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Abstract 

Patties are meat products that are associated with chronic degenerative diseases due to 

their high content of saturated fats. Currently, the replacement of animal fat in these 

products with plant compounds is proposed in order to offer healthier foods. In this work, 

the effect of partially replacing the fat in beef patties with flour and protein extracts from 

moringa leaves (Moringa oleifera Lam.) was evaluated. The proximate composition, 

cooking yield, purge loss, and physicochemical, textural, structural, and antioxidant 

properties of the cooked patties were determined during 15 days of storage at 3°C. The 

results showed that the incorporation of protein extracts significantly increases the protein 

content in the patties. pH, water activity, and texture were not affected by the addition of 

the substitutes during refrigerated storage. However, significant changes were observed in 

the color of the product. The patties that incorporated moringa compounds exhibited 

greater antioxidant activity compared to the control. These results indicated the feasibility 

of incorporating moringa leaf compounds as fat substitutes in patties, facilitating the 

development of healthy low-fat foods with antioxidant properties. 

1. Introduction 

Excessive consumption of animal fats has been 

related to chronic degenerative diseases, mainly 

cardiovascular, being one of the leading causes of death 

worldwide (World Health Organization (WHO), 2024). 

Traditional meat products, such as patties, are high in 

saturated and trans fats, which can cause obesity and 

increase the incidence of cardiovascular diseases (Hu et 

al., 2024; Wang et al., 2024). In response to growing 

consumer demand for healthier products, plant-derived 

compounds are being investigated as potential fat 

substitutes and mimetic agents (Shaheen et al., 2022). 

Fat replacers offer reduced caloric content, contributing 

to the development of low-calorie and low-saturated fat 

products. Additionally, these compounds provide 

additional health benefits, such as promoting the growth 

of beneficial intestinal microbiota (Ramirez-Farias et al., 

2008), and they contain mono- and polyunsaturated fatty 

acids (Shaheen et al., 2022), and have antimicrobial and 

antioxidant activity (Bellucci et al., 2022). On the other 

hand, technologically, they can improve the texture of 

foods (Sołowiej et al., 2022), increase the yield of the 

process (Li et al., 2023), and favor their conservation by 

preventing the growth of microorganisms and oxidation 

reactions of lipids. In various studies, it has been shown 

that protein replacements, such as collagen (Araújo et 

al., 2019), egg protein (Öztürk et al., 2016), whey 

protein (Ozturk-Kerimoglu et al., 2022), and soybean 

protein (Wei et al., 2024), can improve the sensory, 

physicochemical, and textural properties in meat 

products. Moringa (Moringa oleifera Lam.) is an edible 

plant native to Asia. Its cultivation in Latin America has 

increased due to its medicinal properties (Camilleri and 

Blundell, 2024) and low production costs. The root, bark, 

seed, flower, pod, and leaves of the moringa plant have 

been included in human and animal diets (Falowo et al., 

2018). The leaves have attracted attention for their high 

protein content (23–30%) and phenolic compounds. 

Moringa leaf proteins contain essential amino acids, such 

as methionine, phenylalanine, threonine, leucine, lysine, 

isoleucine, valine, histidine and tryptophan (Avilés-

Gaxiola et al., 2021). In addition, it was reported that 

protein extracts from moringa leaves have good water 

and oil absorption capacity (Morales-Olán et al., 2024). 
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The protein extracts could be used as fat replacements. 

