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instability in acid conditions, thermal degradation, viscosity changes etc. To improve or achieve desired functional properties, diffe-
rent modification procedures (esterification, cr inisati
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Introduction

Starch is a carbohydrate, polysac-
charide built of glucose units linked
with a-1,4 and a-1, 6 glycosidic bonds
in the two polymeric chains, amylose
and amylopectin. Production and
consumption of starch in the world
is steadily increasing due to the posi-
tive effects that are archived by addi-
tion of starch or its derivatives in the
manufacture of various products. The
world annual production of starch is
around 70 million tons, of which in
Europe around 10 million tons (about
50% corn, 30% wheat and 20% potato
starch) (Agrosynergie, 2010). The larg-
est producer of starch in the world is
the United States with a share higher
than 51%, and the most important
raw material is corn, that makes 83%
of the total world production of starch.
In addition to corn, significant raw ma-
terials for the production of starch are
potato, wheat, tapioca and rice.

Additives based on starch are widely
used in the meat industry, where they
are used alone or with other addi-
tives to bind water, as emulsifiers, fat

substitutes, in the development of
new products and to improve the ef-
ficiency, stability and texture of meat
products.

This article gives overview of starch
properties, modifications and applica-
tion in meat industry.

Starch

Starch in nature occurs in the form
of granules, which consist of two
polysaccharides, amylose and amy-
lopectin, that make 98 - 99% of starch
dry matter. Both polysaccharides are
built of a-D-glucose units. Amylose is
a linear polysaccharide in which glu-
cose molecules are linked with a-1, 4
bonds, while amylopectin is branched
molecule in which glucose molecules
are, in addition to a-1, 4, linked with
a-1, 6 bonds. The shape and size of
the granules and the proportion of
amylose and amylopectin are typical
for the botanical origin of starch (most
starches contain 20 - 30% amylose and
70-80% amylopectin) (Eliasson, 2006).

Starch is different from all other

carbohydrates, due to its unique
chemical and physical properties and
nutritional value. Starch and its deriva-
tives represent the majority of carbo-
hydrates in the human diet (Eliasson,
2006). Also, the amount of different
types of starch (native, modified and
hydrolysates), which is used in food
production significantly exceeds the
other polysaccharides (Babi¢, 2007).
Native and modified starches are used
in the food industry as a binding, film
forming, foam stabilizing, water bind-
ing agents and aromas, emulsifiers,
fat substitutes, viscosity enhancing
agents, to achieve a certain texture,
improve the stability and texture, etc.
(Eliasson, 2006). In addition to the
functional properties, starches are in-
creasingly used due to lower prices
compared to alternative options (Piet-
rasik, 1999).

Starch granule is physically and
chemically heterogeneous, chemi-
cally, because it contains amylose and
amylopectin, and physically because
it contains crystalline and amorphous
phase. Undamaged starch granules
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are insoluble in cold water, but can
reversibly absorb a certain amount of
water, which causes volume increase
of granules (swelling of the starch
granules). Starch must be dissolved in
most cases of industrial applications.
Dissolving of starch is called gelatini-
sation, and is induced by heating of
starch suspensions in water. Dissolv-
ing starch leads to disruption of the
crystalline structure of granules, melt-
ing granules, viscosity increase, loss
of optical activity and, in sufficient
concentration of starch, gel formation
(Singh et al., 2003; Babic, 2007). During
cooling of gelatinized system, starch-
water system spontaneously reverts
to lower-energy state, and dissolved
starch molecules are linking by hy-
drogen bonds in process called retro-
gradation (Chang et al., 2004). Starch
retrogradation could have the follow-
ing effects: an increase or decrease of
viscosity, the emergence of opacity
and turbidity, precipitation of crystals
of starch, gel formation and release
of water from the system - syneresis
(Barsby etal, 2001).

