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REVIEW
Textural properties and quality of meat products
containing fruit or vegetable products: A review
FAKHREDDIN SALEHI
Summary

Meat products are defined as those in which fresh meat has been improved by some processing techniques, such as
curing, comminution, drying, fermentation or cooking. Fruit and vegetable in various forms (fresh, juice, powdered,
puréed or extract) are excellent sources for the enrichment of meat products because of their sweet and desired taste,
colour, aroma, fibres, and vitamins content. So, this manuscript reviews the effect of some fruits and vegetables such as
apple, beetroot, carrot, celery, cherry, grape, lemon, mushroom, orange, spinach and tomato, on the physicochemical
attributes, texture, colour parameters, sensorial and quality properties of meat products such as sausage or hamburger.
The physicochemical, colour, texture and sensorial properties of meat products are affected by replacement by fruits
or vegetables and addition of these products contributes to the high content of vitamins, natural colorants, minerals,
polyphenols and crude fibre. Also, some vegetables, such as beetroot, celery, leek, parsley or spinach, provide naturally
sourced nitrate in meat products. The meat products with natural fruits or vegetables addition have a growing share in
the global market due to the high demand for goods for an improved diet, rich in phenolic compounds with antioxidant

activity and positive biological properties.
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New product development is a continuous
challenge for both scientific and applied research.
Meat products are defined as those in which fresh
meat has been modified by some processing tech-
niques, such as curing, comminution, dehydra-
tion, fermentation or cooking [1]. Sausage is one
of meat products that is gaining popularity, being
present in the diet of various cultures because of
convenience, variety and economy. It takes lit-
tle time for preparation, with some sausage types
being ready to serve and others needing only to
be warmed [2]. Functional improvement in meat
products, modification of fatty acid and chole-
sterol levels in the meat, incorporation of natural
extracts with antioxidant activity, limiting NaCl,
addition of dietary fibres, natural gums, starch,
proteins and reduction of nitrite are some of the
approaches to make meat products functional
foods [3].

Fibre is suitable to be contained in food
products. It was previously used in emulsion food
products because it has diverse functional proper-
ties such as moisture-holding capacity, gel-forming

ability, viscosity, solubility, provides structural in-
tegrity, adhesiveness and shelf stability in reduced-
fat products. It has a neutral flavour and causes
none or limited changes in textural parameters
by enhancing water-binding capabilities. It also
carries significant economic advantages for both
the consumers and processors [4-6]. Functionality
of dietary fibres depends on their interaction with
the food matrix to which they are added and on
gastrointestinal conditions [7].

The present trend of using food for health
purposes rather than just for nutrition, opens up
whole new fields for the meat industry. Among
the possible options, re-formulation by adding or
substituting ingredients to change antioxidants,
dietary fibre and probiotics contents or the fatty
acid profile are being explored [8]. Fruit and vege-
table in various forms (fresh, juice, powder, purée,
pulp, fibre or extract) provide means for produc-
ers to improve the health benefits of food products
[5, 6]. Fruits and vegetables contain significant
amounts of natural antioxidants. In recent years,
there has been increased interest in using ferment-
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ed fruits or vegetables extracts as natural antioxi-
dants for meat products because fermentation of
fruits and vegetables materials offers a promis-
ing preservation method [9]. Natural ingredients
that are high in naturally occurring ascorbic acid,
a very effective reducing agent, can provide this
function and are permitted for use in natural and
organic meat products. Excess amounts of cure
accelerators remaining after curing and subse-
quent thermal processing can also act as reservoirs
for antioxidant protection and serve as an oxygen
scavenger to stabilize and protect the colour and
flavour of cured meat products during storage
[10]. In addition, some vegetables have an excel-
lent potential as natural sources of nitrate and thus
studies were carried out on the use of products
such as beetroot, celery, leek, parsley and spinach
as nitrate sources in meat products [11, 12]. The
effect of some fruits and vegetables on various
characteristics of meat products are presented in
Tab. 1. In addition, the data listed in Tab. 2 show
the physicochemical attributes of meat products
containing fruits and vegetables.