However, available documentation on this topic remains 

limited. Most research has incorporated moringa seed 

and leaf flour to improve quality attributes (cooking 

yield, color, texture and microbial and oxidative 

stability) in meat products, not as a fat substitute. The 

effect of incorporating 2–6% moringa seed flour into 

beef burgers has been evaluated, and it was found that 

this addition improved cooking properties, inhibited lipid 

oxidation and prevented microbial growth (Al-Juhaimi et 

al., 2016). Other research has reported the addition of 

flour and moringa leaf extracts to lamb burgers. The 

burgers showed an increase in protein content and water 

absorption capacity; however, the color and moisture 

content decreased (Khomola et al., 2021; Mashau et al., 

2021). The results of incorporating moringa leaf flour 

(50 and 100 g/kg) into chicken burgers on oxidative, 

microbial and sensory characteristics have also been 

shown. The extracts showed antimicrobial activity 

against Escherichia coli and Staphylococcus aureus 

(Elhadi et al., 2016). To date, there are no studies on the 

use of flour and proteins from moringa leaves as fat 

replacers. The aim of this study was to evaluate the 

effects of partially replacing fat in beef patties with flour 

and protein extracts from Moringa oleifera leaves on the 

proximate composition, cooking yield, purge loss, and 

the physicochemical, textural, structural, and antioxidant 

properties of patties after cooking and during refrigerated 

storage. 

 

2. Materials and methods 

2.1 Raw material and obtaining of flour and protein 

extracts from moringa leaves 

The beef and pork fat were purchased at a local 

market. Both were ground with a 3.0 mm sieve and kept 

refrigerated until use. Fresh moringa leaves were 

collected in Veracruz, Mexico.  

The leaves were washed, dehydrated at 40°C for 5 h, 

and ground in a food processor to obtain flour. The two 

protein extracts were obtained from this flour. One by 

washing the flour with distilled water at the isoelectric 

point (pH 4.5) and the other by a hydroalcoholic solution 

with 60% (v/v) ethanol. For the first case, the flour was 

dissolved in distilled water with a 1:10 ratio, and the pH 

was adjusted to 4.5 with HCl (1.0 M). Then, the mixture 

was stirred for 2 h at 25°C and filtered with filter paper 

(4 µm). The retained solid (PI extract) was dried at 40°C. 

For the second extract with hydroalcoholic solutions 

(EtOH extract), the flour was dissolved in a 60% (v/v) 

ethanolic solution with a 1:10 ratio. The mixture was 

stirred for 2 h at 25°C, filtered, and the solid obtained 

was dried at 40°C. The powders were stored at room 

temperature until analysis. PI extract contained 

39.0±3.1% of proteins, 9.2±0.3% of lipids, 6.4±0.0% of 

ash, and 33.4±0.1% of carbohydrates. EtOH extract 

contains 37.4±2.7% proteins, 6.3±0.5% lipids, 

10.2±0.0% ash, and 35.8±0.6% carbohydrates. 

2.2 Preparation of the patties 

The meat and fat were divided to formulate five 

treatments: high-fat control patties (HFC), low-fat 

control (LFC) and low-fat patties added with moringa 

flour (TA), with PI extract protein (TB), and with EtOH 

extract protein (TC) as fat replacers. Approximately 10% 

of the total fat in the patties was replaced with moringa 

compounds. Table 1 shows the formulations made. The 

meat and fat were manually mixed in a bowl. The salt 

and the fat substitute were dissolved in the water 

according to each formulation to ensure thorough 

homogenization. The mixture was divided into 25 g 

portions, and patties were shaped using a mold 

measuring 5.5 cm in diameter and 1.5 cm deep. The 

patties, control and with moringa flour and protein 

extracts, were then placed in plastic bags and cooked in a 

water bath at 80°C for 10 min, reaching an internal 

temperature of 75°C. Cooked samples were subsequently 

arranged in aluminum trays, covered with polyvinylidene 

chloride (PVDC), and refrigerated at 3±1°C for 15 days. 

During storage, samples were collected on days 0, 3, 6, 

9, 12, and 15 to analyze physicochemical, textural, and 

antioxidant properties. 

2.3 Proximate composition 

The proximate composition of cooked patties at day 

0 was determined according to the AOAC 

INTERNATIONAL (2016) methods: moisture content 

by oven drying (AOAC Official Method 950.46), protein 

by the Kjeldahl method (AOAC Official Method 

981.10), lipid by Soxhlet extraction (AOAC Official 

Method 960.39), and ash by incineration in a muffle 

furnace (AOAC Official Method 920.153). 

