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Abstract

In this study, the effect of grape pomace (GE), orange peel extract (OE), and nisin (N) with modified atmosphere 
packaging (MAP: 70% CO2 + 30% N2) was investigated on the quality and shelf life of ham produced from low 
fat Silver carp surimi (containing inulin fiber [FI] and salatrim [S]) kept in the refrigerator with T1: control (con-
taining nitrite), T2: control + MAP, T3: GE 0.5%+ FI 5% +OE 0.5% +N 0.5%, T4: S 5%+ OE 0.5%+ GE 0.5% +N 
0.5% + MAP, T5: FI 2.5%+ S 2.5%+ GE 0.5%+ OE 0.5%+ N 0.5%+ MAP. The texture characteristics of ham at the 
beginning of storage, cooking loss, chemical indices (peroxide value, pH, color index), and microbial (total count 
bacteria, psychrotrophic bacteria, mold and yeast, Clostridium botulinum) during 42 days storage in the refriger-
ator (4 ± 1°C) were evaluated. The results of the tests were analyzed according to Duncan’s by SPSS software with 
95% confidence. The results showed that inulin and salatrim fibers have a positive effect on the texture and cook-
ing loss of ham and inulin had a better effect, so the value of cooking loss in treatment 3 was 1.62% and control 
treatment was 2.09%. Using three natural preservatives along with MAP could slow down the oxidative spoilage, 
microbial and color index changes in ham. These combinations also inhibited the growth of C. botulinum. In most 
tests examined, treatment 3 showed no significant difference with treatment 1 (ham containing nitrite) (P > 0.05), 
so this treatment shows that natural additives (nitrite replacement) improve the quality properties of low-fat ham.

Keywords: fat replacement; fish ham; inulin fiber; nisin; plant extracts

Introduction

Seafood is one of the most important sources of protein 
and have a considerable role in the health of consum-
ers. Surimi is one of the minced fish products, which 
has been a traditional method of fish preservation. In 
general, surimi refers to minced and washed fish, which 
can be used for a variety of food products such as fish 
sausage, fish ham, fish cake, fish burger, and other prod-
ucts (Jin et al., 2017; Ozpolat and Patir, 2015; Shabanpour 
et al., 2007; Zhang et al., 2020). One of the meat products 
is ham which is very common in different parts of the 

world. These products have low oxidative stability and are 
sensitive to fat rancidity during storage. Therefore, some 
additives are used to control microbial load and oxida-
tive changes in meat products. One of the main ways of 
processing meat products is the use of nitrate and nitrite. 
These compounds increase the shelf life and also prevent 
the spoilage of products during storage (Riazi et al., 2016; 
Nogueira et al., 2019). Salt and nitrite are also used to 
increase the shelf life and taste of the meat. Due to the 
chemical structure of nitrite in sausage and ham, its car-
cinogenic potential and also in response to consumer 
demand for natural products, reducing nitrite utilization 
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sensory satisfaction. In general, an increase in fat and 
oil increases the frying ability and reduces the fragility 
of the tissue. However, its reduction results in a firm 
and gummy texture with low moisture content (Akalin 
and  Erisir, 2008). On the other hand, a high intake of 
fats and oils can increase blood triglycerides, leading to 
cardiovascular disease and heart failure, so their con-
sumption should be reduced. Inulin is a non-digestible 
carbohydrate-containing natural fructooligosaccha-
rides and 1–2 glucopyranose residues. It has dietary 
fiber properties and due to its specific health and tech-
nological properties, there is a great interest in its use. 
The characteristic of inulin as a mimetic lipid is related 
to its ability to bind to water molecules and form a gel-
like network. Inulin also makes the mouth feel greasy. 
This property has been used in the production of fat-
free yogurt, chocolate, imitated cheeses, ice cream, and 
low-fat fermented sausages, and the results indicate 
no change in the organoleptic properties of the prod-
ucts (Ognean et al., 2006; Shi et al., 2020). Another fat 
replacement is salatrim. Salatrim (derived from small 
and large molecules of triacylglycerides) is a generic 
name for a family of triglycerides that contains a mixture 
of at least one short-chain fatty acid (mainly C4:0, Cs:0, 
C2:0) and at least one long-chain fatty acid (mostly stea-
ric acid Cus: 0) that locates randomly on glycerol. This 
triglyceride has the physical properties of fat, but only 
contains 5 calories per gram instead of 9 calories per 
gram of natural fat (Surendra Babu et al., 2018)

Menegas et al. (2013) reported that fermented chicken 
sausages formulated with standard amounts of corn oil, 
reduced amounts of oil, and reduced amounts of oil con-
taining inulin as a partial oil substitute remained stable 
and had no substantial loss of physical, chemical, micro-
biological, or sensory attributes during storage at 4°C for 
45 days.

