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1 Introduction
Mortadella is a cured meat product that has high consumer 

acceptance in Brazil, where the average per capita consumption 
reaches 0.5 kg year−1 (Instituto Brasileiro de Geografia e Estatística, 
2017). The great popularity of mortadella is due to its fat content, 
as fats impart important sensorial characteristics, such as flavor, 
texture, and a desirable juiciness (Trindade et al., 2010). However, 
excessive fat consumption has adverse health effects, which 
include obesity and an increased risk of cardiovascular disease.

Consumers are becoming increasingly aware of their 
fat intake and concerned about the products they include in 
their diets, because lifestyle habits and a diet rich in saturated 
fats, cholesterol, and salt have been shown to be risk factors 
for cardiovascular disease. Consumer purchase decisions are 
influenced by convenience, health aspects, and a preference 
for low-fat, low-sodium, and reduced-calorie meat products 
(Shand et al., 1990).

Therefore, dietary fibers have been used in meat products 
not only as fat substitutes but also for their effects of reducing 
the risks of colon cancer, obesity, cardiovascular disease, and 
other health conditions (Chang & Carpenter, 1997; Mansour 
& Khalil, 1997).

Moringa oleifera Lam. is a medium-sized tree belonging 
to the family Moringaceae. It is native to northeastern India 

but also found in Egypt, Philippines, Sri Lanka, Thailand, 
Malaysia, Burma, Pakistan, Singapore, Jamaica, and Nigeria 
(Ramachandran et al., 1980). The leaves, flowers, and seeds have 
excellent nutritional value, and all parts of the plant have important 
medicinal properties (Makkar & Becker, 1997). Moringa seeds 
have high fiber (7.7g 100g−1), protein (38.3g 100g−1), and lipid 
(36.9g 100g−1) contents (Ruttarattanamongkol et al., 2014) as 
well as high antioxidant and antimicrobial activities (Singh et al., 
2013) and, therefore, show potential as functional ingredients 
in meat emulsion products, such as mortadella. The objective of 
this work was to evaluate the effect of the addition of M. oleifera 
Lam. seed flour for partial fat replacement in chicken mortadella 
on physicochemical characteristics, chemical composition, and 
lipid oxidation.

2 Materials and methods
2.1 Characterization of M. oleifera Lam. seeds

Moringa seeds were purchased from a local producer in 
Maringá, PR, Brazil. Moringa seeds were manually peeled 
and crushed in an IKA A11 Basic mill. Subsequently, seeds 
were sieved through a 20-mesh sieve. Ground moringa seeds 
(moringa seed flour) were subjected to physicochemical and 
antioxidant analyses
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2.2 Physicochemical characterization of moringa seed flour

Moisture, protein, lipid, fiber, and ash contents were 
determined according to AOAC methods (Association of Official 
Analytical Chemists, 2000). The pH was measured using a digital 
pH meter (Mettler Toledo FE20 Five EasyTM). Water activity (aw) 
was measured using an Aqualab Dew Point 4TEV equipment. 
Water-holding capacity (WHC) was determined according to 
the method described by Robertson et al. (2000).

2.3 Antioxidant activity of moringa seed flour

Methanolic extracts of moringa seed flour were used for 
the determination of phenolic compounds and antioxidant 
activity. Phenolic compounds were determined by the method 
of Kumazawa et al. (2004), using the Folin-Ciocalteu reagent. 
Results were expressed as mg gallic acid equivalents (GAE).100g−1 
dry weight. Antioxidant activity was determined by the ferric 
reducing antioxidant power (FRAP) and ABTS assays, according 
to the procedures described by Sánchez-González et al. (2005). 
Results were expressed in µmol Trolox .g−1 sample dry weight. 
Analyses were carried out in triplicate.

2.4 Preparation of chicken mortadella

Mortadellas were prepared in pilot scale at the State University 
of Londrina (Londrina, PR, Brazil). Chicken breast meat and 
mechanically separated meat (MSM) were kindly provided by a 
commercial meat processing plant located in Londrina. Fat was 
purchased at local shops. All other ingredients were kindly 
provided by New Max Industrial Ltd.

