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Tomato is a normal vegetable that can be consumed fresh or processed form. It contains carotenoid
components like lycopene, vitamin C and E, phenolic, and flavonoids. Lycopene presents abundantly in
tomato peel than pulp and seed, structurally arrange all-trans degradation and thermodynamically
stable. High tomato products diets reduce the risk of different types of cancer diseases. Tomato
products have been used in emulsion products to improve different quality properties like color, texture
profiles and sensory property. The color of emulsion has been improved in term of redness and
yellowness when tomato product is added due to the bright red in color of lycopene. This would be
importance to access the consumer decision to purchase the product. Harder texture of emulsion
product is increased when high amount of tomato product is added because of the present of fiber.
Tomato products addition increases color and texture profiles of emulsion products which influence
positively on consumers’ acceptance. Therefore, tomato products addition improves qualities of
emulsion product with healthy benefit.
Keywords: Qualities, Tomato product, Emulsion product

INTRODUCTION
Tomato is a versatile vegetable that is
consumed fresh as well as in the form of
processed products. More recently, there has
been renewed attention given to the antioxidant
content
of
tomatoes
because
many
epidemiological studies suggested that regular
consumption of fruits and vegetables, including
tomatoes, can play an important role in preventing
cancer
and
cardiovascular
problems
(Giovannucci, 1999; Heber, 2000; Rao and
Agarwal, 2000). Tomato components like
lycopene, phenolics, flavonoids and vitamins C
and E are mainly responsible for the antioxidant
capacity of raw tomatoes and processed tomato
products (Beutner et al., 2001; Leonardi et al.,
2000; Stewart et al., 2000).

Tomato residue or waste from industry
referred to an intermediate by-product, which is a
good source of bioactive substances obtained
through technology application. One of bioactive
substance is tomato dietary fiber (TDF) which is
produced under a complex steps with a final yield
75% a product (Anonymus, 2009). TDF is tough to
digest in human GI tract, but TDF has a good
effect on human health and body function
evidently reduced many diseases and also cancer
(Bessesen, 2001; Johnson, 2004; Kris-Etherton et
al., 2002). Furthermore, Knoblich et al., (2005)
acid detergent fiber (ADF) 299.4 g/kg in peel and
537.9 g/kg in seed of tomato on dry basis;
Kmiecik and Lisiewska (2000) found 2.16 g/kg of
pectin in peel of tomato. Acid detergent fiber and
pectin together could affect the texture of meat
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products.
Lycopene is a hydrocarbon carotenoid that
has recently received attention for its potential role
in preventing prostate cancer and cardiovascular
disease in humans. Although similar in structure
to the more studied b-carotene, lycopene does not
have pro vitamin A activity; The many conjugated
double bonds of carotenoids make them
potentially powerful antioxidants, and lycopene is
no exception (Di Mascio et al., 1989). The
carotenoids compound, Lycopene, presented in
many kinds of fruits, such as watermelon,
tomatoes, red pepper and red grapefruit, and their
physical characteristics in red color (Goula and
Adamopoulos, 2005). Lycopene and other
carotenoids, such as beta-carotene, phytoene,
lutein and phytofluene are found widely in
tomatoes and tomato products. In many
responses have revealed that the risk of
encountering of cardiovascular and lung, prostate
and digestive system cancers can be reduced by
increasing tomatoes consumption(Osterlie and
Lerfall, 2005). The unsaturated carotenoid, acyclic
open chain Lycopene, have 13 double bonds
which to 11 of them are conjugated. This would be
said that the antioxidant and color can be
obtained from Lycopene due to its excellent
structure (Shi and Maguer, 2000).
Lipid oxidation is a major factor abbreviating
the shelf-life of meat and meat products. It
accelerates meat dis colouration and results in offodour development, which compromise consumer
acceptance (Descalzo and Sancho 2008).
Furthermore, lipid oxidation also leads to loss of
nutritive value of muscle foods (Valenzuela and
Nieto 1996). The quality deterioration due to lipid
oxidation can be prevented by the use of
antioxidants. The quality deterioration and
decreasing of the shelf life of meat products are
mainly due to oxidation of lipids and autooxidation; therefore, this may make an alteration
in meat quality parameters including color,
texture, odor, flavor and also nutritional value
(Fernindez et al., 1997). Meat chopping, cooking
and also other processing steps till storage can
affect muscle cell membranes disrupting, which
assisting the progress of the interaction of
unsaturated lipids with pro-oxidant substances
such as non-haem iron, accelerating lipid
oxidation; and leading to rapid quality
deterioration and development of rancidity
(Tichivangana and Morrissey, 1985). Although
there are some studies have been conducted on
the effect of tomato waste powder on some quality
properties of sausages, however, there is