In this study, we evaluated the effect of natural antioxi-
dants as a nitrite substitute and the use of fat substitutes 
to reduce oil in ham formulations produced from Silver 
carp surimi as well as MAP for the increased shelf life of 
the ham.

Material and Methods

Raw materials

At first, 30 kg of Silver carp were caught from the farms 
(1 hectare) and transported to the laboratory with ice 
boxes (0°C), followed by washing and peeling. After this 
step, the underlying meat was removed without contact 
with the viscera and then it was ground first through a 
10 mm plate and then through a 5 mm plate in a meat 
grinder (MKG1300P, Panasonic, Japan). 

or replacing all or part of it in meat products with natu-
ral compounds have been considered (Shu et al., 2020). 
Here are some of the compounds that have antioxidant 
and antimicrobial activity as nitrite substitutes (Araújo 
et al., 2019).

Citrus (Citrus reticulata, Blanco) is one of the most 
important fruits in the world. It contains minerals, phe-
nolics, pectin, and dietary fiber, and is rich in vitamins B, 
A, and C; as a result, they have nutritional and medicinal 
properties. Nearly a hundred industries use citrus to pro-
duce their products (Drosou et al., 2015). One notable 
point in the citrus industry is the added value of these 
products through the production of by-products such 
as citrus peel. These are rich in flavones, polymethoxyl-
ates, and phytochemicals, which are rare in other plants, 
resulting in recent years, special attention has been paid 
to the use of citrus peel. Grape pomace (GE) is one of the 
many wastes (5000 tonnes per year) produced by juice 
factories, a rich source of several valuable compounds 
such as citric acid, tartrate, dietary fiber, and phenolic 
compounds. Anthocyanin (malvidin and penonidine), 
flavonol (quercetin and meristine), and phenolic acids are 
the major phenolic compounds and flavan-3-L, catechin, 
and epi-catechin, and gallic acid are the predominant 
phenolic compounds in GE (Batpho et al., 2017).

Bacteriocin–nisin (N) is from group A antibiotics with 34 
amino acids that have a ring structure. In the nisin struc-
ture, there is a part called the hinge area which is capable 
of disassembling the ring systems and is characterized by 
its flexibility. Nisin has no inhibitory effect on gram-neg-
ative bacteria, yeasts, and fungi (Siroli et al., 2016). This 
bacteriocin was first synthesized by Lactococcus lac-
tis in England in 1928 by Rogers and Whitier and was 
reported by the Food and Agriculture and World Health 
Organization (FAO/WHO) in 1969, for its low toxicity to 
humans, as a GARS1 and food preservative. Since 1987, it 
has been used as a permitted additive in food and dairy 
products (Hematian Sourki et al., 2012).

Packaging is another way to increase food shelf life. 
Modified atmospheric packaging (MAP) is used for the 
shelf life of fresh (non-frozen) food. The use of vacuum, 
MAP, and high CO2 packaging is easily feasible for pro-
cessed meats, but high levels of CO2 will have negative 
effects on product quality, especially texture changes and 
increased blood loss (Ashraf et al., 2011; Ghosh and Dash 
2020).

Fat is one of the important constituents that affect 
the sensory properties of food products, includ-
ing flavor, color, texture, oral sensation, and overall 

1Generally Recognized as Safe.
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After these, with inulin fiber, salatrim concentrations of 
5% were chosen as optimal for the following study. Fat 
decreased by 5%. Also, extracts of orange peel, grape 
pomace, and nisin in the concentration of 0.5% (concen-
tration approved by sensory evaluators unchanged in the 
taste of fish ham) were added combined as a substitute for 
part of nitrite and then, same steps were taken as that of 
control treatment and finally the treatments were packed 
into three multilayer flexible pouches (3 and 4 layers) 
under modified atmosphere (MAP: 70% CO2 + 30% N2).

The treatments were kept at refrigerator temperature 
(4 ± 1°C) for 42 days. On the 0, 7, 14, 28, 35, and 42 days 
of storage, three hams from each section were randomly 
selected and tested to determine qualitative parameters 
(physicochemical and microbiological). All experiments 
were performed with three replications.