Four different formulations of chicken mortadella were 
prepared using 0%, (C, control), 1% (T1), 3% (T3), and 5% 
(T5) of moringa seed flour as fat substitute. The maximum 
concentration of moringa seed flour (5%) was defined to avoid 
imparting a bitter taste to mortadella; sensory evaluation showed 
that mortadellas containing more than 5% of moringa flour were 
bitter (data not shown).

First, cold chicken breast meat (0 °C) (30%) was cut into pieces 
and placed in a Sire cutter with ice (14%). During comminution, 
mechanically deboned chicken meat (27.32%) was added to 
the cutter. After homogenization, the remaining ingredients 
were added: salt (1.7%) and fat (21% for the control, 20% for 
T1, 18% for T3, and 16% for T5). The mixture was grinded for 
thirty seconds and then curing salt (0.02%), soy protein isolate 
(2.2%), moringa seed flour (1% for T1, 3% for T3, and 5% for 
T5), mortadella flavoring (0.6%), cochineal carmine (0.015%), 
antioxidant (0.15%), and, finally, cassava starch (3%) were added. 
Comminution was continued until the dough reached 7 °C; 
temperature was controlled by a thermocouple. An aliquot was 
collected for weight determination as part of the analysis of 
emulsion stability, and the remainder of the dough was packed 
in polyamide casings (each mortadella had approximately 500g). 
Samples were cooked in a Dubnoff water bath under the following 
conditions: 20 min at 45 °C, 20 min at 55 °C, 20 min at 65 °C, 
20 min at 75 °C. The samples were then kept at 85 °C until the 
internal temperature reached 72 °C. Mortadellas were stored 
under refrigeration (4 °C) for 40, 60, and 90 days. Analyses were 
performed in triplicate.

2.5 Physicochemical analysis and proximate composition of 
chicken mortadella

The proximate composition (moisture, protein, ash, and 
lipid contents) of mortadella was determined by AOAC methods 
(Association of Official Analytical Chemists, 2000). Moisture 
content was measured by oven drying the samples at 105 °C to 
constant weight. Protein was quantified using the micro-Kjeldahl 
method. Ethereal extracts were obtained by the Soxhlet method. 
Ash content was determined by placing the samples in a muffle 
furnace at 550 °C.

Emulsion stability (ES) was determined according to the 
method proposed by Olivo et al. (1996), and results were expressed 
as percentage of weight loss (w/w).

Color parameters were determined on a Minolta CR400 
colorimeter using illuminant D65 and a 10° viewing angle. 
Results were expressed in CIELab system: L* (lightness), 
a* (red–green component), and b* (yellow–blue component). 
Color measurements were carried out on the inside of each 
product at three different points per sample. The total color 
difference (ΔE) was calculated according to the equation: 
ΔE = [(L*t0 − L*t)

2 + (a*t0 − a*t)
2 + (b*t0 − b*t)

2]1/2, where t0 represents 
mortadella samples stored for 24h (time 0) and t represents 
mortadella samples after 40, 60, or 90 days of storage at 4 °C.

Water activity (aw) was measured using the Aqualab equipment, 
and the pH was measured using the Mettler Toledo pH meter.

Water-holding capacity (WHC) was measured by the method 
of Troy et al. (1999). Approximately 10g of sample per treatment 
was weighed into a glass jar and kept at 90 °C for 10 min in a 
water bath. After heated, samples were carefully removed from 
the jars using a pair of tweezers. When the samples had cooled to 
room temperature, they were wrapped in cotton cheesecloth and 
placed into 50 mL polycarbonate centrifuge tubes with enough 
absorbent cotton wool on the bottom. Samples were centrifuged 
for 10 min at 9000 × g and 4 °C and then reweighed. The results 
were expressed as percentages.

Texture characteristics were evaluated on a Universal 
Stable Micro Systems TA.XT2i texture analyzer equipped with 
a P035 metal probe. Samples were cut into cylinders of 3 cm in 
diameter and 2.2 cm in length. The parameters used to analyze 
the mechanical properties of mortadellas were defined by Civille 
& Szczesniak (1973): hardness, elasticity, cohesiveness, and 
chewiness (chewiness = hardness × cohesiveness × elasticity).

2.6 Lipid oxidation

Lipid oxidation was evaluated in mortadella samples after 24h 
(time 0) and 40, 60, and 90 days of storage at 4 °C by the TBARS 
(thiobarbituric acid reactive substances) assay (Tarladgis et al., 
1960) using sulfanilamide. Lipid oxidation was expressed as 
mg TBARS.kg−1 sample.