KEHLET et al. [7] investigated the physicoche-
mical and microstructural properties of meatballs
and sausages containing various fibre ingredients
(six recipes in total). The authors reported that
the sausages had a longer chewing time and higher
water content, but a lower water-holding capac-
ity than meatballs. The microstructural properties
differed between sausages and meatballs and the
differences seemed to be influenced by the fibre
type. In summary, fibre ingredients affected the
meat quality-related properties in terms of chew-
ing time and microstructure when added to meat-
balls or sausages. Effects of sugarcane dietary fibre
and pre-emulsified sesame oil on low-fat meat
batter physicochemical properties, texture and
microstructure were studied by ZHUANG et al. [13].
The authors reported that with increasing sugar-
cane dietary fibre level, the batters had improved
physicochemical and microstructural properties
of the products. The amount of sugarcane dietary
fibre added did not affect the area or diameter of
cavities formed by protein aggregation, but had an
obvious effect on the microstructure of the gel.

Food enrichment is one of the most important
processes for enhancement of the nutritional qual-
ity of meat products. Fruits and vegetables are rich
sources of total phenolics, antioxidants, carotenes,
minerals and dietary fibre, having a potential to
enrich meat products. The present study summa-
rizes the effects of certain fruits and vegetables on
the physicochemical, colour, textural and sensorial
properties and quality of meat products.
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Apple

Apple represents the fourth most important
horticultural crop for human nutrition in the
world [14]. Addition of apple fibre could poten-
tially have an additional effect in case of pressure
treatment with regard to improvement of water-
binding capacity. However, FERNANDEZ-MARTIN
et al. [15] found that the addition of apple fibre
did not cause any significant changes in weight
loss in either cooked or pressure-treated pork
meat batters. However, the pressure treatment
decreased the weight loss when compared to
non-pressure-treated samples. Apple pomace is
the primary by-product of apple juice manufac-
turing. Apple pomace consists of pectin, which
has become highly valued since it is considered
as soluble dietary fibre [16, 17]. The utilization
of apple pomace in foods like meat, which lack
dietary fibre, can be beneficial to the consumers
with respect to nutrition and cost-wise. Waste
utilization of apple pomace as a source of a func-
tional ingredient in buffalo meat sausage was
investigated by Younis and AHMAD [18]. The
author reported that the buffalo meat sausages
incorporated with apple pomace powder showed
high cooking yield and emulsion stability of
94.5 % and 74.7 %, respectively, as compared to
control sausage. Additionally, the dietary fibre
content got enhanced with the incorporation of
apple pomace powder as expected. In another
study, utilization of apple pomace powder as a fat
replacer in goshtaba (a traditional meat product
of Jammu and Kashmir, India) was examined by
RATHER et al. [19]. Sensory evaluation indicated
that goshtaba products in which fat content was
reduced from 20 % to 10 % and supplemented
with 1 % and 3 % apple pomace powder had
overall palatability similar to that of the high-fat
control goshtaba (20 %).

Beetroot

There are many different types of vegetables
that contain bioactive compounds, and additional
features of some vegetables include uses as natu-
ral colourants and antioxidants. The use of beet-
root allows for the extraction of a large number of
compounds with special interest to meat products.
These include colourants (betalains), antioxidants
(betalains and phenolic compounds) and preserva-
tives (nitrates), which can be applied to reformu-
lation of meat products, thus limiting the number
and quantity of synthetic additives added to these
foods and, at the same time, increase their shelf-
life [20]. Betalains are water-soluble nitrogen-
containing pigments and consist of two subgroups,
betacyanins and betaxanthins [21, 22]. Approxi-
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Tab. 2. continued
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FV — fruits and vegetables, sucuk — Turkish dry-fermented sausage, sun mushroom — Agaricus blazei Murrill.

mately 62.04-118.92 mg of betalains
are contained in 100 g of red beet
[23].