currently still lack of clear information on the effect
of tomato waste powder at different levels on
quality of emulsion products. Therefore, this work
aim to study on the effect of tomato powder
addition into emulsion products to improve the
main qualities like color, texture profile and
sensory property.
Tomato by-products
Tomatoes are widely consumed either raw or
after processing and can provide a significant
proportion of the total antioxidants in the diet
(Martinez-Valvercle et al., 2002). However when
tomatoes are processed into products like Catsup,
salsa and sauces, 10–30% of their weight
becomes waste or pomace (King and Zeidler,
2004). Al-Wandawi et al. (1985) reported that
tomato peel contains high levels of lycopene
compared to the pulp and seeds. Furthermore,
tomato skin and seeds were reported to contain
essential amino acids and the tomato seeds had
higher amounts of minerals (Fe, Mn, Zn and Cu).
Sharma and Le Maguer (1996) observed that
most of the lycopene was associated with the skin
and water insoluble fraction of the tomato pulp.
George et al., (2004) reported that on average,
the tomato skin had 2.5 times higher lycopene
levels than the pulp. The skin of fruits and
vegetables is commonly removed because they
are thought to be indigestible and contain low
levels of nutrients, furthermore, approximately one
third of total weight of tomatoes in the form of skin
and seeds are discarded during processing of
tomatoes into paste (Al-Wandawi et al., 1985).
Production season of tomatoes and over
consumption different types of tomato products
create huge amount of wastes; however, those
wastes contain plenty of nutrients and bio-active
compounds which could be benefit to food
products improvement. This is supported by the
finding of Karthika et al., (2016) who found that
tomato pomace could produce an acceptable and
fiber enriched snack foods with extruded corn and
rice flour.
Chemical Structure of Lycopene
Lycopene is the main pigment responsible for
deep-red in color characterization of ripe tomato
and tomato products; due to its biological and
physicochemical properties evidently as a natural
antioxidant, which drew much attention (Shi and
Maguer, 2000). Lycopene is 11 linearly arranged
acyclic carotenoid relatively small amount in few
foods (figure 1),
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Figure1: Chemical structures of retinol and representative dietary carotenoids (Gerster, 1997)
formation, and disease prevention (Sandstrom et
Which conjugated double bonds; the lack of
al., 1994; Weisburger, 1998). A record of Wan et
beta-ionone ring in structure caused pro-vitamin A
al., (2014) studied on androgen signaling and
activity lost; lycopene, as well as other
carcinogenesis relate to gene expression with
carotenoids, is thermodynamically stable form
dietary tomato and lycopene has been reported
presented in the all-trans arrangement in most
that the cancer prevention, tomato and lycopene,
foods (Clinton, 1998). Isomerization and oxidation
facilitated incompletely regarding to androgen
are the primarily causes of lycopene arranged allactivity inhibition and as co-controller on activation
trans degradation during processing, which
of androgen receptor. This finding supported to
transforms
all-trans
to cis-isomers
by
the report of Heber (2000) and Rao Agarwal
isomerization process influenced by energy input
