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Abstract: Sausages are a homogeneous mix-
ture of fats, water and protein, which include 
spices to give a characteristic flavor, and are 
introduced into a natural or artificial edib-
le casing; one product that stands out in this 
group is York or cooked ham, which contains 
nitrites, fat, protein and spices according to 
the type of ham.This review contemplates the 
effect of adding additives to improve the nu-
tritional contribution of these meat derivati-
ves as a strategy for improving their physical, 
chemical and sensory characteristics, in the 
specific case of the incorporation of modified 
starch and emulsifying agents that enhan-
ce flavor, color and texture, but with a lower 
fat content. Therefore, it is necessary to know 
the function of physically modified starches 
whose application is as a gelling agent, which 
could derive as a source of soluble fiber and 
influence sensory characteristics such as jui-
ciness, while the application of emulsions as a 
fat substitute can better preserve the sensory 
and physicochemical properties in sausages. 
The objective is to analyze the effect on the 
sensory and textural properties of the final 
product. 
Keywords: Cooked ham, Modified starch, 
Emulsions, Fat substitution.

INTRODUCTION
Sausages are meat products that have been 

processed and cured, widely consumed in va-
rious cultures around the world. These foods, 
including varieties such as ham, sausages, 
chorizos and salami, are characterized by their 
distinctive flavor, versatility in the kitchen 
and ease of preservation. They are consumed 
by the general population, mainly by adults 
and children. Texture and sensory properties 
are critical determinants in the acceptance 
and preference of meat products, particular-
ly in the case of cooked ham. The importan-
ce of texture lies in its capacity to influence 
the perception of quality and freshness of the 

product, aspects which, as stated by Pott et al. 
(2018), have an impact on consumer liking, 
leading to future purchase.

One option of additives for texture 
modulation is the use of modified starches, 
among these are those that by this process 
form resistant starch, which has a higher 
portion of amylose, which allows having 
a compact structure and therefore less apt 
to enzymatic hydrolysis during the human 
digestive process, some of the technological 
properties are to act as a stabilizer, gelling 
agent, reduces agglomeration, improves 
viscosity, consistency, is stable at pH less than 
4.5 and at elevated temperatures (greater than 
90°C) (Villarroel et al., 2018).

The incorporation of modified starch in 
the formulation of cooked ham has been 
considered a promising strategy to improve 
water retention, which has an important 
impact on the texture of the final product. 
According to Fennema (2017), the use of 
modified starch increases the stability of the 
product allowing it to retain its moisture 
content, which is related to juiciness and 
pleasant flavor at the tasting stage. This ability 
to retain water is essential not only to provide 
optimal organoleptic characteristics of ham, 
but also to prolong its shelf life, resulting in a 
reduction of food waste, in addition to more 
efficient management of the supply chain, 
so it is used in a wide range of food as in the 
meat, dairy and fermented food industries, 
including as fat substitutes.

Some studies on the partial substitution of 
fat in sausages were carried out with chickpea 
flour in sausages in proportions of 20, 50 and 
75%, resulting in a reduction of fat from 11 
to 34%. However, negative impacts were 
reported on organoleptic properties such 
as bromatological properties, alterations in 
texture, juiciness of the product, proteolysis 
and acidification, resulting in undesirable 
flavors and odors (Gutiérrez and Siche, 2022); 
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Another study indicates that the substitution 
by addition of a Konjac gel at 50 and 91% 
showed a decrease in fat content up to 3%, 
in addition to slowing down the degradation 
process of the product (prolongation of shelf 
life), having as a counterpart influencing the 
acidification of pH, changes in color with a 
deficit in the stability of the emulsion, while 
in a test with algae at 3%, it is indicated that it 
allowed a stabilization of the emulsion in the 
final product (Quitral et al., 2019).

Growing health concerns have led consu-
mers to purchase products with lower fat con-
tent. In this sense, fat substitution by means of 
emulsions represents a viable solution. García 
et al. (2019) indicate that the decrease in fat in 
meat products is not only due to consumption 
trends, but also means a challenge not to affect 
the organoleptic properties of meat derivati-
ves. Emulsions, therefore, could be a viable 
option for improving or enhancing flavor and 
texture in comparison with a product added 
only with fat, thus opening up a field for the 
development of healthy products.

In addition, sensory evaluation becomes 
an essential component in the development 
of these innovative products. As Stone (2020) 
points out, sensory evaluation makes it pos-
sible to determine consumer preferences and 
ensure that consumer expectations are met. 
Through a detailed analysis of sensory charac-
teristics, it is possible to obtain information 
on the acceptability of cooked ham formula-
ted with modified starch and emulsions, whi-
ch can be the beginning of future innovations 
in this sector.