In the L*(lightness), a*(redness),
b* (yellowness) space, L*is lightness/
darkness that ranges from 0 to 100,
a* isredness/greenness that ranges
from -120 to 120 and b* is yellow-
ness/blueness that ranges from —120
to 120 [24, 25]. The objective of the
study by Sucu and Turp [12] was to
examine the effects of reformula-
tion of Turkish dry fermented beef
sausage (sucuk) by replacing nitrite
with beetroot powder, which has
high nitrate content, on some qual-
ity characteristics of the product.
The authors reported that beetroot
powder’s inclusion increased the a*
value of sausage samples and result-
ed in the protection of the desired
red colour during storage. Results
indicated that the use of beetroot
powder provided an advantage in
sensory properties of fermented sau-
sages. The overall acceptance scores
of meat emulsion samples with 10 %
fermented red beet [26] and emulsi-
fied pork sausage with 1% red beet
powder [21] were similar to those of
the control samples containing ni-
trite. In addition, beetroot contains
bioactive phytochemicals, including
phenolic compounds and, also, it is
considered as a rich source of nitrate
and the betalain pigments consisting
of yellow betaxanthins and red-violet
betacyanins. Therefore, it contains
important antioxidants and natu-
ral colourants. Some studies were
carried out on the use of beetroot
for attaining these properties in meat
products [21, 27, 28]. Effects of fer-
mented red beet extracts on the shelf
stability of low-salt frankfurters was
examined by HWANG et al. [27]. The
authors observed that pH, volatile
basic nitrogen, lightness and yellow-
ness of frankfurters decreased with
increasing levels of fermented red
beet, whereas the redness of frank-
furters increased with increasing
levels of fermented red beet (Tab. 3).
CHor et al. [26] investigated the
effects of fermented red beet extract
and ascorbic acid on colour develop-
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ment in meat emulsions. The

pH of meat emulsions contain- c |x < = S = )
ing red beet extract decreased o NN oboooleroaloanoolar~o~a
with an increase in the amount O IR i) I B ] B Bt b e ] IS il =
of extract added and a* of the AR AR A A A A
treated meat emulsions was
higher than that of the con- L, I888588cx32833|9TIB 8T
. o . @ |0 00 O NO ~ +~ O © 0 0|0 N NN O O~ AN
trol with no added nitrite or @ ARl Rl e
fermented red beet extract. In 2
summary, the combination of  § | 128388388 5R288%5355888/58
fermented red beet extract and i',’ 4 5599525829388 588 s gy
ascorbic acid could be a viable 5
alternative to synthetic nitrite g |9
regarding the stability of colour % %’Et&ng‘—th\);graog S I
development in meat emul- ..; £ d a dijdl © © S|B B B
sions. Effects of red beet on £ |&
quality and colour stability of '% P
low-fat sausages during refri- s |2 Tihooolseaa
gerated storage was studied by z PElda ol
JEONG et al. [29]. The authors S |&
reported no effect of red beet 3 .
addition on textural properties o] e 6o - o
inlow-fatsausage. 8 % |||||||\gggg|||||\||||
Red beet is regarded a good E &
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phenolic compounds and beta- £ §~ O N® |6 < S S[= = -
lains contained in red beet. The 5 |O
crop has high content of beta- g‘ 2
lains used as food colourants 2 e © e o oo~ e oo~oo v © o <
and food additives with health- ° zlodcsldssslsasdd 3833
promoting properties. AYKIN- S| 5
DINCER et al. [30] used four 8 ©
colourants (control, carmine, £ |2
beetroot extract and beet- §§z:‘£@k:§8%’3695““”|.|.
Z | =ET© 0 O 0[O N+~ —|00 N~ O M~
root extract powder) and two g |E
methods (fermentation and s
heat treatment) in the produc- 2|3 _ N < 6
tion of sausages. The authors g§§°N*©°N*®0522°*‘“’°*°’"’°“’
reported that the moisture € |*
content, pH value, lightness, .g =
yellowness and odour values 5 o = g
of heat-processed sausages 8 kS % § ;
were higher than those of fer- el g 5 2 g 3
mented sausages. The addition g s 2 3 3 3
of beetroot extract and pow- 518 2 5 g 9 g 9
der to the sausages resulted in : 2 g c g 5 e 5
a reduction of L* and b* values, e % % § g 2 %
while a* values were increased o] o - o w < w
compared to the control. Also, S S @
the use of beetroot extract and 5 | g =)
powder had a positive effected 3 E,J, g E c
on sensory appearance, colour, 5|3 2 3 e 2
flavour and overall acceptance 3 | g £ £ - € % E
of sausages. =15 - g8 < = =
3 3 e & 5] =
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Carrot

Carrot is considered a nutraceutical crop for
its high content of carotenoids, fibre and phenol-
ic compounds [5, 31]. Dietary fibre is a necessary
food component for supporting consumer’s health.
Several authors studied, with good results, the use
of carrot as a functional and health-promoting in-
gredient in meat products [32, 33]. Optimization
of the addition of carrot dietary fibre (at 0-12%)
to a dry fermented sausage (sobrassada) was in-
vestigated, using artificial neural networks, by Eim
et al. [8]. The authors observed that the obtained
optimal value of added carrot dietary fibre was
4.9%. This was the highest value of added fibre
that permitted the formulation of a final prod-
uct similar quality characteristics to the reference
product (without fibre). In another study, the anti-
oxidant activity of carrot juice in gamma-irradiat-
ed beef sausage was investigated [34]. The carrot
juice significantly reduced the oxidative processes
in the samples proportionally to the juice’s con-
centration. Also, the sausages that were formulat-
ed with carrot juice had higher sensory acceptabil-
ity scores as compared with the control samples.

