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The added water and heat separate the caffeine from its
natural complexes and aid its transport through the cell
wall to the surface of the beans. Solvents are then used to
remove the caffeine from the wet beans.

Up to the 1980s man-made organic solvents were com-
monly used. The caffeine is removed either by direct con-
tact of solvent with the beans or by contact with a second-
ary water system that has previously removed the
caffeine from the beans (12). In either case additional
steaming or stripping is used to remove solvent from the
beans. The beans are dried to their original moisture con-
tent of about 10—12% prior to roasting.

In the 1980s decaffeination processes were commercial-
ized making use of solvents that occur in nature or can be
made from substances that occur in nature. The use of
these processes are the basis of positioning a coffee prod-
uct as naturally decaffeinated.

Carbon dioxide under supercritical conditions is a very
specific solvent for caffeine. This is based on a 1970 patent
of Studiengesellschaft Kohler of Mulheim, FRG. Subse-
quent patents have been issued disclosing and claiming
the use of this technology in a commercial process (17).
Fats and oils, including oil from roasted coffee, are dis-
closed and claimed for a decaffeination process (19). Edi-
ble esters, including ethyl acetate, which is present in
coffee, are also disclosed and claimed for a decaffeination
process. A process using direct water contact with green
beans is also in use. This contact removes caffeine as well
as some noncaffeine solids. The noncaffeine solids, con-
taining flavor precursors, are reabsorbed on green beans
prior to drying and roasting.

In all of the above decaffeination processes prewetting
of the green beans is necessary and drying afterward is
needed prior to roasting. These steps, in addition to caf-
feine removal cause changes in the beans that affect roast
flavor development.

The degree of decaffeination as claimed on the product
is based on the caffeine content of the starting material
and the time—temperature process conditions used by the
manufacturer to achieve a desired end point. '

Roasted decaffeinated coffee is vacuum packed as
ground or whole beans for consumer use. The roasted de-
caffeinated coffee can also be made into a soluble coffee by
methods previously described. Soluble coffee can also be
made by extracting nondecaffeinated roasted coffee and
then removing caffeine from the extract of the roasted
coffee containing caffeine, by using many of the solvents
described previously.

Roasted and ground decaffeinated coffee is vacuum
packed or made into instant coffee by methods previously
described. Decaffeinated coffee represented about 23% of
cups of coffee consumed in 1989 in the United States (20).
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COLE CROPS. See VEGETABLE PRODUCTION.

COLLAGENS

Collagens are a family of proteins that are widely distrib-
uted in vertebrates and invertebrates and are the most
abundant proteins in animals (1). Macromolecular assem-
blies of collagen support and hold the body together. The
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protein of bone is collagen; tendon, which connects muscle
to bone, is collagen; and deep layers of skin contain colla-
gen. In food, collagen contributes to the texture of meat
and meat products. It is used as stabilizer in frozen dairy
products, as gelatin in desserts, and as casings for sau-
sages. Collagen is also the principal component of leather
and is used as glues and as binders for emulsions in photo-
graphic films.

STRUCTURE

Collagen molecules are unique in their composition. Like
other proteins, they are high-molecular weight polymers
composed of amino acids joined by peptide bonds. Collagen
has a special amino acid sequence, a repeating Glysine-
X-Y where the X residue is frequently proline and the Y
residue is frequently hydroxyproline (2,3). This repeating
sequence forms a left-handed helical conformation (4) of
the collagen chain. Three chains of collagen monomer
combine to form the collagen molecule. Collagen mole-
cules contain a fibrous domain that is made up of three
left-handed helices fitted together to form a right-handed
triple helix. The length of the triple-helical portion of the
molecule varies with the type of collagen and is from 100
to 450 nm in length (3). Collagen molecules also contain
globular N- and C-terminal domains. The exact composi-
tion and structure of the N- and C-terminal globular do-
mains are collagen-type dependent (3) and are referred to
as the telopeptides.

The three chains may or may not be identical. If they
are different, the chains are coded on separate genes (3).
Collagens undergo extensive posttranslational modifica-
tion such as hydroxylation of proline residues to make
hydroxyproline (necessary for collagen stability at body
temperature) in the fibrous domain and the formation of
hydroxylysine in both the fibrous and the telopeptide do-
mains (3). Hydroxyproline and hydroxylysine are amino
acids almost unique to collagens. Hydroxyproline and pro-
line restrict the chain to the left-handed collagen helix (4),
and hydroxylysine forms part of the covalent intermolecu-
lar and intramolecular cross-links that stabilize fibrils
(macromolecular forms of collagen formation (3)).