Therefore, by conducting this research, we 
hope not only to contribute to the development 
of healthier and more sustainable products, 
but also to provide the food industry with 
tools and knowledge that will facilitate the 
creation of alternatives that are aligned with 
current trends towards a more balanced and 
conscious diet.

DEFINITION OF SAUSAGE
NOM-213-SSA1 (2018), which defines a 

processed meat product as one that is made 
from meat, viscera, fat, edible animal parts, 
additives or other ingredients subjected 
to different processes or heat treatments 
related to the final meat product, an example 
of processed meat products, are sausages 
consisting of a homogeneous mixture of meat, 
fat and water; packaged in natural or artificial 
casings (Atashkar et al., 2018). 

A meat sausage is produced by combining 
minced meat with various ingredients, 
such as spices, salt and additives, which are 
stuffed into natural or artificial casings. This 
procedure can include curing and smoking 
phases, which not only improve flavor and 
texture, but also help to preserve the product 
(De la Hoz & García, 2020).

CLASSIFICATION OF SAUSAGES 
A classification of sausages according to 

Álvarez (2016), are: fresh sausages; which do 
not require curing or maturation processes, 
i.e., they are completely raw without any 
heat treatment; and processed sausages; 
their preparation involves heat treatment or 
cooking, curing, smoking or fermentation. 
Gaivor (2022) classifies sausages according to 
the meat source, as is the case of those that use 
blood (blood sausage or stuffed); there are also 
meat sausages, with the highest consumption 
demand worldwide, some examples being 
chorizo, salami and sausage, but also sausages 
made from viscera, in pieces before stuffing. 
Finally, there are emulsified sausages, which 
are distinguished by their pink color, such as 
hams and mortadellas, with their components 
homogeneously mixed.
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EMULSIFIED SAUSAGE
This type of meat derivative presents a ho-

mogeneous appearance, the resulting emulsion 
in this food product. According to Rodríguez 
et al. (2015), it is made up of a discontinuous 
phase “Ac” (oil or fat) and a continuous phase 
“A” (water); these phases are united by means of 
an emulsifying agent (proteins), therefore, the 
three main ingredients, are meat, fat and wa-
ter, however, additionally, ingredients such as 
are considered: starches, gums, texturized pro-
teins, isolated proteins, sodium erythorbate, 
sodium nitrite, sodium lactate, which influen-
ce flavor, increase product yield and extend the 
shelf life of the finished product. Another main 
consideration is meat as a raw material in sau-
sages, as it is a source of proteins, necessary for 
the stabilization of the emulsion, provides the 
characteristic flavor, contribution to texture 
and color (Ortega and Pino 2018).

The fat content in a meat emulsion provi-
des organoleptic properties of great relevance 
in parameters such as texture, color, flavor and 
juiciness; therefore, by removing part of the fat 
content, there could be an alteration, promo-
ting the generation of a hard, rubbery, opaque 
product, including browning and significantly 
affecting the taste stimulus at the moment of 
consumption (Britez et al., 2021). Tahmasebi 
et al. (2016) suggest that, by not having a re-
presentative amount of fat in an emulsion, a 
hard texture with a compact structure could 
be perceived; therefore, the incorporation of 
starches to the mixture is recommended, as 
gelling agents that serve as stabilizers of the 
emulsion, retaining water, preserving juici-
ness and increasing the final yield (Regina et 
al., 2015; Herrera, 2020).

The most commonly used polysaccharides 
within the food industry are pectin, carrage-
enan, starch, chitosan, alginate and methyl-
cellulose, which allow enhancing emulsions, 
due to their ability to form networks that en-
capsulate and preserve water molecules (Espi-
nal et al., 2014).

Starch influences the viscosity of the fi-
nal product; likewise, salts and additives are 
essential for the preservation of a meat pro-
duct, in addition to promoting the solubility 
of meat proteins, which gives greater stability 
to the emulsion (Villarroel et al., 2018).

De Souza et al. (2020) mention that another 
fundamental component in the meat industry 
is nitrites, which have an inhibitory effect on 
pathogenic microorganisms, in addition to 
preserving meat pigment and extending the 
shelf life of processed products, developing 
their flavor, as explained by Ruíz et al. (2016). 
However, the incorporation of nitrites as pre-
servatives implies the formation of nitrosami-
nes, which are currently considered harmful 
to the health of the consumer, in turn, the re-
gulation of sodium nitrites as a preservative is 
allowed in an average of 120 to 150 mg of ni-
trites/ kg of meat, which implies that they do 
not affect the health of the consumer (Selbes, 
2014; Nollet & Toldrá 2015).