High-pressure processing was introduced in
the food industry as a mild preservation method
producing safe and less processed products, con-
sistent with the consumer demand for minimally
processed products [35]. Water-binding capac-
ity and structure of pork sausages as affected by
high-pressure processing and addition of carrot
fibre were studied by MoLLER et al. [36]. A sig-
nificant effect of addition of fibre was observed
on the relaxation times of the main population
(T23; 68-130 ms), where samples containing carrot
fibre were characterized by a significantly shorter
relaxation time compared to samples without it.
In another study, to investigate the synergistic
cooperation between high-pressure treatment
and carrot dietary fibre (2 %), two formulations
of pork sausages containing various contents of
carrot dietary fibre were pressurized [37]. The
sensory evaluation showed that high-pressure
treatment synergistically co-operated with carrot
dietary fibre improving sensorial attributes like
homogenity, creaminess, fattiness and firmness
as detected by napping in combination with ultra-
flash profile.

Use of a functional carrot powder ingredient
(4 %) to produce sausages with high levels of nu-
traceuticals was investigated by ALVARADO-RA-
MIREZ et al. [38]. In that study, a functional carrot
powder ingredient was obtained by applying
wounding stress to carrot (shredding and storing
for 48 h at 15 °C) prior to dehydration (at 60 °C)
and milling. Carrot powder formulations increased
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the fibre content of sausages by 72.7 % and forti-
fied them with carotenoids, providing 30 % to
40 % of vitamin A daily requirements per portion
(62.5 g). In another study, the combined effect of
high-pressure processing together with carrot fibre
(0.5 % and 1.5 %) and potato starch (2 % and
3.8 %) on low salt (1.2 %) pork sausages was inves-
tigated and compared with high salt (1.8 %) sausag-
es [39]. Water-binding capacity of low-salt sausages
was improved to the same level as that of high-salt
sausages by high-pressure processing and addition
of carrot fibre or potato starch particularly by the
addition of potato starch, which produced sausages
with better sensory properties than carrot fibre.

Physicochemical properties of cooked buf-
falo meat sausage, as influenced by incorpora-
tion of carrot powder (0-5 %) during refrigerated
storage, were studied by KHAN and AHMAD [40].
The carrot powder did not significantly affect the
texture of the product, having a little effect on the
moisture content of the product. SONcU et al. [41]
determined the usability of lemon fibre (2 %, 4 %
and 6 %) and carrot fibre (2 %, 4 % and 6 %) to
produce low-fat beef hamburgers. Lemon fibre
increased the moisture content and cooking yield
due to its better water-binding properties, while
carrot fibre caused higher fat and cholesterol con-
tents owing to its higher fat absorption capacity. In
summary, it is suggested that carrot fibre produces
better low-fat hamburgers since up to 2% carrot
fibre presented sensory and textural properties
similar to those of traditional hamburgers.

Celery

Celery products, such as celery juice concen-
trate and celery powder, are the most widely used
additives as nitrate sources in studies on cured
meat products. Celery powder contains approxi-
mately 3 % nitrate [42-45]. It also contains a sig-
nificant amount of naturally occurring nitrate
and it will not be the best alternative source of
nitrite for meat without being used in combina-
tion with nitrate-reducing bacterial cultures to
produce standard cured meat products. However,
the addition of celery powder to processed meat
is generally limited to 0.2-0.4 % of the formula-
tion weight because at levels higher than this, off-
flavours may develop [45, 46]. The effect of pH
and nitrite concentration on the antimicrobial ac-
tivity of celery juice concentrate, compared with
conventional sodium nitrite, on Listeria monocy-
togenes was investigated by HORSCH et al. [42]. The
authors reported that the celery juice concentrate
increased pH of meat products, which could have
implications for the antimicrobial activity of nitrite
in meat products.
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Cherry

Effects of various levels of cherry powder and
starter culture on quality and sensory attributes of
indirectly cured, emulsified cooked sausages were
studied by TERNS et al. [47]. The authors observed
that the overall acceptability for cured emulsified
cooked sausage manufactured with cherry powder
using a starter culture was not significantly differ-
ent from that of their control.