2.4 Cooking yield 

Cooking yield was calculated following the 

methodology by Kirkyol and Akköse (2023) as the ratio 

Ingredients 

(g) 
HFC LFC TA TB TC 

Beef 552.50 552.50 552.50 552.50 552.50 
Pork fat 97.50 65.00 58.50 58.50 58.50 

Replacement 0.00 0.00 6.50 6.50 6.50 
Salt 6.50 6.20 6.20 6.20 6.20 

Water/ice 65.0 62.0 62.0 62.0 62.0 

Table 1. Patties formulations. 

HFC: high-fat control patties, LFC: low-fat control patties, 

TA: low-fat patties added with moringa flour, TB: low-fat 

patties added with PI protein extract, TC: low-fat patties 

added with EtOH protein extract. 
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between the weight of the raw and cooked patties. 

2.5 Purge loss 

To assess purge loss during storage, six cooked 

patties per treatment were weighed on days 0, 3, 6, 9, 12, 

and 15. Results were expressed as a percentage loss 

relative to the initial weight on day 0. 

2.6 Physicochemical properties 

The physicochemical properties evaluated during 

storage of the cooked patties were pH and water activity. 

The pH was measured using a pH-meter (HI5521-02, 

Hanna Instruments, Mexico). The sample (20 g) was 

homogenized with 30 mL of distilled water for 1 min 

using a blender (Oster, Mexico). For water activity 

measurements, 25 g of each cooked patty was placed in 

the sample holder of an Aqualab Pawkit (Meter Group, 

Inc., USA) for 5 min. The equipment was calibrated 

using water activity standards 0.920, 0.760 and 0.250. 

Measurements were performed in triplicate. 

2.7 Color parameters 

Color parameters (L*, a*, and b*) were measured 

using a Colorspec CS 520 Sphere spectrophotometer 

(CIE LAB, Hangzhou CHNSpec Technology, China). 

Measurements were taken in triplicate in different areas 

of each cooked patty. 

2.8 Textural properties 

The texture profile analysis of the patties was 

performed using a texture analyzer (EZ-S 500 N, 

Shimadzu, Japan) according to the methodology of 

Janardhanan et al. (2023), with minor modifications. 

Cooked patties samples (1.5 cm × 1.5 cm) were placed 

between the steel plates, and the pre-test, test, and post-

test were set to 2 mm/s. Samples were compressed to 

50% in two cycles at room temperature. Twenty 

measurements were conducted per treatment to 

determine hardness, gumminess, elasticity, and 

chewiness. 

2.9 Radical scavenging activity assay 

The antioxidant capacity of the cooked patties was 

evaluated using the 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) radical, following the procedure of Manzoor et 

al. (2022) with some modifications. The sample (20 g) 

was homogenized for 1 min with 30 mL of distilled 

water, centrifuged at 9,000 rpm for 20 min at 4°C and 

filtered with filter paper (4 µm). For the DPPH reaction, 

100 mL of the sample supernatant was mixed with 3.9 

mL of 60 mM DPPH solution. Samples were kept in the 

dark for 30 min, and the absorbance was measured at 

517 nm. Results were expressed as % DPPH inhibition 

using Eq. 1: 

2.10 Structural analysis by Fourier transform infrared 

spectrometry 

Cooked patties were dehydrated at 40°C for 24 h and 

ground in a mortar. The obtained powder was 

characterized using an FTIR spectrophotometer (Vertex 

70v, Bruker, Bremen, Germany) in the region of 4000–

500 cm-1. For analysis, the sample was carefully placed 

in the sample holder. Average spectra obtained from 64 

scans were recorded, with a resolution of 4 cm⁻¹. Spectra 

were obtained in triplicate. 

2.11 Statistical analysis 

All treatments were prepared in duplicate on separate 

days, generating two independent batches. The results 

were expressed as mean ± standard deviation (SD) and 

compared using ANOVA and Tukey's test (p < 0.05) 

with the GraphPad Prism program version 10.1.1 

(Dotmatics, USA). Statistical comparisons between each 

treatment by day of storage are presented. 