CHEMICAL COMPOSITION OF 
SAUSAGES
Sausages, according to their type and com-

position, are evaluated according to different 
parameters with techniques that are esta-
blished with official documents which deter-
mine the maximum and minimum content of 
ingredients and additives, an example is ham, 
which is regulated by NOM-158-SCFI-2003, 
and the Ministry of Economy (2003), The 
standard specifies the percentage of protein, 
which must be free of fat for the different 
classifications of ham, percentage of fat, mois-
ture, added protein, carrageenan and starch; 
the maximum and minimum percentages are 
shown in Table 1. 

Table 2 shows the basic organoleptic 
properties that any ham classification should 
contain.
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Commercial 
classification

PLG Grease Humidity Added protein Carrageenan Starch
%Minimum Maximum

Extrafine 18 6 75 0 1.5 0
Fino 16 6 76 2 1.5 0
Preferred 14 8 76 2 1.5 5
Commercial 12 10 76 2 1.5 10
Economic 10 10 76 2 1.5 10

Table 1. Ham composition

Secretaría de Economía (2003) *PLG Total protein Fat free

Parameter Features
Color Characteristic Pink
Odor Pleasant, free of foreign odors
Taste Pleasant, free of off-flavors
Consistency Firm, compact and smooth appearance

Table 2. Organoleptic characteristics

Secretaría de Economía (2003). 

CONSUMPTION OF SAUSAGES
In Mexico, meat consumption has increa-

sed over the years, reaching a per capita con-
sumption of 29 kilograms, of which approxi-
mately 55% is used as raw material for sausage 
processing, while in 2015 sausage production 
increased by 51%, followed by cooked ham 
with 42% and the remaining 7% is used for 
processing sausage, chorizo, bacon, chops, 
among others. Santamaría and Bekelman 
(2021) report that the consumption of proces-
sed foods is frequent in the population, due 
to their pleasant taste and easy accessibility 
to consumers. However, processed products 
contain high levels of saturated fats, which are 
a risk factor for the health of consumers and 
are related to chronic diseases.

The intake of meat products is linked to 
saturated fatty acids and is related to diseases 
such as obesity and overweight (Wang et al. 
2018). The meat products with the highest 
demand are sausages, however, they contain a 
high percentage of fats and salts as mentioned 
by Perez and Negreiros (2021), due to this, the 
fortification of sausages has been increasing, 
offering consumers healthier products.

HEALTH EFFECTS OF SAUSAGE 
CONSUMPTION
Meat and meat products are part of the 

daily diet and provide essential nutrients 
(Halagarda and Wójcjak, 2022; Wang et al. 
2011), however, the meat industry is facing 
new challenges caused by meat components, 
since they are related as one of the main 
factors in the development of chronic diseases 
(Omedilla et al., 2013). Like any other food, 
meat products contain excessive amounts 
of some components, whether natural or 
not, such as fats, cholesterol, residues of 
environmental contamination or drugs, 
which reach the product during processing or 
are added to improve sensory characteristics 
and stability (Jimenez et al., 2001).

Excessive consumption of processed meat 
products can increase the risk of cardiovascu-
lar disease due to their high fat and sodium 
content. The WHO classified sausages as 
group 1 carcinogens, increasing the risk of co-
lorectal cancer, in addition, regular consump-
tion of sausages contributes to weight gain 
and obesity due to their high caloric content 
and low nutritional level (Micha et al., 2017; 
Bouvard et al., 2015; Pan et al., 2021). 
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FAT SUBSTITUTES
There are several fat substitutes which are 

added in different proportions and their ef-
fect on fat content reduction varies according 
to the alternative applied. Yang et al. (2021) 
analyzed how soy isolate added in 10% achie-
ved a 25-30% fat reduction, improving the 
sensory perception of reduced-fat sausages 
and maintaining the texture and juiciness of 
the meat product. Xu et al. (2022) incorpora-
ted 5% pea fiber, reducing fat by 15-20% and 
improving the water holding capacity and tex-
ture of the product. The incorporation of algi-
nate at 1-3% improves the texture and water 
retention of the product reducing up to 25% 
in fat content in the product as mentioned by 
Dominguez et al. (2022). Nasir et al. (2023) 
described that the integration of oat bran at 
8% improves the nutritional quality and textu-
re of meat sausage by reducing fat content by 
20%. Muratore et al. (2021) replaced 30% of 
animal fat with sunflower oil, which increased 
the fatty acids of the product while maintai-
ning texture and flavor. Emulsifiers incorpo-
rated in concentrations of 0.5 and 1.5% im-
prove texture, product juiciness and product 
stability, reducing between 10-15% fat in the 
final product as argued by Pinho et al. (2023).