Although the native starch has an
important application in the food in-
dustry, there are some restrictions in
the application, which are primarily
related to retrogradation, instability in
acidic conditions, low stability at high
temperatures, the viscosity change
during storage, etc. In order to im-
prove or achieve certain specific func-
tional properties of starch different
types of modifications are performed.

Modified starches

By treatment of starch with different
chemical agents, physical processes,
enzymes or through a combination of
these procedures modified starches of
various functional properties are pro-
duced. The term modified starch refers
to starch that has altered chemical and
/ or physical structure in relation to
natural starch. The EU Directive 95/2/
EC and 98/72/EC amendment modi-
fied starches are included on the list of
permitted food additives, numbered

ion of starch based additive:

E1404-E1451.

The most common chemical pro-
cesses for modifying starch include
esterification, etherification, oxidation
and crosslinking. Starch esters or starch
ethers are formed by replacing the hy-
droxyl group of starch with ester or
ether group. The amount of substitut-
ed groups in the chain of starch is usu-
ally expressed by the degree of sub-
stitution (DS), which is defined as the
number of moles of substituent per
mole of anhydroglucose unit. For the
preparation of starch esters designed
for use in the food industry acetic an-
hydride, vinyl acetate, succinic anhy-
dride, oct-1-enil succinic anhydride
and sodium tripolyphosphate can be
used (Cui, 2005). Gelatinization tem-
perature of acetylated starch is signifi-
cantly lower, the maximum viscosity is
slightly higher, and with cooling the
viscosity of acetylated starch increases
in relation to native starch. In addition,
with acetylation retrogradation is re-
duced, the capacity of swelling and
purity of paste are increased. However,
starch acetates are less stable in acidic
conditions and during shearing at
high temperatures (Babic et al,, 2009).
Starch ethers are more stable than
starch esters, even at high pH values
(Subari¢ et al,, 2012). Starch esters or
ethers are widely used in food produc-
tion, primarily to achieve the proper
texture and stability of food products
(Saartrat et al.,, 2005).

Starch contains two types of hy-
droxyl groups: primary on C-6 atom
and the secondary on the second and
third carbon atoms. Both types of -OH
groups can react with multifunctional
reagents, giving crosslinked starches.
With crosslinking starch granules be-
come stronger, which limits granule
swelling and reduces the volume frac-
tion in the aqueous phase, leadingtoa
reduction of maximum paste viscosity
(Ackar et al,, 2010). Crosslinked starch-
es are used when a stable, highly vis-
cous paste, resistant to processing at
high temperatures or low pH values is

needed (Woo and Seibu, 1997).

Oxidized starches have the largest
application in the paper and textile
industry, but in recent years their use
in the food industry is increasing ow-
ing to low viscosity, high stability and
purity. During the process of starch
oxidation partial cleavage of bonds
(depolymerization) and oxidation of
-OH groups to the carbonyl and car-
boxyl group occur. Depolymerization
of starch causes reduction in swell-
ing capacity and viscosity of starch
paste, lowering temperature gelation,
increase of solubility and decrease of
thermal stability of starch. Because
carboxyl and carbonyl groups steri-
cally interfere association of dissolved
starch molecules, oxidized ~starch
pastes are clearer and less prone to
retrogradation (Ptaszek et al, 2013). In
the food industry oxidized starches are
used for thickening, formation of the
film, linking various food ingredients
and as emulsifiers (Lawal et al., 2005).

The most frequent physical process-
es of modification of starch are: prege-
latinization, extrusion, swelling and
dextrinization. Modification of starch
with physical methods can be applied
as a separate process or in combina-
tion with chemical modifications.

Pregelatinized starch (PS)is produced
by spray or roller drying the previously
gelatinized starch or by extrusion. The
main characteristic of PS is fast hy-
dration and melting already at room
temperature. PS are used as additives
in the production of snacks, biscuits,
bakery and meat products, sauces and
other products which are used in or-
der to achieve certain textures, and for
linking different ingredients and water
binding (Anastasiades et al., 2002).

