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Abstract

LA J -

}
8
l
|
|

The obJectlves of th1s research were a) to determnne
BN

| opt1ma1 cond1t1ons for prote1n recovery from mechan1cat1y

deboned:chicken res1dues. uslng low'temperature alka11ne

extractlon with subsequent acid prec1p1tat1on,xand b) to

_ Astugy the process of freeze 1nduced textur1zat1on as app11ed

to thlsAprcteun\concentrate.

AN | X c. . . ,\/

\ Optima] protein recovery conditions were found with C
m11d process1ng at 22¢C, pH 10.5 and 30 minutes m1x1ng t1me ya
w1th 11tt1e/pmprovement found with 1ncreas1ng sever1ty of

treatment. The mild cond1t1ons prevented the for‘at1on ot/

_ new am1no ac1ds such as 1ys1noa1an1ne and 11m1ted the’ 4

damage to the funct1onal properties, which can occur /inder

harsher cond1t10ns The protein y1e1d of the acid

wprec1p1tated coagulu fol]owed a general prote1n solub111ty

_curve with maximum rTcovery {85% of the extraoted protein)

appeared 1ndependent

and h1ghest total 'solids (13 %) near pH 5.0. The prec1p1tate
had. a prote1n concentration of approx1mate1y 75% (dry
we1ght) and a fat concentration off@0%. The coagu Tum’

70f the acid used for. prec1p1tat1on
Controlied freez1ng of th1s prote1naceous material with

subsequent heat sett1ng was found to- produce a f1brpus /f

pgoduct,,re emb11ng meat. with generally para]le] fibres,

| ‘normalitc thevfreezant/prote1n interface. Increa51ng the

freezing rate (ambient<temperature -5¢C to -45°C) incréased .

the fibre density; the extent of fibre crosslinking, and the

v



Water'retention. and,stight]y decreased the peak force
'obtained using an'lnStron Universal Texture Testing
Instrument with a Kraher Shear ce]l Increas1ng the pH ‘above
'the 1soe1ectr1c point tp pH'S 0 caused an 1ncrease in f1bre
dens1ty, flbre cross]1nK1ng and water retent1on. and a
decrease in’ peak force. Increased initial total sol1ds
decreased the fwbre dens1ty, while- 1ncreas1ng the fibre
size, the peak force and the final total sol1ds . Analyses
z'of the-f1bre structurest1ng fibre density, peak force and
final total sol1ds {or water retent1on) _showed similar
trends fOIIOW1ng changes in the process parameters such as

freezing rates.//gtal so]wds and pH

The un1form1ty of {he ‘ bre structure was 1mproved by

';%ndr1cal form. A
R an ingrease in fibre size
: w1th 1ncreased dtstance frpm the freezant/prote1n 1nterface

B1nd1ngcagents were not required. to bind the f1bres

1

together due to the presence of fibre crosslinks. The |

praduct was relatively retort stab]e w1th no loss of '

particles, although a time dependent'reductlon in peak‘forCe
: was'evident; with up to a 35% reductton after. retorting at

1210C for B0 minutes.

.
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Part I . _ - \
Low Temperature Alkaline Extraction of Proteins

" from Mechanically Deboned Chicken Residue



1. Part 1: Alkali Extraction of -Poultry Proteins

1.1 Introduction

~Conversion of vegetable prote1ns 1nto animal proteins
such as poultry, cattle :;r fish 1s .an expensive and
1neff1c1ent process Comparlng the- proteln y1e1d to the
required crude prote1n intake, the most eff1c1ent an1ma]
protein source, milk, is only 38% efficient while otherfr
an1ma1 prote1n ‘sources rap1d1y decrease in convers1on
eff1c1ency (Table 1, Wilson, 1g%8) )

Compar1ng'the pfotein production tonléno'usage.' "
lsoybe;ns are vastly super1or to an1mals ;y factors of 28 for
beef{ 17 for sw1ne, 12 for poultry and 10 for m11KP\Catron
 1967) These data are somewhat m1s]ead1ng, in. that m&ch of
.the land used for an1ma1 product1on is of little use for the
~ production of soybean or other,hlgh prote1n vegetables.'and
fhe@efore cen only be uxilizedfas rangelahd However-’ii
.st111 remains that when man is a second order consumer the
‘cost of the protein; due to conversion 1neff1c1enc1es w111
be mdco higherlthén if he were a first order consFmer, fe.

vegetar1an

I

On the other hand, frpm a human: nutrition stahdpoint.
proteins from an an1ma1 sdurce are of h1gher qua11ty than

. o “
those of a pIant source. or they conta1n,all the essential

amino acids for a human iet (Mountney, 1976) Probe1ns from

plant sources are .usually deficient in one or more essent1a1

amino acids and therefore require a d1et»comp1ement from
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Table 1

44ConVersion Efficiency of Vegetable Proteins to -

. Animal Proteins -

i

Animal Protein - - % Cdnversioﬁ Effi
Source _ : : I
Eggs 4/n, S . 31
‘Péultry (proilers) . ‘v - ¢ 31
Fish - . 7 20
" Pork 15
Lamb ' B
. Steer . o . ' _6 . '

. i (from Wilson, 1968)

A

. Table 2

Protein Confent‘onCo ked Meats

 Meat . - ;; Protein Content (%)
; ‘ : B
‘Poultry . | 25-35
Beef = S| 2127
Pork . 23 - 24
Lamb o 2o 2a

(from Scott, 1956)
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| another/onotein source, either plant or antmal, sufficient
in those specific absent amino acids (Anglemier and
Montgomery, 1976; Stillings, 1973) . |

Amongst the more regularly consumed animal prote1ns.r
pou]try meat has one of théfh1ghest conversion eff1c1enc1es .
(Wilson, 1968) and in a cooked state, one of the highest
protein contents (Table 2, Scott, 1956). The amino acid*
compos1t1on of pou]try is very 51m11ar to beef and pork
:wlth the limiting amino acids ‘w1th reference-to a whole
" egg) being the sulphur amino acids (§cott,'1§5é).

Therefore, 'due to poor conversion efficiencies of
animal brotein production, bigh production costs, and htgh
quality of animal proteins, it‘becomes.essential that all
" usable hjgh grade'proteins,ibe recovered before rendering
the waste materia]. Unfortunatel;i the process of-
s]aughtering and. processing any animal, poultry or Fish,
‘produces a loss of edible muscle protein due to its. adhes1on
to the bone by - products Hubbard (1872) found an average of
11 kg meat remaining on beef bones after typical boning out
'operations.‘FieldA(1976)'euggests that thts could amount to
~over 2,000,000 metric tons of meat from-bee'fv, @rk ‘and lamb
sourcee'in.the U.S.A. annually. Although no specific data
was found ongpou]try,(the 1arge amountfof-meat_remaining on
poultry necks and backs should also represent a high
quantity of recoverable proteln "

Subsequent rende¢1ng of th1s bone by-product to

" materials of a non-consumab le nature for humans, ie. meat
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| .
-anc bone meals for anima} feed, fertflizers, tallows and
greases, means a lo&s cf profits and Under-utilization of a
High grade proteiﬁ'source: The present trend of increased
cehfralizedaprocessing of the carcasses has produced a
greaterAduantity'of bone by-products in the processing
plants rather than at 1nd1v1dua1 stores or 1nst1tut1ons
wathwn fhe poultry 1ndustry. th1s centralized processing,
" brought about‘by a consumer preference for precutwpoultry
pieces, has prcduced a subp]us of necks and backs which
contain large amounts'of poorly attainable but high grade
protein A 51m11ar situation exists in the beef 1ndustry
where increased carcass breakdown to pr1ma1 and sub-primal
cuts  to produce boxed beef is_prevalent and causes an

increase in bone by-pacducts, This is ¥urther compounded by o
the increased use of hot boning,‘a process which leaves a
greater pércentage of muscle protein on the waste bone
’materiaI (Taylcr él’él-» 1980; Schmidt and Kerman, 1974;
’Cuthertscn 1980) . As the meat on the bone wastes costs tﬁe
sdme to produce as the more read1ly saleable cuts it is to
the advantage of the processors to recover as much of th1s
protein as possible. |

HoWever; it must be remembered that it is not

‘esséngfal,*ﬁor is it . in fact desirable, to remove 513 the
proteih from the bone wastes. Certain proteins;‘such as
collagen, are of reduced nptritioha] and functional value
for human grade broducts, as comparea to sarcoplasmic and

myofibriltar proteins (Swiﬁgler and Lawrie, 1979)..These‘
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connective tissues should reﬁajn in the bone wastes to allow
for the production of,rendered'products Qhﬁeh can be
utilized by other animals or as fertilizers Absence of
these proteins would drast1ca11y reduéegthe value of

e rendered products. AN
. ¢ AN

N\

1.2 Research Objectives

Protein recovery From waste animal sdurces hag been
*’ explored and used industrially for a number of years.
However, mechanical deboning, the major recdvery proces
presentty being-uti]ized, still Jeaves a waste'proddct wi h
usable high_@rade proteins. Furthermere, the use of
mechanical deboners, especially in the poultry industry, has
increased significantly in the laEt.decadel producing a
large supply of potentially recoverable protein.
With feW'e*ceptions, the alternate protein recovery
methods, as reviewed}iqkthe next section, are either‘not
'suitabﬁe’for the‘broduction of human grade protetd or are
utilizing relat1ve1y high' concentrat1on protein sources,
usually from beef or fish, or severe extract1on 1
'en¢1rdnments, (ie. high temperature, high pH, long retention
ttme)._The major aim of‘thebfﬁrst part of this work was td
optimtze the recovery of prd}ein from a mechanically deboned
poultry residue source using a low temperature, alka1ine
extractiohbprocess. Effects of different food grade acids
and pH of acid precipitation on<protetn recovery and the

~protein loss to the supernatant whey waS»investigated.

4




‘Effects of the extraction environment, ie. temperature,
5

time, and pH on the formation of new amino acids,

particularly lysinoalanine, was also examined.

S T T



2. Literature Review

2.1 Methods of Protein Recovery from Waste Meat By-Products

2.1.1 Mechanical Deboning

Mechanical deboning}was introduced in the late 1940's
for the separation of meat from otherwise unconsumable or
unpopular fish (Anon, 1979). Mechanical deboning of poultry

‘ bégan ten to fifteen years Iatef as the preference for
precut chicken pieces increased and as a market grew for
specialty items which could be produced from the !
mechanically debonéd meat product. Mechanical deboning of
beef started a few years later. Over two hundred million
pounds of mechanically deboned poultry meat (MDPM) were
processed in the United States in 1977 (Anon, 1979) with
increases e*peq{gd each subsequent year. U.S.D.A. estimated
thét over one million tons of red meat (beef.-pork, lTamb)
was produced by mechanical deboning in 1977. |

- " A number of dﬁfferent mechanical debonjng processes
éxiét. with new patents emerging frequent]y; These differ .in
the yields of protein (sarcop]asmic, myofibrillar and

. collagen), Fats, and varying bone content and particle size.
The basic process takes the bone and/or carcasses (as in
poultry), coarsely crushes the bones, causing separation of
’meat from,bone{ and in some manner_subSequent1y'removes the
meat fromvthe bone. This usually occurs by forcing this
material against a screen or.élotfed surface, which forces

the méjority of the edible protein and fat in a paste form \
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through, while the large bone particles remain behind.
Machines presently in use vary in the methods by which the
bone is crushed, how it is forced through the scfeen and the
design of the screen. Various?deéoning processes include the
Beehive, Paoli, K.P. Bone Removal System, Bibun, Prince,
Protecon, and Sepramatic Systems (Froning, 1976: Anon, 1976
Katz and Ackroyd, 1979: Protein Foon. 1980) with recent
patents by Van Rij and Smifs. (1979’ and Van Bergen (1979) .

Yields are dependent on the material being deboned, the
type of machine used and'the machine settings, whiéh
directly affect the yield and quality of the product, i.e.
fat, protein,(c011agen} and bone content . Yields of up to
92% from whole fiéh and 43% from pork loin bones were
feported for the Péoli system{Anon, 13976).

Compositional standards for mechanically deboned meat
have been sef by the U.S.D.A., limiting the amounts of fat,
sKin, bones and varﬁous chemibals, along with a minimum
proteinfcontent, depending on the~fina1 use of M.D.M.
Canadian regulations specificé]ly contrél bone content, With
general guidelinés fo]lowing the U.S. standards. However,
~ the actual composition of the M.D.M. has been shown to vgﬁy
significantly (Froning ahd dbhnsdn, 1873; Froning, 1970;
Froning, 1979; Grunden et gl...1972; Goodwin et al.,1968;
Satterlee, 1975). The major ‘causes for variability are‘due
“to the differencés in starting materials, ie. bone to meat
ratio, fat content,.skin Content. age, cutt%ng me thods,

machine setting (ie. hole size) and subsequent separation
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steps, (le. centrifugation) (Froning, 1976; Froning and

Johnson, 1973; Protein Foods, 1980).

v -

2.1.2 Mechanically Deboned Poultry

‘Yields from whole poultry carcasses are usually in the
60-70% range (Pao!i® Beehive) though th‘e“ Sepramatic process
Used by Protein Foods Ltd. has prbduced a consistent yield
of over BO% (Protein Foods, 1980). Amiﬁo écid analysis of
mechanically deboned poultry meat (MDPM) was shown to be
’s{milar to hand debbned products (Essary and Ritchey, 1968)
providing a high grade protein source. However, proximate
analyses of MDPM from various materials have shown a
relatively high fat content (Table 3, Froﬁing. 1976).

Increasing the skin contént of the initial material was
shown to increase the fat content, while decreasing the
moisture, protein, and calcium content. In most units,

- increasing the skin content did not increase the collagen
content of- the protein in the paste, as the skin ié retained
by the screen with the waste bone residue (Satterlee et ai.,
1971)ﬂ However, the Sepramatic process.has been shown, to
allow a greater content of skin to pass through, thereby
increasing the collagen content (Protein Foodg, 1980). High
fat and skin concentrations in the MDPM have been found to
impair fhe emulsifying capacity of the MDPM, though the high
skin content hés begn shown to increase bindiﬁg capabilities

(Maurer and Baker, 1966; Protein Foods, 1980). Reduction of

thé fat prior to or after deboning increases the emulsifying
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Tab1e>3

Proximate ﬁata of Mechariically Deboned Poultry Meat

Deboned .

' M&terial E

Chiékén‘Baékshﬁ"w
‘necks S
-Chicken'backs &
~necks. , _
“Chicken backs L

Turkey frame
meat '

~

Turkey frame

~meat

Spent léYers
Spent layers

. Protein

3

14.5

9.3
13.2

12.8

12.8

14.2

13.9

x

Moisture  Total ‘Lipids

(%)

-66.6

63.4

62.8

70,7

73.7

60.1
65.1

17.6

27.2

21.2

14.4

12,7
~26.2

18.3

.A(from F;onihg: 1976)
q ’~’ B L '

1



capacity (Froning.ahd'dohnson. 1973 Goodwin et al., 1968) .

Inoreasing'the salt soluble proteins (sarcoplasmic and

¥

myofibrddlar), as compared to connective tissues proteins,

“incregsed thefemulsifying capacity (Hudspeth'end May; 1967;
Fron~ng; 19701 along with'increasjng‘the nutritiona1 dualfty
of the pre duct (Chang and Field, 1977)V The emulsifying -
cnpac1ty d water ho1d1ng capac1ty was also 1mproved by the
addition of po]yphosphates and sodium ch]or1de (Froning, E
1966 ; Froning and qohnson. 1973._Sch}amb and Bor tsky, 1971).

w

3 Poss1b1e Risks of Mechan1ca11¥ Deboned Meat €5

The nature of th1s process requ1res relat1ve1y tight
COnirols,to'prevent possible hazards in the product. In the
vast'majority of the deboners, the bonee are extenéive]y

crushed'to'enable meat ‘separation. The Protecon system

var1es s]1ght1y with a reduced bone fragmentation (Katz and :

"-Ackroyd, 1979) . In other cases, bone fragments, wh1chucan be

as large as 'the size of the s]ots;mécreen holes or slits can

upqss'through withbthe'MDM.'WOrK-by Froning (1979) showed

: deboned turkey to have an éverage'bone partic]e size of 233 -

';1w1th a maximum up to 536)4 (screen hole s1ze) The concenn;“

over bone chip size is 1]1 deserved ‘as bone part1cles from
 hand deboned turkey have been found. up to 1142 u The bone .
.;pneces‘are so small as to be‘lnd}v1dua1]y undetectable when
conSUmed It wae'aTso shownvthat theee particles.beddily |
d1sso1ved in an acid concentrat1on similar to those 1n human

gastric JU1C€S, therefore suggest1ng these bones to be a
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goodloélcium source rather than'a_nealth risk (Eje]d et al.,

1977). A U.S.D.A. study of this problem has concluded that
 these bones do not COnstétUte a hézerd to humans, assuming‘,

they remain w1th1n regu]at1on 11m1ts of .75% residUa]?
calcium from bones (Kolbye et al., 1977).

