HAM PROCESSING by Lorenc Freixanet, Intelligence Department of Metalquimia, 5.A

Additives and Ingredients
in Ham Production

The manufacture of whole muscle cooked meat products uses a wide variety of
ingredients and additives to enhance flavour, texture, appearance and smell Lorenc
Freixanet from the Intelligence Department at equipment manufacturer
Metalguimia unravels some of the uses and the pitfalls that can be met in their use.
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tween ingredients and additives. Ingredienis are those

constituents, which are present in nature and are consurned
as a matter of course in a normal diet, while additives are any
substance nob normally consumed, which is added intention-
ally for technological or organoleptic purposes,

INGREDIENTS
Meal and Waler

Meat preparation for the production of ham varies wide-
¢ depending on production goals, ranging from bone-in,
skin-on ham with no timming. to products completely cut
into separate musces or smaller pieces, completely trimmed
of all fat, tendons and nerves.

The meat used in the manufacture of whole muscle cooked
meat products may be the ham or shoulder, bane.in or bone-
less, skir-on or skinless, and with varying degrees of fat,
nerves and tendons timmed, which will depend on the prod-
uct to be produced and on the consumer tastes of each par-
ticular country.

In most cooked ham products, the second most impor-
tant ingredient is the water added. Technologically, the wa-
ler in brine preparations must comply with'a number of re-
guirements. Frst, it must be hygienic, sanitary water of high
chemical quality, given its use in a food product destined for
human consumption

From a lechnological point of view, the water must be as soft
a5 possible (free of Ca 2+ and Mg 2+ ions and heavy melais),

Knowing the degree of hardness of the water that is used
i very important, because 2 high concentrztion of fons can
negatively affect the water holding capacity of the finished
product, Also, the presence of iron, copper and other met-
als in saline solutions, as well as having Woadeological risks, can
partially destroy the ascorbate, present in brine 25 an antiox-
idant, and affect colour stability in the finished product.

Salt

Table salt or sodium chioride has beéen wsed since andient
times in the preparation of meat, because of its capacity to
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In the production of cooked ham there is a distinction be-

reduce water activity, helping to preserve the product as well
as contributing to its flavour

Saltis now used in cooked ham in concentrations that fluc-
tuate around two per cent, and its use is restricted only in
those dietetic products labelled as having a low sodium con-
tent. In the case of cooked distetic ham, salt is partially re-
placed by ather ingredients, in particular potassium chloride,
i product with & similar water activity depressor capacity but
which gives the ham a bitter metallic taste that must be coun-
teracted with flavouring agents,

In addition to these functions, technologically sait plays
an Important role in making meat prateins saluble and ex-
panding their quaternary structures, because it provides the
principal axd to the prodpct’s ionic strength, weakening the
electrostatic unions existing among the groups carboxyl and
ammanium and therefore contributing to water helding ca-
pacity and muscular binding in the finished cooked meat
product

Sugars

Sugars are used in cooked ham basically as water ac-
tivity depressors, although they also play an impartant role
in product taste. Sugars are usually used in mixtures with
compositions that vary according to what effects are de-
sired in the finished cooked product. The properties and
effects of the sugars commonly used in manufacturing
cooked ham ara:

+ Saccharose: The principal purpose of sucrose, or sug-
ar, in sugar mixtures for cooked ham is to contribute to the
fnished product’s flavour, since its use as a water activity de-
preszor is imited by its swestening power. In cooked ham its
concentration must not exceed 0.8-0.9 per cent, higher con
centrations result in an abnormally sweet taste that cannot
be counteracted by the addition of salt. A lesser proportion
{about 0.5 per cent) compensates for relatively high sall con-
centrations, which alone would make the ham too salty, and
gives the product a pleasant background flavour

» Dextrose: Because dextrose, or glucose, has much less
swestening capacity than sugar and a greater osmotic pres.
sure in solution, it is commonly used as a water activity de-
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pressor in brine. With well-balanced brnes, it can reach concen-
trations of more than three per cent in the finished product with-
out negatively affecting the product’s taste. The main disadvan-
tapge of using dextrose occurs in countries with a hot climate in
which proper refrigeration facilities cannol be guarantesd through-
out the duration of praduct storage.