Extrusion is the process in which the
starch is modified by combined ef-
fect of high pressure, heat and shear.
Thus starch molecules are split into
smaller units, and the crystal structure
of starch granules is, depending on
the parameters of extrusion, partially
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or completely destroyed. Extruded
starches have greater water solubility
and initial paste viscosity, lower water-
binding capacity and retrogradation
in relation to native starch (Eliasson,
2004; Cui, 2005).

Starch annealing is carried out by
treating the starch granules in condi-
tions of excess water (> 60% w/w) or
moderate humidity (40% w/w) at tem-
peratures above the glass transition
(tg), but below the initial gelatinization
temperature (t) (Jayakody and Hoo-
ver, 2008). Annealing has the follow-
ing impact on the structure of starch
granules: increased stability, crystal
growth, partial melting of the crystal,
increased temperature gelatinization
and thermal stability, but decreased
swelling power (Jayakody and Hoover,
2008; Subaric et al, 2012).

Dextrins are produced with dry ther-
mal treatment of starch, with or with-
out addition of acid or alkali catalyst at
temperatures 110-180°C for 3-24 min.
This process of modification leads to
depolymerization of starch molecules.
Compared to native starch, dextrins
have lower gelatinization temperature
(some are dissolved in cold water),
lower viscosity and excellent adhesion
properties.

Enzymatic hydrolysis of starch leads
to splitting of a-1,4 and/or a-1,6 bonds
in molecules of amylose and amylo-
pectin. With starch hydrolysis a great
number of different products (modi-
fied starches and starch hydrolysates)
is produced, which differ primarily
in the so-called dextrose equivalent
(DE). Dextrose equivalent expresses
the percentage of reducing sugars cal-
culated as D-glucose on a dry matter
(Subari¢ et al, 2005).

The application of starch-

based additives in the meat

industry

Additives based on starch are wide-
ly used in the meat industry, where
they are used alone or with other
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Table 1 Application of common types modified starches in the meat industry

(Tarté, 2009).

Type of modification

Substitution _ Solubility
improvement

Crosslinking Stabilization

Dextrinization Hydrolysis

Enzymes

Octenylsuccinate

The purpose of  Functional propert

Viscosity reduction

Emulsification

s for the meat

ndustr
Decrease of gelatinization
temperature
Improving stability in the process
of freezing/thawing and product
durability
Resistance to high temperature and
low pH
Low viscosity
Fat replacements
Solubility improvement
Lower viscosity
Fat replacements
Stabilization of emulsions
Fat loss reduction

ingredients, usually with hydrocol-
loids, to bind water, as emulsifiers, fat
mimecits, in the development of new
products and to improve the efficien-
cy, stability and texture of meat prod-
ucts. Table 1 shows the application of
certain groups of modified starches in
the meat industry (Tarté, 2009).

Pregelatinized starches (PS) are dis-
solved in cold water, so, contrary to
other starches, should not be heated
to dissolve. They are used as addi-
tives to improve product design of the
ground meat and for the water bind-
ing. Binding of water is particularly im-
portant during thermal processing of
meat products because meat proteins
release water during denaturation
(Tarté, 2009). Water binding capac-
ity depends on the amount of added
starch and the starch type. PS are add-
ed to the brine solution to increase vis-
cosity and to prevent sedimentation.
Commonly used PS is potato starch
due to the high water binding capac-
ity, and waxy maize starch due to re-
duced retrogradation and stability in
the process of freezing/thawing.

Potato starch has relatively large
granules, low fat and protein con-
tent, and high water binding capac-
ity. It gives high viscosity pastes and
textures satisfying for use in meat
products. It begins to gelatinize at a
temperature at which proteins release
most of the water during the transi-

tion (72 - 76 °C) and is used as a sup-
plement to bind water and improve
the texture of meat products (Tarté,
2009).