(2000) who found the relationship between tomato
become unstable (Shi and Marc, 2000). The
products consumption and reduction of prostate
processing steps of juice or paste kept lycopene
cancer risk related with lycopene bio-action. An
content unchangeably with 12 months of storage
epidemiological together with human clinical trials
stability at ambient temperature; moreover,
of Ford and Erdman (2013) have been suggested
the cis isomeric formation occurs due to the
on a high diet of tomatoes or lycopene prevent
subject of tomato juice to cooking temperature
prostate, breast, cervix, ovary, endometrium, lung,
supplemented with corn oil considered biobladder, oral cavity, esophagus, stomach, colon,
availably (Agarwal et al., 2001).
and pancreas cancer due to high amount of biocompounds derivative from tomato products which
Health
Benefit
of
tomato
products
synergistically work on risk reduction of cancer.
consumption
Furthermore, the reduced incidence of prostate
Lycopene is classified as a natural antioxidant
cancer regarding to tomatoes consumption was
and supplemented into many types of products
firstly drew attention by Giovannucci et al., (1995)
due to its ability in inhibiting oxidation, preventing
from the Harvard School of Public Health.
of chronic diseases, and also act as an agency in
Emulsion sausage qualities
metabolism, immune adjustment, and hormonal
merging (Rao and Rao, 2007). Carotenoid,
Color of meat or meat products is an
lycopene which is the main red pigment
important quality attribute that influences
compound in tomato and the rest percentage
consumer acceptance of the meat. Consumers
belong to beta-carotenoid (7%) of carotenoid
prefer bright-red fresh meats, brown-gray cooked
content totality; evidently consume decrease meats, and pink cured meats (Cornforth, 1994).
carcinogenic rate, atherosclerosis, and cataract
Pigment concentration, chemical state of meat
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pigments, and physical conditions of the meat
determines the color of fresh meat. The reducing
capacity of muscle, oxygen availability to the
meat, and autoxidation rates of myoglobin
oxidation of heme pigments in meat (Renerre and
Labas, 1987). Consumers’ attitudes towards food
are very dependent on its colour (Clydesdale et
al., 1992). In the customers’ eyes colour is
correlated with freshness, so the importance of
having an appetizing product colour, especially a
colour that matches consumer expectations,
should not be underestimated. Barbut (2001a, b)
found that panelists were so strongly influenced
by apparent colour that they preferred the colour
of meat when it was illuminated by an
incandescent light, as opposed to illumination by a
fluorescent or metal halide light, because the red
colour under incandescent lighting was more
appealing. Colour is also essential in meat
processing. Both nitrites and nitrates are used in
curing meats, e.g. in the manufacture of ham,
bacon, bologna and frankfurters. They produce
pigments that are more heat stable (Honikel,
2008). The pigment responsible for the brown or
grey colour of cooked meat is denatured globin
haemichrome. The iron atom is in the ferric state
3+)
(Fe
and the globin is denatured. This
unfortunate phenomenon is sometimes observed
when ground meat products such as hamburgers
are cooked. Contrary to the information above, the
meat may show a brown colour when cooked to