 The poss1b11e presence or accumultation’ of trace

'\xelements was'studied by a U. SID A. commitfee (Kolbye et al.
‘1977) and 1t was concluded that for red meats the long term
use of MDM would not pose hazards, nor be d1fferent from the.
effects of other processed meats. It was suggested Ihat'a'
'diffefence couid exist with poultry bones from culled laying
henslwhich may exhibit an aooumulation of“‘QQSPide (Anony

1979). Klose (1979) showed a concentration between 2-5 ppm—-__
\ .
fluorlde in MDPM, with a'ratio of 1113 fluoride content o \\\

between thevMDPM‘andsthe bone residue. He suggests'tne'only
. ;possible hegith_risk mey_exist with infants and therefore
\‘MQPM should'not be used in infant food formulations.

| "Microbial contéminetjon.may be.the greatesf health
“hazard with MDM, as its paste-1ike nature can be an idea)
growth medium fon ijrooroanisms.vIn oomparison to"
conventionaliy pﬁécessed-meats, MDPM held 5 days at 3-55C-"
before debon]ng exh1b1teduh1gher tota] aerob1c counts The
tota] aeroblc counﬂs 1ncreased dur1ng storage at 3°C, while
feca] ooJTforms were h1gh, though rema1ned constant

ethnoughtout Storage. Six of 54 samp]es:wereucontaminated

A’w1th Salmonel]a,;four showed presence, of Clostr1d1um

'perfr1ngens, but there was no s1gn of Staphy]ococcus aureus.
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‘The psychrotolerant genera isolated were dominated by

Pseudomonas,:Achromobacter and Flavobacterium.'Microbia]_

counts for MDPM were found to range between 105 to 106/gm,
with coliform counts between 10'-103/gm {(Maxcy et al.,

1973).

2@1.4 Bone Residoes from Mechanical Deboning

Mechanical deboning does not remove all of tne protein
from the boning wastes. The thnty to forty percent of the
raw material which is retained by the deboner is usuat]y :
rendered. The proteln concentrat1on and content of th1s
‘mechanically deboned-res1due will be dependent on the
r‘deboning~pr0cess.1Yoongv?t976) found the poultry bone
residue_fromfa Mark Iv Prﬁnceworld deboner.to‘contain,40%
soltds, of which 43% was protein, 32% fat, 25% ash. A high
percentage of the protein is 1ike1y to be collagen due-to
‘the hign skin oontent' However htgh grade. proteins are: atso
breta1ned and these cou]d and- shou]d be better ut111zed
Young (1976 suggested that a prote1n 1solate amo,nt1ng to
2- 37 of the total residue or 12 to 18% of the. prote1ns can
be recovered from mechan1ca11y deboned bone™ resxdue by salt
‘extractwon.'Var1ous processes, including alkaline and salt

‘extractions are suitable for such protein recovery.
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2.2 Alkaline Extractton. | | | %?7'
A]KaTine treatment of foods and food proteins. has been
used w1th1n North Amer1ca for centur1es, dat1ng back to
a]Kal1ne treatment of corn or ma1ze by central Amerlcan
Ind1ans (Katz et a] 1874) . More recently, a1Ka11ne
treatment has been used extensively for extraction and
solub1l1zat1on of proteins from both meat and vegetab]e
sources. Industrial]y;.onty vegetable protéin'concentrates
and isolates, produced byValhaline extraction or. |
so]ub111zat1on. have been used for subsequent texturization

L 3

processes. Most research ‘has dealt prlmar11y w1th a]Ka11ne

extraction w1thvsubsequent acid prec1p1tat1on, though'the_v

effects of acid extraction have been'examinedﬁ Lampitt et

~al. (1952, 1954) showed that dilute NaOH is more effective:

 than dilute HC1 in extracting musc-le tissue’from-connective

tissue, as the d1ssolutvén was more comp]ete and less

/
collagen was d1ssolved /The latter was also shown by

Sw1ngler and Lawr1e %1?79) M1yada and Tappel (1956) found

‘d1]ute NaOH to be more effective than e1ther dilute

potassium chloride (Duerr and Earle, 1974) or urea. Young
(1976) ‘showed a]Ka]wne extract1on to be s]1ghtly more .

effect1ve than extractjon w1th a h1gh.Jon1c strength NaC1l
solution. MetnKe'gt'gl. (1972) also showed a similar ;

difference between alkaline andfsalt.extractjon u$ingtfisha

‘proteins.

Processes for alkaline extraction of proteins have been

investigated and used on industrial and lab scales. Although .
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soybean is‘the’primary vegetab]evscurce for industrial
protein extra tion/Soiuhilization, rapeseed and qther
\oi]%eeds‘have‘alsq been studied (UNIDO, 1974; Hermansson et
al., 1974; chamnanwej{‘1971- Shaikh et al., 1968; Yeyha,
i981). Alka11ne extract1on/solub111zat10n of most - animal
o Sources! have dealt pr1mar1]y w1th by-products or products of.

- an initially non- pa]atab]e nature which wou]d subsequently
' be used 1neff1c1ent]y A]Ka11ne solub111zat1on of water
1nsolub]e_prote1n\concentrates has been researched on heat
precipitated cheese whey protein (Jelen and Schmidt, TQ?SJ,
fish protein concentrate (Tannenbaumbgt al., 1976a}'1970b)
' and'rapeseeq‘protein concentrate (Herhansson.gi\gl.,'1974).
-The effect ot various.parameters cn alkaline extraction |
and subsequent acid precipitation has been studied with
different animal offal sources, though 11tt1e has been done
on pou]try, or the reswdue from the mechan1ca1 debon1ng
process. Of primary concern are the effects of extraction
- PH, temperature, retention time, solyte/eolvent'ratio; satt

additives and protein sources.

2.2.1 Protein Source -

The solubility of_proteins.ver us pH follows a general
curve as shown in Fig 1.F(Meinke et gl.,ﬁiQ?Z). However, the

percentade of total proteins extractable was found fo be

dependent \on the initial material (Connell, 1964; Meinke et
al., 1972; \'swingler and Lawrie,‘1979; Young, 1976;’Ycung<and

Lawrie 1974). Meinke et al., (1972) and Connell (1964) found
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variable solubilization from différent fish sources (Eig. 1,
Meinke et al., 1972). Swingler and Lawrie, (1979), and Young
and Lawrie,(1974) showed a similar variation between'types.
of bovine offal. Swingler. and Lawrie (1979) suggest this may
~be partially due tonlarger concentrations of-non-protein

J

‘jnitrogeneous‘compounds in certain sources Frozen storage of
certain spec1es of fish has been shown to be detrimental to
the solubility of the prote1ns (Fig.1) though other spec1es |
have shown 1ittle effect of frozen storage (Meinke et al.
1972; Connell 1 1964). Connell (1964) has 1nd1cated that it
is the myofibri]]ar proteins (actomyosin), which are subject

to the greatest protein denaturat1on while the solub1]1ty of

the sarcoplasmlc prote1ns are not affected by freezing.-

2.2.2 Effect of pH

In so]ut1ons’w1th no salt add1t1ves, the solubiiity of
proteﬂns reaches a minimum between pH\SJand.pH 6, depending
on the protein source. This relates to the genera1‘
liso-electric point of meat and soy protein (Forrest et al.,
19?5). The rate of increase of orotein solubility with
increased alkalinity, atong with the point of maximum
solub1hty, depends pr1mar11y on t~rote1n source, though
in most cases extract1on above pH 11 did 11ttle to 1ncrease
the yield and also requ1red 1arge amounts of alka]1 (beef:
"Ham11ton, 1978 delen.gt gl., 1879a; fish: Meinke gt.gl.,
1972; Connell, 1964).

Swingler and Lawnie (1979)\showed that the collagen
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content increased four fo]d\by'increasing the pH from 10 to
11, reducing the nutr1t1ona1 qual1ty of the prote1n Most
researchers used an extraction pH between 10 to 11 which wae
; found to give optimum protei extractability (Jelen gtvgl.,
.w‘//,.‘j1978; Hamilton, 1978} Swingler and La&rtet 1979;3Meinke gt,
al., 1972). | | | R
The produet“eXtraet d f‘om beef was noted to have a
strong fishy odor above pH 9%5 (Jelen et al., 1979;
Hami lton, 1978). The Visdpstqy of the qplutton'was fqupd-to
increase eupstantially‘betwe n pH 8-9.5, which hindered
subsequent separation of/the extract from fat and bones
(de]en‘ t _l , 1879). 5.D.S. Jgel e]ectrophores1s showed that'

———

below pH 8.5 the extract conta1ned pr1mar11y sarcoplasmic

fprote1ns (Hami 1ton,: 1978). .|

R
. I

2.2.3 Temperature

Hamittop (1978) found‘qhat-the temperature had 1little
. ’ effect on the yield,of_beeffprotein'from extraction,-and
that the temperature choﬁcejwas mOre dependeht pn
microbiologtca] consideratipns, equipment and an
- appreciation of undesirabie;secondary reactﬁons (such'as
protein hydrolysis and.hew amino acid formatiOn),»Marginal
ihcreases in yield with beef were suggested by delene%t al
(1979a) at very low temperatures though extraction at room
temperature compared to 7 and 10 C was preferable as it
. allowed for more efficient removal of fat from the extract.

k~Hamm

In extrgcting'water.solub]e_proteins'with water
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and Deatherage (1960) found a maxihum yield at temperatures
below 20°C. At 60°C the yield is reduced to 23% of -that at
20°C. The collagen content was also fohnd to increase as the
temperature increased above 50°C (Duerr and Earle, 1974)

However, with alkaline extraction of beef proteins, Duerr

and Earle found an increase in sOlub]e proteins with

'.ihcreased_temperafqre, along with a 150% increase in

collagen content (60°C - 90°C). Unfortunately. extractions
were not run below 60°C, even though the most dramatic

changes jn meat_profein properties occur between 50 - 60°C.
Extracting bovine offal at pH 10.0, at 0, 20,- 40, and 60°C,

Swingler and. Lawrie (1979) found significaht increases in

‘prote1n recovery with 1ncreased temperature, with the

recovery at 60 c being approximately twice that at 0°C. \\‘

‘Again, an increase in collagen was nbted. New amino acids’

_were a]sc found in sigﬁificant‘quantities at 60°C, compared

to traces at 40 and 20'C‘(see fur ther discussioﬁ on page

28). Meinke et al. (1972) also noted an increase of 18-29%

“yield*with an 1ncrease in temperature from 22°C To 55°C with

A f1sh protein.

2.2.4 Retention Time

Ycung'anc Lawrie'(1974),ifound-a max imum profein
extrection of bovine and ovine offal at 0°C and 8 hours.
Subsequent.wcrk by Swingler and Lawrie (1979) showed’
ccmbarable recoveries at'20'C‘for.2 hoUr53 However, research

on beef boning room wastes show little increase in yield

£
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-after 30 minutes of extraction (Jelen et al., 1979a; Jelen

[on d

2t al., 1978; Hamilton, 1978). Meinke e

al. (1972) used an

extraction time of 30 minutes with fish proteins.

2.2.5 Meat/Solvent Ratio

Extraction with a low meat/solvent ratio will produce a

large quantity of liquid extract w1th a low prote1n content,

pwhereas a high meat/so]vent ratio produces a product with a

low yield of viscous extract with a high protein Content.

The first case produces problems with effluent control and

- subsequent prolein concentration, whereas the latter

increases the difficulty of separation due to high
viscosity, causing.loss of proteip (delen et al., 1979a;
Hamilton, 1978). |

In varying the ratio fromv1:20'to 3:10, Meinke et al
(1972) found the percentage of soluble fjsh protein in the
solution remained essentiallyﬁthe same at 65%. However, when
the ratio Was varied at pH 11, fhe recoverable volume of
extract dropped from’QS%_to 68%, thereby reducing the
recoverable protein by 1/3. Hamilﬂah (1978) compared the
effect of meat/so]vent ratio on the % beef prote1n in
extract, y1e1d of extract and ava11able prote1n extracted
(Fig. 2). Opt1mum extractab1]1ty appears to be:- between 11
and<1'1 5, assuming the v1scos1ty of the solution is not too
d1jf1cult to hand]e Ratios of 1:1.25 and 1:1.5 were used by

Jelen et al. (1979a) for beef bones.
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2.2.6 Extractant Additives

Increasing fhe ionic strength througH addition of NaCl
to the alkaline solution, showed a decrease in protein
extracted at high and low pH values, and an increase in
protein solubility at the point of minimum solubility near
pH 6 (Meinke ot g].,1972). The change produced a genera)

shift in the iso-electric curve towards the acidic side, as

expected from increased ionic strength effects (Pederson,

1971). At high alkaline conditions (pH 11), the addition of
extractants (NaCl, tefhasodium pyrobhoéphate, NaCl + TSPP)

reduced the protein solubility (Jelen et al., 1979a).

2.2.7 Precipitation of Proteins

iso-electric precipitation of the proteins through the

addition of acid is the most common method of concentrating

i

or precipitating the prote%hs of soybean and-other oilseeds
(UNIDO, 1974), fish (Kahn et al., 1975; Meinke et al.,
1972), poultry (Young, 1976) and beef offal (Swingler &
Lawrie, 1879; Young, 1980). In most cases, max i mum -
precipitation occurs between pH 4.5 - pH 6, leaving between
14% and 30% of the protein in solution’ (Meinke et al., 1872;
Swindler and Lawrie, 1873). This can be accounted for by thé

water soluble sarcoplésmic protein fraction, which amounts

-for up to 40% of the protein (Hami 1ton, 1878). Unless the

acid is added to a rapidTy agitated solution} preferably in
a diluted form, problems may arise from acid precipitation

due to pockets of extreme acid pH which cause protein
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denaturation and damage (Hamilton, 1978).
Other methods of concentration were investigated by
Jelen et al., (1978) and Hamilton, (1979). Ultrafiltration

concentration of proteins was suggested,. though dismissed

o

due to protein clogging of the filtratien membrane, along
with cost deterents ng%ilton, 1878). dJelen et al. (1978,
197%a) investigated the effect of heat on the acidified
slurry. The highest protein recovery was found with boilinq'
at pH 6.0. or less, though the heat denatured material was
gritty and incohesive, and lacked most of the desirable
functional dhqracteristics. The heat coagulabijlity of
sércoplasmic proteins would account for the iACgease in
protein recovery found at elevated temperatures (Hamm,
1870). In general, Jelen et al. (1979a) found an increase of
10% protein precipitated Qith severe heat treatments, as
compared to acid precipitaton ag room temperature or
iﬁtermediate heating at 60°C. As heat denaturation of
protein occurs between 50 - 60°C” (Duerr and Earle, 1974),
some coagulation is.exbected to occur at these temperatures,
reducing the functionality bf the protein.

Protein recovery by freezing was tried by both dJelen et
al. (1979a) and_Ham?ﬁton.(1978). Jelen foﬁnd'the fr;eze thaw
effect to slightly reduce the protein recovery as compared
to aéidification at room temperature. Ffeeze‘separation,
which 5nvo]ved s§paéating the frozen water fﬁomythe |
concentrate by f‘ltration proved difficult due to an?f

increased viscosity caused by an increased concentratiom,
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wh1ch subsequently made ice separat1on a problem (Ham1lton

l‘1978) Although‘thns T?thOd requ1res less energy than |

evaporation, it is sti]l emergy intensive.

%

2 2 8 Sensory Evaluat1on

Sensory evaluatlon was carr1ed out ‘on aJKal1 extracted

G "

'beef protein concentrate alone (Jelen et al., 197%a) and as -

a replacement for a port1on of the meat in. comm1nuted

v;'productsz(delen~§t;gi., 1979b; Ham1lton '1978) ‘Alone, the

éoncentratesjwere‘fQUnd to be "b¥hd, lackxng the

TK-ChapaCtéfistlc-meaty flavors, and relat1vely free of

"

;ob3ect1onal off flavors, (delen et al 1979a) The ac1d

b)) -~

'and freeze thaw‘preC1p1tated protelns were found to have
better textural qual1t1es than the ac1d heat precxp1tated

prote1ns

I

Incorporat1ng the concentrate 1nto lﬁhcheon meats
/

' showed a) no s1gn1t\§ant color change w1th up to 20%

concentrate b) a sl1ght decrease in Kramer Shear cell peak

‘force texture measurements with 1ncreased concentrate w1th =

@ maximum suggested level of 15%; c) a threshold value of

. 15% for flavor and overal) qual1ty (delen et al 1979b)'

. However, 1t was suggested that this threshold level may.

increase_w1th apphoprmate formulat1on adJustments.'Hamllton.'