 

3. Results and discussion 

3.1 Effect on proximate composition 

The proximate composition of the cooked patties is 

presented in Table 2. The inclusion of the flour and 

protein extracts of moringa leaves did not significantly 

affect the moisture. These results agree with those 

reported in beef burgers supplemented with moringa 

seed flour (Al-Juhaimi et al., 2016). In contrast, Elhadi et 

al. (2016) and Khomola et al. (2021) reported decreased 

moisture in chicken and mutton patties with moringa leaf 

flour addition. The differences may be due to the 

inclusion levels of the flour. Higher solid content in the 

burger can contribute to low moisture content (Mashau et 

al., 2021). In this study, only 10% of the total fat was 

replaced with flour from moringa leaves to avoid patties 

that were too dark and astringent in taste, as observed in 

preliminary tests (data not shown). Protein content was 

significantly affected by the addition of moringa protein 

extracts. Patties added with moringa protein extracts (TB 

and TC) presented the highest protein levels. The protein 

content of the extracts PI and EtOH was quantified at 

39.0±3.1% and 37.4±2.7%, respectively. Replacing 10% 

of the total fat with these extracts increased the patties' 

protein content. Similar results were reported by other 

authors in meat patties made with soy protein as a partial 

substitute for fat (Wei et al., 2024). On the other hand, 

the addition of moringa flour in TA did not show 

changes in protein concentration. Al-Juhaimi et al. 

(2016) detailed similar results. Other authors reported an 
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increase in the protein content in patties added with 

moringa flour (Elhadi et al., 2016; Mashau et al., 2021); 

however, as mentioned, these variations depend on the 

inclusion levels of the flour. LFC, TA, TB, and TC 

patties were prepared with a 66% reduction in lipids. 

However, proximate analysis showed an increase in lipid 

content in TB and TC patties. In literature, some authors 

report an increase in the amount of lipids when 

incorporating moringa leaf flour into patties, mainly 

when its inclusion level is high (Elhadi et al., 2016; 

Khomola et al., 2021). No significant differences in lipid 

content were found between high-fat control patties and 

TB or TC samples, likely due to the lipid contribution 

from moringa protein extracts (9.2±0.3% and 6.3±0.5% 

for PI and EtOH extracts, respectively). Wei et al. (2024) 

did not obtain an increase in lipid content when adding 

soy protein to the patties. However, this will depend on 

the purity of the added protein extracts. The most widely 

used methodology for protein extraction is the isoelectric 

point method. This methodology produces purer protein 

isolates; however, it generates low yields, making its 

industrial application unviable. For this reason, this work 

proposed the use of protein concentrates obtained 

through simpler and more sustainable methodologies, 

which allow for protein concentration and higher yields, 

even if their purity is not high. Unlike HFC patties, the 

lipids that the extracts of moringa provide to this food 

may offer health benefits. It has been reported that 

moringa leaves contain fatty acids, such as α-linolenic 

acid and linoleic acid, with great biological activity and 

contribute to reducing blood cholesterol (Estay-Moyano 

et al., 2021). No significant differences in ash content 

were observed between treatments, with and without 

moringa. These results are similar to those reported by 

Al-Juhaimi et al. (2016). 

3.2 Effect on cooking yield and purge loss 

Table 2 shows the cooking yield of the prepared 

patties. LFC, TA, and TC patties presented the highest 

yields compared to the high-fat control. The values 

found were higher than those reported for lamb patties 

enriched with moringa leaf flour (Mashau et al., 2021; 

Khomola et al., 2021). Moringa leaf flour and protein 

extracts have been described to exhibit techno-functional 

properties, such as the ability to retain water and oil 

(Morales-Olán et al., 2024). These properties can 

increase the cooking yield in the TA and TC treatments. 

In the patties made with the protein extract PI (TB), this 

effect was not observed. During the cooking of the 

patties, a loss of water occurred; it seems that the PI 

extract does not bind water strongly in the gel formed, 

unlike the EtOH extract. However, no significant 

differences were found between the cooking yield of 

HFC and TB patties. At the end of 15 days of storage, 

TC patties exhibited the highest purge loss values 

(Figure 1A). Despite their high cooking yields, TC 

patties retained less water during storage. Among the 

HFC, LFC, TA, and TB patties, no significant 

differences were observed, and the weight loss during 

storage was less than 15%. 

