28.22abA±0.02 28.04bcA±1.51 27.69abA±0.64
80% MO 28.79abA±0.76 30.27aA±0.00 29.04bA±1.10 29.45aA±0.45
100% MO 31.02aA±0.35 29.70aAB±0.43 31.82aA±0.04 28.02abB±0.33

Where:MO: moringa oil; Results are presented as means for triplicate analyses ± standard deviation (SD). Means within
column with different small letters are significantly different (P ≤ 0.0) between samples, while a difference in captal letters indicates
significant differences between different storage period of the same sample in the same raw at (P ≤ 0.05).

Table 6: Chemical quality attributes of cake with moringa oil during storage
Samples AV* PV* TBA* AV* PV* TBA*

zero time After 5 days
Control 0.11aA±0.04 0.68aB±0.00 42.11bC±0.06 0.16abA±0.03 0.94aB±0.49 50.22bB±3.80
20%MO 0.11aA±0.04 0.69aC±0.15 43.79bB±0.03 0.20aA±0.02 1.06aBC±0.27 46.81bB±2.44
40%MO 0.11aA±0.00 0.54aB±0.08 56.01aB±0.27 0.16abA±0.04 1.33aA±0.21 60.99aAB±4.44
60%MO 0.06aA±0.02 0.93aB±0.15 57.02aB±6.16 0.15abA±0.02 0.96aB±0.19 60.99aB±3.20
80%MO 0.15aA±0.06 0.94aB±0.19 56.44aB±6.65 0.17abA±0.01 0.91aB±0.20 60.61aB±1.04
100%MO 0.06aB±0.02 1.02aA±0.03 52.84aB±1.86 0.10bAB±0.00 1.13aA±0.03 64.07aA±0.50

After 10 days After 15 days
Control 0.18aA±0.04 1.77aA±0.15 50.47bB±0.39 0.21aA±0.06 1.86aA±0.03 64.07aA±2.95
20%MO 0.20aA±0.03 1.49abAB±0.04 60.74aA±1.67 0.21aA±0.02 1.81aA±0.11 65.42aA±2.26
40%MO 0.20aA±0.02 1.39abA±0.32 62.91aAB±0.44 0.21aA±0.02 1.68aA±0.17 68.18aA±1.52
60%MO 0.15aA±0.04 1.20bAB±0.13 62.60aB±0.99 0.18aA±0.06 1.66aA±0.14 70.61aA±0.69
80%MO 0.21aA±0.03 1.29abAB±0.08 62.50aAB±0.43 0.21aA±0.05 1.56aA±0.18 69.26aA±1.58
100%MO 0.11aAB±0.00 1.25abA±0.11 66.87aA±3.47 0.15aA±0.03 1.47aA±0.03 69.73aA±1.63

Where:MO: moringa oil; AV= Acid value; PV= Peroxide value and TBA= Thiobarbituric acid; Results are presented as means for triplicate
analyses ± standard deviation (SD). Means within column with different small letters are significantly different (P ≤ 0.0) between
samples, while a difference in captal letters indicates significant differences between different storage period of the same sample in
the same raw at (P ≤ 0.05).
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(0.04, 0.05, and 0.05 mg malonadhyde/kg) were higher than the control sample. It was evident from the same table that the
TBA values of the prepared cake samples significantly increased with the length of storage. These findings concurred with
those of Sharif et al. [39], who found that the TBA values of cookie samples containing rice bran oil increased over storage.

Organoleptic evaluation of cake:
Table (7) displays the findings for the sensory attributes (color, taste, odor, texture, appearance, and overall

acceptance). To ascertain overall acceptability, the values of Color, Taste, Odor, Texture, and Appearance were assessed. The
results showed that the sensory qualities of the cake samples made by using moringa oil for shortening did not change
substantially (p<0.05). However, the cake that had 80% moringa oil added to it had a high color value (16.67). On the other
hand, the sample enhanced with 100% moringa oil had high levels of taste, odor, texture, and appearance. Conversely, the
sample supplemented with 20% moringa oil had the same sensory qualities as the control sample at zero time. Regarding
overall acceptability of cake made from wheat flour (72%) supplemented with 100% moringa oil had the highest scores
(83.67),

Table 7: Organoleptic evaluation of cake with different levels of moringa oil during different storage periods.
Samples Color

(20)
Taste
(20)

Odor
(20)

Texture
(20)