Dextrose i a moncsaccharide, which is digested directly by many
microorganisms, including lactobacilli, thereby accelerating their
growth rate, espedially if refrigeration is inadeguate, shortening
the product’s shelf [ife and presenting problems of sxcessive acid-
ity caused by lactic acid.

= Lactose: lts use and characteristics are very similar to those
of dextrose, although it has a somewhat different taste, which is
reminiscent of its original source, milk, One of its forms, a-lac-
tose, is also digested directly by lactobacilli, so that there is alko
some risk in using lactose in countries with a hot climate.

* Fructose: The use of fructose is Iimited because its sweet-
ening effect is much more powerful than sugar's.

+ Glucose syrups: Glucose syrups are sugar mixiures obtained
by hydrolysis of starches. The principal ingredient in these mix-
tures fs dextrose, in proportions that range from 30 per cent to
60 per cent, and the remainder is composed of monosaccharides
and cligosaccharides with varying chain sizes. Their use and char-
acteristics are similar to those of dextrose and glucose, althaugh
their use involves less bacteriological risk in coun-
tries with insufficient cooling facilities. Another
basic advantage of glucose syrups, as compared
to dextrose and glucose, is that they are wsual-
ly significantly more economical.

* Dextrins: Dextrins are also produced by
starch hydrolysis, usually thermal hydrolysis, and
differ fram glucose syrups in that they are high-
erin the content of oligosaccharides with a high-
er maolecular weight. The dextrose content of
these products is usually between bwo per cent
and 20 per cent. Their use in manufacturing
cocked ham has the disadvantage of sometimes
causing colourings with lodine/potassium iodide solution, similar
to those of starches, so that their use in non-starch products is
limited to such small amounts that they serve little purpose, They
are not very useful in starch products eithes, since they lose their
gelling capacity during the hydrolysis process.

Proteins

Proteins and hydrolyred proteins are used in cooked ham for
two main reasons: Lo increase the finished product’s protein con-
tent, and for their water holding capacity. Their use can be limit-
ed by legislation as well, because of organoleptic reasons—the
flavour they confer to the cooked product. As functional prateins,
the most commanly used in the manufacture of caoked ham are:

Milk Proteins:

= Milk wheys: These correspond ta the soluble fraction of milk
proteins and present concentrations of 10 per cent to 20 per cent,
otherwise made up mainly of lactose. They have the disadvan-
tage of a low protein content and little (compared to ather pro-
teins) water holding capacity. They have the advantage of caus-
ing Iitthe alteration to the finished product’s flavour

* Lactoalbumins: These are milk wheys purified by wltra-fil-
tration, in which protein concentrations can reach up to 80 per
cent. Alsa with little effect an the praduct's flavour, a better wa-
ter helding capacity is attained with their use than with noermal
milk wheys. They have the disadvantage of a high capacity for
emulsifying air and forming stable foams, and they are expensive.
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= Caseinates: With a moderate water holding capacity, they
contribute well to protein content, because they have protein
concentrations of mare than 90 per cent. They give a pleasant taste
to cooked ham, but have the disadvantage of interfering with sal-
ubility of muscular proteins, when wsed in high concentralions,
which can give rise to poor binding. They are also expensive,

Blood proteins:

= Blood plasma: Through ils coagulative properties, blood plas-
ma has an improved water holding capacity and an acceptable lev-
el of protein content (about 70-80 per cent in powdered form)
When liguid or frozen blood plasma is used, there are senous mi-
crobiological risks that require very careful handling of the prod-
wct. These risks disappear when sterilsed powdéred plasma is
used, but the desiccation process results in an unpleasant flavour,
noticeable in cooked ham with high concentrations of powdered
blood plasma,

Collagen protein:

= Partially hydrolysed collagen: This is obtained by the par-
tial hydrolysis of collagen, In contrast with natural collagen, these
proteins are soluble in water or brine and have a high pratein con-
tent (84-90 per cent), Their use in cooked meat products is be-
cause of thelr water holding capacity, their gelling properties and
their high protein content.