Substituted starches, obtained by
treating starch with propylene oxide
are applied to improve stability of
meat products in freeze/thaw pro-
cesses (Tarté, 2009). Esterified starches
are used to bind water, reduce losses
during cooking, improve texture and
extend shelf life of meat products. By
treating the starch with oct-1-enil suc-
cinic anhydride bifunctional groups
with hydrophilic and hydrophobic
properties are added to starch mol-
ecule, and the obtained modified
starches have emulsifying properties
(Tesch, et al,, 2002, Song et al., 2006).
These starches are added to meat
products to stabilize and keep the fat
during cooking. In the production of
meat products such as sausages, the
addition of substituted starches is es-
pecially desirable when using lower
quality meat or for products with a
high water content. In these products
modified starches are usually added in
the proportion of 2 - 3% (Tarté, 2009).
Also, during the production of specific
meat products, which contain a rela-
tively high fat content, such as pate,
modified starches with emulsifying
properties are added to improve the
stability of the product.

Emulsifying starches do not have
adequate water holding capacity,
therefore in the development of vari-
ous meat products, according to wa-
ter content, they are combined with
other starches that have a high water-
binding capacity.

In the production of canned meat
products, crosslinked starches are
widely used as a means to achieve
the desired texture. In addition, dur-
ing sterilization they provide a low ini-
tial viscosity, which allows rapid heat
transfer and a sharp rise in tempera-
ture required for rapid sterilization,
and later at high temperatures lead to
thickening, resulting in a correspond-
ing texture of the product (Whistler et
al, 1984).

Starch and modified starches are
used as additives to coated fried meat
products to improve texture and re-
duce oil absorption during frying
(Primo-Martin, 2012). For this purpose
the high-amylose modified starches,
that have a property of forming a film
and reducing fat absorption (Fiszman
and Salvador, 2003), and crosslinked
starches, thatimprove the crispness of
the product (Han et al, 2007), are used.

Recently, there is an increasing de-
mand for food products with reduced
fat and/or sugar. As a result, demand
for meat products with reduced fat
content is growing. Fats play a very im-
portant role in building structures and
achieving appropriate physicochemi-
cal and sensory properties of meat
products. Therefore, creating meat
products with reduced fat content (re-
placing a specific fat content with raw
materials lower caloric value, so called
fat replacements) is a very complex ac-
tivity and a real challenge for the meat
industry. When creating meat prod-
ucts with reduced fat content modi-
fied starches, hydrocolloids and pro-
teins are combined in order to achieve
a satisfactory texture of the product
(Kao and Lin, 2006). By using the men-
tioned supplements, considering that

ion of starch based additive:

these materials have a high water-
binding capacity (especially modified
starches and hydrocolloids), the water
content in products increases, and
thus reduces the price of the products.
Dextrins are products based on starch,
which are used to replace a specific
content of fat in meat products, and to
improve the texture of meat products.
In addition, dextrins are used as addi-
tives in various protective layers and
mixtures for coating meat products
(e.g. semi-finished products for frying).

As a substitute for fat native rice
starch, which after gelatinization gives
gel fine creamy texture, can be used.
Rice starch has significantly smaller
granules than other starches, and be-
cause of that, gives pastes and gels
with unique rheological properties
and texture (Eliasson, 2006).

Maltodextrins with a low degree of
hydrolysis, which contain less than 5%
glucose, maltose and maltotriose are
also used as fat substitutes in the pro-
duction of various meat products (Ma
et al, 2006). Maltodextrins are a group
of products based on starch with dex-
trose equivalent less than 20, and are
produced by enzymatic hydrolysis
of starch. Except as fat replacements,
they are used as additives to achieve
certain textures of food products, such
as sauces and instant soups. In the
production of cooked meat products
they are used as a binding agent for
different components (Linden and Lo-
rient, 2000).