Appearance
(20)

overall
acceptability

(100)
zero time

Control 15.33aA±5.01 14.83aA±3.19 15.50aA±4.37 16.33aA±2.58 15.50aA±4.23 77.50

20%MO 13.50aA±3.27 13.00aA±3.69 12.83aA±3.82 12.83aA±4.54 14.33aA±3.50 66.50

40% MO 15.17aA±2.23 15.50aA±2.74 15.33aA±3.14 16.00aA±3.10 15.50aA±3.08 77.50

60% MO 15.67aA±1.51 15.33aA±2.73 15.50aA±2.74 16.33aA±2.73 16.17aA±2.64 79.00
80% MO 16.67aA±1.75 16.00aA±2.68 16.17aA±2.40 16.50aA±1.97 16.67aA±2.07 82.00

100% MO 16.33aA±1.75 16.50aA±2.17 16.83aA±1.72 17.17aA±2.14 16.83aA±1.94 83.67

After 5 days

Control 15.19aA±1.33 14.26aA±2.25 15.18aA±3.42 16.10aA±1.81 15.20aA±2.31 75.93

20%MO 13.22aA±1.09 12.71aA±2.60 11.94aA±2.29 12.60aA±2.31 14.12aA±2.22 64.59

40% MO 15.07aA±1.47 14.80aA±3.78 14.75aA±3.35 15.84aA±2.59 15.14aA±2.69 75.60
60% MO 15.30aA±1.47 14.65aA±3.15 14.38aA±3.07 15.97aA±2.97 15.70aA±1.94 76.00

80% MO 16.20aA±1.37 15.56aA±2.02 15.60aA±2.60 16.03aA±1.61 15.83aA±3.07 79.22

100% MO 16.09aA±1.75 15.92aA±3.82 15.57aA±1.91 16.89aA±1.87 16.24aA±1.80 80.71

After 10 days

Control 14.80aA±1.39 13.65aA±2.79 14.37aA±3.37 15.93aA±3.66 14.86aA±1.71 73.61

20%MO 12.95aA±2.73 11.73aA±2.57 10.69aA±352 12.25aA±2.38 13.89aA±2.19 61.51
40% MO 14.87aA±3.44 13.52aA±3.41 13.80aA±3.65 15.60aA±3.24 14.84aA±2.26 72.63

60% MO 15.05AaA±2.56 13.49aA±2.02 13.72aA±2.67 15.54aA±1.71 15.31aA±2.81 73.11

80% MO 15.93aA±1.68 14.60aA±3.86 14.45aA±3.00 15.78aA±2.21 15.46aA±2.96 76.22

100% MO 15.79aA±2.63 14.84aA±3.38 14.74aA±2.33 16.62aA±1.80 15.77aA±1.78 77.76

After 15 days

Control 14.21aA±2.08 12.43aA±2.72 13.64aA±2.22 15.25aA±2.02 14.23aA±1.65 69.76
20%MO 12.42aA±1.09 10.32aA±3.38 9.57aA±2.66 11.94aA±2.45 13.40aA±2.57 57.65

40% MO 14.50aA±2.74 12.29aA±2.57 12.18aA±2.98 15.26aA±2.62 14.39aA±2.14 68.62

60% MO 14.86aA±2.47 12.20aA±2.64 12.30aA±3.51 15.11aA±2.60 15.07aA±2.40 69.54

80% MO 15.60aA±2.15 13.23aA±2.18 13.17aA±2.29 15.35aA±2.05 15.10aA±1.39 72.45
100% MO 15.30aA±1.53 13.44aA±3.66 13.29aA±2.25 16.20aA±1.71 15.38aA±1.64 73.61

Where:MO: moringa oil; Results are presented as means for triplicate analyses ± standard deviation (SD). Means within
column with different small letters are significantly different (P ≤ 0.0) between samples, while a difference in captal letters indicates
significant differences between different storage period of the same sample in the same raw at (P ≤ 0.05).

while minimum scores were given to the cake prepared from wheat flour supplemented with 20% moringa oil (66.50). The
sensory characteristics (Color, Taste, Odor, Texture, Appearance and overall acceptability) values of cake supplemented with
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20, 40, 60, 80, and 100% moringa oil during storage periods after 5, 10 and 15 days generally followed a similar trend as zero
time. These results were be in accordance with Shokery et al. [33] who illustrated that, prepared cup cake samples by
replacing shortening with MO did not significant affect the sensory characteristics. In some other studies normal shortening
was also successfully replaced with oils to improve the quality of bakery products e.g., wheat germ oil, rice bran oil,
sunflower oil and maize germ oil [40-42]. The Staling rate of cake