{1978) found that at 50% replacement a sligﬁtly greater

_'welght loss due ‘to cook1ng (.6 to 1. 6%) occurred alOng-with

a sllght decrease in gel strength (1.21 to .98, kgf) while

- the mater1al d1d/not change in color.

o
S

S o e 8




=1

S 26

- ——

v2t2t9 Chemical and'Nutritionaleodifications Due to Alkaline

Processing

‘The extent of amino acid modifications due to alkaline
process1ng is’ heav11y dependent on the sever1ty of the
process, i.e. pH temperature, andftetentton t1mer

Modificat1ons of primary concerntare the'formation of "toxic

or non-metabolizable amino -acids and'thé reduct ion of

essential aming;adfds}

Severe alkali treatmentsﬁof proteins are Kknown to caus%

“destruction of;certatn.amino acids, i.e. lysine, cystine,

. arginine, threoninexand”serine (B]ackburn; 1968; Mellet,

1968; Provansal-et al., 1975) . Provansal et al. (1975).
working on sunfTower protein found. s1gn1f1cant ]osses

ccurr1ng only dur1ng severe treatments (>55 C, >pH 11.5, 1

fkyr), while on]y cyst1ne was affected by milder conditions.

nder essent1a11y a]Kal1ne hydrolys1s conditions . (pH 12.9,
0° C- 16 hrs) arg1n1ne and cyst1ne were totatly'destroyed
1th ser1ne and threon1ne losses of 55% and 82%. De Groot

and S]ump (1969) carr1ed out s1m11ar experlments w1t;

sh rter maximum retention t1me of 4 hours (Table 4).'The

ity of amino actdsiremained'retative]y constant or

incre sed'in concentration. S1gn1f1cant cyst1ne destruction

]

‘occurred above 40°C at pH 12. 2 (70% destroyed at pH 12.2,

though tlme dxd not appear to be a factor. Lysine and

educt1on occurred only at h1gh pH and temperature

, >60° C) Alkal1ne treatment of f1sh showed s1mllar

trends (Carpenter et al., 1952). As the maJor1ty of food-

# L
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prdteins.are limited by‘either sulphur containing amino
acids or 1ys1ne, their destructlon will reduce the prote1ns
qutr1t1ve value (de Groot and Slump. 1969) .

- Under mi lder cond1t1ons, i.e. pH 11, and room

temperature‘ Meihke et al., (1972) found an increase in a]l

' essent1a1 ‘amino acids over fresh fish, except for

tryptophan, whose d1sappearance could not be explained.

However, Golan and Jelen (19791 found isoleucine, ]ySine,

methionine, phenyla]anine and tryptophan to drop in

concentration over fresh meat muscle, though they all

exhibited an expected 1nerease over the raw ground bone .

~ material.

The pereehtage'df essential amino acids of the .
extracted fish protein concentrate‘was found to be higher
than either fresh fish.or isopropanol extracted eoncenfrate,

(Meinke et al., 1972). Similarly, this was found with

'aJKa1mne‘extracted beef protein ‘concentrate which was higher

than mechanically deboned beef (Golan and Jelen, 1979). This ‘
3udgested a better removal of bdne co]lagen: commective o
tissue and ihorganie bone* material.

Provansal et al., (1975) found'that isomerization of
L-]ys1ne to D-lysine became s1gn1f1cant at pH 11.5; 80 C,
and one hour, w1th marked 1ncreases as sever1ty 1ncreased

Similar results were shown to occur with cystine,

_methionine, alanine, tYrosine, phenylalanine, and aspartic

~and glutamic acid (Hill and Leach, ) ; Po]]ock and

Frommhagen, 1968). Nutritiénally, th1s is 11Ke1y to reduce

B T W S i e
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‘the ava11ab1]1ty of the proteins, as D- ]ys1ne and other

D-amino ac1ds are not b1olog1ca11y ava11ab]e to organlsms
(Berg. 1959) . . T

a 2.2’¥b Production of New Amino Acids

Several new amino acid residues have been found as a
result of alkaline treatment of prote1ns These were
1dent1f1ed as 1ys1noalan1ne, lanthionine, ornithinoalanine,

orn1th1ne. and alloisoleucine (Aymard et gl.,'1978; Bohak,

e et A

1964; Freidman, 1977; Friedman, 1879; Finley and Frfedman,
1977; Finley et al., 1978; Rrovansal et al., 1975: Slump,
1978; Sternberg et a}., 1975a; Sternberg et al., 1975b;
Zeigler gi gl;, 1967)..These'amino'acids appear tpvbe
derived from serine, cystine, lysine, histidine, arginine
 and.pos§ib1y‘tryptobhan (Finley et al., 1978; Finley and
Friedman, 1977) The presence of 1y51noalan1ne (LAL) has

: been reported to reduce prote1n d1gest1b111ty and : R i
prote1n ut111zat1on (de” Groot and Slump, 1969) along with
caus1ng K1dney damage in rats by rena] 1es1ons' | B
characterized by nuclear and cytoplasmic enlargement 1n rats
(Gou]d and MacGregor 1977, 0’ Donovan, 1876; Woodard and
Short, 1873). However.»thjs nephrotoxic effect apbeared to
be species,specﬁfie to rafs; as mice;?hamsters, dapanese
qdail ‘dogs and monkeys fa11ed to exhibit these symptoms
(Geuld and MacGregor, 1977, Sternberg et a] 1975a).
Al;hopgh.{Hese alterations were noticed when nats were‘fed

soy protein, subjected to alkali treatment (Woodard'and T




‘of'proteins and nephrotoxicity in ratstmay result in

| measurable amounts at56O'C (3900-4900 opm).-Howeyeg,/f_
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Short 1973),,0ther workers - were unable to dupl1cate these
results (van Beek et al., 1974 without ‘feeding LAL as a
free amino acid (de Groot et gl.}‘?978). Finley and Friedman

(1977) suggest that the poor correlation between LAL content

..

contr1but1ons from other cross]1nked amino ac1ds However

>

the re]at1ve sens1t1v1ty of man to LAL or other new am1no
ac1ds:1s unknown, as present data suggests a marKed
differential susceptibility amongst épecies'to the_induction‘
of this lesion (Gould'and MacGregor 1977) Furthermore‘
Gou]d and MacGregor (1977) suggest that "it is likely that a
number of factors other than simple dietary LAL content
determine the b1olog1cal.response to alka11-treated
proteins”. _ _ | Y

Production.of the new amiho~a¢ids,have_been.foundfto be

' dependent on the severity of the alkali heat treatment, i.e.

pH, temperature, retention time and the protein source
(Table 4) (de Groot and Slump, 1969; Sternberg et al.;
1975a; Sternberg and Kim, 1977). With alkali-extracted meat

~protein products (pH 10, 2 hrs) Swﬁnglernand.Lawrie (1879)

found only trace amounts of LAL at 20 and 40°C with T

-

Sternberg et al. (1975a, 1975b) have found tAL/fh/a number

of codked products at low alkaline condi ions. Furthermore;

they found LAL in heated products wh1ch were never subJected

to an alka11ne env1ronmen1 /LAL has also been found to form 'ﬁdgt ,

in fresh eggs after seyera] days stonage (pH 9.0)
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111ustrat1ng very m1n1mal heat requ1rements (de Groot et

“al., 1978): As such then, humans have been exposed to

pyote1naceous mater1a1 conta1n1ng LAL s1nce-process1ng (i.e.

cooking) was started. It is perhaps more important that the

LAL content in proteinaceous materials becomes an index of

»

/

overproCessing of the food (Szfrnberg et al., 1975b}).
. R ’;" ! “ - . - .

2.3 Prote1n ExIraction us1nq D11ute Galt Solut1gg

Recovery of salt soluble musc]e prote1ns (sarcoplasmic -

and myof1brjllar).fr0m bone wastes is of primary importance,

- as the nOn-soluble'connective t135ue proteins, collagen and

elastin, are of a much reduced nutr1t1ona1 value for humans .
';rcop1asm1c prote1ns are read11y extractable in 1ow ionic
ffength (<.15) buffers or in water,'whereas, “the
myofibriltlar phote1ns_requ1re intermediate to high:ionic_f
SthengthAbu?fers (.15 -.5) (Forrest et al., 1975). In
cOmparison;_the conhective tissuewproteins are ohly‘very‘

$1ightly soluble in‘low/or high ionic strength solutions.

The sarcoplasmic proteins account for approximately 40% of .

the muscle protein.and'contribute‘to'the color and f1avor'of -
the meat by réacting with the carbohydrates preseht_in‘meat
during the cooking (Lawrie, 1974; Hamilton 1978) The
'myof1br111ar prote1ns account for approx1mate1y 60% of the
muscle prote1n, and are respons1ble for - the phys1ca1
propertles, such as gel formation, water binding and heat ¥“

coagulability. v
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. sources has been examined by a number of worKers Dye et

_protein frpm cod and halibut at. 5°C hn a neutra] saﬂ@
»,myofibrilla protein. PreCipitation of ! the proteins oo&ur

- 60 -_70%_of t\e_max1mum\protein extractable, even a an\ .\’
. , oo \\

‘above 6 5 with an ionic strength above 48 The yield varied \

Sa]t extraction of proteins from both’ plant and

al. (1950) reported extraction of 85+ 95% of fié‘ musc |

\

\

solution (pH 7 - 9) w1th an ionic strengthfof 5 k]i

represented essentially al] the sarcoplasmic and \ ! \
|
1 |

through a dilution with 10 volumes of water However Wein
\

et _l (1972) were unable 'to dup]icate this obtainin ,on]

|

increased pH'O\

11.1. | | \\\ Lo
Young (197 }

) extraCtediprotein From_mechanica]iy i

§

deboned poultry meat using eitherineutral or slightly acid\% _

salt soiutions Max1mum extraction yields were found at a ptngi

neither with temperature between 3. 5 - 13°C, nor with a

retention time above 2 hours. Dilution of 1onic strength to KVi-‘
.2 or lower preCipitated 71 - 75Y% of the soiubie protein |
lsoelectric preCipitation/at pH 4.5, with an ionic strengtha‘

of .4 increased the yield to over 90% of the solub]e

protein Increases in the 1onic strength to 3 Significantiy

1ncreased the percentage” yield with isoelectric

precipitation. However, extraction ©f already separated,
mechanically deboned protein seems'redundant. Young (1976)

also extracted proteins from the bone residue of

.mechanicaiiy deboned chicken necks and backs,‘usingva

neutral or alkaline salt solution, producing an isolate
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. containing 60 - 65% protein, 23 - 25% lipid, 5 :\10% ash, 4
- 6% moisture. The sé]ubility‘and,emu1sifying capaéity-were
found to increase with increased pH, and to a slightly

- lesser extent with jonic strength. The relatively low
appaéent yields would most likely be due tb'thg high
collagen content (skin, etc) ih the bone residue, which is

essentially non-soluble.

2.4 Hbt'Renderinq |

For many years, the only meIhod'of upgrad{ng abattoir
byfﬁréducts to‘a_useable product,‘was by hot rendering
. (Young, 1980; Wi]aer, 187.1) . However, thisvprocess~which
separated the fat, waterﬁahd protéihaceous material, was and
still is primarily used‘for preparatidn of animal feeds
rather than human food. The high percentage of connective
tissue, primarily collagen, whicﬁ-is defiéfent in many of
the é;séntiai amino ac}ds and,totalylvoid of tryptophan, -
 wi -kbonsiderably reduce‘the n;tritive value of théiprbtein
pv duct (éastoe, 1955; Neuman and Logan, 1950; Wilson,

1969). Extensive denaturation and loss of functionality of

t proteins‘due to the heat treatment, along with a 1arge a

variability in composition and nutritive va]qevof the .
érbduct (Atkinson aqdaCarpenter,‘1970; Pritchard and Smith,
- 1857) réduced its appeaT for human cohsumptidn. A]th0ugh
"this bbogéssingqis very -severe, it_has been shown that most‘
‘of the functional and nutritional qualities of the rendered

prodUct is dependent on the raw materials (Skur}ay and

SR
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Loquist et al., 1962).

" such as ficin, papain, bromelain, or funga!l proteases

i
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“Cumming 1974; Skurray and Herbert, 1974; Bremner, 1976). Hot

rendering to produce human qfade pﬁoteins has been tried,
though the functionality of [the broteins was reduced, and

the process required tighté# control than usual (Anon, 1875;

Young (1980) has reviewed several improvéments to this
basic method that have been'suggested by various patents and

reports. Most processes incdrporate lower heat, and a

shortgr time with subsequen céhtrifuga}ion to separate the

sQlids and liquids, producing higher‘dua1ity protein meal

 §nd fat. Hamilton (1978) menftioned a. process of ultra low

temperature rendering, which|produces a raw meat 'emulsion of

‘reduced fat content, similar in compoSitjon and -

: perisbabi]ity to MDM, though he did not specifically state

the process.

~

2.5‘En£ymat1c Hydrolysis

Solubilization o%_meat‘proteins which allows for a

’subsequent separation of the fat, bone material can be

acComp]ished by the use of exogenous proteolytic ethmesv

(Criswell et gl., 1964b;vWHitaker, 1877). Along with
solubf]jzihg the mycsfibrillar and sarcoplasmic proteins,
these enzymes also act on the connective tissue proteins,
collagen and elastin (E1-Gharbawi and Whitaker, 1963;
Hindricks and Whitaker, 1962; Miyada and Tappel, 1956; 7
Yatco-Manz and.WHitaKer. 1962) . Cniswél] et al. (1964b) and "
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\
N,

“Connelly et glt (1966) studied the use of fungal proteolytic
enzymes for prote1n separation and were able to prcduce a

mater1a1 with 70 - 74% protein. However, the nutr1t10nal

quality of the protein was reduced due to the possible high

coilagen content‘(Miyada»and Tappdl, 1956, Hindricks and
Whitaker, 1962). These products\were'suggested for use only
as animal feed.’ - |
A second use of enzymatic proteolysis is the
sclubittzation of otherwise non-soluble. . protein h
concentrates, specifically fish (Archer et al,, 1973;
Cheftel, 1977; Hevia et al., 1976). The initial solvent
extraction methods oficroducing these concentrates denature
the proteins, destroying many'ot'the'functiohal properties
(Whitaker, 1877). Enzymatic proteo]ysts can resolubilize the

proteins to enable a greaterAUSage, though may cause the

- production of bitter peptides (Hevia et al., 1976).
¢ ’ o

; . : \
2.6 Acid and Alkaline Hydrolysis\

Acid hydro]ysislsolubilizatiah of meat prctetns is a
more rap{b procedure than ehzyme hydrolysis, though it ts
.usualJy more destructive. Criswell et gl. (1964a) have found
that a few.amino acids‘Were destrcyed along with almost
complete destruction cf tryptcphan. Isomerization of -some
am1no acids also occurs {Provansal et al., 1975). The .
nutr1t1ona] qua11ty of the protein material is reduced due
to the h1gh concentrat1on of collagen and elast1n The. use

of heat with acid hydrolysis further reduced the
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‘functionality of the protein. At present, this process has
been onlyipuggested for production of animal feed (Criswell
t al., 1964a).

Alkaline hydrolysis (high pH, high temperature) was |
:suggested not to be used due to slow kinetics of the
‘reaction, possible soap formation (Criswell et al., 1964a)
along with numerous undesirable chemical modifications which
may occur in such severe cond1t1ons i.e. isomerization,
/am1no ac1d destruction, and new amino acid formation with
possible toxic side affects (Provansal et al., 1375; de

Groot and Slump, 1969).

2.7 Solvent Extraction and Separatioh

Solvent extraction of proteins has been used primarily
in the product1on of prote1n isolates and concentrates from
vegefable and ftsh sources. Various solvents such as
1sopropyl alcohol, hexane, acetone, ethylene dichloride are ;
used alone;vmixed with water, mi xed together or used in
succession (Amon, 1966;. Criswell et al., 1964a, 1964b ;

Levin, 1970; Toledo, 1973; Tannenbaum et al., 1970a). The
product 1s usually very blahd with no off flavors and an
almost complete loés of functlonal1ty (Whitaker, 1977),
spec1f1cally solub1lwty, whr;ﬁ causes a gritty mouth feel.
Consequently, most of the con entrates must be used in}paked
producls; such as bread, pa/ta and cookies, in low ;
condgntrations (Toledo 19%2). Toledo (1973) suggested the'

use of a. low temperature extractton to preserve some

A
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functionality, but this requires over three times the volume
| of isopropanocl-water fotution. This product has been shown
to haVe good water aqd oil binding properties. Other
processes, like the %iobin process (Levin, 1970), using an’.
azeotropic mixture o# ethylene dichloride, and the method of
Criswell et gl.,‘(t964a) of floatation separation of fats
and proteins in carbon tdtrachloride, are used for the .
production of animal.feeds. Nash and Mathews (1971) used a
"modified carbon tetr;chjoride separation method with
subsequent purificatton by alka]i~extraction or size
separatiOn to produce a product su1tab]e for 1ncorporat1on
“into baked goods, ‘though this procedure is rather long and )
partially redundant. If this protein concentrate requ1res
resolubilization, either alkali (Nash and Mathéws, 1971;
Tannenbaum et al., 1970a, 19;Ob) or enzymatic so]ubi]ization
(Cheftel, 1977; Hevia, 1976; Archer et al., 1973) is |
required, maKing it .a lengthy process. Possible
contamination of the final product by toxic chem1cats, such

as carbon tetrachloride increases the risk of such’ a

recovery method.
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2.8 Summary

Each of the preceedind protein recovery methods have
drawbacks which limit the feasibility of utilizationj The
very rapid mechanica1 deboning method, characterized by\a
miniéel loss of proteinbfunctionality,'is presently the most
desirable method. However, it is not without weak points,
such as high fat content, pqssibte high fluoride
content,presence of bone chips and loss of useable pnotein
in the residue.

Determination of a suitable gfethod of reogzering tnis‘
drotein is partially dependent‘on the final products ueage.
Solvent.extraction and hot rendering are both suitable
me thods if.tne product is to be uséﬁ for animal feed where
functionality is of reduced concern. The cost ofrihe process
is high in both casee. Enzymatic or acid/alka]ipe hydrolysis
‘are both ]engthy, severe processes, caUSing\the '
solubilizatien of collagen and production of-othen
non-desired compounde. The use of a-di]ute salt‘ngﬁtion ’
extractidn can produce a suitable protein concentrate, at

the expense of a ve&ﬂk%arge waste water problem caused by
the proté1n d11ut1guiﬁﬁlt concentration step.