2.7 Statistical analysis

Results were analyzed using Statistica 7.0 software (StatSoft). 
Data were submitted to analysis of variance (ANOVA), and 
Tukey test at 5% probability was used for comparisons among 
different mortadella formulations.
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3 Results and discussion
3.1 Characterization of M. oleifera Lam. seed flour

Lipids (38.6g 100g−1) were the main components of moringa 
seed flour. The second most abundant components were fibers 
(25.5g 100g−1), 95.4% of which were insoluble fibers and 4.6% 
of which were soluble fibers (Table 1). The third most abundant 
components were proteins (21.87g 100g−1). Moringa seed flour 
also contained phenolic compounds (6.09mg GAE g−1 dry weight) 
and showed antioxidant activity by the FRAP and ABTS assays.

The relatively high dietary fiber content, the relatively low 
water activity (0.59) (Table 1), and the pH of moringa seed flour 
(similar to that of chicken breast meat; pH 6.2 vs. 6.6, respectively) 
(Dransfield & Sosnicki, 1999) indicate its potential as a fiber-rich 
functional ingredient for meat products. The phenolic content 
and antioxidant activity (Table 1) of moringa seed flour suggest 
that it can be used to improve the oxidative stability of meat 
products.

The WHC of moringa seed flour was relatively low (1.8g g−1) 
in comparison with that of apple fiber (6.12g g−1) (Rosell et al., 
2009). However, apple fibers were isolated in the referred study, 
whereas in this study, we used whole moringa seed flour without 
any extraction process, lowering production costs.

3.2 Evaluation of chicken mortadella prepared with the 
addition of M. oleifera Lam. seed flour

The moisture, ash, and protein contents of chicken mortadella 
did not differ (p > 0.05) among formulations (Table 2). Lipid 
contents differed significantly (p < 0.05); C mortadella had the 
highest lipid content, T5 mortadella presented the lowest content, 
and T1 and T3 mortadellas presented intermediate values that 
did not differ (p > 0.05) from each other. T1 and T3 mortadellas 
had their lipid content reduced by 11.6% in comparison with C 
mortadella, whereas T5 mortadella had a reduction of 18.7% in 
comparison with the control.

The low lipid content of T5 mortadella was due to the partial 
replacement of fat by moringa seed flour (Table 2), even though 
the flour contains 38.6g lipids 100g−1 (Table 1).

ES and WHC of the mortadellas were not affected by the 
addition of moringa seed flour (Table 3). These properties tend 
to decrease when there is insufficient protein to emulsify fats 
and form a gelled protein matrix capable of preventing the 
separation of fats and other constituents.

ES and WHC did not differ (p > 0.05) among C, T1, T3, and 
T5 mortadellas (Table 3). T5 mortadella had a lower aw than C 
and T1 mortadellas, but the aw of T5 did not differ (p > 0.05) 
from that of T3. pH values of T3 and T5 mortadellas were lower 
(p < 0.05) than those of C and T1.

The addition of 5% of moringa seed flour caused a decrease 
in aw in comparison with the control (Table 3), as moringa seed 
flour had a relatively low aw (Table 1). The addition of 3 or 5% of 
moringa seed flour reduced mortadella pH (Table 3). The same 
result was observed in a study by Sharaf et al. (2009) analyzing 
beef burgers prepared with 9-12% of M. oleifera seed flour.

The hardness and chewiness of C mortadella were higher 
than those of other mortadellas (Table 4). The elasticity and 
cohesiveness of T5 mortadella were significantly lower (p < 0.05) 
than those of C mortadella but did not differ (p > 0.05) from 
those of the other formulations.

The replacement of fat by 5% of moringa seed flour resulted 
in a mortadella with a smooth texture (Table 4). Yang et al. (2007) 
reported that the addition of hydrated oat flour as a fat substitute 

Table 1. Proximate composition, water activity (aw), water-holding capacity 
(WHC), and antioxidant capacity of Moringa oleifera Lam. seed flour.