CLASSIFICATION

Collagens are classified into three groups depending on
the macromolecular form and type of cross-links present.
The banded (or striated) fibrous group (group I) consists of
Types I, II, and III (3). Recently, Types V and XI have been
included based on their cross-links (3) and their genomic
structure (5), which is the pattern of the exons (coding
DNA sequences) and introns (noncoding DNA sequences)
in the triple-helix coding region of the particular collagen
gene. Type I collagen predominates in vertebrates (6) and
is found in bone, skin, tendon, dentine, and muscle (3).
Type Il is found in cartilage, disk, and vitreous humor (3).
Type III is usually associated with Type I in skin (7),
muscle (3), and supporting connective tissue in internal
organ systems (7). Type V collagen is found in tissues
associated with Type I collagen, and Type XI collagen is
found in tissues associated with Type II collagen (5).

The nonfibrous collagen (group II) consists of Type IV
collagen that in the collagenous component of nonfibrous
sheets, called the basement membrane, that underlie the
epithelial and endothelial cells surrounding muscle and
nerve and that provide the filtration properties of glo-
meruli (3). Type IV collagen has its triple-helical domain
interrupted by nonglycine residues; it assembles as a te-
tramer and the macromolecular assembly is described as a
chicken-wire structure rather than a fibril (3). The non-
glycine portions, which interrupt the triple-helical do-
mains, are theorized to add to the flexibility of the base-
ment membrane structure, and the tetramer is stabilized
by disulfide and lysino—alanino cross-links in the C-termi-
nal end and by disulfide cross-links in the globular N-
terminal end.

The microfibrillar collagens (group III) are Types VI,
VII, IX, and X. Their macromolecular assembly is in the
form of fine fibers, and they do not have the striated or
banded appearance typical of group I fibers (3). Type VI
collagen has been reported to link cell surfaces with the
extracellular matrix and to form an interconnecting mesh
work between collagen and elastin. Type VII collagen is
found as anchoring fibrils for skin basement membrane
and was first isolated from the placenta. These two colla-
gens (Types VI and VII) are matrix-associated collagens.
Types IX and X are cell-associated collagens and are
found in cartilaginous tissue. Type IX is known to be the
core protein for glycosaminoglycans.

Different criteria have been used to classify the colla-
gens for groups II and III (6). Group II (the nonfibrous)
collagens do not laterally aggregate as do the group I col-
lagens and, therefore, Types VI, VII, and VIII are classi-
fied (6) as group II collagens along with Type IV. Type
VIII collagen is found in bovine aorta and possibly as part
of the basement membrane of the eye (2). Group III colla-
gens have chain molecular weights of <95,000 and only
Types IX and X are included in this group (6).

There are other types of collagen that have not been
classified into groups. Type XII collagen is found in the
bovine periodontal ligament as well as in chicken tendon
(8), and a recent report (9) describes the characterization
of a portion of another collagen type, Type XIII, which was
isolated from the basement membrane of the bovine ante-
rior lens capsule. Collagens have also.been isolated from
nonvertebrates such as annelids and insects (3).

Collagen genes for the individual chains of Types I (7)
and IV (10), and the pro «1(II) (7), pro «1(II), pro a2(V),
and pro a1(XI) (5) chains have been isolated, character-
ized, and, in some cases, cloned. The transcription of the
collagen gene (DNA to RNA) is regulated by a particu-
larly complex system that is probably cell specific (11).

BIOSYNTHESIS

Collagens are made on ribosomes and are then modified
by cotranslational and posttranslational processing. Each
collagen gene product undergoes slightly different pro-
cessing steps depending on the type of collagen. The pro-
cessing steps outlined here are for the «1(I) chain, which
eventually combines with itself and one «2(I) chain to
form Type I collagen, the most abundant type of collagen
(Fig. 1). Each named chain is both chemically and geneti-
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cally distinct even though there is considerable homology
among the different chains even between species.
Collagens are translated from the mRNA (which also
must be processed to remove the introns or noncoding se-
quences) starting with the N-terminal end. The first series
of amino acids is called the signal peptide and allows the
collagen to penetrate the membranes of the rough endo-
plasmic reticulum (where the protein is manufactured
from the RNA). After the collagen has been secreted into
the lumen of the rough endoplasmic reticulum, the signal
peptide is cleaved by a protease. The next series of amino
acids to be translated forms the aminopropeptide, which
has several functions. It is involved in fibrillogenesis, the
building of the ultimate structure of collagen in bone or
connective tissue (6), the control of formation of the colla-
gen fiber, and the feedback control of collagen synthesis.

Along with the C-terminal propeptide, it also prevents the

formation of collagen fibrils (macromolecular assemblages
of collagen molecules) within the cell (3).