* Diried skin powder: Made from dehydrat-
ed ground pork skin, it has a good water hold-
ing capacity and a high protein content (over
BO per cent) because it is basically collagen
that still retains its functional properties. The
main disadvantage is that the proteins are ba-
88 sically insoluble and therefore, not easily incor-

« porated intoinjection brines without obstruct-
8 ing filters and needles of injection equipment.

Egg proteins:

Egg 2lbumins can be used in cooked meat
products, They have a good water holding ca-
pacity, gelling power and high protein content
(over B5 per cent). They also confer good flavour to the finished
product, but are expensive,

Vegetable proteins:

The most commanly used vegetable proteing are soy proteins,
gither as isolates or in concentrates. lsolate proteins offer a num-
ber of advantages over concentrates including higher protein con-
tent (90 per cent as compared to 60-70 per cent), better solubil-
ity {concentrates usually have a significant amount of inscluble
substances, which can cause blockage of equipment during the
injection process), and better flavour, Soy proteins have an im-
proved water holding capacity and are fairly inexpensive, making
them widely used in those products in which their addition s per-
mitted by law.

They have the disadvantage of sometimes giving the ham a
disagreeable flavour when used in high concentrations. Due to the
controversy that has arisen in regard to Genetically Maodified
Orrganisms, the use of soy proteins has been affected, and in some
products their use is avoided altogether.

In general, all the above-mentioned proteins have both pasi-
tive and negative effects, so that they are best used in cooked ham
in mixtures that combine the desirable properties in such a way
that their negative effects are reduced to a minimum.

Protein hydrolysates;

Because hydrolysed protemns have no water holding capacity,
except for their effect as water activity depressors, their function
& [imited to protein addition and flavouring. The most commeon-
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ly used for their contribution to protein content are hydrolysed col-
lagzens and proteins from mechanically-recovered meat. Collagen
contributes more than 100 per cent in proteins, since in the analy-
sis of collagen the nitragen must be multiplied by 5.5 in order to
aitain the total protein, while in the meat products the nitrogen
content is multiplied by 6.25, and the hydrolysed collagens usu-
ally have mare than 90 per cent in proteins.

Hydralysed vegetable proteins are also used in small doses for
their contribution to flavaur, and so are considered within the
group of flavourings.

Starches

In high-vield products, and in countries where §&
their use is permitted by law, starches are used for
their waler holding capacity, Normally used in
canked ham without chemical modifications, these
starch products are polysaccharides that gel when
expased to heat, forming a three-dimensional net-
wirk thal holds great amounts of water,

Most starches gel at temperatures of between
65°C and 75°C, the gelling lemperature depending on the size of
particles. The most commonly used starches are thase derived
from wheat, potate, corn and maniec, Wheat starch, with a gelling
temperature of 65°C, has the advantages of giving good flavour
and providing good product texture. Potato starch, with a gelling
point of around 705C, has a very high water holding capacity, but

results in a rather unpleasant product flavour and not very satis-
factary texture. Corn starch and starches derived from yucca or
manioc, widely used in Latin Amenca, all have properties some-
where in between those of wheat and potata starches.

Fibres

Vegetable fibres are types of polysaccharides, other than starch-
&5, that constitute the cellular walls of cereals and vegetables, and
which cannot be assimilated by the human digestive system,
Depending on the raw material and on the extrac-
tion process, they include cellulose, hemicellulose,
pectins, lignin, etc., in quantities that can range
from 55 to 85 per cent. Thanks to their chemical
B structure, vegetable fibres provide a number of ad-
"% vantages from a technological point of view, such
% as a good water haolding capacity and improved
product texture.