Variable Moringa seed flour
Moisture (g.100g−1) 6.92 ± 0.062
Lipids (g.100g−1) 38.63 ± 0.699
Proteins (g.100g−1) 21.87 ± 0.662
Ash (g.100g −1) 3.02 ± 0.010
Total Carbohydrates (g.100g−1) 3.97
Total Dietary Fibers (g.100g−1) 25.59
Soluble Dietary Fibers (g.100g−1) 1.27
Insoluble Dietary Fibers (g.100g−1) 24.32
WHC (g H2O.g−1 sample) 1.80 ± 0.025
aw 0.59 ± 0.002
pH 6.20 ± 0.011
Total Phenolic Compounds (mg GAE.g−1)a 6.09
FRAP (µmol.g−1)b 8.27
ABTS (µmol.g−1)b 11.91
aResults are expressed as mg gallic acid equivalents (GAE) g−1 dry weight; bResults are 
expressed as μmol Trolox g−1 dry weight.

Table 2. Proximate composition of chicken mortadella prepared with 
the addition of 0, 1, 3, or 5% of Moringa oleifera Lam. seed flour.

Formulation Moisture (%) Ash (%) Protein (%) Lipid (%)
C 60.22 ± 0.55a 2.90 ± 0.03a 13.43 ± 0.26a 22.34 ± 0.44a

T1 60.21 ± 0.69a 2.89 ± 0.04a 13.53 ± 0.10a 19.79 ± 0.61b

T3 60.57 ± 0.85a 3.02 ± 0.13a 13.85 ± 0.24a 19.70 ± 0.49b

T5 60.67 ± 0.19a 2.97 ± 0.09a 14.03 ± 0.60a 18.17 ± 0.24c

Results are expressed as mean ± standard deviation. Means followed by different letters 
within a column are significantly different (p < 0.05). C = control; T1 = mortadella 
prepared with the addition of 1% of moringa seed flour and 1% fat reduction; 
T3 = mortadella prepared with the addition of 3% of moringa seed flour and 3% fat 
reduction; T5 = mortadella prepared with the addition of 5% of moringa seed flour 
and 5% fat reduction.

Table 3. Emulsion stability (ES), water-holding capacity (WHC), water 
activity (aw), and pH of chicken mortadella prepared with the addition 
of 0, 1, 3, or 5% of Moringa oleifera Lam. seed flour.

Formulation ES (%) WHC (%) aw pH
C 99.89 ± 0.05a 96.51 ± 0.24a 0.977 ± 0.004a 6.21 ± 0.13a

T1 99.30 ± 0.14b 96.17 ± 0.12a 0.976 ± 0.001a 6.19 ± 0.12a

T3 99.89 ± 0.07a 96.24 ± 0.15a 0.975 ± 0.002ab 5.85 ± 0.17b

T5 99.80 ± 0.20a 96.3 ± 0.29a 0.972 ± 0.002b 5.73 ± 0.19b

Results are expressed as mean ± standard deviation. Means followed by different letters 
within a column are significantly different (p < 0.05). C = control; T1 = mortadella 
prepared with the addition of 1% of moringa seed flour and 1% fat reduction; 
T3 = mortadella prepared with the addition of 3% of moringa seed flour and 3% fat 
reduction; T5 = mortadella prepared with the addition of 5% of moringa seed flour 
and 5% fat reduction.
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(10, 15, and 25%) in sausages yielded products with lower hardness, 
cohesiveness, and chewiness but that did not differ in elasticity. 
However, other authors have reported an increase in hardness 
of emulsified products as a result of the addition of fibers from 
different sources (Pietrasik & Janz, 2010; Viuda-Martos et al., 2010; 
Huang et al., 2011). According to Grigelmo-Miguel et al. (1999) 
fiber may interfere with the protein–protein and protein–water 
interactions of the gel network, leading to a decrease in hardness. 
Thus, the addition of 5% of moringa seed flour may have affected 
the gel network of the mortadella.

The L* values (Table 5) of T3 and T5 mortadellas were higher 
(p < 0.05) than those of T1 and C after 24h of storage (time 0). 
L* values varied with storage time for all mortadellas except T3, 
for which L* values remained constant during storage.

The addition of 5% of moringa seed flour resulted in 
lighter-colored mortadella. These results are in agreement with 
those obtained by Al-Juhaimi et al. (2016) who observed an 
increase in lightness in hamburger meat by adding moringa seed 
flour (2, 4, and 6%). The increase in lightness may be associated 
with the color of moringa seed flour.