In total, five treatments were studied:

T1: Control treatment (with nitrite)
T2: Control treatment + MAP
T3: GE 0.5%+ FI 5% +OE 0.5% +N 0.5%
T4: S 5%+ OE 0.5%+ GE 0.5% +N 0.5% + MAP
T5: FI 2.5%+ S 2.5%+ GE 0.5%+ OE 0.5%+ N 0.5%+ MAP

Cooking loss test

The cooking loss test was performed according to the 
method given by Hayes et al. (2009) with slight modifica-
tion. Thirty grams of samples were stuffed into screw-top 
test tubes and were heated in a steam bath at 70°C for 
30 min. The cooked samples were quickly immersed in cool 
water for 10 min. Cooking loss was determined by weighing 
individual samples before and after cooking, and the differ-
ence was expressed as a percentage of the original weight.

Texture analysis

To measure the texture of the ham, the cubic pieces were 
cut into 1 × 1 × 1 cm3 dimensions and subjected to com-
pression test by a texture analyzer with a flat probe pro-
file of 40 × 40 mm and a load of 10 kg. The force required 
to compress the samples to 70% of their initial height 
was measured at a constant rate of 200 mm/min (Vural, 
2003).

Chemical analyses

Peroxide value
Peroxide values of different treatments were determined 
according to the Bagheri et al. method (2016). Results 
were expressed in meq oxygen kg-1 lipids.

Preparation of treatments

To prepare the surimi, minced meat was washed with 
drinking water at a temperature below 10°C for 10 min 
in three stages. Rinsing was performed in 0.2% brine in 
the third step. The later step caused better dehydration 
and reduced solubility of sarcoplasmic proteins in the salt 
solution. Surimi obtained during experiments was stored 
at refrigerator temperature (Shabanpour et al., 2007). For 
samples preparation (control treatment), the raw materi-
als were weighed and blended to obtain a uniform paste 
according to the formulations (Table 1). For this purpose, 
the meat was placed with a third of the ice in the cutter 
(Talsa, E-46950, EU) and was mixed with the high-speed 
cutter, followed by nitrate, protein residues with ice, car-
bohydrates, fillers, vitamin C, and finally, spices were 
added into the meat. After mixing, the components of 
the cutter and paste mixture were filled into the wrapper, 
the ham was incubated in the baking chamber at 85°C 
for 45 min (Bourne, 2002; Hayes et al., 2009). Inulin and 
salatrim fibers were added to the primary ham formula-
tion as a fat substitute.

In addition, a ranking test previously performed compar-
ing ham samples with inulin fiber and salatrim at different 
concentrations showed significantly lower acceptabil-
ity of the samples incorporating 6% or 7% of them when 
compared to the rest (5% or lower) (data not shown). 

Table 1. Formulation and components of ham (control treatment).

Row Components %

1 Fish meat (surimi) 55

2 Oil 10

3 Egg yolk 1

4 Starch 1

5 Gluten 1

6 Skim milk 3

7 Wheat 3

8 Spice 1

9 Salt 1.2

10 Garlic 1

11 Sugar 0.5

12 Phosphate 0.4

13 Vitamin C 0.05

14 Nitrite 0.012

15 Ice+ water 20

16 Citrate 1

17 Casein 0.5

18 Sodium glutamate 0.288

19 Glucono Delta Lactone 0.05
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pH value
The pH values of different treatments were measured 
with a digital pH meter calibrated to pH 4 and 7 stan-
dards (Valipour Kootenaie et al., 2017).

Color test
The color of the sausage was measured using the 
Hunterlab color flex colorimeter. The color test results 
include three Hunter indices a*, b*, and L*; where, L* is 
a light symbol which is black (0) and white (100), a* is a 
green-to-red symbol, where -a is green and + a is red, and 
b* is blue to yellow symbol, where + b is yellow and -b is 
blue. The experiment was performed in triplicates (Choi 
et al., 2009).

Microbial analyses

Ten grams of each sample was mixed and homogenized 
with 90 mL sterile sodium chloride solution and the 
required dilutions were prepared. One milliliter of each 
dilution was used for culture by the pour plate method. 
Total count and psychrotrophic bacteria were counted on 
Plate Count Agar at 37°C for 2 days and 7°C for 10 days, 
respectively. The results were reported as log CFU/g 
(Javadian et al., 2017).