Grape

Antioxidants are added to fresh and processed
meat and meat products to prevent lipid oxida-
tion, retard development of off-flavours and im-
prove colour stability. Due to the potentially toxic
effects of synthetic antioxidants, natural antioxi-
dant sources, mostly fruits, are being preferred
nowadays for use in various meat products. The
majority of the antioxidant capacity of fruit is con-
nected to the content of numerous phenolic com-
pounds [48, 49]. Effects of two red grape pomace
extracts, obtained by using different extraction
systems, on meat quality (pH, microbial spoilage,
lipid oxidation and colour coordinates) of pork
hamburgers were investigated by GARRIDO et al.
[50]. The highest colour stability and the lowest li-
pid oxidation values were reported in hamburgers
containing Type I extract (instantaneous high-low
pressure + methanolic extraction), which showed
a potent antioxidant effect. In another study, im-
pact of grape seed extract on the oxidative, colour
and sensory stability of a pre-cooked, frozen, re-
heated beef sausage model system was studied by
KULKARNI et al. [51]. The authors reported that
the grape seed extract and propyl gallate-con-
taining samples retained their fresh cooked beef
odour and flavour longer than controls during
storage. Rancid odour and flavour scores of grape
seed extract containing samples were lower than
those of controls after 4 months of storage. The L*
value of all samples increased during storage.

Grape seeds are waste products of the winery
and grape juice industries. The grape seed flours
have a potential application as an additive in some
meat products. The addition of grape seed flour
may affect fibre and oil contents of meat products.
In addition, the grape seed flour can be used to
improve technological characteristics and sensory
properties of meat products [52-54]. The effects
of grape seed flour (0 %, 0.75 %, 1.5 % and 3 %)
on the physico-chemical characteristics, micro-
biological and sensory parameters of Turkish dry
fermented sausage, sucuk, was investigated [52].
Grape seed flour decreased moisture content,
thiobarbituric acid content, diameter loss and in-
strumental colour (¢* and b*) indeces and sensory

analysis scores during the ripening period. It also
reduced thiobarbituric acid content, instrumental
colour indeces (L*, a*, and b™), total aerobic meso-
philic and lactic acid bacteria counts during the
storage period. The effect of natural (grape seed
and chestnut extract) and synthetic antioxidants
(buthylated hydroxytoluene) on physico-chemi-
cal, lipid oxidation, microbiological and sensory
characteristics of dry-fermented sausage were in-
vestigated [54]. The results indicated that grape
seed is an effective antioxidant and that natural
antioxidants can be more effective than synthetic
antioxidants. Also, addition of natural antioxidant
extracts had a significant effect on redness, leading
to higher a* values compared to the control group.

Lemon

Fibre is a suitable component of meat products
and previously has been used in cooked meat
products to increase the cooking yield due to its
water- and fat-binding properties, as well as to im-
prove texture [55, 56]. Lemon albedo demonstrat-
ed its potential to be a good source of dietary fibre
in meat products. The addition of lemon albedo
(raw or cooked) at 5 levels (0-10 %) in dry-cured
sausages was studied by ALESON-CARBONELL et al.
[56]. The authors observed that the use of 2.5 %
raw lemon albedo led to sensory properties simi-
lar to traditional sausage. In another study, qual-
ity and physico-chemical properties of a non-
fermented dry-cured sausage formulated with
lemon albedo were reported by ALESON-CARBON-
ELL et al. [57]. The authors reported that lemon
albedo lowered the hardness value of sausages. In
addition, application of lemon albedo in dry-cured
sausages offers processors the opportunity to im-
prove the nutritional and health qualities of their
products, including a decrease in residual nitrite
levels.