3.3 Effect on physicochemical properties 

The pH of the patties was not statistically different 

between treatments (Table 3). The incorporation of 

compounds from moringa leaves did not affect this 

parameter. While pH increased during storage, the final 

values on day 15 were not significantly different among 

samples. Similar results were reported in mutton patties 

enriched with moringa flour (Mashau et al., 2021). Al-

Juhaimi et al. (2016) attributed pH increases during 

storage to protein decomposition caused by microbial 

activity. Other investigations reported a decrease in pH 

values during the storage of patties added with moringa 

flour, possibly due to fermentation processes yielding 

organic acids (Elhadi et al., 2016). Water activity ranged 

from 0.70–0.80 during storage (Table 3). At the 

beginning of storage, no significant differences were 

found between treatments. TA patties showed stable 

water activity during storage, suggesting enhanced 

storage stability. 

3.4 Effect on color parameters 

Color parameters results (L*, a*, and b*) are shown 

in Table 3. Significant changes in luminosity were 

observed. TB and TC patties presented the lowest values, 

resulting in a darker appearance of the patties (Figure 

Samples Moisture (%) Protein (%) Lipid (%) Ash (%) Cooking yield (%) 

HFC 67.001.47a 21.170.25b 8.150.40a 0.840.03a 77.982.26b 

LFC 68.371.55a 21.060.83b 6.900.03b 0.760.05a 81.181.16a 

TA 69.451.26a 19.520.84b 6.810.34b 0.500.03a 82.000.90a 

TB 63.501.34a 26.150.52a 7.740.36a 0.780.01a 79.830.96b 

TC 63.621.13a 24.080.33a 8.110.06a 0.910.02a 80.151.26b,a 

Table 2. Proximate composition and cooking yield of the patties. 

Values are mean±SD. Values with different superscripts in the same column are statistically significantly different (p<0.05). 

HFC: high-fat control patties, LFC: low-fat control patties, TA: low-fat patties added with moringa flour, TB: low-fat patties 

added with PI protein extract, TC: low-fat patties added with EtOH protein extract. 
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2A). In the protein extraction processes, part of the 

pigments, such as chlorophyll, contained in moringa 

leaves (Mashau et al., 2021) can be eliminated, mainly in 

the EtOH extract; however, the moringa proteins 

themselves present a dark green color, which causes the 

patties to lose their luminosity. Statistically, the addition 

of moringa flour as a fat replacement did not affect the 

lightness of the patties (Table 3). In research where flour 

from moringa leaves have been incorporated in higher 

concentrations, the patties lose luminosity (Al-Juhaimi et 

al., 2016; Elhadi et al., 2016; Mashau et al., 2021). The 

differences in the luminosity of TB and TC were 

maintained during the 15 days of storage. The value of 

the a* parameter of the patties was positive, so their 

color tends to be reddish. The patties with the TA 

treatment presented the lowest values; that is, they had a 

more greenish color. No significant differences in the a* 

value were observed between TB, TC, and control 

samples to day 0. These values were lower than those 

reported in beef and mutton patties added with moringa 

flour (Al-Juhaimi et al., 2016; Mashau et al., 2021). On 

day 15 of storage, statistical differences were found 

between the a* values of TA and TC with respect to the 

control patties. Khomola et al. (2021) attribute the 

change in the color parameter a* to myoglobin oxidation 

and phenolic compounds in moringa flour. On the other 

hand, at the beginning of storage, the values of the b* 

parameter were not statistically different between the 

treatments. Al-Juhaimi et al. (2016) and Khomola et al. 

(2021) reported an increase in b* values when adding 

moringa to patties, due to the presence of carotenoids. 

With the concentration used in this study, this parameter 

was not affected on day 0; however, starting on day 9, 

lower b* values were observed in the TB and TC 

samples. Mashau et al. (2021) obtained a decrease in the 

b* parameters, indicating that this is due to the presence 

of the antioxidants contained in moringa flour. It can also 

be caused by the breakdown of proteins. Several authors 

have associated the decrease in color parameters of meat 

products during storage with the oxidation of myoglobin, 

a process that leads to the formation of brown pigments. 