Fat forms the emulsion together with water 
and proteins as an emulsifying agent, altering 
the texture, color, flavor and juiciness of the 
final product, however, solid fats damage the 
consumer’s health leading to cardiovascular 
diseases (Tavernier et al. 2017). Alternatives 
have been sought to replace the fat content, 
one proposal is oleogels which are compo-
sed of vegetable oils, now by replacing the fat 
completely the texture is altered and has oil 
exudation, i.e. oil leaks to the outside of the 
ham triggering adverse visual and organolep-
tic effects (Pehlivanoğlu et al., 2017). Shariati 
et al. (2016), put forward another alternative, 
with the use of binders as substitutes, althou-
gh they are prone to self-oxidation leading 

to undesirable flavor and aromas in the pro-
duct. Feng et al. (2019), state that the gels in 
emulsions are soft-solid and are formed by a 
three-dimensional network made up of a gel 
matrix and the emulsion, benefiting the ham 
by giving it properties such as better stability, 
moisture retention which in turn makes it jui-
cier and gives a better flavor, however, if the 
texture of the gel is not adequate, it compro-
mises the stability of the ham and therefore its 
quality.

EMULSIFIER ALTERNATIVES
There are various emulsifiers applied in the 

meat food industry, Ghosh et al. (2020) indi-
cate that the use of either soybean or sunflower 
lecithin improves texture, water retention and 
product stability. Sinha et al. (2019) suggest 
that the use of xanthan gum improves textu-
re and viscosity by retaining moisture in the 
meat product. O’Sullivan et al. (2021) mention 
that the addition of carrageenan maintains 
sensory quality, texture and water retention. 
Guar gum increases viscosity and improves 
water retention capacity being a good emul-
sifier alternative as mentioned by Rhim et al., 
(2018). Fritsch et al. (2021) propose polysor-
bates as an alternative emulsifier because it 
improves the stability and homogeneity of the 
mixture and it is an emulsifier of synthetic ori-
gin so it is more economical than emulsifiers 
of natural origin. Cheng et al. (2022) choose 
sodium stearoyl lactylate for improving textu-
re and emulsion stability as it is a derivative of 
fatty acids and lactic acid. Chen et al. (2023) 
used pectins as gelling and stabilizing agents 
within the emulsion maintaining the texture 
and water retention of the product. Dhingra et 
al. (2021) indicate that modified starches sta-
bilize, improve water retention and contribute 
to the texture of meat products.
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SUBSTITUTES FOR GELLING 
AGENTS
The most common are starches, which are 

made up of 20% amylose and 80% amylopec-
tin, in addition to a minority fraction of lipids 
and minerals, as indicated by Montoya et al. 
(2015), however, this proportion varies ac-
cording to the type of starch and its botanical 
source, since this modifies its shape (regular 
or irregular) and diameter, which ranges from 
1 to 100 microns, thus modifying the amylose 
and amylopectin content present in the starch 
as mentioned by Stasiak et al. (2014); the use 
of starch in its native state has limitations such 
as low thermal stability, high predisposition to 
retrogradation, high viscosity and low affinity 
with some solvents and polymers as expressed 
by Lefnaoui & Moulai (2015), so that modi-
fied starches or resistant starches (RA) were 
recently used, which have the ability to be pre-
biotic and symbiotic as suggested by Olayo et 
al. (2021), by interaction with other prebiotic 
fibers; however modified starches have speci-
fic characteristics such as a granular shape and 
compact structure which limits the approach 
of digestive enzymes as addressed by Jaiturong 
et al. (2020), furthermore, Pizarro et al. (2016) 

and Villarroel et al. (2018), point out that re-
sistant starches have a mild flavor, fine parti-
cle size, white appearance, decrease ingredient 
agglomeration, improve viscosity, are stable at 
acidic pH (0 to 4.5) and elevated temperatures 
(greater than 90°C).

CONCLUSION
The consumption of meat sausages is part 

of the daily diet of the population, and this 
is a trigger for the production of foods with 
better properties and less impact on health 
without altering their organoleptic and sen-
sory characteristics. It is therefore necessary 
to continue with research oriented towards 
the development of ingredients or techni-
ques that improve the industrial processes 
of meat derivatives, offering healthier foods, 
contemplating the substitution of fats and 
chemical agents that have an impact on con-
sumers. However, the minimization of chan-
ges in color, water retention capacity, texture, 
weak emulsions, unpleasant odors and flavors 
should be foreseen, due to the economic im-
portance of these meat products in Mexico 
and the world.
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