In the production of surimi products
starches are added in order to bind
water and improve texture. However,
the most important role of starch in
the production of surimi products is
cost-effectiveness, which is achieved
by increasing the proportion of dry
matter with addition of starches, as
significantly cheaper raw materials
(Eliasson, 2004). Combination of native
and modified starches in the propor-
tion of 3-8% is commonly used for this.
purpose (Lee et al, 1992). Commonly

used native starches are tapioca and
potato starches, and commonly used
modified starches are waxy maize,
tapioca and potato starch.

Salt affects the taste, reduces losses
during frying, bonds water and fat
and influences texture of meat prod-
ucts (Fernandez-Ginés et al., 2005).
Ruusunen et al. (2003) investigated
the possibility of replacing a specific
content of salt in frankfurters with
other additives. Results showed that
the reduction of salt in frankfurters
(below 1.5%) can be replaced by add-
ing a combination of additives: modi-
fied tapioca starch, sodium citrate and
wheat shell, to achieve satisfactory
quality of the products.

Conclusion

As shown in the paper, starch and
starch derivatives are widely used in
the meat industry in order to achieve
specific properties of products, to re-
duce price of products, as a replace-
ment for fat, etc. The development
of new modified starches and study
of combination starches with other
non-meat ingredients provides great
opportunities to develop new and
improve existing products in meat in-
dustry.
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Anwendung der Zutaten auf Starkebasis in der Fleischindustrie
Zusammenfassung
Starke un haben eine in der. i ie. Die Nativstdrke hat
gen bei der Verwendung gebunden mit ion, L ndigkeit in saueren Verhdltni: hermische D ion, Visko-
sitdténderung u.a. Es werden velschledene ifikati Z je’, Oxidation, Vorgelati-
sation u.a.) um spezifische haften zu und zu erreichen. Zutaten auf
Stdrkebasis haben eine breite Anwendung in der Fleischindustrie, wo sie pur oder mit anderen Zutaten (meistens mit Hydrokolloiden)
verwendet werden, dies zwecks Wasserbindung, als Emulgatoren, als Ersatz fiir Fette, bei Entwicklung von neuen Produkten, sowie
fir Verbesserung der Nutzung, der Stabilitat und der Textur von Fleischerzeugnissen. In dieser Arbeit sind die Stdirkeeingenschaften,
und. der Zutaten auf is in der Fleischindustrie
: Flei: isse, Stdrke, Modifizierte Stéirke
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mesa, iznimno su dragocjeni i eduka-
tivni. Razveselit ¢e veterinare prakticare
ali i studente koji u¢e nastavni predmet
Higijena i tehnologija hrane. Posebno ¢e
biti od koristi kolegama koji pripremaju
struéni ispit, ali i podsjetnik ovlastenim

okl
|

Grada ovog sveucilisnog udzbenika
podijeljena je u osam poglavlja. U uvod-
nom dijelu autori tumace osnovne poj-
move iz podru¢ja veterinarskog javnog
zdravstva te djelokrug rada veterinara
koji obavljaju poslove vezane uz higi-
jenu i tehnologiju proizvodnje hrane.
Citatelj ima priliku nauditi razlikovati i
pravilno primjenjivati termine “klaoni¢-
ka obrada” i “klanje!" U prvom poglavlju
opisani su_higijensko tehnoloski uvjeti
izgradnje i uredenja klaonickih objeka-
ta. Slijedi poglavlje o pregledu Zivotinja
prije klaonicke obrade (ante mortem) te
ono o prisilnom klanju. Dobrobiti Zivoti-
nja u klaoni¢kom objektu posveceno je
Cetvrto poglavlje. Naredno je poglavije
najopseznije, donosi detaljan opis kla-
onicke obrade i pregleda mesa goveda,
malih prezivaca, kopitara, svinja,sivljaci,
peradi, kunica i nojeva. Za svaku su zi-
votinjsku wvrstu dijagramski prikazane
faze rada u klaoni¢kom objektu. Brojnim
fotografijama iz vlastite zbirke autori su
nam zomo predo¢ili odredene zahva-
te na Zivotinjama i tehnoloske procese
snimljene u najmodernijim klaonicama.
Detaljne ilustracije i crtezi zasjecanja i
palpacije limfnim ¢vorova i drugih or-
gana u svrhu veterinarskog pregleda