Regarding a* values (Table 5), after 24 h of storage (time 0) 
only T5 mortadella differed (p < 0.05) from other mortadellas. 
After 40 and 60 days of storage, the a* value of T5 mortadella 
did not differ (p > 0.05) from that of C mortadella but differed 
(p < 0.05) from those of T1 and T3 mortadellas. After 90 days, 
T1, T3, and T5 mortadellas did not differ (p < 0.05) in color 
from C mortadella.

The addition of 5% of moringa seed flour yielded a product 
with a redder color (higher a* value) probably because of the 
presence of phenolic compounds and antioxidant activity 
(Table 1), favoring the reduction of nitrosomyoglobin.

After 24h of storage, T3 and T5 mortadellas exhibited an 
increase in b* value (p < 0.05) in comparison with C and T1 
mortadellas (Table 5). After 40 days of storage, no difference was 
observed among mortadellas. After 60 days, C mortadella had 
the highest b* value, followed by T3, T5, and T1 mortadellas. 
At the end of the storage period, the b* value of T3 differed 
(p < 0.05) from that of C and T1 but did not differ (p > 0.05) 
from that of T5.

The inclusion of 3 or 5% of moringa seed flour caused an 
increase in b* value, yielding a more yellowish product. This 
increase may be due to the presence of carotenoids in moringa 
seed flour.

The total color difference (ΔE) of T3 and T5 mortadellas after 
40 days of storage was lower (p < 0.05) in comparison with T1 and 
C mortadellas (Figure 1). After 60 days, T3 showed the smallest 
ΔE; and T1, the greatest. After 90 days, there was no significant 
difference (p > 0.05) in ΔE among C, T1, and T5 mortadellas. 
However, T3 mortadella had a lower ΔE than the other formulations.

The total color difference is considered to be perceptible 
to the human eye when ΔE is greater than 2 (Moarefian et al., 
2011). On this basis, C and T1 mortadellas had a noticeable color 
difference after 40, 60, and 90 days of storage, and T5 mortadella 
showed no noticeable difference in color up to 40 days of storage. 
T3 mortadella showed no noticeable color difference throughout 
the entire storage period, suggesting that the addition of 3% of 
moringa seed flour inhibited color changes during product storage.

3.3 Lipid oxidation

Figure 2 shows the effect of moringa seed flour on chicken 
mortadella lipid oxidation during storage. After 24h of storage 
(time 0), T3 and T5 mortadellas had lower TBARS levels (p < 0.05) 
than C and T1 mortadellas. After 40 days of storage, lower TBARS 
values were observed for T3 (0.160mg TBARS kg−1 sample) 
and T5 mortadellas (0.184mg TBARS kg−1 sample), having 
no significant difference (p > 0.05) between these results. 
The highest TBARS value was observed for C mortadella 
(2.542mg TBARS kg−1 sample).

Table 4. Texture analysis (hardness, elasticity, cohesiveness, and chewiness) 
of chicken mortadella prepared with the addition of 0, 1, 3, or 5% of 
Moringa oleifera Lam. seed flour.

Formulation Hardness (N) Elasticity 
(mm) Cohesiveness Chewiness 

(N mm)
C 111.6 ± 6.62a 0.8258 ± 0.01a 0.6636 ± 0.02a 61.22 ± 4.86a

T1 94.83 ± 8.17b 0.8001 ± 0.03ab 0.6451 ± 0.07ab 48.96 ± 7.16b

T3 71.28 ± 5.28c 0.7988 ± 0.02ab 0.5288 ± 0.12bc 28.85 ± 5.46c

T5 63.04 ± 6.49c 0.7908 ± 0.01b 0.4574 ± 0.07c 22.80 ± 4.25c

Results are expressed as mean ± standard deviation. Means followed by different letters within 
a column are significantly different (p < 0.05). C = control; T1 = mortadella prepared with the 
addition of 1% of moringa seed flour and 1% fat reduction; T3 = mortadella prepared with 
the addition of 3% of moringa seed flour and 3% fat reduction; T5 = mortadella prepared 
with the addition of 5% of moringa seed flour and 5% fat reduction.

Table 5. Evaluation of L*, a*, b* values of chicken mortadella prepared 
with the addition of 0, 1, 3, or 5% of Moringa oleifera Lam. seed flour 
during storage at 4 °C.