The results of this study suggest that the incorporation of 

moringa flour and protein extracts into the patties may 

not provide adequate protection against myoglobin 

oxidation. However, to confirm this hypothesis, further 

studies are necessary, including detailed analyses of the 

myoglobin redox state. The color changes observed in 

the patties may also be related to the oxidation and 

degradation processes of phenolic compounds and green 

pigments, which are naturally present in moringa. These 

compounds are sensitive to factors such as pH, 

temperature, and oxygen exposure (Nayak et al., 2015). 

3.5 Effect on texture properties 

Table 3 shows the texture properties of the prepared 

patties. The addition of flour and protein extracts did not 

significantly affect the hardness of the patties. Storage 

caused a hardening of the samples; however, there were 

no statistically significant differences in the hardness of 

the patties after 15 days of storage. The increase in 

hardness values may be attributed to the loss of water 

that the patties undergo during storage, as shown in 

Figure 1A. Water plays a crucial role in maintaining the 

tenderness and juiciness of meat. Additionally, this 

phenomenon may be accompanied by the denaturation of 

muscle proteins, which has also been reported to 

contribute to meat toughening (Bakhsh et al., 2021). Al-

Juhaimi et al. (2016) reported that the addition of 

moringa flour to beef patties affected their hardness, and 

this increased with its concentration. Similar results were 

obtained by Wei et al. (2024), who found that the 

addition of soy proteins as a fat replacement in pork 

patties caused an increase in the hardness of the samples. 

The formulation of the patties did not affect their 

Figure 1. Purge loss (A) and DPPH inhibition (B) during 

storage of the cooked patties. Bars with different notations are 

statistically significantly different (p ≤ 0.05) between 

treatments on the same day of storage. HFC: high-fat control 

patties, LFC: low-fat control patties, TA: low-fat patties added 

with moringa flour, TB: low-fat patties added with PI protein 

extract, TC: low-fat patties added with EtOH protein extract.  
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Parameter Samples 
Storage time (days)  