temperatures as low as 55°C (131°F). The most
likely cause of red colours in cooked meat,
especially near the center of the meat portion, is
of course undercooking - failure to reach the
denaturation temperature of the myoglobin
(Ranken, 2000). Nitrosylmyoglobin is responsible
for the red color of raw cured products. It is
formed (figure 2) from the reaction of myoglobin
with nitric oxide. Nitrite is also an oxidizing agent
which rapidly converts myoglobin (red) to
metmyoglobin (brown). Nitric oxide then combines
with metmyoglobin to form nitrosyl metmyoglobin,
which is then reduced to nitrosyl myoglobin
(Ranken, 2000). Texture characteristics of drycured ham constitute one of the main sensory
attributes perceived by the consumers. Texture
development is the result of chemical and physical
processes. The salt added in the formula gives a
suitable cohesion and texture during drying by
solubilizing proteins, which act as a bridge
between the constituting meat fragments.
Proteolysis has a high impact in the quality of drycured ham for several reasons: direct contribution
to texture by breakdown of the myofibrillar
proteins responsible for muscle network,
generation of peptides and free amino acids with
direct influence on taste and generation of flavor
precursors, such as free amino acids, that will act
as substrates for further reactions contributing to
flavor.

Figure 2: Color change in cured meat (Ranken, 2000).
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In some cases, the excess of proteolytic
activity results in texture problems, especially an
excessive softening of the sausages. So, it is very
important to select the correct dose of the
proteinase for an adequate proteolysis and
acceleration of the maturation without affecting
texture (Toldra’; 2002
Meat is a complex system to study the
proteolytic process because it is a relatively high
set of proteins. Sausages produced with starter
addition show excellent commercial appearance,
dry more homogeneously, without rind, and
develop a good color and texture. However,
consumers tend to prefer sausages manufactured
without starter and dried at mild temperatures due
to their flavor. Sausages with low pH are
characterized by high peptide and amino acid
content and a low ammonia content. However,
ammonia is also produced by deaminase activity
of the internal flora, and its production improves
taste development since it neutralizes acidity and
increases pH (Demeyer 1992). Hardening refers
to the texture of the ham being too hard.
Excessive drying as a result of the use of high
temperature, low relative humidity and/or high air
velocity (processing technology defect) can cause
hardening. Sometimes, an associated fat
exudation is also observed. Sausages present a
soft texture, especially in the center (processing
technology defect). There are several causes of
softness, such as the application of inefficient
drying (i.e., high relative humidity) that results in
poor water loss and an excess of moisture inside
the sausage, fat smearing that retains water,
insufficient pH drop, an excess of fat in the mix or
a very fast drying (high temperature, low relative
humidity and high air velocity) that produces
hardening of the outer sausage surface but
retains most of the moisture inside the sausage.
Fermentation (correct sugar addition and starter
cultures function) and drying must be carefully
controlled, especially relative humidity and air
velocity (Toldra’; 2002). Flavor is the most
appreciated sensory attribute of foods, and this is
particularly true regarding meat products. Flavor is
defined as the total impression of taste, odor,
tactile, kinesthetic, temperature, and pain
sensations perceived through tasting (Rothe,
1972; ISO, 1992). However, only taste
compounds, defined as molecules with the ability
to trigger a response in the taste buds, and aroma
(odor) compounds, defined as volatiles with the
ability to reach and generate response in the