koji rade u im tije-
lima. O oznacavanju trupova nakon post
mortem pregleda govori se u $estom
poglavlju. Obredna, odnosno ritualna
klanja, koser i halal, definirana su i objas-
njena u zasebnom poglavlju. Posljednje,
osmo poglavlje posveceno je procjeni
uporabljivosti mesa i organa za prehranu
ljudi. | to poglavlje obiluje fotografijama
patoloski promijenjenih Zivotinjskih or-
gana te grafickim prikazima razvojnih
ciklusa parazita. Najprije je podastrta
zakonska osnova propisanih radnji a
zatim tehnika post mortem pregleda i
prosudivanje vaznih zoonoza. Na kraju
knjige nalazi se popis koristene literatu-
re i prilozi s raznim obrascima, papirma-

Nova literatura

¢an, prof. dr. sc. Dagny Stojcevi¢, prof.
dr. sc. Alenka Tofant, prof. dr. sc. Marija
Vucemilo i dr. sc. Nevijo Zdolec. Priru¢nik
sadrzava tri cjeline.

Prvu cjelinu ¢ine izabrana poglav-
lja iz podruja veterinarskog javnog

koje se rutinski rabe u klaonickim objek-
tima. Ukratko, vrijednost ove knjige je u
njenoj posve prakti¢noj orijentaci

Knjigu mozete narugiti putem telefona
013779 444 ili kupiti online, u web knji-
Zzari Medicinske naklade.
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Cetrnaest autora, nastavnika Veteri-
narskog fakulteta Sveucilista u Zagrebu,
napisalo je ovaj moderan sveuilisni pri-
ruénik namijenjen studentima. Clanovi
autorskog tima su (abecednim redoslje-
dom): prof. dr. sc. Zeljka Cvrtila Fleck, dr.
sc. Ivana Filipovi¢, prof. dr. sc. Lidija Koza-
¢inski, prof. dr. sc. Branimir Miokovi¢, prof.
dr.sc. BelaNjari, prof. dr. sc. Zeljko Pavici¢,
Marko Poletto, dr. med. vet,, prof. dr. sc.
Jelena Pompe-Gotal, prof. dr. sc. Andrea
Prevendar Crnic, prof. dr. sc. Emil Srebo-

animalna higijena, okoli$ i etologija,
parazitologija te farmakologija i toksi-
kologija. U drugoj cjelini ¢itateljima je
objasnjeno veterinarsko zakonodavstvo
i sustav nadzora sigurnosti hrane. Treci
dio knjige posvecen je kontroli kakvoce
i higijeni ispravnosti hrane. Citatelj se
informira o suvremenoj koncepciji ve-
terinarskog nadzora u proizvodnji i pro-
metu hrane te menadimentu kakvoc'e i
prehrambenom Iancu, proizvodnji hrane
na OPG-ima, vaznim parazitima i Stetnim
reziduama u tkivu. Organizacija veteri-
narske inspekcije i zakonodavni okvir
veterinarskog nadzora sastavnica su ove
knjige. Objasnjena su ovlastenja, duzno-
sti i odgovornosti u inspekciji hrane. Po-
sebna je pozornost posvecena  kontroli
kakvoce hrane.

Pomocu 27 tabela i jednako toliko
shematskih prikaza, dijagrama i stabala
odluke, postignuta je preglednost grade
ilake svladavanje gradiva.

Knjigu moZete naruciti putem telefona
01 3779 444 ili kupiti online, u web knji-
Zari Medicinske naklade.
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