1

‘AlKkaline extnf can be conducted relat1ve1y rap1d]y
(1/2 hour) under conditions which have a 11m1ted effect on
the functional and nutr1t10na1 qua11t1es The product is of
human consumption grade, and of" h1gh protein . qua11ty The‘

operational costs are lowf(requ1r7ng on]y water, NaQH, acid

o - 7




o

' 39

-

~and raw mater1al) though the cap1tal equ1pment costs may be-

i

thigh The 1nherent waste water productaon is a problem,

'“; though of 11m1ted magn1tude when compared to the dllute salt

N

‘solut1on extractlon waste The process is also relat1ve1y

51mp1e W1th a 11m1ted number of steps W1th th1s in m1nd

the low temperature alka]1ne extract1on process was chosen
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"detr1mental effects to

\ 1 3. Methodology

v 3. 1 Mater1al Source

Mechanlcally\deboned poultry bone res1due from chicken
" necks, backs ‘and spent layers processed by a Beehive
mechan1cal deboner Qbs obtained from a local poultry
'processmg plant. The\ resijdue was kept at 4 C, unt1l used ."

(within the sane day ak

rote1n solub1l1ty caused by
‘freezlng, as found w1th.fi%h products fMeane et al. 1972ltm
bdls not allow for a frozen storage of the mater1ll er_,
subsequent usage thus shveral batches had to be used. Total
sh determ1nat1ons were conducted

&

on the raw materlal The on~homogeneous nature of the t

'sol1ds, prote1n ’fat ‘and

~'mater1al requvred that large samples\be analyzed One

' Kllogram samples were freeZe dried, then defatted us1ng the

Y

_sqxhlet procedure The drléd defatted samples were then

\
finely ground and a prote1n\analys1s done on twelve samples
HSl\ samples were ashed \» o .

3:2 Alkaline Extraction _ '\*‘ . .

esidue was. nixed uith
\
d1st1lled water at a rat1o of 1: l 25 as suggested by delen

Mechan1cally deboned bone

t 1. (1978) A 1OA by weight NaOH solution was. used to

——

-adJust the flnal pH of the m1xture\to pH 9, 9.5, 10, 10.5,
ll. 11. 5 Final pH after m1x1ng was\used as the control

8 factor, as the pH decreased durlng mt ing. This mixture was

40

the re51due wqg processed)- Possible
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‘alkatine extracts from four runs were mixed together ‘and

K

- -thoroughly mi xed in a Turbula tUmbfer (WAB, Switzer]and) for

-30 m1nutes at room temperature (22°C = .'2'C) The mixture was
»subsequently centr1fuged at 4000 rpm_(average centr1fugal
force 1750 G) in a J-21. Beckman centr1fuge with a dA-14
rotor, for 15 minutes at 4°C. Centr1fugat1on occurred at 4°C.

to aliow for sol1d1f1cat1on of the fats for easwer

'separatxon. The extract was then separated from the bone

residue and a vast majority ot the fats, by pouring the

extract through several layers of cheese cloth.AToereduce
possible d1fferences caused by var1ances in the.raw material -
character1st1cs (i.e.\fat, prote1n. bonevconcentnations)

s

stored at 4°C pr1or to further process1ng Total extract

’“volume, total sol1ds, prote1n, fat and ash determinations

were recorded Analyses of extracts were conduc!ed in

tr1p11cate

3.3 Protewn Prec1p1tat1on

The extract pH was adJusted to pH 4. 5 5.0, 5 5 6. 0
and 6.5 using 8.2M acetic acid, 6. 1M hydrochlor1c ac1d 7. 3M
phosphor1c ac1d or 6. OM su]fur1c ac1d The ac1d was added
slowly to. the v1gorously st1rred extract in a baff]ed
container to prevent pocKets of h1gh acid concentrat1on.kThe
.solutlon was centrtfuged at 5000 r.p.m. (average centrifugal’
force 2460 G) in a J- 21 Beckman centr1fuge with a JA- 14

Q-
rotor for 15 m1nutes at 4°'C to aid sol1d1f1cat1on of any

N,

'rema1n1ng fats in the supernatant The supernatant andk

ar
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precipitate were separated, collected and kept at 4°C-until
analyzed. Triplicate a yses Qf'thevprecipttates-for total

sdtids..protein, fat, ater‘holding‘capacityyand ash were

~

‘carried out.

3. 4 Water Hold1nq Capac1ty

‘The water hold1ng capac1ty of the prec1p1tates was.

:determ1ned using a method descrtbed by Bouton et-al. (1971,

t972), Three to four gram samp]esawere centr1fuged}at

| 100,000 G (30,000 r.p.m.) for 1 nour in a type 30 rotor .in a

~Model L2-65B Beckman Ultra. Centrifuge. The expressed juice

was drained and the final weight determined. Results were

expressed in grams water retained per gm of dry so]wds
~ ‘ 4
Samples were run in tr1p11cate

3. 5 Lys1noalan1ne | |
| Mechah1c*k&yadeboned bone res1due was extracted at pH .

9, 9.5, 10, % 117.5 u51ng the previously descrtbed

A

" procedure. Sahbtes Qere extracted and” Kept for_1) 4, and 16
hours at 22° C, 35°C, and SO}C The presence'and |

'kconcentrat1on of 1ys1noa1an1ne was determ1ned at the Dept.
of Blochem1stry, Un1ver51ty of Alberta (Edmonton)‘ A Dioner

.(formerly Durrum) D 500 Amino Acid analyzer was used wﬁﬁ&sa

50 cm x 175 cm column packed with Durrum type 6A resin (8 *

2 u) wh1ch was 8% cross]1nked ;}he 1ocat1on of LAL on the

' recorder was determ1nedrus1ng a standard LAL solution.
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- Approximatefy 5 mg of fat free dry sanples'were
'hydroiyzed'inS_ml_df 6 M.-HC1 at 110°C for 22 hours in
vacuum sealed .glass fube;. The hydrolysate was dried oven
sodium‘hydroxide pe11ets‘in,a vacuum dessicator. The dried
hydre1§sates were dissolved in a sodjhm citrate buffer at pH .

- 2.2., and the LAL determination carried out.

3.6-Analytica1 Procedpres

3.6.1 Total Solids

|

Total solids: of the raw materials, extracts,
'prec1p1tates and supernatants were determined us1ng a vacuum
oven method The extract or prec1p1tate was thoroughly mixed

and 8 - 15 gm samples placed in a vacuum over at 80 C for 24

hours. Samples were run in triplicate.

’$3.6.2 Protein a ‘ |
Tota] n1trogen content of the raw mater1al extract and
prec1p1tate were conducted in tr1p11cate us1ng the
micro- KJeldahlumethbd (ADAC, 1975)", Crude protein was
ea]cu]ated'as % nitrogen x 6.25. - ° | Cw
| The protein content of the. supernatant was determ1ned

2

using the Biuret method, (Gorna]lagl gl.. 1949)
3.6.3 Fat |
Crude fat eontent was determ1ned in tr1pl1cate us1ng

‘the Soxh]et method ADAC, 1975)

_fﬁ.‘ﬂ
E=



3.6.4 Ash - _
Ash content was determined in tr{plicate by
incineration in a 550°C muffle furnace until obtaining

constant weight (ADAC, 1975) .

g



~

.

- %
B

i

4, ResUlts;and'piscussion

4.1 Raw Material

The raw material analys1s (Table 5) shows a similar raw

material comp051t1on to that used by Young (1976) A1though

relatively Jarge samples of initially one kilogram were

.analyzed , large differences were found; especially in fat

contents, between samples from the same batch, and more

j not1oeab1y between batches from the same mechanlcal deboner

D1fferenoes11n-the source material used, i.e. necks and
backs/, neoksl backs and spent layers, will affect the
associated*witn certain rah materia]s (1 e. would -
cause an 1ncrease 1n the fat and col]agen content. Ana]ys1s

of res1due from strictly necks or necks and backs was not

.conducted. The maJor1ty of the extract1ons‘were done on
necks and backs bone residue, thougn the specific source was

‘not'identified'for each extraction The h1gh protein

concentration (13 - 15% ) is due pr1mar1]y to the co]lagen
content from. the skin and connect‘ke tissues which remain
‘with .the res1due (Satterlee. 1975) It was not expected that
t alkal1ne solvent would extract any apprec1ab1e part of

th1s protein, as the collagen w111 not solubilize at the

'relat1ve]y low. pH and temperature used (Duerr and Earle,
. .

1974 Golan and de]en, 1979).

‘composttiOn of the residue. The large amount of fat and skin
nZst{

.



Mass Balance and Proximateé~
Poultry Protein, (from Mechanical Deboning Residue), at t'

. Four Processing Stages, (pH 10.5 Extraction; Basis of :
1000 gms Residue; 1:1.25 Residue/Solvent Ratio) '

Total
- wt. (gms)

Water

%

Total
Solids-

Wt.(gns)

Cl
\

-Protein
wt, (gms)
5 :

- Fat
wt.(gms)

o

Ash

[
.0

wt. (gms)

wt. (gms)

Mechanical
Deboning
Residue

1000

530. - 620
st - 62

380 - 470
38.- 47

130 - 150
13 - 15

160 - 200
16 - 20

80 --110
8 - 11

ate

Table 5

Extract

990

945 - 955
95.5 - 96.5°

35 - 45
3.5 - 4.5

24 - 28

2.4 - 2.8

<16
<1.6

. <1.5

<0.15
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alyses of Alkali Extracted

T

Precipitate Supernatantf~

pH 4.5 - 6.0 pH 4.5 - 6.0

230 - 1315 760 ;/975

198 - 285 754 - 666

85.9 - 90.7 99.3 - 98.7

32.5 - 29.8. ° 5.5 - 8.2

14.1 - 9.5 0.7 - 1.3
245 -21.4 2.6 - 5.3

10.7 - 6.8° 0.3 - 0.8

<6.4 <4.8

<2.8- <0.7.

<0.8 <0.7

<0.4
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4.2 Extraction

Reduced processing cQsts Qt room temperature extraction
au?ng with limited benefitf shown for increasing-extracticm
temperatures above ZQ“C cn'extraction;of‘sarcoplasmic and
nyofibril]ar proteins, make room temperature extraction

- preferable. Hamilton (1978)} showed no effect of increased

‘temperature on protein yields from beef material, while Hamm

and Deatherage (1960) found a detrimenta] effect upon
increasing temperature up to SO'Cf Most examples of
increased yield were accompanied witn a substantial. increase
in col'lagen content (Swingler_and Lawrie, 1978, Duerr and
Earte, 1974),.along'with increased risk of hydro]ysis,
racemizatipn and,_ new amino.acid formations<00curing. The
“high degree of denaturation and loss of functionality above
BO;C makes high temperature extrection very detrimental; For
these reasons, room temperature extraction was used. |
A mixing time of 30 minutes was chosen, as work by

‘Hamilton (1878) and Jelen gi gl.f(1979) nas shown a nigh'
npercentége extraction with this tﬁhe, with 1ittle
improvement with 1ncreas§d time. Again, it also reduced
| possible detrimental effects such as hydrolysis“

| A solvent -to res1due ratio of 1.25:1 was chosen toi
reduce waste prob]ems connected with h1gh supernatant (whey)
Jproduction. Reduc1ng the ratio further ‘was found to have a
detrimenté1 effect on the subsequent precipitation step. A
high prote1n concentrat1on will produce a very viscous gel

when approach1ng pH 9 which prevents a proper d1spersa1 of

)
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-acid into the product, 1eading:to the 1ncfeased l1ikelihood
of high acid concentration pockets. Jelen et al. (1879) and
Hami 1ton (1978) also found optimal solvent to Eesidue ratios
around ihe 1.25:1 range. |

Results of the effect of extraction pH on the extract
volume and the amount of protein extracted is shown in Figs,
3 and 4. FRg..3 shows th&~results from two samp les from the -
same batch of r%wématéfial, while Fig. 4 shows the results
from three samples from two different batches. Both curves
exhibif a similar ‘trend with é max imum extréct vo]uhe
between pH 9.5 and pH 10. Thé drop in extréctién vOlume'

‘below pH 9.5 is attributed to the substantial increase in
viscosfty of the protein‘slurry which was éimilar to that
found by Jelen et al., (1978). Hamilton, (1978) presented av
curve shoﬁing no decrease. in extract volume above éH 10,
though he choose to ignore a point‘on‘h}s'graﬁh, showing
some peaking near pH 16. The difference ih,soﬁrce material

.(bgef or pogﬁtry) may also accOUnt’}or this difference.
_Meinké.gi at, (1976) showed a similar trend-using'fish as a
source maferiél, though the analysis appeared to be
cdnducted over ‘larger pH intervals, thereby'poss{biy issing_,
theﬁslight‘rise. Increasing the pH above pH 10 may_causé
excessive swe]]ing.in'the connective tfssﬁés, which could
accounf for an increased entrapment of the extfacttythereby
reducing thé’extract volume. This would be more noticeable
in the mechanicél]y deboned residue than in the ground meat

samples usedkby Hami]ton‘and.delen'dué to the higher Content
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of skin. “

The relative protein yield (grams of protein/100 grams
of bone residue) was depéndent on the extract volume and the
concentration of the prptein in the extract. Increasfng the
extract pH above pH 10.5 to pH 11’or 11.5 showed little
(Fig. 3) or no (Fig. 4) increase in the total pratein
extracted, due to thd decrease in extract volume. Extracts
above pH 11.5 were not obtained. Thg increased probability
of hydrolysis, racemization or new amino acid formation
Occurring} connected with these elevated pHs makes this pH
range unattractive. Subsequently, an extraction pH of 10.5
was chosen for use in all the remaining work.

The difference iﬁ the two curves'%s attributedmto
diffebences in the source material and thé%f compos,itions.
Ihéreaéed bone,- skin and.fatlcontent\(causing'é subsequent
drop in extractable protein) may cause an increase:
entrapment of extfact in thgvcentr}fuged Bone and skin
residue. Thé lerr protein coritent in the extract,
correlating with the reduced extract volume sHownAin Fig.3
agrees with this. | |

During the extraction mixing peress, it was also noted ’

that a correlation existed between the state of the fat S
globules and the pH. Below pH 11.0, the fat remained iﬁ
small globules, interspersed  throughout the media. However,,
at a pH of 11 or above, the fat globulesvﬁgglomerated
tdgetheri forming g]Qbu]es Qith a diameter of 1 tg 2 cm

which rose to the surface if the mix Wéfe‘allowe&fiof “

2\
L2
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- several minutes before centrifuging.

/

4.3 Precipitation

‘A high protein concentration coagulum (precipitate) and
a low prote1n concentration supernatant ("whey") were
produced upon reduc1ng the pH of the extract. Fig. 5 and
Table 6 show the effect of vary1ng the final pH between 4.5
and 6, and using different acids (acetic,‘hydrqchloric.
phosphorjc and eulfuric acid) on the total scolids of the
precipitate and the % protein (dry Qeight)a The % total \
solids follows a general. protein solubility curve with the
lowest solubility betweem'pH 4.5 and 5, similar to»that for
fish protein (Meinbe et al., 1972), and beef protein (JeYen
et _lh, 1979; Hamilton, 1978). The water holding capacity of
the prdtein coagulum followed a-curve (fig. 6)'§1milar~to

that found by Hamm (1960) (showing bound water vs pH of beef

muscle), with a minimum water holding capacity near pH 5.

™~

Differences between acid types on total solids of the
precipitate'were'minimal though phosphoric acid appeared to
produce a h1gher total solids at pH 5 and pH 5.5
(s1gn1f1cant1y Q1fferent at 5% 1eve1) than the\other acids®
Acetic acid also showed a lower total solids at .pH 4.5
(significantly different at 5% level).

The percentage of protein invthe dry matter-does not

: éppear to be dependent on the precipitation pH (Table 6).

However, hydrochloric ac1d does show a higher percentage of

protein at pH 4.5, " 5.5 and'ﬁno, (s1gn1f1cant1y d1fferent at
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_~3L ' . ‘ . : ‘Tabl'e,6 g

n " Effect of Precipitation Acid on the Protein |z
S ;'ContentCOf the Precipifate'(d.w.)