Mushrooms

Mushrooms have high levels of nutrients,
namely, protein, polyphenols, minerals (calcium,
potassium, magnesium, phosphorus, iron, copper,
zinc and manganese), fibre and vitamins. They
have several biologically beneficial properties,
such as antioxidant and antitumour ones. Addition
of mushrooms (fresh, sliced, dried or powdered) to
the food products formulae are known to change
the physico-chemical, textural properties of food
products [58-63]. Application of winter mushroom
(Flammulina velutipes) powder (0 %, 0.5 %, 1 %,
1.5 % and 2 %, w/w) as an alternative to phos-
phates in emulsion-type sausages was examined
by CHOE et al. [64]. The mushroom additions
above 1.0 % increased the pH of meat batter and
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efficiently inhibited exudation of fat from the
sausages. Lipid oxidation in sausages was inhi-
bited by the addition of mushrooms. No adverse
effects were observed concerning colour and sen-
sory properties of the sausages containing mush-
rooms, except for that containing 2.0% mushroom
powder (Tab. 4). In another study, oxidative and
microbiological stability of fresh pork sausage
with added sun mushroom (Agaricus blazei Mur-
rill) powder was investigated by STEFANELLO et al.
[61]. The colour of the products was characterized
by decreased redness at the end of the storage pe-
riod, on the 35th day. It was concluded that sun
mushroom was effective in terms of increasing
the oxidative stability of pork sausage when added
in powdered form at levels of 1 %, 2 % and 4 %.
OLONTA [65] determined the contribution of oys-
ter mushroom Pleurotus sajor-caju (0 %, 20 %,
40 % and 60 %) on physicochemical, nutritional
and sensory properties of hamburgers. The inclu-
sion of mushroom caused a general decrease in
the protein, fat, moisture, ash, mineral element,
vitamin as well as soluble protein and an increase
in the carbohydrate contents of hamburgers. The
pH and water activity (aw) of the hamburgers was
5.40-5.65 and 0.84-0.96, respectively. The use of
straw mushrooms (Volvariella volvacea) for the en-
hancement of physicochemical, textural, nutrition-
al and sensory profiles of Cantonese sausages was
studied by WANG et al. [66]. The straw mushrooms
improved the content of amino acids and volatile
compounds in Cantonese sausage, the sausage
containing 2 % of the mushroom scored best for
total acceptability. Also, addition of straw mush-
rooms caused protein network relaxation with
some pores and sponge-like structures appearing.
It could be assumed that a compact and partially
spongy structure was formed due to the inter-
action between endogenous enzymes of straw
mushrooms and meat proteins during sausage
processing. Also, the microstructural changes were
consistent with the related texture properties.

Orange

The food industry has shown an increased
interest in manufacturing healthier, high qual-
ity, minimally processed and “more natural” food
products [67]. Various types of citrus by-products
were successfully used to produce fresh meat
products, cooked meat products and non-ferment-
ed dry-cured meat products [68]. FERNANDEZ-
LopEZ et al. [69] reported that the addition of 1 %
orange fibre had beneficial effects upon dry-fer-
mented sausages (salchichon) safety and quality.
These included a decrease in residual nitrite level,
which could prevent nitrosamine and nitrosamide
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formation, and the favoured effect on growth rate
of micrococci that could have a protective effect
upon rancidity development and stabilize the typi-
cal cured colour. YALINKILIC et al. [70] reported
that the addition of orange fibre (at 4 %) in sucuk
(Turkish dry-fermented sausage) affected bacterial
growth, on the one hand, it favoured the growth of
lactic acid bacteria and, on the other, the Micro-
coccus and Staphylococcus counts decreased. En-
terobacteriaceae counts were below the detectable
level (< 102 CFU-g1). Also, there was no statisti-
cally significant difference between samples con-
taining 0 % and 2 % orange fibre regarding tex-
ture, colour, odour, taste and total acceptability.

Spinach

Since the consumers’ demand for “organic” or
“natural” meat products has increased due to con-
cerns of health risk of synthetic additives, the meat
industry is currently focusing on the development
of nitrite alternatives. Green vegetables such as
spinach and celery are known as major sources of
nitrate and nitrite in human diet [9, 11, 71]. Effects
of fermented spinach as a source of pre-convert-
ed nitrite on colour development of cured pork
loin was examined by Kim et al. [11]. The L* and
b" values of raw cured meats formulated with fer-
mented spinach extract were higher than those of
the control groups (both positive and negative con-
trols). In addition, the a* values of cooked cured
meats were increased with increasing fermented
spinach extract levels, whereas the b" values of
cooked cured meats were reduced with increasing
levels of fermented spinach extract. The effects of
spinach powder addition (at 0 %, 1 % and 3 %) on
lipid oxidation, colour and sensory properties of
traditional fermented meat products (sucuk) were
studied [72]. L" and a” values of the control group
were significantly higher than treatment groups,
but b* values of 3% spinach powder-added group
were significantly higher than the others. No sig-
nificant difference was found between the sucuk
samples at the end of storage. When the sensory
properties were analysed, colour, taste, texture
and general acceptability scores of spinach pow-
der-added sucuk samples were found to be signifi-
cantly lower than the control group.