Mold and yeast test
Dilution of the sample was first prepared in Peptone 
Water broth, then transferred to a plate containing 
DRBC2 medium. Plates were aerobically incubated at 
25°C for 5 days (ISIRI, 2008).

Inoculation and enumeration of Clostridium botulinum  
to ham samples

Approximately 108 CFU/mL of Clostridium botulinum was 
added to the ham samples. The samples were then mas-
saged to ensure complete mixing of the bacterium with the 
hams and placed in especially filled coatings in the baking 
chamber. At least 10 hams were considered for each treat-
ment. All treatments were packed in zippered nylon bags 
and stored at refrigerator temperature (4 ± 1°C) during 
the experiment. For bacterial count at each sampling time, 
1 g of sample was mixed with 9 mL of physiological serum 
and suspended for half an hour. Depending on the sam-
ple, the dilutions range from 102 to 104. One milliliter of 
diluted sample was poured into the petri dish and then 
10–15 mL of SC agar medium at 44 to 47°C was added to 
the petri dish and thoroughly mixed. After solidification of 
the medium, about 10 mL of the same medium was poured 
into the petri dish. Plates were then placed in an anaerobic 

2Dichloran Rose bengal Agar.

jar and incubated at 37°C for 22 h. At the end of incubation, 
all plates containing less than 150 colonies were selected 
and the black colonies on each plate indicating the proba-
bility of C. botulinum were counted (ISIRI, 1994).

Statistical analysis

All experiments were performed in a completely ran-
domized design with three replications and the result 
was reported as mean ± standard deviation. Statistical 
analysis of treatments was performed using SPSS 16.0 
software by ANOVA. Significant differences were deter-
mined by the Duncan test at the level of 0.05 and figures 
were drawn using Microsoft Excel software.

Results and Discussion

Texture analysis

According to the results (Figure 1A), the replacement of 
oil with inulin fiber and salatrim increased the firmness 
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Figure 1. Texture analysis of different treatments of sau-
sage [firmness (A); elasticity (B)] (T1: control, T2: control 
+ MAP, T3: GE 0.5%+ FI 5% +OE 0.5% +N 0.5%, T4: S 5%+ 
OE 0.5%+ GE 0.5% +N 0.5% + MAP, T5: FI 2.5%+ S 2.5%+ GE 
0.5%+ OE 0.5%+ N 0.5%+ MAP). Values with different super-
scripts are significantly different at P < 0.05.
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moisture during the frying process and are reduced 
cooking loss. This is due to their ability to form hydro-
gen bonds with water molecules, that is, to entrap water 
molecules, which prevents moisture outflow during the 
frying process (Farajzadeh et al., 2013; Marchetti et al., 
2013). Amina et al. (2014) also reported that the addition 
of apple fiber reduced the cooking time of nugget meat.

Peroxide value

Lipid oxidation in meat is one of the causes of damage 
to meat tissue during storage. Oxidation of lipids in meat 
has a complex mechanism. During this process, in addi-
tion to the adverse effects on taste and color, protein sol-
ubility is also reduced and eventually nutritional value is 
declined (Valipour Kootenaie et al., 2017).

According to the results of the present study (Figure 3A), 
the peroxide value increased in all treatments with 
increasing time (P <0.05), the increase of peroxide value 
in meat products was also reported by other researchers 
(Javadian et al., 2017; Valipour Kootenaie et al, 2017). 
According to the results, the lowest peroxide values were 
observed in the nitrite treatments with the MAP during 
storage (P < 0.05). This is due to the high amount of car-
bon dioxide used in MAP, which prevents the growth of 
aerobic and anaerobic bacteria.

The highest level of carbon dioxide in the MAP has been 
reported up to 50% (Silbande et al., 2018). The change in 
peroxide value in the inulin treatment was also slower 
than salatrim treatment. The lower peroxide value in the 
inulin treatment was due to the lower fat content which 
reduced oxidative spoilage. Also, using three preserva-
tives together effectively controlled the increasing trend 
of peroxide value. The lowest values were observed in all 
days after T2, in T1 and T3. Most of the time, the lat-
ter treatments did not have significant differences (P < 
0.05). The antioxidant properties of plant extracts depend 
on phenolic compounds. Polyphenols are capable of 
trapping free radicals, especially proxy radicals, which 
are one of the key intermediate chain reactors, thereby 
terminating the cycle of oxidative spoilage reactions 
(Valipour Kootenaie et al., 2017). Also, bacteriocin–nisin 
can decrease peroxide value by decreasing the population 
of lipase-producing bacteria (such as pseudomonas spe-
cies) (Dehbandi et al., 2014). In total, these three preser-
vatives together with MAP can have similar effect with 
nitrite on ham.