R SR - 3 @

. B b._m ' -~ . pH

o — _ . —
“Acid . 45 5.0 5.5 T~6.0

—

Acetic ' 713 (.80 74.1 (.8) 73.5 (.6) 73.0 (.7) — %

‘Hyerchloric o 75.2%(1.1) 75.4 (.3) 75.4°(.6), 75.3°(.6) 'A-\\\\‘*\\\s\

Phasphoric 71.6 (.5) 73.4 (.9) 72.9 (.3) 72.7 (.8)

o Sulfuric 7.8 (.5) .74.2 (.6) 73.5 (.4) 73.2 (.8) :
| - * standard deviation o . &
"a,b,c significantly different at B#1 within each colum ‘
analysés were run-in-quadruplicate
P ‘ N L
5§' oE )
o
N v
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\‘5% level) than the other three acids. Jelen et al. (1979)
vproduced'a»coaéulum with a higher protejn}content A
‘(approximately”BO%)'”However,‘this was-recovering protein
from beef with a hIQher 1n1t1a1 prote1n concentrat1on, of

f’QiWhch there would be less cotlagen The raw material

(M.D. P R ) used in this research wou ld also have a higher-._ -
bone content ' N
ths. 7 and 8 show the effect of extraction pH,

' ppecipitation pH, and acid‘type'on the protein concentration

_of theQSUpernatant and the volume of the.supernatantﬁ The | ’
" specific points shown are for a hydrochloric acid ‘/////?/(//////

precipitation, though the 95% conf1dence 11m/LS/a///shown

_ | comb1n1ng the results of all f 1ds The “hydrochloric

| acid supernatant volume ‘and prote1n concentrat1on appear to
dev1ate on]y sllghtly from the 95% COnf1dence limits at the
h1gher PH (pH 6.3 - pH 6.7). . |

The supernatant exhibits close to a 250% 1ncrease 1n

<p§ote1n concentrat1on between pH 5 and pH 6. 6 'whereas the P

vo]ume decreases by less than 20% The total pro‘ in in the

! ‘~;j ‘ supernatant at pH 6.6 1s therefore approx1mate1y tw1>e that=
‘at pH 5 0. As seen in Tab]e 5, th1s can account for 10%\to

° | ‘20% of the tota] extracfed prote1n wh1ch would be a’
s1gn1f1cant loss Consequentt;, the total prec1p1tated ,
protein decreases at the h1gher pH A change in pH from pH
5.0 to pH 6.6 wou]d effect a 12% decrease of prec1p1tab1e
prote1n

. The proteTn lost to the supernatant is of sxgn1fwcance
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O pH96 EXTRACT, HClI PRECIPITATED
O pH 994101 EXTRACT, HCI PRECIPITATED

- O pH 10,5 EXTRACT, HCI PRECIPITATED .,

'O pH 1.0 EXTRACT, HCI PRECIPITATED

I 95% CONFIDENCE LIMIT with HCI, ACETIC
' PHOSPHORIC, and SULPHURIC ACID
PRECIPITATES AS REPLICATES

:

Figure 7

N ‘

pH 50 51 52 53 51. 5.5 56 57 58 59 60 61 62 63 64 65 66 6.7

Effect of Extraction pH Prec1p1tation pH and Ac1d
on Supernatant (95 of Total Welght) .

LR 0%
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'prec1pqtat1on pH to\Dse, or whether the process is

~HCI) would also a1d in the solubilization of sol

precipitdted proteins, and may~not be usable under

j and greatly reduced. the proteinhfunctionality.‘Reoycling

. this may be 1limited by m1crob1ologlca1 cons1derat1ons or

'Poncern over the numerous alkaline treatments and the1r

- 58

i

forltwoymajor reasons. Firstly, the ]ossbof high grade human

food protein, reduces the efficiency of the process. The

second concern deals with the utilization or treatment of

the sUpernatant “whey“ The h1gh prote1n concentrat1on w111

ﬁ

1ncrease the cost and aﬂff1culty of waste water treatment

_Th1s has to be. kept in nund when determ1n1ng which .

-
e
~

econom1cally fea51b1e

There are a few poss1ble methods of ut111z1ng or

" reducing the problem of the supe \atant, though‘these.yere

1_only very briefly explored. The majority of the -

non- prec1p1tab1e prote1ns are the sarcop]asm1c prote1ns -

(Ham11ton.. 1878), though there may be ‘some myofibrillar

, pro}glns present due to their change in struc ure by

alkkﬁrne treatment The lncreased salt concent ation (NaOH +

of the

’salt soluble prote1ns The‘prote1ns-wou]d therefo e have

not1ceably different functional characteristics than the

conditions. »
_Heating the supernatant to above 65°C caused a
therma]ly 1nduced prec1p1tat1on of the majority of the

proteins. However, th1s‘1s-a very energy 1ntens1ve method,

the supernatant as’a solvent may also be feasible,‘though
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effect on the protein. An increase in salt concentration
would also occur in the supernatant, which would cause an

. - - -

increased sqlubilization of the salt soluble proteins.

The ash and fat concentrations at the four stages of

'jthe-processes_are listed in TableGS,‘atong with the total

weights of each component, “assuming -a basis of 1000-grams’of
raw matertal and 1250 grams of water. A very ltmlted amount
of the calcium from the bone'was present in the extract
after the initial centrtfugat1on of the extract The fat

concentration was dependent on how-careful]y the extract4was

]vremoved from the cen 1fuge bottles and'not on acid type,

’hextractton pH or prec1p1tat1on pH. The secondary

centr1fugat1on of the precipitate from the supernatant at.

low temperatures (4°C) allowed for a further separat1on of o

. some of the rema1n1ng fat.

The add1t1on of ac1d to the prec1p1tate had to be

‘?Controlled carefully to prevent the format1on of high acid
'pockets caus1ng éxtreme denaturatton, and to prevent

‘overshooting of the des1red pH Ptate 16, shown on page 151,

shows smal] protevn bltsters, causedoby acid pockets, in a
piece of textur1zed prote1n This pocket1ng'can have
detr1menta1 effects on the. subsequent textur1zat1on process
Overshoottng the desired pH w111 require the add1t1on of

NaOH to correct the pH, which in turn‘w111 1ncrease the

ionic strength of the solutton caustng an 1ncreased

,concentratton of the salt soluble prote1ns in the

. sup\rnatant

e e M B L 0 i 5 4



61

Y

‘4.4 Formation of Lysinoalanine

Under the a]Kaline extraction conditions (pH 10.5,
22‘CZ>30 minutes mixing) used in this research: the |
format1on of lysinoalanine’ (LAL) was found to be
non-discernable, or well below the detect1b111ty l1m1t of 75
ppm (F1g. 9), The formation of this new amino ac1d was shown

to be dependent on the retention time in the alkaline state,

the alkalinity of the extract ~and-the temperature of the

3extract. Low alkaline extracts (pH 9.2 and pH 10.0) show the .

bformation of a discernable ameunt of‘LALkon]y at 50°C with a =

‘retention time of_16'hours. Such a situation 15 un]ikely to
. occur uith this prdcess as the extract produced a very
obnox1ous odor when held for 16 hours at all temperatures
The odor 1s also present after 4 hours at temperatures
greater than 35 C and does not d1sappear upon acid
prec1p1tat10n _ o
Extract1on at pH 10.7 showed an increase. of LAL
"format1on at all temperatures; though th1sfwa§yonly
‘discernable’ after 16 hours retention a—t.22'C.r 35°C and 50°C
and 4 hours retention at.SO'C. A four fold ‘increase was seen
~at 50°C, pHA10.7 over 50°C atepH 10.0. Increasing the - .
extraction pH to 11.5 has' a very severe'effect on LAL -
' formatton, particularly at 35°C and 50%*C, at both 4 and 16
.:hour retentton times. Aga1n, a. four fold 1ncrease'in LAL
concentration was f0und at 35 C and 50° C for 16 hp and at
50°C for 4 hours. % |

The general trend of lysinoalanine formation‘found in

%
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Effect of E‘):(tracvtion‘ pH, Retention Time and
. Temperature on Lysinoalanine Concentration.
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4

these conditions follows those shown by Swingler and Lawrie,“
(1978), Sternberg et gl.; (1975), and Slump, (1978). The
more severe the algaline extraction conditions, the more
likely thé formation of LAL and subSequent]y, the'possib]e
formation of other new amino acids such as lanthtomine and
ornithinoalanine (Aymard et al., 1978). It may also‘be a
measure of the probability of modifiéation to other amino>
acids, i.e. racemization. By using cond}tions unfavorable to
the formation of LAL, one is aléo reducing the 1ike!lihood of
oth;r undésirable reactions oééurrﬁng. o

The optimal ‘extraction conditions Foﬁ the extraction of
proteiné from mechani¢al]y debongq poultry, as determihed in
this research, are outside of the range of conditions found
-to forhilAL; A deviation from these conditions ie. 10.0
<pH<11.0, 15°C ﬁtemperature<30’C, 30 minutes <time<2 hours,
would still not be likely to form a discernable
conéentbation of LAL, as shown from Fig.S .'This(Would
suggest that this_process‘does not have a detfimeﬁfal effect

‘on the amino acids'of the extracted proteins.

4.5 Remarst

Specific choice of optimalbconditibns will be-depehdent_
on the.raw material and inLendéd»uti]ization of the final |
product. As-wilj be shown'invthé.nékt éection, the nature of
ihé protéin product w11 greétly affect further'brocessing.
A]fhoUgh maximum recovery of extractable proteins is

desired, combihed with a low.protein supernatant waste

b g AN A B i T 0
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material problem, any subéequent processing must also be
téken into.considerations.

Under tHe extraction conditions utilized in this’
research (pH 10.5, 3Q‘minutes, 22°C) the formation of
lysinoalinine was not apparent. Even with considerable
alterétions to these conditions, lys1 oalanine was not
found, suggesting that thé'ﬁrocessing .nvironment was not
Qery severe. | m

Choice of suitable acids was shown to be dependent on
availability or cost, as the four acids, (hydrochloﬁic! \

- acetic, phosphdfic, and sulfuric) produced simiiar results:
The only major difference existed in the method of acid
addition.as_both acetic and phosphoric acia did not require
di'lution, while the hydrochloric énd sulfuric‘acidsxﬁere
diluted 1:3. | |

The feasibility of this method of protein récovery from
this raw material is entirely dependent upon economic
considerations. Industbiél scale equipment is aVai]able for
the mixing and separation stégés, and the product js very
suitable for human consumption. As the protein -source is
essentiélly free (the_résidue may.still be sent to the
rendérigg plant) the cost'éohsideratjons involve ’
o :1) cost of NaOH, acids, water

2) équipment and opera{jng costs
3) cost of waste water treatment.
As this process is relatively non-energyfintenéive, the

processing costs and the product should become more

S S



-9

éttractiVe in the future.

likely to havéf

%§acceptan%é than VEgetable

‘ B it 5 |
proteins. Due to the low fat conté%?vand the hﬁdﬁ pﬂbte1n

ablzﬁior%

O :'.’,

concentrat1on this prote1n source is also su

discussed in following sect1on . i “&A ﬁ R
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‘food productlon partleularly for prote1n r1ch foods, -
: approach world pr:ces in certa1n preferred protein sources

Cin thenr or1g1nal state hmny of these prote1ns are o

'unacceptable for human consumptlon thus requ1r1ng some

1'along wath-consumer preferences will chtate whether the
mater1al can be used supplementary to ex1st1ng protean e
;-foodS, as an analog or s1mulat1on of trad1t1ohal pPOtEln :

.'toods, or ag a novel proteln product ..v“ o P - o SR

’;product is more dependent on 1ts funct1onal propert1es,-in
visf;nutr1t1onab va]ue are. of l1ttle 1mportance 1f there is no : ':,

" n : e :
s The study of functional propert1es of food prote1ns

5..Part_2:‘Freeze51thCed-Texturﬁzatiop of Protein . .

‘T,&,-.. FE

o S e

‘ L . .
Y Y '
T L *

5.1 Introduct1on - igﬁfﬂ,l;‘ C -':3%?~ ""'“F'ﬂ

0pt1mal ut111zat1on of proteln resources for human _ - - ‘é

consumpt1on w1ll become of greater concern as” the cost: of.

increases w1th respect to 1ncome As North Amer1cans w1ll f‘,sj

(red meats, poultry, etc ), the cost advantages of other

prote1n sources will become more pronounced Unforturately, .

s

.

phys1ca] and/or chem1cal mod1f1cat1ons‘ The nqu1t1onal

value, funct1onal1ty and state of the resultant mater1al

-

~

5P
* ' Although the nutr1t1onal valdes (1 e quantf%y of

tprote1ns, b1ologlcal valu s “and ava1labql1ty¥’€¥e of pr1mary

concern 1n new prote1n products, the acceptab1lwty of the ST R

part1dblar téxture flavor«and color Products ‘of h1gh

L4 'n . e

conSumer acceptance

IS '9
coveg; a w1de§sped§rym of phys1c%phem1cal propeH&wes wh1ch
- | ‘ ¥ . ‘ -- i L4
M | : o - 'Y < . .
.u~ﬂ.,..-,...:.,~«“‘_-«.~« g ” i “ ) -
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. ‘are aftected by the process1ng or state and relat1onsh1ps of

‘the protewns in a ‘food, usually determ1ned 1n the final.

. ‘ product : - ', o ', )

The gecond and maJor part of this work deals pr1mar1ly o ‘ﬁ
w1th one property of a chgﬁken protein concentrate the

5 ab1l1ty to form a mod1f1ed texture by fibre format1on,.

through freez1ng and 1ts 1nherent,;ce crystal‘format1on.
I ™M B ﬁ - R =

‘5. 2 Research ObJect1ves ‘.'\1 L

Mod1f1cat1on of the textural structure of prote1naceous
mater1als to svmulate the ftbrous nature of muscle txssue
has been pract1sed 1ndustr1ally us:ng only two methods uspun
fibre and extrus1on Both methods have certa1n advantages

i3and dwsadvantages 1n cost product qual1ty, product

h stab111ty pnoduct range, technxcal Knowledge requ1rements,‘ :
é%c Freeze f1bre format1on is an alternat1ve to these

prooesses, though it ‘has not been 1nvest1gated beyond patent

-

formulattons. and therefore its character1st1cs, advantages

e and drawbacKs are only vaguely Known ( | |
The object1ve of the second part of th1s work was to

ﬁ( S USe‘the prote1n precip1tate slurry stud1ed in Part 1. as the

materlal source for the freeze f1bre formatton process Tﬁe
',' effects of the follow1ng paré%eters on the f1bre format1on
' were 1nvest1gated R f’ S

f;a., Freez1ng rates .

\

~>b; De51gn of the freez1ng mould Sem1-1nf1n1te cylinder

versus sem1 -1nf1n1te slab. e s

/ . . ’ N S
S SR
. 3 . L - L o




-c._ Prote1n prec1p1tate,pH ?T‘ o ‘;hvﬂ ”.3'1
"i a} ‘Type of ac1d used in ﬁ*ec1p1tat1on

e.. Total so]1ds pr1or to freezing‘

f. Heat settlng of frozen prote1n matr1x
The effects of these parameters on the freeze textur1zed

product were ana]yzed-by; o K hﬁ1J4Jv?n:e“

Textural analysﬂs us1ng a Kramer Shear Cell um én

Instron Un1vers 1 Test1ng Instrument

", b. Total. SO]ldS an; 1y51s of the product pr1or to
freez1ng and after freez1ng and heat sett1ng

i‘vc, Fibre den51ty analye&s W1th the use of

macrophotography R ‘.'p;r“ '

«

- ld;‘ Retort stab111ty of the product




6. Literature Review

'6{1'Protein‘Texturization

Prote1n textur1zat1on 1s general]y understood to mean ok

the mod1f1catron of the phys1cal and/or chem1cal strﬁ%ture

of a prote1n r1ch materta] to s1mulate in appearance e S ;;
ﬂstructure. shape, mouthful etc. a mone_conyentlonal-food,
~* ideally meat. The modified material must also be able to
| :reta1n its structural ent1ty or ‘texture after ol okLng or N
, ;;;3; ‘ ”othﬁr processes usual to food preparat1on Accord1ng to the T
B U.s.D. A\ (1971)' textured Vegetable prote1n products are -
dvfood products made From-ed1ble prote1n sources and are

u character1zed by hav1ng structura] 1ntegr1ty and A

; 1dent1f1able texture ‘such that each unit will w1thstand )
vhydrat1on in cooh1ngfand other procedures used-1nupreparing

,'? the food for consumption”. .