receptors of the olfactory epithelium, will be
treated. The characteristic flavor of fermented
sausages is developed by the action of microbial
and
endogenous
meat
enzymes
on
carbohydrates, lipids, and proteins. In addition,
the salt and spices added to the meat batter
should be taken into account because of their
important contribution to flavor (Demeyer and
Toldrá, 2004). The carbohydrate fermentation is
responsible for the typical sausage tangy or sour
taste (Lücke 1985). The interactions between
carbohydrates and protein metabolites during
meat fermentation determine the rate of pH
decline and flavor development (Demeyer, 1992).
There are internal and external parameters that
influence flavor (Verplaetse, 1994). The internal
parameters are chemical (added sugars or spices)
or microbiological (starter cultures), whereas
external parameters are physical, such as the
temperature and humidity during the process. In
the case of dry-fermented aroma, because no
compound or group of compounds with the unique
odor of meat has been isolated, it seems likely
that meaty aromas depend upon a subtle
quantitative balance of various components
(Mottram and Edwards, 1983). The relative
contribution of the chemical compounds to the
meat aroma depends on its odor threshold, which
gives an idea of the odor impact. Therefore, if the
concentration of an odorant in a sausage is higher
than its threshold, probably the odorant will
contribute to the overall flavor.
Tomato products and meat products
Several research added tomato waste powder
to meat products can alter several characteristics
of meat product. A studied have been done by
Luisa García et al., (2009) revealed that the color
parameters of the raw and cooked beef
hamburgers were significantly affected by dry
tomato peel addition resulted in orange in color of
both raw and cooked hamburgers, even though
lycopene is red in color; therefore, a* and b*
values increased, which contained dry tomato
peel. However, L* and * values were significantly
different, which L* value was presented higher in
cooked hamburgers than raw ones; in contrast, a*
value was slightly low in cooked hamburgers than
raw ones. Eyiler and Oztan (2011) used tomato
powder as a natural additive in frankfurters. The
resulted demonstrated that a* value increased in
frankfurter due to tomato powder action while
lightness was decreased in samples, but a* was
decreased while L* increased when NOMb
conversion decreased because of nitrite reduction
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in frankfurters (Table1). Modzelewska-Kapituła
influenced by dry tomato peel powder
(2012) studied in comminuted meat products
supplementation which resulted in the highest
using tomato powder. The instrumental color
lightness in control samples, but lowest in redness
parameters were not influenced by the tomato
and yellowness (Table1). Kim et al., (2011)
powder addition, such as redness, lightness, and
revealed that differences were found in hardness,
yellowness of meatloaves; however, hue angle
cohesiveness and springiness values within the
and saturation index showed that the redness a*
tested samples during storage. In all cases
of batters was increased as the level of tomato
hardness values increased when tomato powder
powder increased. Calvo et al., (2007) revealed
was added.
that the color parameters were significantly
Table 1: Effect of tomato powder supplementation on color of sausage.
Sources

Products
Dried fermented
sausage

Calvo et al., (2007)

Eyiler and Oztan (2011)

Moonoai (2015)

Level (%)

l*

a*

b*

Hue value

0

47.9 6b

21.29a

8.16a

20.91a

0.6
0.9
1.2

45.58a
43.78a
45.95a

24.09b
23.45b
23.85b

14.11b
13.97b
14.91b

30.13b
30.54b
32.01b

0

67.62a

6.28a

-

68.55a

2
4
0
0.3
0.6
1

65.47b
63.37c
63.44a
60.86b
58.23c
59.65b

10.80b
13.65c
4.51d
8.43c
12.28a
11.28b

12.63d
16.89c
22.32a
20.81b

61.12b
59.16c
-

Frankfurters

Frankfurters

Table 2: Effect of tomato waste powder on texture profile of emulsion sausage
Sources

Product

Calvo et al., (2007)

Kim et al., (2011)

Hayes et al., (2013)

abc

Dried fermented sausage

Low fat pork sausage

Pork lucheon roll

Level (%)

Hardness

Springiness

Chewiness

(N)

(mm)

(N)