Alkaline water retention capacity (AWRC) measurements of cake treated with varying concentrations of moringa oil
over storage times are shown in Table 8. Cake's alkaline water retention capacity (AWRC) may serve as a staling and
freshness indicator. As a result, it was calculated for every sample both at zero time and following five, ten, and fifteen days
of storage. The AWRC values of the control samples were the lowest; they decreased from 313.18% at zero time to 296.44,
281.48, and 276.35% after five, ten, and fifteen days of storage, respectively. The cake sample made by substituting 20, 40, 60,
80, and 100% moringa oil for shortening had higher AWRC values at the start of the storage period (335.41, 334.73, 322.76,
321.19, and 335.85%). At the conclusion of storage periods, however, the lowest values—296.66, 298.29, 297.84, 278.32, and
293.07% were recorded. The AWRC values of all supplemented samples at all levels decline throughout storage when cake is
supplemented with varying amounts of moringa oil. As a general notice, as storage times rose, the AWRC values of various
cake samples (control or varying quantities of moringa oil) decreased. However, across all storage times, the cake
supplemented with 80% moringa oil showed the least increase in AWRC value. At zero time and following storage durations
of five, ten, and fifteen days, its respective percentages were 321.19, 298.99, 285.61, and 278.32%. The samples
supplemented with 100% moringa oil (335.85%) stored at zero time, 20% moringa oil (317.86%) stored after five days, 20%
moringa oil supplemented after ten days (315.62%), and 40% moringa oil supplemented after fifteen days (298.29%) had the
highest AWRC value. These lead to consensus. According to Shokery et al. [33], AWRC values significantly decreased as
storage time increased. As MO was used in place of cake shortening, the staling rate was delayed and the cake's freshness was
significantly improved as compared to the control sample. Additionally, as shown in Table 8, cake samples treated with
moringa oil had a greater moisture content than the control sample during all storage periods, which might be the cause of
these results. According to Sultan [42], cakes with higher moisture content often have a slower rate of staling.

Table 8: Staling of cake supplemented with different levels of moringa oil during storage periods.
Samples zero time After 5 days After 10 days After 15 days

Control 313.18cA±5.60 296.44bAB±7.39 281.48cB±4.17 276.35bB±0.75

20%MO 335.41abA±0.08 317.86aAB±0.06 315.62aAB±2.25 296.66aB±5.05

40% MO 334.73abA±4.33 310.44abAB±3.95 305.69abAB±2.00 298.29aB±0.68

60% MO 322.76bcA±2.53 301.69abA±7.25 300.34abA±0.56 297.84aA±5.18

80% MO 321.19cA±2.35 298.99bAB±0.86 285.61bcB±4.92 278.32bB±2.67

100% MO 335.85aA±0.23 301.62abB±2.21 293.22bcB±1.14 293.07aB±4.42

Where:MO: moringa oil; Results are presented as means for triplicate analyses ± standard deviation (SD). Means within
column with different small letters are significantly different (P ≤ 0.0) between samples, while a difference in captal letters indicates
significant differences between different storage period of the same sample in the same raw at (P ≤ 0.05).

Texture profile analysis of cake
Table 9 shows the texture profile study of cakes with varying amounts of moringa oil. All cake samples added with

varying amounts of moringa oil had higher hardness and gumminess ratings than the control sample. Samples with 20% and
80% moringa oil had the greatest hardness and gumminess values (13.95 and 13.47, respectively). Cake samples
supplemented with moringa oil at all doses showed a decrease in springiness scores. When compared to the control, the
reduction rate varied between 2.72 and 21.53%. The cohesiveness values of all supplemented cake samples decreased very
slightly as the quantities of moring oil were increased. 10% moringa oil supplementation level. The chewiness rating only rose
to 47.74, the greatest value compared to the control. When cake was supplemented with moringa oil at levels 20, 40, 60, and
80%, the chewiness value decreased compared to the control. Samples containing 40% and 20% moringa oil had the lowest
and greatest decrease values, respectively (7.43% and 18.85%).

Table 9: Texture profile analysis of cake with different levels of moringa oil
Samples Hardness N Springiness mm Cohesiveness Chewiness J Gumminess N
Control 12.45 3.67 0.97 44.44 12.12
20%MO 13.95 3.13 0.95 41.24 13.20
40% MO 13.47 2.88 0.93 36.15 12.57
60% MO 13.35 3.13 0.92 38.29 12.25
80% MO 14.64 3.00 0.92 40.41 13.47
100% MO 13.88 3.57 0.96 47.74 13.37

Where:MO: moringa oil
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Conclusion:

The chemical, physical, and nutritional properties of sponge cake are greatly impacted by the use of varying
amounts of moringa seed oil. The use of moringa seed oil as a source of fats in fortifying certain bakery products as
functional foods and improving their physical, chemical, technological, and sensory qualities is evident from all the data
regarding the various compounds found in Moringa oleifera oil.
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