Inimost descr1pt10ns of textur1zed protelns, the\f\\

N structure’of the product is usual]y compared to the regular,
: arrangement of muscle ‘fibres in meat Consumer acceptance of
;_such restructured prote1ns a&ﬂbars to be heav11y dependent

}on the s1mulat1ve effect of the process and mater1a1 on’ L N

¥1bre format1on PyKe (1970) covers the genera] sent 1 ents

in the foTt@W1ng statement "In order for synth%}wc or
f1solated prote&ﬁ% to compete w1th and complement ﬁ%at

f w1l] need to be fabr1cated anfb someth1ng not ent1re1y

d1ss1m11ar to ‘meat” . Perhaés 1fwthe ma&@r ob3ect1ve Q
. NR
1ntroduce a novel prote1n product of h1gh func€?onal an

¥
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nutr1t1ona1 qua11t1es. which 1ncorporates only some of or

most of those found 1gmmpat ragtnfﬂ -aq’str1ctly attemptwng

to simuiate meat, a great%f divg
(,&- % .

products .could be deVeloped

textured prote1n‘

. b o The mu]t1var1ab1y affected functwonal propert1es of

ES

.prote1ns comb1ned wwth,the effects of d1fferen¢ textural
‘.mod1f1cat1on processes affect the ab111ty to s1mu1ate ‘the
al1gned f\brous nature of meat, along with someﬂof<1ts b f~ h " e

functional propertqes. Thjs dictates the textural and " @’

:.econom1c success. -
The or1g1na1 state and funct1ona1 propertwes of a .
xprote1n source d1ctate the extent to wh1ch subsequent

MOd1f1cat1ons can textura]ly a]ter ‘the mater1a1 Chegpc 1“

- ~modifications of the prote1n structure part1cu1ar1y'dea11ng
. v,
ﬂ.w1th covalent bonds, to allow for easier and greater

13

"'subsequent manlpulat1on,_are 11m1ted due to the 1mmens1ty of f‘

the ensu1ng req31red safety analyses to sat1sfy regulatory

standards ‘Therefore most a]terat1gns a 11m1ted to some

. l‘“‘ —%“'.
secondary, though predominant]yfmgm" Jug quaternary

act1oﬁk are the

/ ? «.ested to occur in
E n process of f1bre sp1nn1ng. %:‘
: % extrusaon (K1n [78J_Huang & Rha, 1975) and o o
¢ % freeze- f1bre for'”~ ; nhtHashjiume et al., 1971, 197433 -
» . ‘c,"( ‘ AR . * . ;
| '1974b) e '
\ e
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6 2 His ory - of Tbxtur1 ”Proteins

to 1ncrease the pat%tab111ty of cera@pn foods G]uten‘thdw
bread and coagutated caSe1n 1n &heese are two common |
vexamples Trad1t1onal or1enta1 foods such as' tofu, pr
”ikor1-tofu,usufu tempeh, etc , are all textural]y mod1f1ed
"products made from soybean prote1n Of part1cu1ar 1nterest
to this 'work is the produ¢t1on of Kor1-tofu, { r1g1nat1ng in
16th century dapan) by freeze mod1fy1ng tofu, F soft
.gelat1nous bean .curd. Intended as a means of priservat1on

this process also cons1derab1y alters the textu al strUcture

- Ofthe faterial. ~t . . T
. Attempts to produce a‘meat lTike substftute‘or1gwnated

' in the late 1800(5 dueoto the worK of Ke]logg, A Seventh Day
Adventist who uas'attemptingato stmulate some %othe»meat

texture and flavor in a vegetartan diet (K1nse 1a, 1978) k;w

=

H1s 1907 patent staé%d "the ma1n obgect1ve o? th1s work 1s
: t provide an 1mproved food product wh1ch vs/bery pa]atable

’an nour1sh1ng and one adapted for ‘use’ as a meat S ' o

‘subs Jtute and wh1ch canﬁpiweconom1cally and
sat1s£actor11y produced" (Ke'logg, 1907) . Th1s, in effect
-descr1bes the obJect1ve of‘a frme@t s1mulatxon processes
‘.Ut111z1ng case1n gluten, and vegetable oil, the m1x£ure was

R

, p]aced in cans and cooked as a comm1nute---roduct The

-

produd?hsubsequently has a "meaty conswst--cy and is qu1te .

11Ke some meats 1n flavor“; Other meat subst1tutes

3
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” wa brote1naceous mater1al Of these on]y two, spun -fibre and

_ to the exper1e/

1

_simulating comminuted products have}since‘been tntroduced'
- and patented using similar procedures‘(whenshail, 1951;

~Circle & Frank, 1959),

§
G ‘

-

. Subsequent work:on textura1‘mod'ficattons'of—
proteinaceous material has dealt almost in entirety on

non-meat "protein sources, such as casein, gluten, etc., and

investigated recently.(K'nsella 1976 Clarkb 19784,

(1940) based upon th Know}edge and technology of the
text11e f1bre sp1nn1 g 1ndustgx The. f1rst industrially

?

pract1cal patents o this system were not awarded until 1954

‘ and 1956 (Boyer, 1854, 1956 ) . Gutchok(1977)khas compi1ed{the

numerous un1due ghthods and mod1f1cat1ons to ex1st1ng
methods wh1ch hav subsequently been 1ntroduced and

patented to 1mp ove 1n some manner, the ex1st1ng texture of

.extrus1on have ga:ned 1ndustr1a1 aoceptance part1a11y due

ce and Know]edge*obta1nab1e from ex1st1ng

e

| analogous textiile iépre spwnn1ng operat1ons and

thermopdast1c and otheﬁ'food (starch) extrus1on proceSses.

0

N



AT

W

. - ‘A
[4 . i
- -0 - & 'f(

vﬂﬁ. 75

¥

‘6. 3 Flbre Sp1nn1ng ’ Cw

g
Based upon text1le f1bre sp1nn1ng technology. Boyer
(1940 1954 1956) initiated research and produced the fLEst
patents for a spun fibre method of produ01ng prote1n f1bres,

or more prec1sely filaments, wh1ch could subsequently be '

, bound together to s1mu1ate the muscle structure of meat.

WPresent industrial processes are predicated upon Boyer’ s>

N

work, w1th some modifications deal1ng primarily with the

prote1n source, dope preparat1on, coagulating bath and

.subsequent -treatment of fibres (Gutcho, 1977).

k] . . .
. Boyer’s process of wet fibre spinning involves

solubilizing edible protein in an alkaline solution with .

isoelectric point precipitation in a filamentous form, in an

"acid saline coagulating bath. The fibres are théh bound

together in bundiles with various binders and fats to
simulate muscle, The.basic process has beenAdtscussed_in .
detail by Boyer. (1956).~Hartm;n, (1878), and |
Kxnsella”(1978) B o |

1ob,

A number of dlfferent prote1n isolates (95% !b Q8%

{pr%teﬁﬁ) have been 1nvest1gated 1nd1v1dua11y or in

'n-

comb1nat1on 1nclud1ng soybean, rapeseed sunf lower seed) _

W

'céﬁswn whey, and lung'and stomach tissue from beef )
(kﬁ%sella,‘1978 Hartman, 1878: Young and Lawr1e, 1974) The «
: product character1st1cs were found ‘to be dependent on the'

prote1n source' The ba51c structure requ1rements of polymers

ot

for f1bre formation are, an average molecular welght between

10,000 }nd550,000,'a h1gh3degree of-11near symmetry, long

N




chain lengths, absence of bulky s1de groups, and‘a higH.

'.content of evenly spaced polar groups (Hartman, 1978).

The protein 1solate is then used to make a 15% to 20%
proteln solut1on pH 10 to 12 “with the most cr1t1ca1
factor v1scos1ty, be1ng between 30 and 350 poise,
(K1nsella, 1978) The elevated. pH can be detr1menta1 as 1t

makes the prote1n suscept1ble to hydrolysis, - racem1zat1on or
t

to the format]on of new am1no ac1ds ‘Some color.ing,

flavoring and.other funct1onal1ty modi fying agents may be

-

added at this point. However the inclusion, of non- m1sc1ble

compounds, like 11p1ds, ‘can cause weak points in the fibres.

Fibres with greater than 30% additive mater1a]s_show a

'significent:heduction‘in tensile strength (Boyer, 1856).

.The dope is pumped under pressure through“a

multi-orifice spinneret head-(0.0075 to 0.075 mm diameter

'or3f1ces with 1,000 to 15 OOO orifices per head) into an

acidic (pH 2 to 3) bath conta1n1ng 10% salt. Upon ex1ttjng

the die, ibre undergoes. a- swe111ng phenomena The
fibres are ool]ect on reels after passing through several

baths - conta1n1ng neutra1121ng solutions, lipids and b1nd1ng ;

and flavor1ng agents. The fibres are kept under tension,

oausing an inorease'in protein alignment, fibre length and

tehsi]e str!ngth. Unstretchedyfibres remain Kinky, weak and -

i+

inelastic (K1nsella 1978).

These f1bres are col]ected in bundles. after be1ng :

coated w1th b1nders such as albuminoid prote1ns, ge]at1n é@g

gums or processed starches, and are heat set, caus1ng the

b o i

E
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fibres to bind together by gelation, adhesion, or chemical

vcrosslinking.sAlthough it has been shown that, under .

appropriate temperatures and pressures, certain fibres

require no binders, the majority of fibres require some form

. of binding agents

The maJor1ty of spun f1bres are used as meat analogs.

lwh1oh ‘can w1thstand sl1c1ng grinding, freez1ng and drying.

The dry product is, re]at1ve1y stable against’ microbial

cohtamination in storage, though prolonged storage can cause

<

grey1ng, toughening, and loss of res1l1ence and elasticity.
Various mechanisms for‘the biosynthesis of protein fibrils

have been reviewed by Huang and 'Rha (1874, Lundgren (1949},

Wormell (1954), Hearle and Peters, (1963). Globular proteins

- are initially unfolded to random coils by\hlkaline

denaturation‘ In the subsequent spinning process as the dope

is extruded into the acid . bath pressure and shearing forces

.cause alignment of prote1ns along the long axis with

subsequent cross-1linking and bond1ng Stretch1ng of ‘pe
fibre after extrusion 1§ believed to produce a more uniform,

organ1zed allgspent of- the prote1ns “in the d1rect1on of the
g

. fibre (Lundgren, 1949; Huang and Rha, 1974), | o

At present there are a few operating spun-fibre'plants

(M11es, Genera] Foods, General Mills) ich have snown tnat -
the process is 1ndustr1a11y viable® r, the process hass

a number of. 1nherent d1ffitult1es and d1sadvantages

~

v F1bre‘sp1nn1ngtls a,complex technoloQY;'Pequ1r1ng;mn,;?

highly trained technicians and sophisticated maChineryj
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‘which in turn_makes the process ébstly and limits the

market. The quality and characteristics«of the protein
iSOIate”haVe'beeh found to vary between batches. requiring
"modifications to each run (Kinsella, 1978). Insoluble
particles can cause breakage in fibres. or clogging of
spinnerets,miﬁereby enforcing the use of high quality
proteins. Intensive alkaline treatment can also be

detrimental to the proteins. A major drawback-to public

acceptance is the lack of an entirely bland flavored protein

" source.

6.4 Extrusion

Textur®l modification of edible proteins by extrusion
gained prominence asla viable, less expensive, and less
sophisticated alternative to the already semi-established
kspun fibre process. r&mha]]y, the extrus1on cooK1ng process
- was app]1ed prlmar1ly to expel oil from o1lseeds, gelat1nlze
starches and mix add1t1ves (K1nsella, 1978) Extrus1on

proces$1ng of prote1ns to simulate meat-1like products

orwg1nated with work by Anson and Pader (1957,1958," 1959)

!
i
i
i
i
}

who‘produced a filamentous "chewy ge]",protein material.
Until ‘the introduction of a patent by Atkinson (1970),
subsequent methods of prote1n extrus1on produced a puffed . -
product with a1r vacuoles which were non- or1ented thus the

material may have had some of the mouthfeel of meat, but .

lacked the ftbrous structure. AtKinson’ s patent (1970)

aftered this by'ihtroduting a method by which 1ohgitudinal

w
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vacuoles were produced, making a product with an oriented
fibrous structure, or by his terms, a "plexilamellar -
structure”. Presently over 60% of the protein texturizing

capac1ty in the United States is l1censed under th1s patent

(Kinsella, 1978). Furthermore. the general extrusion process‘

accounts. for -ove%% of the textumzed plant protems
" Protein texturizat1on by extrusion~ipvolves applytngda
shearing force at elevated temperatures to a moist
proteinaceous material; causing gelatinization and f Ty
subsequent formation of a plasticized mass, caused by |
protein polymerization. This material is then forced under *
high pressure through a.limiting orifice, or die.‘in§9 an
area of reduced pressure and temperature,’caustng an |
expansion or swelling of the material if the pressure ,

gradient is large, plus a thermal setting of the mater

 The basic process and. maJor controlling factors are 2@?*

de¥cribed - below. OF all the factors involved, the mos
:1mportant determ1nant of the f1na] product and its,

properties is the feed mater1a] and 1*s moisture content,

. /(C]ark 1978) .

Although the pur1ty of the protein concentrate (40%ﬂto

70%) is not as cr1t1cal as thh the spun fibre process. it

has ,been shown that d1fferent prote1ns and concentrates will

aftect the texture H1ghly denatured prote1ns have .been
shown to produce .a non- COhes1ve product. At present, soy
flour, soy gr1ts and soy prote1n concentrates are the

brimary sources’ although peanut, cottonseed wheat gluten.

{
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triticale yeast protein, distillers grain and meat and meat £?‘
by- products have been investigated alone or 1n combination |
with each otheh (Kinsella, 1978; Clark..1978). Use of full
fat vegetable flours have been shown to decrease the degree
of protein denaturation, though the presence, of lipids tendsd
to weaken the exudate. Industrial ut111zatton of meat and
meat by- products has been lim1ted strictly to the pet food™
industry (Clark 1878), although patents have ‘been awarded
for the extrusion of secondary protein sources such as meat
u.by-products (Baker et glt; 1875} . | |

' ' 5 ) / . ‘ : & :
The moisture conteht‘has been found to be the most

',cr1t1ca1 parameter affect1n9 the structure with a 15% to .
40% content preferred A %qw water content can produce a
‘dense, ‘non- expanded ptoduct, while too high a water content
~ can produce a weak prgéugt: SUbJeCt“tO collapse, and
hardening (Conway, 1971a~g} The water contenffalso Jffects'
.the gelatwntzat1on, cohesion and vapor release of the
| product along with the mechanics of the extruder ‘ ¥
‘Acid (pH 5- 6 5) products have been ShOWn to be dense,
chewy, harden slowly and exhnbtt poor rehydratton whereas
alkaline pHs are soft “less chewy. less plasttc, looser and
more hydratable (KinselTa, 1978). D | ‘
| Inside the extru_’; “the prote1naceous matertal is - | 3
'forced along by a screw. while betng heated by frwcltonal |

r heat heat1ng fackets or screws, or dtrect stesm injpction.

‘ 7

The minimum. critical temperature required is 120°C \<. | !
\¢K1nsella. 1978) Increasing the temoerature,to 150°¢C

K ¥



\\\\Jncreased rehydratab111ty.tf1bre formatton and or1entat1dh »
: ¥ ‘v

\

and” tens1le strength (Cummlng t 1 1972) There is

a | cohfltct1ng data aswto the.iffects of temperatures greater }~- )
,_th&n 150°C (Cumm1ng et al \ 1972 De Man 197$ Maur1ce et g -
gl;r_1976). The cooktng process may stertltze or: pasteur1ze
- _“ the product 1nact1vate detrtmental enzymes and cause some

'-volat111zatton of off f]avors and off odors (Ktnse]]a,

T-15;78) <,”-t‘ v ;"u,’.; . ’k‘_, o ‘»\,w

A pressure 1ncrease is produced by a pOS1t1ve

”d1splacement pump mechan1sm or a decrease in the space Rt

S

~——t

':between the screw tape and the banre] Preferred pressure-is
between 2700 and 2100 KPa.(Kinsella, 1978).. V

AT ) Motion within EDE;EEﬁEEl_EéE_E?St be described byv |
unw1ndjng the screw, whtch wou ld form a 1ong narrow. channel o

with a flat plate mov1ng at an angle across it.- Thenefore,b

'the parttcles follow a heltca] pattern cau51ng good ' o \\

{

:imatertal untforhtty with good heat transfer. The addttton of.
energy‘and she;r force w111 cause ‘an 1ncrease in the
'apparent v1scostty of the dough as it moves down the barrel,
'whtch is: attrtbuted to.a network format1on amongst dtfferent ' *N
. *f'"Fo@d components\ Subsequently, the proteins become altgned
| ‘1n sheaths in the d1rect1on of flow. However. 1f the shear
ybecomes too severe or exten31ve. it may cause a breakdown of ‘,‘ T
the structure reduc1ng the final cohesiveness (Clarkt
. 1978). | ’ ¢
| Upon extting'thevextrUder the mater1a] undergoes a

.raptd pressure and temperature drop as water vaportzes very
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rapidly. The orientation’of these steam created air vacuoﬂes"

/

/
/
/

1s depeqfent on the nature of the d1e ‘Use of extended /

'-ellength dtes jAtk1nson, 1970), causes the formatton of 1ong,

ax1a11y or1ented vacuoles, produc1ng a parallel or1ented

Fibrous product J

v

The dr1ed product has an extended shelf life of -over a

o year, has a 1ow bulk dens1ty, low storage and- handl1ng costs

\
’,and can be 1nfused w1th fat co1or1ng and f]avor{ng agents,

‘and v1tam1ns upon rehydrat1on : v‘ - o : x\\g o ;
In compar1son to spun-fi esh seVerat*cOstfanatyses
have shown th1s to be more vantageous process, though a
poorer fibrous product s obta1ned ?Horan 1974,1977). Thts
process 1s also energy/fhtens1ve wh1ch wilt cause obvious
" cost 1ncreases xhhe product is 1ntended for use prtmar1]y as
‘a meat extender though recent techn1ques have allowed
ut111zat;on\as meat ana]ogs‘ Concentrat1ons of greater than
10% extruded proteln in meat produdtg/have been, found'to
detr1menta11y effect\theeAppearance and f]avor of meat
patties K1n§etla -1978) . Perhaps;the ma jor drawback-is
public. acceptance of meat ana]ogs and extenders, espec1a11y

|
those wh1ch differ noticeably from meat (Rob1nson, 1972) -}

EE

N ' N

' 6.5 Alternate Processes

Gutcho, (1977) lists a number of patents which.retat
to.other methods'of protein texturization. Kinsella (1976,
1978) and Horan (1974) discuss some of these processes Most

kof the new methods are modi fied extrus1on or spun fibre

N /’

o
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processes, or some combination of the two, attempting\in
some manner to improve the prodult or to simplify the

| proCessf A few 1mprovements are worthy of note. The add1t1on
of complex polysacchar1des,'hav1ng strong]y acidic s1de
groups and calcium salts, to proteins, produces stronger
fibres with 1ncreased water ~absorption and also fibres from
o]utrons with ]ow_concentrat1ons-of proteins (G1ddey,