0

63.7a

0.47a

17.3a

0.6

78.43b

0.45a

19.36a

0.9

73.84b

0.46a

18.57a

1.2

74.75b

0.44a

15.79a

0

0.41b

1.01

0.25

0.8

0.47a

1.05

0.27

1.2

0.46ab

1

0.26

1.5

0.47ab

1

0.26

0

35.8a

9.1a

101.7a

1.5

35.2a

8.6ab

75.8b

3

32.4b

8.2b

56.6c

means with different letter in the same column differ significantly (p<0.05)
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with 3% of tomato peel powder. Salem (2013)
Springiness has reduced significantly (p<0.05)
studied on tomato peel as color and functional
in tomato powder added sausages when fresh
additive during frozen storage in beef sausage.
and on day 15 of storage, however, on day 30
The result indicated that the color score of all
there was no differences between control and
cooked sausages were slightly significant
treated groups. Similarly addition of tomato
differences, and there also was non-significant in
powder did not make any significant differences in
term of taste and odor of all samples.
gumminess and chewiness (Table2). The
Furthermore, as the level of tomato peel
hardness, cohesiveness and springiness values
increased, the tenderness also increased; tomato
found a significant difference in low-fat sausages
peel 3%, partially, enhanced the color of the
during
storage.
With
tomato
powder
product and had no negative effect on sausages
supplementation, increased hardness values; on
acceptability. Modzelewska-Kapituła (2012) also
the other hand, when fresh and day 15 of storage,
found that the sensory properties were influenced
the springiness value of low-fat pork sausages
by tomato powder supplementation such as
was reduced when tomato powder supplemented.
appearance which obtained score above 4 in
Textural properties were significant differences as
scale of 1-5, the color of cross-section was also
affected by dry tomato powder addition. The
accepted by the panelists; however, the flavor of
hardness found a significant increase in samples
meatloaves was accepted by the panelists, even
containing 6%
dry tomato
though the samples were supplemented with or
powder, while springiness, cohesiveness and
without tomato powder. Calvo et al., (2007)
shear force found significant differences in both
studied on ―Dry fermented sausages enriched with
samples-free dry tomato powder and samples
lycopene from tomato peel‖. The result revealed
contain dry tomato powder; however, the level of
that the sensory properties were affected
dry tomato powder indicated non-significant
significantly as performed by colorimeter, and
differences (Luisa García et al., 2009). Hayes et
preferential test also used both white and red light
al., (2013) studied on organic tomato pulp powder
which resulted with panelist-preference on the
and nitrite level on the physicochemical, textural
color of sausages; in contrast, the sensory
and sensory properties of pork luncheon roll. The
properties parameters of all samples were nonresult on texture profiles shown that gumminess
significant when the Hedonic test is used
and chewiness found reduction due to increasing
(Table3).
levels of tomato peel powder; on the other hand,
cohesiveness was an increase because of tomato
peel powder addition; however, hardness and
springiness were decreased when supplemented
Table 3: Effect of tomato waste powder on sensorial properties of emulsion
sausage
Sources

Product

Level
(%)

Color

Odour

Taste

Overall
acceptability

Calvo et al., (2007)

Dried fermented
sausage

0

7.12a

7.36a

6.94a

7.05a

0.6
0.9

7.32a
6.85a

7.02a
7.17a

6.14a
6.55a

6.32a
6.56a

1.2

6.52a

6.83a

5.91a

6.64a

0

6.5

5.8

5.7

6.0b

0.8
1.2

7.2
6.2

6.5
6.3

6.5
6.3

7.2a
6.3ab

1.5

6.2

6.3

6.7

6.3ab

0

1.55a

2.97a

2.91a

1.89a

2
4

2.22b
3.22c

3.64b
3.86b

3.02a
3.27b

2.22b
3.22c

Kim et al., (2011)

Eyiler and Oztan (2011)

abc

Low fat pork
sausage

Frankfurter

means with different letter in the same column differ significantly (p<0.05)
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Eyiler and Oztan (2011) indicated that tomato
powder addition to frankfurters influenced on both
inner and outer color which increased consumers’
acceptability in both forms, cooked and uncooked.
CONCLUSION
Tomatoes and tomato products are a good
source of carotenoid compounds, widely known is
lycopene with high concentration found in tomato
and tomato products. Furthermore, tomato byproducts are also a good source of many potential
bioactive compounds. Tomatoes and tomato
products are a healthy diet, which prevent against
different types of cancer diseases. In term of meat
products development, tomato products are
introduced into emulsion products to improve the
qualities. Tomato products provide a harder
texture of emulsion product due to its fiber
content, and produce an attractive color with
yellow red in color. Tomato products addition
increase the preference and acceptability of
consumers to purchase more emulsion products
due to its effect on the overall organoleptic
properties.
Further review should do on
antioxidant activity, lipid oxidation effect, and shelf
life improvement. Therefore, tomato products
effectively improve the qualities of meat products
and provide a healthy diet for consumers.
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