0 3 6 9 12 15 

Physicochemical properties 

pH 

HFC 6.040.50a 5.960.00a 6.220.60a 6.420.40a 6.820.60a 7.061.00a 

LFC 5.940.40a 5.970.00a 6.070.50a 6.220.70a 6.550.80a 7.020.70a 

TA 5.900.40a 5.960.00a 6.190.50a 6.530.60a 6.541.00a 6.981.00a 

TB 5.800.10a 5.840.50a 6.240.00a 6.030.00a 6.120.10a 6.780.80a 

TC 5.790.10a 5.820.40a 6.180.00a 5.900.00a 6.170.30a 6.410.50a 

Water activity 

HFC 0.740.03a 0.730.04a 0.700.05a 0.710.03a 0.710.07a 0.720.05a 

LFC 0.790.01a 0.790.02a 0.780.02b 0.780.02b 0.780.03b 0.780.03a,b 

TA 0.800.01a 0.800.01b 0.800.03b 0.800.02b 0.800.02b 0.800.02b 

TB 0.720.03a 0.740.04a 0.710.04a 0.710.04a 0.720.04a 0.720.04a 

TC 0.780.02a 0.790.03a 0.770.03b 0.780.01b 0.790.02b 0.770.01a,b 

Color parameters 

L* 

HFC 46.821.43a 46.682.81a 46.651.29a 46.572.61a 47.140.84a 46.392.30a 

LFC 47.150.25a 47.641.11a 47.923.20a 47.640.83a 47.430.94a 46.902.11a 

TA 41.831.08a 41.951.04a 43.421.32a 44.000.87a 42.291.21a 41.822.41a 

TB 36.591.26b 37.761.84b 37.461.63b 37.490.77b 32.322.05b 35.723.42b 

TC 36.330.80b 37.132.72b 35.432.52b 36.022.44b 35.932.00b 34.530.63b 

a* 

HFC 6.340.50a 7.430.91a 7.130.26a 7.120.67a 6.090.37a 6.360.38a 

LFC 6.630.21a 7.090.24a 6.921.30a 6.650.37a 6.560.50a 5.650.56a 

TA 3.320.26b 3.360.41b 3.640.38b 2.960.04b 3.330.44b 2.880.84b 

TB 5.661.26a 4.990.41b 4.900.60b 5.360.47a 5.680.49a 4.722.21a 

TC 5.560.99a 5.340.41b 6.201.66a 4.810.64b 4.891.42a 3.900.45b 

b* 

HFC 15.291.02a 15.681.25a 15.420.89a 15.720.29a 15.280.85a 15.280.17a 

LFC 16.100.15a 15.520.37a 15.890.89a 15.220.29a 15.840.59a 14.860.31a 

TA 15.240.37a 14.530.84a 15.490.20a 15.040.45a 15.250.87a 14.791.50a 

TB 13.081.01a 13.300.48a 12.840.78a 12.262.31b 11.311.16b 12.281.35b 

TC 12.840.88a 13.921.64a 12.780.65a 12.661.07b 12.640.35a 11.380.48b 

Textural properties 

Hardness (N) 

HFC 27.123.60a 27.764.42a 27.684.13a 28.724.11a 33.225.26a 37.946.11a 

LFC 29.664.95a 29.055.27a 25.064.08a 26.084.14a 28.736.87a 33.294.46a 

TA 27.015.37a 28.545.89a 28.096.75a 25.743.62a 32.386.34a 32.764.13a 

TB 26.764.35a 27.143.51a 34.887.76b 32.847.60a 44.207.72b 37.848.84a 

TC 27.816.15a 30.364.95a 32.565.57a 32.224.91a 31.425.37a 44.728.30a 

Gumminess 
(N) 

HFC 13.092.24a 12.892.81a 15.143.74a 18.672.72a 18.235.51a 21.264.74a 

LFC 13.182.17a 13.833.45a 13.682.46a 14.042.85b 14.351.96a 19.053.49a 

TA 12.572.29a 13.632.96a 14.102.44a 14.133.47b 15.763.65a 17.914.15a 

TB 12.673.31a 13.752.13a 16.524.46a 15.995.14a 23.595.82b 20.495.53a 

TC 12.162.93a 14.543.13a 15.252.94a 14.573.00a 15.754.26a 22.727.09a 

Elasticity (%) 

HFC 1.000.02a 0.990.01a 1.000.01a 1.000.01a 1.000.01a 1.000.01a 

LFC 1.000.01a 1.000.01a 1.000.01a 1.000.01a 1.000.01a 1.000.01a 

TA 1.000.01a 1.000.01a 1.000.01a 1.000.01a 1.000.01a 1.000.01a 

TB 1.000.01a 1.000.01a 1.000.01a 1.000.01b 1.000.01a 1.000.01a 

TC 0.990.01a 0.990.01a 1.000.01a 1.000.01b 1.000.01a 1.000.01a 

Chewiness (N) 

HFC 13.042.24a 12.812.80a 15.113.77a 18.662.73a 18.195.54a 21.194.73a 

LFC 13.142.16a 13.763.43a 13.622.46a 14.012.76b 14.301.96a 19.083.48a 

TA 12.562.32a 13.602.97a 14.072.41a 14.113.52b 15.723.71a 17.904.18a 

TB 12.613.26a 13.512.34a 16.504.49a 15.995.20a 23.625.82b 20.345.53a 

TC 12.102.93a 14.473.16a 15.252.91a 14.583.03a 15.734.27a 22.687.05a 

Table 3. Physicochemical properties, color parameters, and textural properties during storage of cooked patties. 

Values are mean±SD. Values with different superscripts in the same column are statistically significantly different (p<0.05) 

between treatments on the same day of storage. HFC: high-fat control patties, LFC: low-fat control patties, TA: low-fat patties 

added with moringa flour, TB: low-fat patties added with PI protein extract, TC: low-fat patties added with EtOH protein extract. 
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gumminess, elasticity, and chewiness; no significant 

differences were found between the treatments. During 

storage, the gumminess and chewiness of the patties 

increased but were not significant on day 15. 