Formulation
L* values during storage (days)

0 40 60 90
C 69.48 ± 0.56bC 72.02 ± 0.59bA 71.1 ± 0.27dB 70.38 ± 0.36bC

T1 69.94 ± 0.88bC 71.73 ± 0.16bB 79.25 ± 0.27aA 70.25 ± 0.23bC

T3 72.83 ± 0.90aA 73.50 ± 1.36bA 72.40 ± 0.83cA 72.87 ± 0.81aA

T5 72.20 ± 0.92aC 73.13 ± 0.60aB 74.90 ± 0.28bA 72.85 ± 0.58aB

a* values during storage (days)
0 40 60 90

C 11.53 ± 0.97bB 14.08 ± 0.85aA 10.99 ± 0.18cB 11.72 ± 0.25abB

T1 12.48 ± 0.53bC 14.61 ± 0.49aB 15.79 ± 0.15aA 12.54 ± 0.44aC

T3 11.69 ± 0.47bB 12.01 ± 0.31cB 12.24 ± 0.39bA 11.08 ± 0.83bB

T5 12.71 ± 1.38aA 13.49 ± 0.18bA 10.67 ± 0.25cC 11.16 ± 0.53bB

b* values during storage (days)
0 40 60 90

C 12.05 ± 0.82bB 12.50 ± 0.66aB 14.56 ± 0.02aA 14.60 ± 0.29abA

T1 11.59 ± 0.22bB 12.53 ± 0.17aB 12.19 ± 0.23dC 14.64 ± 0.11aA

T3 12.74 ± 0.65aAB 12.47 ± 0.22aB 13.09 ± 0.29bA 13.42 ± 0.53cAB

T5 12.32 ± 0.24bB 12.44 ± 0.08aB 12.62 ± 0.11cB 13.42 ± 0.22bcA

Results are expressed as mean ± standard deviation. a–d For each storage time, means followed 
by different lowercase letters are significantly different (p < 0.05). A–C For each formulation, 
means followed by different uppercase letters are significantly different (p < 0.05).
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After 60 days of storage, the TBARS value of T3 mortadella 
was lower (p < 0.05) than that of other formulations. The second 
lowest TBARS value was observed for T5 mortadella, and the 
oxidation levels of C and T1 mortadellas were not significantly 
different (p > 0.05). At the end of the storage period (90 days), 
the lowest level of lipid oxidation (p < 0.05) was observed for 
T3 mortadella and the highest level for C mortadella. T1 and T5 
mortadellas had intermediate TBARS values.

C mortadella was 64% more oxidized after 40 days of storage 
in relation to time 0. The TBARS value of T1 mortadella increased 
until day 60 and then decreased by 31% at 90 days of storage in 
relation to time 0. The lipid oxidation of T3 mortadella remained 
constant up to 60 days of storage, and at the end of the 90 days, 
there was an increase in the TBARS value. For T5 mortadella, 

lipid oxidation remained constant for 40 days and increased 
slightly thereafter.

Moringa seed flour reduced lipid oxidation in chicken 
mortadella (Figure  2). After 24h of storage (time 0), 88.9% 
of TBARS formation was inhibited in T3 and T5 mortadellas 
in comparison with the control. After 40 days, 40% of lipid 
oxidation was inhibited in T1 mortadella and 92% in T3 and T5 
mortadellas in comparison with C mortadella. After 60 days of 
storage, lipid oxidation was inhibited by 93.7% and 71.8% in 
T3 and T5 mortadellas, respectively. At the end of the storage 
period, 72.4% and 44.8% of lipid oxidation was inhibited in 
T3 and T5 mortadellas, respectively, in comparison with C 
mortadella. The results indicate that the addition of 3 or 5% of 
moringa seed flour in chicken mortadella contributed to the 
reduction of lipid oxidation. This effect may be attributed to the 
presence of phenolic compounds with antioxidant activity in 
moringa seed, evidenced by FRAP and ABTS analyses (Table 1).

4 Conclusion
Moringa seed flour presented antioxidant activity, which 

indicates its potential as a natural and functional ingredient in 
meat products. The formulation containing 3% of moringa seed 
flour seemed to be ideal for chicken mortadella, as it resulted 
in a product with reduced lipid content and increased lipid 
stability, without causing noticeable color changes during the 
90-day storage period.
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