Tomato

Tomatoes and tomato-derived products are
used as additives in functional meat products
because of the high content of lycopene [67, 73].
CANDOGAN [74] and DEepA et al. [75] studied
effects of tomato paste on quality of beef patties
and frankfurters, respectively. CANDOGAN [74]
reported that the patties formulated with tomato
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paste had higher ¢" and b" indeces and lower L*
indeces than control patties. CALVO et al. [76] and
Luisa GARCIA et al. [77] examined the influence of
dried tomato peel on properties of dry fermented
sausages and beef hamburgers, respectively. CAL-
vo et al. [76] reported no significant differences
in the texture properties of the sausages produced
with and without dry tomato peel (at 0 %, 0.6 %,
0.9 % and 1.2 %). The sensory attributes and total
acceptability of all sausages were good, indicating
that tomato peel could be added to dry ferment-
ed sausages to produce meat products enriched
in lycopene. LuisA GARCIA et al. [77] noted that
higher than 6% dry tomato peel negatively affect-
ed texture scores. The addition of dry tomato peel
to 4.5 % resulted in hamburgers with good overall
acceptability and lycopene content of 49 mg-kg!
of cooked hamburgers. Also, addition of dry to-
mato peel increased a* and b* of raw and cooked
hamburgers, and modified all textural properties
probably because of the presence of fibre.

YILMAZ et al. [78] used tomato juice in low-fat
(5.9-10.3 %) cooked sausages and @STERLIE and
LERFALL [79] used sun-dried tomatoes, tomato
paste and crystalline lycopene in minced meat.
The latter authors reported that adding lycopene
from tomato products to minced meat could lead
to meat products with increased storage stabil-
ity, different taste, better colour and with a well
documented health benefit. GHAFOURI-OSKUEI
et al. [80] investigated the chemical and quality
characteristics of beef sausage containing flaxseed
(0 %, 3 % and 6 %) and tomato powder at three
levels (0 %, 1.5 % and 3 %). The addition of to-
mato powder and flaxseed powder reduced L*
values, pH, residual nitrite and moisture contents
and increased b* value, protein, carbohydrate, ash,
fibre content and total energy values. Generally,
adding tomato and flaxseed powders up to 3 %
did not affect the sensory evaluation parameters of
cooked and fried sausages. Based on the reported
results, it is possible to produce sausages incorpo-
rated with tomato and flaxseed powders.

In another study, EYILER and OzTAN [81] re-
ported that addition of tomato powder to frank-
furters increased their acceptability. Also, addi-
tion of 2 % of tomato powder reduced the level of
oxidation. However, 4 % of tomato powder caused
a slight increase in the oxidation level when com-
pared to the samples which did not contain tomato
powder. MODZELEWSKA-KAPITUEA [73] investigat-
ed the influence of commercially available tomato
powder on production yield, cooking loss, acidity,
colour, lipid oxidation and sensory properties of
meatloaf. The addition of tomato powder did not
affect L of products but it increased a*, b*, hue
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and saturation indeces. Based on the factors most
important to the meat processors (pH value, pro-
duction yield, sensory quality), the recommended
level of tomato powder addition was 0.4-0.8 %.

CONCLUSION

There are many types of fruits and vegetables
that contain vitamins, crude fibre and biologically
active compounds. Additional features of some of
them facilitate their use as natural colourants and
antioxidants. Improvement of composition of meat
products regarding vitamins, antioxidants, fibres
and polyphenols may be achieved through integra-
tion of fruits and vegetables in them. In addition,
some researchers demonstrated the possibility
of changing the image of meat products from the
traditional one to an image of health-promoting
products thanks to the addition of various fruits
and vegetables. Also, considerable amounts of ni-
trates are present in some vegetables such as cel-
ery, spinach, radish or lettuce, which can be used
as sources of nitrite. The health perception asso-
ciated with “natural” and “organic” food products
has led to a significant increase in their production
because of the consumers’ demand. Fortification
of meat products with fruits and vegetables could
help to provide functional products with a high nu-
tritional value and acceptability.
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