1960) . Hartnan t1978) cites]a process where hollow spun
f1bres are produced which allows for/centre f1111ng with
d'fats,_gelat1ns or nutr1ents Plas§1c1zed melt sp;nn1ng us1ng
dry sp1nn1ng exbrus1on technology. w1th subsequent m1crowave
heat1ng was patented by Coplan et al (1976) Although a |
number _of other processes have been patented though.not-
'1ndustrda11y used, of maJor concern to th1s research are the*
patents relating to the formation of a f1brous prote1n

~

product by freeze textur1zat1on

‘ A
\‘

6 o) Freeze I nduced Textur1zat1on

Structural mod1f1cat1ons to protedhaceous mater1a1 by
freez1ng was f]rst observed in sixteenth century dapan. w1th
the production of hori-tofu by.freezinq tofu, a soybean
-proteinicurdy (Watanabe et gl.,_1974). This process was
initiated asba<meansAonpreserving.thebtofu, though upon . -\
thawing, the product was found to have a stable, "porous,

‘ fsponge-like matrix, with voids where the ice crystals had
formed.pAvsubsequent dehydration step, producing a stable
'product\at room temperature, dqa“not significantTy alter the

| N

“
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structure. ano prodUCed an easﬁ]y'rehydratable product
Watanabe et al (1974) refer to this pPoduct as freeze
‘denatured soybean protein. '

Kor1-tofu is presentlx;being produoed in Targe 5 ,wf
quantities in Japen. The soybean curd, tofu, ﬁs»squeezed of
excesssmoistupe,<F?ozen‘between’-10 to.-20°C and stored at
-3°C for three to four weeks, '(Smitn and Circle, 1978;
\Kimoto and SaKuai '1965) The storage per1od at severa]
degrees below freez1ng is essent1a1 in this process to
‘attain a stable product. This agrees with work by Finn
f1932) and Moran;(i934l who found thé maximum degree of
pnotein,denaturation of«?nsOlubiJizetion to occor with
extended storage, 36 days, at near -3°C.\Upon fhawing, the
| kori—to%u is roIled of. excess moisture and dried to
approximately 10% fiL;?'moisture content. This prOCess,
yhowever was not introduced as a spec1f1c means of
- textur1z1ng the protein gel. Only one pub]1cat1on sugges?gﬁ\
.any poss1b1]1ty of flavoring th1s material so as tovhave it
resemble meat (Smith and Circle, 1978) . | |

The fjrst_reference to freeze-texturization in'recent
literature was by Okumura and Wilkinson (1870) in their
patent. A defatted protein extract from soybean or- other
‘vegetable- mater1a1 was frozen while in a slurrled state. The
fibrous nature of the resu+%an%~ppo%e%nfproductffcaused by - f;"
ice crystal formation was noted. However, the.orimary reason
for the freezing step was‘the'separation and removal of

\;ﬁnon-palatable F]avors associated Withrcarbohydrafes whch
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remained entrapped withfn the éhystal formation. The f1bres
were heat set upon thaw1ng but subsequently comminuted to
make prote1n su1table for mvlh production.

Boyer and Mlddendorf (1975) %ége awarded’the,first
patent for s1mu1aﬁ1ng a meaf-]ike textured food»phoducf by !
freeZe-teXfurizing’proteﬁn concentrates and slurries. In the‘
iypical]y laudétory nature of péténts, their fpfdduct has
chewing and mouthfeel characteristics simiTah to those of
nétura] meathproducts ahd can ‘be substituted for'meat‘in a
wide variety of uées..;. Dénserprdteinaceoué areas'havihg

_ definite markings are-hng;y\gghifér to the well definég;"
myofibrillar muséle tissue in haturél meat-such as red %eat,

|

fish and poultry." (Boyer and Middendorf 1975) ln a |

subséduent lengthy patenf 'Middnndcrf?et al. (1975 exp;hded

the genera11t1es of the process, though dlscussed in on]y
. AN
vague ‘terms the effects of " a]ter1ng parameters such as total

so11ds and free21ng rates. _ IR o \\V'

U S — e e

The . genera] process outl1ned by M1ddendorf et a]
(1975) is followed in several later patents by Noguchi- et
£1979), Kfm and Lugay (1977, 1978, 1979T'and'Livihgstone‘
_Ll_l. (1979). Fheeze-texturizétion, (a]so‘freeze—alignment,
or freeze-fibre formation) is caused by the growth of ice
.Crystals in é.proteinaceous materjal. Until a eutectic point
~is reached, only water freezes ohvbinds onto the;crystal
siructUre.,The‘growth of the ice crystals forces fhe.i

prote1naceous material ahead or to the side of “the ice

Acrysta] boundary, causing a separation and compact1on of the



terial,‘along'with a dehydration effect. (Kim and’Ldgay,
1981). - " o | |
| - A wide range of proteinaceous materiaTs have been
eUggested”as‘suitab1e for this prpcess. (Kim and‘Lugay,
1981}, although it appears that there have been 11m1ted~
1nvest1gat1ons into poss1ble dlfferences between sourcev
“mater1als K1m and Lugay . (1981) suggest that the main
character1st1cs requ1red of the material are good so]ub111ty
© and heat sett1ng‘propert1es. They/also state that the
prpteinapeous material may contain'1nsdTub1e:materta1s,
though the tensile strength of the phodUct is dependent on
the concentration of nOn-Soiubtes; However, they show no
data to ver1fy this. o { ,
Boyer and M1ddendorf (19754, Middendor f et al., (49%5)

L3

and Noguchi et al. (1979) suggested using an alkali

'extracted, acid'precipitated.slurry, or.a finely comminuted -

proteinii(from'soybean, animal or_fish sources) dispersed in

a water suSpens%on Middendorf et g_‘#i1975),suggesl_that
the pH is not cr1t1ca1 over. a'wide range, af(hough the
opt1ma1 effect will be found w1‘th a pH bég)een 4 and 7.
Kim and Lugay (1977, 1978, 1979, 1981).and Livingstone et
'-gl; (1979Xasuggest,that-a protein so]utign will beé%dre

‘advantageous, as the proteins exist in an unfolded state” "

whiqh allows. for greater'protein-prptein interactions in the

4free2ing and subsequent heat-setting steps.’They also state
that weaker structuree are prodUced with proteinapeous‘

Amaterials which ‘are near the isoelectric point, due to
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reduced protein~protein interactions. | :
I

The patents suggest a wide range of poss1bTe SO]ldS

concentrat1ons (5% to 407 total sol1ds) for suitable’ /'

i

i R /
texturizathon, though there is 1ittle discussion as to the ’
| -

"effects of these concentrations. Kim and Lugay (1981ﬂtstate

that a low solids concentratton is des1rab1e as the

' ftbrousness decreases with 1ncreas1ng concentratvoh They -

akio suggest that low prote1n cohcentrat1ons resu]t in a

rather loose texture whereas a high protein concentration:

gives a tlght f1brous texture. However, no data are shown tO/

[N

support this. | L e

‘.a

‘Use of a single p]anar *r&eza ﬂpere1n 1nterface is
'

e
suggested to produce generajixguﬁ;dﬂtggifonal fibres, normal
. to the freezant ‘surface. A seﬁ?-1nf1n$te s]ab des1gn was

used in a]l but two patents Noguchi et al %1979) used

non - d1rect1ona] freezxng, and M1ddendogf et a (1975)

‘suggested the use of sem1-1nf1n1te cylinders. The ice

crystals were found to.grow normal to the freezant/ protein.
interface,;forCing the pseteihaceous material ahead of the.
iee_cfystal boundary, thus prbducing gﬁderiy fibrillar
format1on These distihct fibres were found to be connected -

by var jous po1nts of protein cross-linking, sufficient in

numbers to form a cohes1ve fibrous mass,AThe reason for

these cross-linkings is not_discussed.

‘The freezing rate was found to have an effect on the

size and number of ice crystals and cOnsequehtly the fibre

. size and numbers. Fast freezing rates produced smaller, more
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numerous cryqtals and fibres, wh1le s lower thes produced

|

numerous crystals and fibres. This was stated

|

in all patentﬁ. Freezing rates, defined by phase bouﬁdary

larger, less

-édvaneement./were suggestedeo range between 0.03 to 0.5

ft/hr (Kim eed‘Lugay,,1981). Fissures perpendicular to the

‘ice crystals ¢ould be produced by extreme cold shock
treatment”eSUCh‘as immersion in liquid nitrogen\f‘Kim and
Lugay,19?§).e , ' | <

Reﬁgval of the watefr/and heat setting of the protein = = - —

fibres‘can be incorporated into one step,(Boyer and

M1ddendorf 1975 Mﬁdden orf et al., 1975). Rapid heating,-
usually by steam, reduAed the tjime betweeg thevwater phese
change and the irreve sible heat setting of the pﬁotein |
fibree. This was considered mandatpry to retain the fibrous
structure. | |

w"‘\

Kim and Lugay (1978, 1979, 1981) claimed: fﬁg&’zFip
setting of the flozen material with a high water % f »ﬁ%ﬁ
concentration roduCed‘a.poor quality materih] with a
subétantia] iesshbf the fibrous structure. The-solubilized
,eiete of thé/protein.so1ution that they used, prior to
freezing, might have affected a more rapid loss of fibre
structure upon thawing, as compared to the precipitated
protein slurry. THe frozen material therefore required some
‘method‘of partially setting and removing water from the
fibres. A freeze-drying process or ethanol/water
substitution step was suggested prior to the;mally setting
the materiel..However, these broceéses are both expensive,

4
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and in.the freeze~drying'¢ase, Jeryvenergy intensive.
Subsequent aciéi}icatigg’;teps were also required to return
the pH to that of post rigdr meat. Kim and Lugay (1981) also
made no'mention.pf possible detrimental effects of pbolonged
alkaline eXpésure of the protein.

Two groups of Japanese researchers, Nbguchi et

al.,(1979) and Hashizume and Watanabe, (1975), were awarded

- patentssinvolving the use of freezing of a proteinaceous

material. Hashizume and Watanabé (1975) investigated the
effects of the.addition of a divalent salt, CaCl , to the
protein solution prior to freezing, though the work dealt
primarily with'protein‘ektraction. NogucHi gi al. (1978,
19789), prbduced a materiai‘gimilar to Kori-tofu, (a
sponge-lfke-protein matrix) using alkaline extracted, acid

precipitated proteins from Krills. This was the only work in

which an objective textural measurement was attempted, using

an undefined rheometer for a tensile strength analysis. The

general trend showed that slow freezing, (-7.5°C) produced a

higher tensile stfength than fast freezing (-25°C). The gel
stfenéth was found to be highest at pH 7. The addition of

NaCl or CaCl to the material was also found to increase the

~gel strength. Noguchi et al. (1978) also found that bubbling

oxygen through the precjpitate for several minutes increased
the tensile strength err three fold, yet other patents

suggest that a ‘deaeration step is preferable;(Middendorf et
al., 1975; Kimand Lugay, 1978, 1979, 1981). The deaeration

step was ta prevent the formation of small air bubbles which

\“
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could deform the fibres. Noguchi gl al. (1978) suggested
that the addition of oxygen would effect boséible
thipl-disulfide reactions. o )
Possible biochemical reactions occurring durihg thew
freezing process, particularly involving protein-protein
interactions, have been suggested by various researchers.
(Levitt, 1966; Conmell, 1968). Hashbzume et al. (1971,
1874a, 1974b) suggested possible feéctipns,that may occur
during the formation of kori-tofu. HoWever: the biochemistry

- . &
of freeze-texturization is beyond the scope of thfs work.

-

’

6.7 lce Formation

The formation of protein fibres by freeze texturization
is directﬂy dependent on the formation of‘ice crystais and ,
the factoes affecting the ice crystal nucleation and growth’
rate. As enly.water f%eezes until the eutectic point is
reached, the proteinaceous materiai is forced to leave the

éreas in which the jce crystals form, beipg pushed ahead and

to the side of the advancing,boundary. At the same time, the

proteinaceous‘material»is being dehydrated by the freezing

out of the water.
- The size and number of fibres is directly oportional

to the size and number of ice crystals. Therefore, the

_factors affecting the formation of ice crystals must be

understood to determine the manner in which they affect thee
prdtein‘fibre formation. Ice crystal formation occurs in two

separéte stages; crystal nucleation and crystal growth.



4

6.7.1 Nucleation

&,

In pure water, with no foréign particles and the
absence of. ice, supercooling to. -39°C can occur before
homogeneous nucleation takes place (De Quervain, 1976).
However, with foreign particles in solution, the degree of
supercooling is greatlyrreduced, sometimes to the point
where it is non:discernable. causing heterogeneous
nucleation. This is sug?ested to be caused by the céfa1ytic

effect of the particles on'nucleation, as thé‘particles may

have a surface configur;tion similar to ice crystals, or the
bound surface water may beé ordered to the extent of acting
as a base for crystal growth (Meryman, 1966), The latter
éffect would 'be the probable cause for limited supercooling
~in a proteinaceous slurry.

The probability of nucleation occurring is dependent on
the degree of supercooling, the number and type of particles
present, and the r;te of energy removal from the'éystem.
Fig. 10a shoWs the general trend observed as the energy is
removed from a watér system. The éize. number and type of
foreign particles found in the solution will effect a
horizontal shift of the curve. Any factors increasing the
" possibility of nucleation, i.e. increased number of
parfﬁcles, or increased ordering of the surface water

molecules, will cause a shift to the left (Fennema, 1973).

6.7.2 Crystal Growth

The general trend for the rate of growth of ice
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NUCLEATION
RATE

(LOG of the
NUMBER of
NUCLEI
FORMING
cm’sec” )

CRYSTALLISATION
VELOCITY
(cm. sec’)
DEGREE OF SUPERCOOLING >
RATE OF ENERGY TRANSFER >
‘Figure 10 Nucleation Rate and Crystallizatidn Velocity vs.

Rate of Energy Transfer.

(from Hallett, 1968, §
Fennema, 1973)
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crystals is shown in fig. 10b (Fennema, 1973 Hallett,

1968) . The crystal growth rate is dependent on the rate of
energy and mass (water) transfer through the material, along
with the rate 4y which the water molecules are aligned tq
fit into the crystal lattice (Hallett, 1968, De Quervain,

4

1976). The mass transfea and molecular rea}rangemeht are
dependent on the viscosity and moisture c&ntent of the
matefial. Altering these and other pafameters can have the
effect of horizontally shift}ng the CQrve in Figure 10b or.
changing the maximum rate. Luyet, (1966, 1968) investigated
the effects of altering these parameters on the size, numher
and type of crystals formed. ._‘

Luyet (1968) found a hexagonal planar crystal growth
when the cooling rctes were slow enough to allow the water
molecules to be positioned into the crystal lattice. The .-
crystals have thrge axes at 60° to each other, with
secondary branches forming at 60° to the primary branches .
As only water freezes initially, the intercrystalline spaces
contain a solution with an increased concentration of |
solutes and solids.

As the cooling rate is increased, the time available
for the water molecules to form an ordered structure is
reduced. This causes an increase in the number of axes or
;spear“ crystals formed from the nucleation centre, with
reduction in secondary 60° branching from the primary
branches. The greater the rate, the greater the number of

irregularities from the hexagonal form, and the greater the
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number of primary branches These are classed as 1rregular.

' dendr1tes. and at greater rates, spherulttes (Luyet 1968)

The 1rregu1ar dentr1tes have some secondary branch1ng while'

o

- the spherul1tes exhtbbt very few Increas1ng the cooling
'grates w1th1n either the hexagonal»or trregutar dendrtte |

‘classtficatiohs;wasrfound to caUse;an increase: in splitttng'
. of the hranches The 1rregu1ar dendrtte 1s the most’ common]y

. encountered crystat formation found in frozen food

matertals ,as the size of the materxals usaally proh1btt a

'raptd enough coo]1ng rate to form spherul1tes, and the »

twssue structure can 1nh1b1t hexagonal growth

g As shown 1n Fig. 10 a & b, decreas1ng the temperature

and 1ncreas1ng the cool1ng rate causes an 1ncrease in the _

‘»number of nucteat1on s1tes and a decrease in the crystal

,fvo]ume Inverse]y, decreas1ng the cooltng rate’ causes a"'

decrease 1n the number of nucleat1on s1tes, with 1ncreased
crysta] vo]umes Both the crystal,growth rate and nuc]eat1on’
rate reach a max1mum po1nt and decrease w1th ‘increased

cool1ng rates, though large samp]e s1zes "would proh1b1t a

' rapﬁd enough energy removaﬂ to allow th15'max1mum to be -

reached

«
i

. lce crystal growth occurs most rap1d1y in a planar

direction, def1ned as the a ax1s, wh1le to'a much 1esser d

AeXtent on the caxis (Hallett, 1968). The rate of growth

‘appears dependent on the molecu]ar topography of the crystal

.sur.face, with rough surfaces (a ax1s) being more preferred

'thanrsmooth‘surfaces (c axis). For4this'reasonﬁ¥crystals'
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with the c- ax1s para]]e] to the cooling 1nterface grow more
rap1dly and" éncroach-on' those crystals grow1ng w1th their c
" dxis perpend1cular (Fig. "11) (De Quervain, 1976) Therefore.
1ce crystals growing normal to the coo]1ng 1nterface are

more preferred

Luyet (1968) found that an increase in the solute
concentrat1on caused a decrease 1n the number of crysta]
-Iobes or branches, thereby 1ncreas1no the1r size- and the
size of the 1nterst1t1al area. Increas1ng the solute
concentratton also appeared to 1ncrease the number of
nuc]eat1on s1tes, causing a’ decrease in the overall crysta]

size. The 1ncreased sdlute cOncentrat1on wou 1d cause a

* R

reduct1on in the water d1ffus1on rate and the mob111ty of

the water tp align for correcE/andlng. It could also cause
a physical obstruction to the crystal. Although the

k1ncreased part1c1e content may-also 1ncrease the nuc]eatton
rate, it is more probable that the" 1nh1b1t1on of crystal

\
growth wou 1d cause an apparent though not real _1ncrease in

a

the nuc]eat1on rate wh1ch would account for the increased

. =
number of nuc]eat1on sites.