The permitted level of peroxide value in the aquatic prod-
uct for human consumption is 5 meq oxygen kg-1 lipids 
(Yanar, 2007). According to the results at the end of the 
storage period, peroxide value was lower than the accept-
able range in all samples except T4.

values and the effect of inulin was significantly higher 
than salatrim. The lowest values were observed in con-
trol treatments (T1 and T2) and the highest values   were 
observed in T3 (5% inulin fiber) (P < 0.05). The final tex-
ture of food products is affected by the composition of 
the food. The interactions between proteins, starch, and 
other constituents are important for the final quality of 
the product. On this basis, compounds used probably 
enhance the ability of the meat proteins to bind and, as a 
result, tighten the ham texture. It also appears that lower 
oil content in T3 affects texture firmness than other 
treatments (Amina et al., 2014).

By definition, elasticity refers to the rate of return of the 
sample to its original state after removing the deforma-
tion force. Elasticity is directly related to the degree of 
rigidity of the treatment (Amina et al., 2014). According 
to the results (Figure 1B), the highest values were 
observed in control treatments (T1 and T2) and the low-
est values were observed in T3. The results of the pres-
ent study were consistent with the results of Menegas 
et al. (2013) by applying inulin fiber in chicken sausage 
fermented with corn oil to increase texture firmness and 
reduce sausage elasticity.

Cooking loss

The results of cooking loss (Figure 2) in the present study 
showed that with increasing time, the values of cooking 
loss increased in all treatments. Replacing the oil with 
inulin fiber and salatrim reduced the cooking loss. The 
effect of inulin on the reduction of cooking loss was sig-
nificantly higher than salatrim. The highest values were 
observed in control treatments (T1 and T2) on all days 
of storage and the lowest values were observed in T3 
(5% inulin fiber) (P < 0.05). In general, the fibers retain 
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pH values

Even during frozen storage that the microorganisms 
are inactive, the previously produced enzymes and the 
endogenous enzymes in the meat are active. The results 
of pH values in ham (Figure 3B), in the present study, 
showed that with increasing time, pH values increased in 
all treatments. The increase in pH during storage can also 
be attributed to the production of volatile nitrogenous 
bases (such as ammonia and trimethylamine) resulting 
from the activity of meat-spoilage bacteria (Valipour 
Kootenaie et al., 2017). The use of MAP slowed the pH 
increasing trend. Since high levels of carbon dioxide 
reduce bacterial growth, therefore, the pH increasing 
trend is slower than the control treatment. In general, 
the lowest pH values were observed in nitrite + MAP 
treatment (T2) (P < 0.05). In general, the lowest values 
were observed in all days after T2 in T1 and T3 (P < 0.05). 
The latter treatments were not significantly different (P > 
0.05). The equivalence of pH values in the sample con-
taining extract compared to the nitrite treatments can 
be related to the antibacterial activity of the extract. As 
the microbial flora decreases, the number of secondary 
metabolites produced decreases and the pH increas-
ing trend is slowed (Vilela et al., 2016). The use of nisin 
also influences spoilage bacteria due to its antibacterial 

properties and reduces the capacity of the bacteria to 
oxidative deamination non-protein nitrogen compounds 
(such as ammonia and trimethylamine), thereby reduces 
the pH-increasing process (Dehbandi et al., 2014).

Color test

The color index L indicates the brightness symbol (black 
to white). So the more L the meat is lighter. The color 
index a is the indicator of the color change from green 
to red. The color index b represents the color change 
from blue to yellow. Results of color index showed that 
replacement of nitrite with preservatives reduced color 
index L and a and increased color index b. Sodium nitrate 
and nitrite are used to create a bright red (pink) and to 
prevent the darkening of the meat products, as well as 
antimicrobial preservatives and to create a special flavor. 
So it seems natural to replace nitrite with other com-
pounds and change its color. According to the results of 
using modified atmosphere, the color index L decreases 
(Figure 4A). Overall, the highest values were observed in 
control treatments. The other three treatments had no 
significant difference indicating a decrease in the oxida-
tion process in ham. The brightness values of the ham 
samples are correlated with the peroxide values. As the 
number of peroxides increases, the brightness decreases 
and the samples darken. It can be stated that the use of 
three preservatives prevents the oxidation of pigments 
and act as a chemical preservative such as nitrite.