3.6 Effect on the antioxidant capacity 

Antioxidant activity, assessed via DPPH radical 

scavenging, is shown in Figure 1B. Cooked patties with 

moringa flour and protein extracts provided a high 

antioxidant capacity compared to the controls. On day 0, 

the highest values were obtained in the patties added 

with moringa flour (TA), followed by the patties with 

protein extracts (TB and TC). Phenolic compounds with 

antioxidant capacity, such as phenolic acids, flavonoids, 

quercetin, and kaempferol, have been identified in 

moringa leaves (Bordim et al., 2023). Moringa proteins 

may also present antioxidant activity. Avilés-Gaxiola et 

al. (2021) reported 36.68±4.86% of the DPPH radical in 

protein isolates from moringa flour. During storage, 

antioxidant activity decreased in all samples, but the 

highest values were found in the TA and TC treatments 

with 32% inhibition, followed by the TB treatment with 

20%. These values were higher than those reported by 

Bellucci et al. (2022) in pork patties added with açaí 

powder after 10 days of refrigerated storage. The 

antioxidant capacity of compounds decreases during 

storage due to oxidation caused by oxygen, light and 

temperature (Mrázková et al., 2023), as well as 

interactions with proteins and lipids that alter their 

structure and effectiveness. Although these antioxidants 

can delay lipid oxidation, they tend to degrade over time, 

reducing their ability to fully protect the product. At low 

concentrations of flour and moringa proteins, it is 

possible to obtain a great antioxidant capacity in the 

patties, which can help prevent lipid oxidation. In food 

industry, one of the most widely used methods to control 

lipid oxidation is the addition of antioxidants, and a 

positive correlation has been found between the DPPH 

method and TBARS (Xu et al., 2007). However, the 

exact correlation varies significantly depending on the 

system studied, the type of sample, experimental 

conditions, and the nature of the antioxidants or 

compounds present; therefore, it is essential to directly 

assess lipid oxidation in order to draw accurate 

conclusions. 

3.7 Structural analysis by Fourier transformed infrared 

spectrometry 

FTIR spectra (Figure 2B) identified characteristic 

bands of fats (2925 and 2854 cm−1), which correspond to 

asymmetric C-H stretching of the CH2, CH3 bond and 

aliphatic groups, and at 1746 cm−1, which correspond to 

C=O stretching of cholesterol esters and triglycerides 

(Lozano et al., 2017). The bands associated with the 

presence of proteins at 3288 cm−1 which corresponds to 

N-H stretching (Candoğan et al., 2021), 1657 cm−1 

which corresponds to amide I (C=O stretching and C-N 

bond and C=C stretching), and amide II at 1542 cm−1 

which corresponds to the N-H bending and C-N bond 

(Rohman, 2019). The FTIR spectra of the cooked patty 

samples presented absorption bands at similar 

wavenumbers that correspond to proteins and lipids 

typical of this type of food; however, they presented 

different intensities, which indicates differences in 

concentration, mainly in lipids and proteins. The FTIR 

technique allows for the rapid and efficient analysis of 

meat products, requiring minimal sample preparation and 

without the need to destroy the sample.  

 

4. Conclusion 

This study evaluated the impact of incorporating 

moringa leaf flour and protein extracts as fat substitutes 

in cooked beef patties. The results indicated that the 

addition of protein extracts significantly increased the 

protein and lipid content of the product. Furthermore, 

patties containing flour and EtOH protein extract showed 

higher cooking yield, although those with protein extract 

experienced significant water loss during storage. No 

differences were found in the physicochemical or 

textural properties compared to control patties. The 

inclusion of moringa flour and protein extracts also 

caused noticeable color changes, resulting in less 

Figure 2. Photograph (A) and FTIR spectra of the formulated 

cooked patties (B). HFC: high-fat control patties, LFC: low-

fat control patties, TA: low-fat patties added with moringa 

flour, TB: low-fat patties added with PI protein extract, TC: 

low-fat patties added with EtOH protein extract.  
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luminous and darker, effects that intensified over time. 

Patties added with moringa flour and protein extracts 

exhibited enhanced antioxidant capacity throughout 

storage. These findings suggest that moringa leaf flour 

and protein extracts can be effectively used as fat 

replacers, producing low-fat patties with improved health 

benefits due to their antioxidant properties. 
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