After the aminopropeptide is translated, the N-telopep-
tide domain of the collagen chain is made. This portion of
the preprocollagen molecule is the first section made
which will not eventually be cleaved in subsequent pro-
cessing and is a site for the eventual formation of the
covalent cross-links that stabilize the collagen molecule.
Other cross-link sites are in the helical and the C-telopep-
tide domains (3), which, respectively, are the next sections
of the preprocollagen molecule to be synthesized.

RSSO

Cleaved
by
C-propetidase

Figure 1. Post-translational assem-
bly of type I collagen: (a) pre pro col-

. lagen chain; (b) pro collagen mole-
cule; and (c) collagen fibril. Courtesy
of Elizabeth D. Strange.
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o

As the collagen molecule is being translated on the
ribosomes of the endoplasmic reticulum, a series of three
enzymes are hydroxylating the prolines and lysines as
they are added to the growing collagen chain. In addition,
galactose is added to hydroxylysine while the polypeptide
chains are assembled on the ribosomes and the galactose
can be glucosolated. The C-terminal propeptide chain also
contains an asparagine residue that is glycoslated with a
high mannose oligosaccharide.

Although the preprocollagen chains form on the ribo-
somes and the cotranslational modifications of the amino
acids take place from the N-terminal to the C-terminal,
the eventual assembly of the triple-helical collagen mole-
cule takes place from the C-terminal end to the N-termi-
nal end after the collagen has been released from the ribo-
some. Cross-links between the collagen chains are formed.
In the C-terminal propeptide, intrachain and interchain
disulfide linkages are formed. The interchain disulfide
linkages are between the two «1(I) chains and between
one of the al(I) chains and the a2(I) chain.

After the triple helix has been assembled, it goes to the
Golgi apparatus and is then secreted. The final assembly
of the collagen outside the cell requires the proteolytic
cleavage of both the N-terminal and C-terminal propep-
tides. The rate at which propeptides are cleaved varies
with the type of collagen even within the same structural
groupings.

Group I collagens assemble into a quarter-stagger pat-
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tern (7) with the N-telopeptide of one triple-helical colla-.

gen overlapping the C-telopeptide of another triple-helical
collagen molecule. The procollagen N-domain helps align
the triple-helical molecules during fibril formation. Dur-
ing extracellular processing these procollagen peptides
are cleaved (3). The spaces that have less proteinaceous
material lead to the characteristic classic banding pattern
with a polarized repeat (D) of 65—70 nm seen in electron
microscopy of negatively stained group I collagens (7) and
found by x-ray diffraction.

CROSS-LINKS

At least two types of covalent cross-links are formed ex-
tracellularly between the telopeptide regions of one colla-
gen molecule and the triple helix of another collagen mol-
ecule in the assembled fibril. Lysine and hydroxylysine
are enzymatically oxidized. The oxidized lysines (oxidized
lysine is an aldehyde instead of an amine) or hydroxyly-
sines react spontaneously with each other or with unox-
idized lysines and hydroxylysines. The reaction between
two oxidized lysines (to form allysine aldol) is largely in-
tramolecular and connects the N-telopeptide regions of
the monomers. The reaction between the oxidized lysine
and hydroxylysine (to form dehydrohydroxylysinonor-
leucine) is largely intermolecular and connects the N-telo-
peptide of one chain of one molecule with the helical do-
main of another molecule and connects the C-telopeptide
with another site in the helical domain of another colla-
gen molecule. These linkages are acid labile, easily re-
duced, and form the majority of cross-links in fetal colla-
gen. These covalent linkages change as the animal
matures to form more stable types of cross-links. Matura-
tion affects the solubility and denaturation behavior of
collagen. The alteration of the cross-links as collagen ages
is extremely important in the texture of meat products. It
makes the texture of meat from relatively young animals
more desirable than the meat from older animals. Meat
preparation steps that involve an acid treatment, for ex-
ample, marinating, take advantage of the acid lability of
the immature collagen cross-links. The cross-links stabi-
lize the collagen molecule and give the strength and resis-
tance to deformation that is characteristic of connective
tissue.

MEAT

Figure 2 shows the architectural structure of muscle con-
nective tissue (3). Connective tissue is mostly aggregated
collagen with a small amount of other molecular species
such as complex carbohydrates, proteins, and fats. The
tendon (Type I collagen) (3) attaches the muscle to the
bone so that work generated by muscle fibers can be trans-
lated into movement. Epimysial (Type I and III collagens)
connective tissue surrounds the muscle; muscle fiber bun-
dles are, in turn, surrounded by perimysial (Type I and III
collagens) connective tissue; and the muscle fibers are sur-
rounded by endomysial (Type I, IIL, IV, and V collagens)
connective tissues. Both the myofibrillar and connective
tissues contribute to the texture of meat; the connective

Epimysium

Perimysium

//’:’——-//“"’A(‘=
= LS
— ‘g Muscle fiber
Y X o~ bundle
= ), B

Figure 2. Muscle connective tissue. Courtesy of Elizabeth D.
Strange.

tissue contribution is more subtle than the myofibrillar
contribution.