The color index a (Figure 4B) also decreased in all treat-
ments. Generally, one of the causes of oxidation in meat 
products is the presence of compounds such as myo-
globin and hemoglobin which in the presence of metals 
such as iron, act as peroxidants. This is one of the fac-
tors affecting the oxidation of oxymyoglobin (light red) to 
metmyoglobin (brown color) during the storage of meat 
products. Therefore, as a result of redox oxidation, color 
index a is reduced (Jin et al., 2007).

The color index b (Figure 4C) decreased and increased 
during the storage period, which was consistent with the 
results of Giatrakou et al. (2010). They reported that yel-
low index changes in meat products did not have a spe-
cific pattern and can change during storage by product 
type, formulation, and form of packaging.

Total and psychrotrophic bacteria

The results of total count bacteria (TVC) (Figure 5A) and 
psychrotrophic bacteria (PTC) (Figure 5B) were some-
what consistent (P < 0.05) and were increased during 
storage time (P < 0.05). The MAP decreased the growth of 
TVC and PTC so that the lowest values were observed in 
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nitrite + modified atmosphere treatment (T2). Gases used 
in modified atmospheres such as carbon dioxide have 
antimicrobial activity and their mechanism is to dissolve 
in the water of the food and produce carbonic acid, which 
enters the cell membrane of the microorganism and after 
ionization, it disrupts the intracellular electrical balance 
and ultimately causes bacterial death (Ghosh and Dash 
2020). The use of three preservatives together more effec-
tively slowed down the growth of TVC. The lowest values 
were observed in all days of T2 and four other treatments 
had no significant difference (P > 0.05). Similar results 

were observed with PTC bacteria indicating a positive 
effect of three preservatives as a substitute for nitrite in 
sausages. The lower TVC and PTC in the extract contain-
ing treatments can be due to phenolic compounds such 
as cineol. Phenolic compounds in plant extracts destroy 
the microorganisms and cause liposaccharides to exit and 
increase the permeability of the cytoplasmic membrane 
to ATP3. ATP release leads to the termination of cell 

3Adenosine triphosphate.

1

(A)

(B)

(C)

2 3 4 5

1 2 3 4 5

1 2 3 4 5

0 7 14 21
Storage time (day)

28 35 42

0 7 14 21
Storage time (day)

28 35 42

0 7 14 21
Storage time (day)

28 35 42

35

5

4

5

6

7

8

9

10

5.5

6

6.5

7

7.5

8

37

39

41

43

45

47

C
ol

or
 in

de
x 

(L
)

C
ol

or
 in

de
x 

(a
)

C
ol

or
 in

de
x 

(b
)

Figure 4. Color index L, b, and a (A, B, and C, respectively) 
of different treatment during storage period (T1: control, 
T2: control + MAP, T3: GE 0.5%+ FI 5% +OE 0.5% +N 0.5%, 
T4: S 5%+ OE 0.5%+ GE 0.5% +N 0.5% + MAP, T5: FI 2.5%+ S 
2.5%+ GE 0.5%+ OE 0.5%+ N 0.5%+ MAP).
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Figure 5. Total viable count (TVC) (A), psychrotrophic 
bacteria count (PTC) (B), and Clostridium botulinum (C) 
of different treatment during storage period (T1: control, 
T2: control + MAP, T3: GE 0.5%+ FI 5% +OE 0.5% +N 0.5%, 
T4: S 5%+ OE 0.5%+ GE 0.5% +N 0.5% + MAP, T5: FI 2.5%+ 
S 2.5%+ GE 0.5%+ OE 0.5%+ N 0.5%+ MAP).
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texture and cooking loss of ham, which had a higher effect 
of inulin fiber. Also, the use of three natural preservatives 
combined with MAP in most treatments had almost sim-
ilar chemical and microbial properties compared to con-
ventional ham treatment (containing nitrite). In all tests, 
among the treatments containing natural preservatives, 
the best results were obtained in T3 (5% oil + 5% inulin 
fiber + 0.5% GE extract + 0.5% orange peel extract (OE) + 
0.5% N + MAP), so the results can produce a functional 
low-fat, nitrite-free, fiber-containing product and natural 
antioxidants.
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