They are currently in use in meat products as
a substitute for fatty material, to reduce their
calorific value,

Flavourings

The last ingredient used in manufacturing cooked ham are
flavourings. The types of flavouring used vary widely and in-
elude ligueurs and wines, Fruit juices, hydrolysed vegetable
proteins, Mallard reaction products, oleoresins derived from
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natural spices, fruits, vegetable and spice infusions, smoke ex-
tracts, etc.

ADDITIVES
Colourings

Cochineal Carmine is universally the colouring most common-
ly used in the manufacture of cooked ham, since it gives the ham
a natural-looking pink tone. It & a natural red colouring extract-
ed from the desiccated bodies of fernale insacts of the Coccus Cacti
Species, grown on the cactus, Nopalea coceinellifera, which is
found in Peru, Guatemala, Mexico and the Canary Islands. It takes
140,000 insects to obtain 200 g of Cochineal carmine with a 50
per cent concentration.

The main colouring agent present in carmine is carminic acid
(C22 H20 O13).

Its most advantageous characteristic is its capacity to remain
stahle when expased to light, pH variations, and thermal process-
es. It is usually extracted from carminic acid in the form of alu-
minum-calcium lake, with a minfmum carminkc acid content of 50
per cent. Since this form is not water-soluble,

in erder to be used in brines it must first undergo dissolution
in diluted alkalis, such as ammonia or carbonate.

The main colouring agent in the water-soluble extract from bixa,
or annatto, is norbixin sodium salt, a colouring that belongs to the
carotenoid group. In spite of its crange colour, it is redder than

most other carotenes, and for this reason is sometimes used in meat
preducts. One disadvantage, when used in cooked ham_ is that at
the pH usually present in this product it become yellowish and un-
stable when exposed to light. It also has the problem of causing
coloration of the fatty tissues.

Eeel Red, made up principally of Betanin, has the disadvan-
tage of poor stability when exposed to light and heat.

Stabilized hemoglobin, stenlsed and dehydrated, is also some-
times used in cooked ham. Its main disadvantage is that when used
in sufficient amounts to have a visible effect an the finished prod-
uect's eolaur, it has poor stability when exposed to light and owy-
gen, causing the slice to become brownish within minwtes.

Caramel is used in cooked ham as a colouring anly in the prod-
uct's outer gelatin covering or as a simulated smoke substitute

Like the rest of artificial colouring agents ( Red 20, Red 40,
Ponceau 4R, etr ), its use is becoming more restricted all the time,
given the worldwide tendency to prohibit the use of artificial
colourings in cooked ham.

Although its action is basically as a preservalive, nitrite has a
variety of effects on cooked ham. Nitrite as such does not act an
the meat. It is the nitrous oxide molecule that is the principal agent
responsible for the effects produced. This molecule is formed from
nitrite reactions.

Free nitrous oxide formed in this way is highly reactive and
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partially reacts with myoplobin to form nitrosomyoglobin, the pig-
ment responsible for cooked ham's characteristic pinkish colour,
The rest of the nitrous oxide, not fixed by the myoglobin, under-
goes a number of different processes. A part is lost through di-
rect evaporation, while another part continues the reduction
process until nitrogen is formed which also evaporates. Another
part reacts with the muscular proteins and fats. The remainder
reacts with the antioxidising additives, especially with
ascorbate and erythorbate. -

Colour formaticn begins when nitrous oxide reacts
with the myoglobin to farm nitrosemyoghebin, which sub-
sequently decomposes into glabin and nitrosomyochrg-
mogen, the real colouring agent responsible for the pink-
ish colour typical of these products.

Althaugh the chemical process invelved in making ni-
trite an effective preservative is not fully understood, nitrite has a
proven bacteriostatic effect on Enterobacteria, Clostridium Perfringens
and Staphylococcus Aurews, and it particularly lethal for Clostridiurr
Botulinum. Since the latter microorganism is very resistant to thes-
mal processing, the addition of nitrite is practically the anly way to
prevent transmission of botulism through meat products.