Studies have concentrated on the role that the intra-
muscular connective tissue (ie, perimysium and endomy-
sium) plays in the texture of muscle. Correlations of the
total amount of collagen with relative tenderness of mus-
cle have been demonstrated (12). The solubility of colla-
gen also correlates with relative tenderness (13), and solu-
bility is affected by collagen type and by age of the animal
14).

Excessive collagen (or connective tissue) can have an
adverse effect on the acceptability of restructured meat
products that are made by reducing the size of the muscle
pieces and then reforming them into a steaklike product.
In this kind of product, the myofibrillar structures are
from a variety of muscles and the larger macromolecular
connective tissue aggregates (tendon and epimysium) are
not trimmed from the starting material. Different connec-
tive tissue structures have differing effects on hedonic
perception of texture (15). Tendon is most objectionable,
epimysium less so. Added perimysium and endomysium
have little effect on the overall acceptability of the re-
structured product. :

Collagen is also present in emulsion products such as
frankfurters and high-collagen content by-products are
sometimes added for economic reasons. In emulsion prod-
ucts, the finely chopped fat is stabilized by a coating of
solubilized protein. Actomyosin is a hydrophilic protein
that favors an oil-in-water emulsion, whereas collagen is
a more hydrophobic protein that favors a water-in-oil
emulsion. The addition of the starting materials that have
a high collagen content destabilizes emulsions and causes
fat pockets and water losses when products are heated to
temperatures that cause gelation (unraveling of the triple
helix and melting) of the collagen as well as undesirable
texture changes. Successful meat emulsion products that
contain high-collagen content by-products can be made if
the amount of by-product added is carefully controlled (3).

Another aspect of the addition of high-collagen content
by-products is the dilution of the protein quality of the
product. Collagen is an incomplete protein. It lacks the
essential amino acid tryptophan and is low in all the other
essential amino acids. However, collagen is an excellent
source of proline, which can become the limiting amino
acid during times when collagen is being rapidly laid
down by the body, such as during wound healing (3).



CASINGS

Denatured collagen is used to make two different types of
food products: casings for sausages and gelatin. Casing
collagen is usually made from the hides of mature cattle.
The collagen is treated with alkali and decalcified, which
opens up the fiber bundles, destroys some of the hydrogen
bonding, deamidates the amide amino acids, destroys
cross-links, and lowers the isoelectric point (pI) of the col-
lagen. The prepared collagen is ground, acid swollen, ex-
truded, and dried; it is then used as sausage casing. The
extent of the alterations is critical to the success of the
product (3).

GELATIN

Gelatin is made from collagen that has been solubilized
with minimal cleavage of the peptide bonds. Class A gela-

tin is made from the hide of young animals and is acid

extracted. It has pI of 6-9 and carries a net positive
charge in all food systems. Class B gelatin is made from
bone and hide of more mature animals and is alkali ex-
tracted. It is fully deamidated, has a pI of 5, and carries a
net positive charge in acidic food systems and a net nega-
tive charge in neutral foods. Class A gelatin has a higher
proportion of Type III collagen and class B gelatin con-
tains some Type II collagen. The molecular weight distri-
bution of the proteins of class A gelatin is lower than that
of class B gelatin. Gelatin gels by the partial reformation
of the triple-helicial forms of the native collagen. The col-
lagen in gelatin gels is not in exact register (triple helices
are formed but they will be a variety of lengths) or as
extensively aggregated as native collagen. This results in
a lower melt temperature, from 60°C for native collagen to
40°C for gelatin (3).

Gelatin acts as a stabilizer for ice cream and frozen
desserts. It prevents the formation of large ice crystals by
increasing the viscosity of the ice cream mix. This imparts
a desired smooth texture and firm body to the frozen prod-
uct (16).

Some basic aspects of collagen must be elucidated. The
chemical nature of the mature cross-links and the mecha-
nisms for control of the biosynthesis of collagen are active
areas of research. The solutions to these and other ques-
tions on collagen will have an impact on both the medical
and food fields.
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COLLOID MILLS

A colloid mill is a device used in the preparation of emul-
sions and dispersions. The name implies that it can gener-
ate colloidal size droplets for the disperse phase, but in
reality the colloid mill produces emulsions with droplets
in the size range of 1-5 micrometers. It is sometimes used
for dispersing solid particulates throughout the continu-
ous phase, but it does not grind particles, rather it deag-
glomerates and disperses the solids (1).