Nitrates

Potassium ritrabe was the first nilrfying agent to be used in man-
ufacturing salted meat products. This substance is found, in small
amounts, in rock salts used in ancient times for salting meat,

Witrate as such does not have a nitrifying action on meat. Its ef-
fects are derived from its transformation into nitrite through the
action of nitrate-reductases, enzymes produced by lactobacilli, en-
terobacteria, and other microorganisms.

The use of nitrate in cooked ham has often been questioned
since, during the cooking process, the nitrate-reductase-forming
bacteria are reduced to a very low level and, at the same time, mat-
uration times prior to cooking tend o be very short,
72 hours at most, so that the conversion of nitrate to
nitrite is minimal.

Cooking destrays most, but not afl, of the bac-
o terial flora

Preservalives

The use of preservatives represents one of the
earliest preservation methods used, but thanks to advancesin ther-
mal pracessing, refrigeration netwarks and improved manufactur-
ing conditions, the need for thelr use has been reduced and most
legishation is very restrictive in this respect.

Antioxidants

Of all the antisxidants autharised for use in cooked ham by dif-
fering legislaticn, the most universally used are sodium L-ascorbate
and its optical isomer, sodium enythorbate. Of the two, the farmer
is permitted by all existing legislation, while the latter is not allowed
in seme countres, The reason for the ban is thal is that sodium L-
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ascorbate is a product consumed in a normal diet as vitamin C or
ascorbic acid, whereas sadium erytharbate i not and has anly five
per cent the vitamin action of ascorbate.

Sodium ascorbate has three basic functions in its application lo
the manufacture of cooked ham, which are derived from its chem-
ical behaviour as 2 powerful reducing agent.

The first of these functions s its action as a nitrite reducer.

Ascorbate reduces nitrite to nitrous oxide, facilitating nitre-
somyoglobin formation, and thereby accelerating the formation of
the pink colour. Without the presence of ascorbate, this reaction
would be produced in the same way, by the natural reduding agents
exigting in the meal, but this would require much longer matura-
tion periods and much greater amounts of nitrite in order to ob-
tain a satisfactory colour,

Ascorbate also contributes to colour stability in the finished
meat product.

Finally, ascorbate contributes to preventing the formation of can-
cer-promating nitrasamines by blocking the formation of nitrosat-
ing agenis (M203) being originated from the nitrous oxide.

In manufacturing cooked ham, the addition of ascorbate should
always be done in the form of salt.

Because sodium ascorbate is insoluble in fatty tissues, it has fit-
tle anbioxidising effect on them. in manufacturing cooked ham, the
types of antioxidants for fat, such as tocopherals, butylhydroxian-
isole (BHA), or butyl-hydroxitoluene (BHT), are not usually used.

Of the substances classified as antioxidant reinforcing agents,

the anly ones used in cooked ham are tri-sodium citrate and sodi-
um lactate. The former is used primarily for its butfering and chelat-
ing properties, and the latter for its action as a water activity de-
pressor agent and for its inhibiting effects on bacteral growth, in
particular, on lactobacilli.

Phosphates

Phosphates have two basic functions in cooked ham. They pro-
duce a spectacular increase in water holding capacity, and they help
the process of solubility and extraction of myofibrillar proteins, re-
sponsible for intermuscular binding in cooked ham

The polypeptidic chains of proteins are joined together in their
tertiary and quaternary structures by electrastatic bonds, hydragen
bridges, disulfide bridges, and bridges made up of divalent cations,
especially calcium and magnesium. The prolein's hydraling capac-
ity (and therefore, its water holding capacity during the cooking
process) will usually increase propartionally as this tertiary and qua-
ternary structure becomes l2ss compact (in the same way a sponge,
with the meat's proteins being (ke a squeezed sponge, must be al-
lowed to expand in order to be able o retain waier), This expan-
sion is obtained by brealang the greatest number possible of these
bonds. The reduction of the electrostatic bonds is achieved by in-
creasing the medium’s ionic strength, basically through the action
of salt. Cne of the known mechanisms of phosphates is their chelat-
ing action en calclum and magnesium, loosening the bonds farmed
by these metals and allowing protein expansion,
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Phasphates alsa act to influence the pH conditions, Even though
in concentrations commonly used, the injected mass's pH increas-
es no more than 0.5 points, phasphates contribute with their buffer-
ing effect to homogenising the pH in different muscles, lessening
the exudative effects of PSE (Pale, Soft, Exudative) muscles

It 5 generally accepted that effective action i pro-
duced only in the form of pyrophosphate (diphos-
phate). Becawse this product is highly insaluble in wa-
ter {and more so In the saling conditions of brine),
mixtures of tripolyphesphate, pyrophosphate and (RS
hexametaphosphate are usually used in cooked ham
Both hydralys in agueous mediums, gradually releas-
ing pyrophosphate

Effectiveness is usually achieved with doses of
no more than 5 g/kg phosphate added, although the mixture's
prapartions must be controlled carefully depending on product
objectives.

Stabilisers

Baoth carrageenans and alginates arc algac extracts. Carrageenans
{derived from red algae) are palysaccharldes formed by linear galac-
tase chains with varying degrees of sulphation that determine dif
farent fractions (Kappa, Lambda and lota carrageenans). They are
obtained by boiling the algae in water or alkaline solutions for sev-
eral hours, follawed by drying ar aleahal precipitation. Alginates,
extracted from brown algae, are polysaccharides formed by linear

chains of D+ Mannuronic and L-Culuronic acids. To obtain these
polysaccharides, the algae are treated in an acid medium in order
to eliminate the calcium, which insolubilizes alginates, then dissolved
by an alkaline treatment to sbtain sodium alginate, which can then
be transformed into alginic acd or calcium alginate
Of these substances, the most commonly used in the
manufacture of cooked ham are carrageenans.
Commescial mixtures ane usually made up of varying pro-
B portions of the three fractions, Kappa, Lambda, and
; o8 lota, complemented by small amounts of gums and
e some salt, usually potassium chloride
S0l The properties of these mixtures and, therefore their
applications, vary according to their compositions. Some
® mixtures have an enhanced viscosity so that they can
be used as brine stabilieers
Carrageenan mixbures are used in injection brines as well as
being added during the massaging phase. The main purpose of their
use [s their stabilising effect. Carrageenans gel, retain a greatl deal
of water in the gels that are farmed
The mixture’s eomposition decisively affects the characteristics
of the g{;| formed, influencing its hardness, tlexibality, transparen-
cy, calour and syneresis. For example, including potassium chioride
in the mixture will significantly increase the gel's hardness
Carregeenans also have synergle effects with some gums, sich
as caruba gum, which greatly increases the water holding capaaly
of ca rrageenan gels, as well as reducing syneéngsis. For this function
as water relainers, carrageenans ang wsua
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Iy used in concentrations of between 1 and
5 g/kg in the finished cooked meat product

Gurms are commaonly used as stabilizers
in brine. Chemically, they are also saccha-
rides, but usually have a branched structure,
and are derived from various sources. Arabic
gum {produced by acacias) and tragacanth
gum, both vegetable exudates, are rarely
used in manufacturing cooked ham.

Some gums are extracted from grains,
such as caruba gum (extracted from carob
trees) and guar gum (extracted from guar
seeds)

Flavour enhancers

Flavour enhancers are substances that,
without altering the product's innate flavour,
increase the smell and taste of this flavour
The mechanism that produces this phenom-
enan is not at all clear, On the cne hand, it
sepms that they act directly on the nenve end
ings, making them especially sensitive to
flavours, but on the other hand, it can be
demonstrated that they have no effect
whalsoaver on the four basic flavours (sweet,
salty, acid, and bitter),

The most universally used Hlavour én-
hancer is monosodium glutamale, industri-
ally preduced by fermentation of molasses

In cooked ham, dases of between
0.2 and 1 g/kg finished preduct are
used. MPG
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