.\\ As the ice crystaﬁs grow into a med1a the 1ayer of

. non- frozen material on the ice front boundary increases in

~concentrat1on ﬂf both solutes and so]1ds, thereby reducing
its freez1ng po1nt UnderAcondlttons of 0°C temperature
-equt]ibration , rapidafreeztng, and'reduced diffus{bn‘of ;
solutes.dTaborsky (1879) found that it,waskpossib1e for

nucteation to occur ih advance of'the freezing boundary.-



. Figure Il ‘Crystal Growth vs. Crystal Orientation.

~ (from de Quer\/aiﬁ, "1975)_
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This’leap frog effect could lead to pockets with_hjgh sd1ute
.concentrationsQWithin the ice Structure..plus a break of the
’1ce 9rYstat networkr‘(LOVe, 1966),-¢adsing‘a disruption of
any orderly fibre structdre iMeryman (1966) found that ice
crystals grow preferent1a]1y in areas of lowest solute ‘
“concentration, caused by the obstruct1ve nature of solute
build up and its denressed freezing point Therefore any'
solute build up- w1]1 1nh1b1t crysta] growth in that o
direction. . |

The rate of energy»transfer is the major factor
affecting the size, number and type of crystals formed.

Therefore the gebmetr and the therma] propent1es of the

ireezant protein irfterface have a profound eflfect on the

.crystaldstructure Meryman (1966), tnvestigat d the
,d1fferences betwe n crysta] growth in a sem1-1nf1n1te slab),
-a sem1-1nf1n1te c 11nder and a sphere w1th a 7% starch
solution, (Fig« /12): The~cytindrtca1 and Sspherical models
showed a2 more ﬂap1d drop in. temperature fo]low1ng the start
of freez1ng than did the slab Also, the crystal size at the
centre of the cylinder anqafphere were part1cular]y sma]]
"~ whereas the,s]ab'crystals 1ncreased'1n_s1ze with increased
distance from the protetn/freezant interface.

As the freeéing boundary advanced through the materiatl,
the rate of energy removal at the phase change 1nterface
decreased due to the reduced eneﬁgy transfer through the

frozen section as compared to the energy transfer at the

material freezant interface. This would reduce the freeztng
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rate with increased distanééijthAah‘infinifé slab geometry.
‘However,‘the cyliﬁder-and'Sphere both show\én increaseffn
freezing rates towards the centre. This is due to the change
in surfaée to‘vo1ume\ﬁatio (2/r for a cylinder, 3/r for a |
spheré) therefore théré is a decreaée in the ratio of
unfrozén volume-lqsing energy fo the sUrface ared@ of the“‘
- freezing interface. This accounts for the smaller Erysta]
site and the more rabid temperature drop. |

'M¢ryman (1966) suggests tpai,the determination of the .
freezing rate be made from‘thé falling temperature zone R
during o+ immediately fo!]éWing freegﬁng. The extent.of-the
plateau (tiﬁe).at slightly below O°C‘wa$ found‘to have/ﬁo _
effect on the crystal size; this wésfstrictly'a period of
'temperéture edui]ibﬁation'pr{br to freezing. Thé bést
correlation with crystal size was found.to be a combination
of the rate of temperafﬁre drop .and tﬁé rafe of bOuﬁdary

\ . A -
advancement.

6.7.3 Reérystallizatioh
Due to the unstable nature of. ice crystals,

modifications to ‘the crystal

tructure,(recryéta1112atﬁon),
jﬁéy occur‘after,freezing. Bungers (1963), défipes.h
recrystallization as any cha ge in the number,_sizé, shape,
" -orientation, or peffection f crystals following initia]‘
solidification. Fennema {19 3) lists five types of h

_reCrysfallﬁzation; Iso-mas ,-Pre§sure‘1nduced, Irruptive;

Migratory, and Accretive,/ though gt isvlikely that onTyvthe
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latter two types occur predominantly in foods. The rate of
recrysta111zat1on was found to be dependent on the
temperature, (1e h[gﬁer ‘sub-zero - temperatures caused a
greater rate of recrystalllzatton), and the storage.ttme.v
(Dowell and Renfret}_1960t. Reerystallization predominant ly
involves an increase in the'average crystal size‘with a
decrease in the number of crystals. Therefore, as the
temperature of the‘Frozen material increases (still
sub-zero), there'ts'an inCreased‘probabtlity that the larger
erystats will expand more, rapidlyaat the expense df-sma]ter
crystals. The numerous small crystals formed dur1ng rap1d
freez1ng then have a reduced stab111ty at higher
temperatures.

Reérysta]iization hasnbeen showﬁ to oceur more rapidly

in pure water than ih a‘biological matrix which can inhibit
S ' :

'mo1sture transfer and prevent crysta] growth development.

Luyet (1939) and Luyet et al. (1966) found that samples with
large molecules such as protetn or starch, requiredihigher'

temperatures before recrysta111zatjon occurre@j than did

samples with smaller molecutes, ie. sucrose. Most research
on recrysta]lization in a bio]ogical matrix has shown that

\relat1vely high sub- zero temperatures or extended storage

periods with 1n1t1a11y unstable, rap1d1y frozen small

crystals were required to cause a large degree of erystal'

enlargemeht Luyet ahd Gibbs (1937) showed that crystal
growth or- en]argement occurred at -4 to 8°C in rap1d]y

frozen plant cells after’several hours. Menz\and Luyet
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-(t961) found some crystal enlargement in rapid]y,frozen
muscle fibres wheﬁlthe temperature increased to.-15°C. In
both cases, the temperature hae'to be igcreased.
dramatically. Therefore the extent e?‘recrystallization
that may occur in a matr1x with a relatively high protein
content which is stored for a short period, at a temperature
near or below that which it was frozen, is very minima].

-

6.7.4 Physicochemical ChanQee

PhysicoehemicaT changes occur in the freezing phoceSs,
caused primarily by the increase in concentration ef so]utes.
and solids, a-reduction ih temperature and the physiCa] |
etructure of ice. |

~As the ice crystals grow tHe guantity of ‘water removed

;»from the non-frozen mater1a1 increases. Finn (1932)

determined that close to 80% of‘the'water in an ox muscle
protein solution was frozen by -5°C, wh11e 90% was removed
by -10°C. Although the amount{ of water frozen is dependent
on the initial concentration, Meryman (1866) showed thaf the
pereentage of water frozen et the'same‘temperature was
similar with d1fferent materials. Kuntz (1979) found a f1na1
‘concentrat1on of 0.3 to 0.5 gms water/gm prote1n when a
d1]ute‘aqueous proteln,sotut1on was frozen down~t0--1O°C.

. This remained essentially Constant.with a'further reduction
in tempereture. The extent to which the weterviS’initially
‘bound within 2 system.will stnonglyvaffeet the—percentage

- frozen and therefore the final concentration.. . .
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Ice crysta1 formation aJso causes an increase in the
volume occupied by the liquid phase. Pure water exhibits a
9% volume expansion when frozen at 0°C, wigh a small degree
of qoﬁtraction occurring upon further cooling (Fennema,
1973),;This'¢hange in volume has then to be accounted for by
thé‘expansion of the sample, or, if possible, to a lesser
extent by a compaction of the_éo]uteS’and solids {n the
unfrozen phase. | | | |

fhis dehydfatioﬁ and reduction.of,the water activity,
along with the volume increase, will affect, to varyjng
degrees, the properties of the unfroien stage and induce
possible 1ntéractions-befween the solids, solutes and water.
Changes*ﬁn the pH, ionic stféngth,.viscosity, freezing
point, and oxidation reduction pétential ére likely to
’oceur. In a protein solution or slurry, the proteihs are
llforced cfoser together, due to the removal of water and the
compacting influence of the crysta]s,,causing_én_increased.
possibijity dffintermo]eCulaf interactions (Fennéma, 1973 ).

Van' den Berg (1968) did,extensive'researéh on the -
ef fects éf freézing and frozen storage oﬁ physicochémica]
changes in foods. The pH of. the unfroien phase was fopdd\to
fluctuate as the»water concentration decreased, caused by
increased salt.cohcentrqiions and salt precipitation.
_Pou]try was found to>increase slightly 'in pH from pH 5.7
(post rigor) to pH 6.0, when frozen at -10°C (Van den Berg,
1968). Finn (1932) found a slight, steady decrease in the pH

of’frOZen muscle juice as it was frozen down to -6°C, after
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- which there waé a rapid rise to thé initial pH or slightly
higher. | o
As’éssentia]ly all of the salt remains in the unfrozen
Iphase, the increases in salt concentration were found to be
R\fﬁygg§éﬁy proportional to the aﬁpunt of water Eémaining in
the unfrozen phase, until a eutectic point is reached, (Van:
den Berg, 1968). The ionic strength increases
'pﬁopértionally. Therefore,'dependent on the extent of the
concentration of the salt, a salting in or éa]ting out
effeFt wi]j occur, causing some protein dissolution or a
further loss of water *from the protein (Anglemier and
Montgomery 1976; Yqug, 1875) .
, Possible proteﬁn-proteiniinteracti@ns,'inc]uding
thiol-disulfide interactions; have been hypoéhesized as the
" source of protein denatuﬁatibn by freezing in p]aht pr@feins
(Lévi\g:t, 1966) and in Kori-tofu (Hashizume et al., 197.4a,
4974b{, though there is still some disagreementbas to this
mechanism. Effects of freezing temperatUre on proteir
denaturation were investigated by Finn (1932) on ox muscle
juice (Fig. 13} and Morah (f934)\on a beef protein solution.
A maximum pro{;in denaturatidn_at,-BOC with a 30 day storége.
time was found, withka rapid decrease with either a rise or
drop fn tempera;ure. Tests run Qith a shorter storage’
» periods showed a.gréatly‘decreased amount of protein
'denaturation (Fig. 13). The degree of deﬁatubation was
dependent on the solubility of thé proféin. Finn (1932)

attributed the high denaturation to the increased acidity

L
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and increased ionic strength at this temperature 'and
unfrozen water concentration.

The dramatic change in the extent of protein
denaturation and its reaction rate with smal) temperature
increments can be explained by the change in concentrations
in the unfrozen phase and tge temperature decrease. The
solute/solids concentration increase can cause both an
increase or decrease in reaction rates, dependent on the
system. However, a temperature decrease is most likely to
cause a decrease in the reaction rates (Fennema, 1973).
Therefore, at temperatures s]ight1y below the freezing
point, ie. -5°C, where a large increase in concentration has
occurred, this concentration effect may predominate over the
temperature gffect. Fhrther concentration may cause a
decreagé in reaction ratés due to a decreased solutes/solids
.mobility. The‘temﬁerature reduction would combine with this
to cause a rapid drop  in denaturation rates, (Conhe]],

1968) .

| The sarcoplasmic proteins have been éhown to be
relatively stable to any reactions caused by freezing (Dyer
and Dingle, 1961; éonne]l, 1968) . Electrophore§is failed to
reveal any éhanges caused by frozehkstorage. Awad et al.
(1968) however, attributed the change-in the percentage of
total extractable protein, (91% to 51% for beef stored at
~4°C5 té both the sarcoplasmic ana myoffbri]]ar proteins. In
a fest on frozen storage of chicken, Hamm, (1970) showed

that the free amino acid content increased remarkably at

7
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-39C after two months, though at -28°C, almost no changes
were detectable. However, it was not specifically stated
which protein fraction was affected. Modifications to the
myofibrillar proteins in fish muscle havé.been found, though
a review by Connell (1968) showed that‘most of thesqfresults'
were based entirely on protein solubility and extraétability
in neutral salt solutions. This change in solubility was
found to be affected.by other aspects of processing also, so
the actual extent of freeze induced "denaturation" is not
KnoWni However, 1t has been shown that the myofibrillar
fraction is more susceptible to this "denaturation” than the
‘sarcoplasmic fraction.

The limited.research“on freeze induced texturization
has illustrated that some degree of texturization can be
imparied in a protein in this manmer. Tha majority of the
research that has been coveféd in this fie]d; has beén.on]y
recently published whiie this research was in progress.
However, as most of these are patents, only general
descriptions of the pfocesses and tﬁe products are
‘available. Therefore, the parametefs affecfiné the freéze

 texturization of protein have yet to be investigated.



7. Methodology

The protein precipitate produced by methods described
in Part < was used as the raw material in all freezing
studies. The precjpitate'was kept at 4°C prior to usage.

To‘produoe tﬁe freeze/;nduced texture the samples were
frozen in sémi-inﬁinite cylinders in all experiments except
for those desctlbed in section 7.1, where a semi-infinite
“slab was also ufili;@d. The samples were frozén in a Liquid
Carbonic Cryogenic Freezer, using a liquid carbon dioxide
freezant, at a prebﬁogrammed témperature. Once frozen, the
samples were sealed in plastic bags to prevent loss of
moisture and stored at -25°C for two days. The frozen
samples were then heat set, using a Toshiba Microwave Oven
(Model ER-7868T, 650 W )}, for approximately six minutes or
until the internal temperature reached 85+5°C. Non heat set
samples were thawed at room temperature in a sealed
container to prevent moisture loss. All samp]es‘were Kept in
sealed contaiﬁers at 4°C until further analyzed. Certain
modifications to this general procedure were émployed for

specific purposes as indicated below.

7.1 Freezing Form

A semi-infinite cylinder design was produced using 5.4
cm diameter sausage casings. Wood corks of a similar
~diameter and a 3.5 cm thickness were placed at each end of

the cylinder to restrict axial heat flow. The casings were

107
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",,-fiiled'with the precipitate to a length of 15 cm. Cylinders

. with- 2 4, 4 0, and 8.0 cm dlameters were made s1m1larly
These were f111ed s]owly to reduce the number of a1r

‘pockets. The cylinders were tted at each_end and hung in‘the
freezer ‘ “5 T - e -

- A sem1-1nf1n1te slab was made by cutt1ng a 2.5 cm deep
rectangu%ar box in a 10 cm deep b]ocK of styrofoam The
edges were 1nsu]ated wwth b cm.of styrofoam The.top surface
was ]eft un1nsu1ated Th1s slab was f111ed with the prote1n

A mater1a1'and placed in the freezer

| Changes 1n the f1bre structure due to the freez1ng form
were determ1ned by measur1ng the d1fferences 1n total sol1ds
‘between the half of the sample which contacted the freezant

v t and the half which was*1nsulated from the freezant One |

cent1meter th1ck d1scs cut from the m1ddle sect1on of the f,

| cyl1nders, were cut in the centre us1ng a cork borer ‘whose

_rad1us was half the cy11nder s rad1us, producing ha1ves of

d1fferent areas but s1m1]ar rad1aJ th1ckness The ha]ves

“from the slab and cy11nder forms were therefore cut 'at.a

s1m11ar d1stance from the prote1n/freezant 1nterface

7.2‘Material Source

.
~

" The proteln prec1p1tate used for freezvng was" prepared

| in one of the fo]]ow1ng three ways, dependent on the
:'exper1ment |
o a. The alka11 solub111zed prote1n (see Part 1) was.

prec1p1tated at pH 4 5, 5 0, 5. 5 or 6. O with-
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hydrochlor1c acid as descr1bed in Part 1. The slurry
1 \ was centr1fuged at 4,000 rpm in a J- 21 Beckman ~
centrifuge with a JA-14 rotor.
The alka11 solub111zed prote1n was prec1p1tated at
pH 4.8, 5.5 and 6.2 w1th hydrochlor1c acid. Th1s
slurry was centr1fuged at 2, 000 3, 500 5; OOO 7,500
rpm in a J-24 Beckman centr1fuge with a JA-14 rotor.
! The h1gh prote1n solub111ty'assoc1ated with pH 6.2
Ksamp]es reduired a furtber'centrtfugation at.Q,OpO _

‘rpm to suff1c1ently reduce the water content

C.. The alkaline solub111zed prote1n was prec1p1tated at

pH 4.5, 5.Q}and 6.2 using acetic, hydroch]or1c,

L

7phosphortc-or sulfuric écid This was centr1fuged at -

;‘ O 4,000 rpm 1n the prev1ous]y descr ibed centr1fuge

7.3 Determination of Freezing Boundary Movement

Sample's (5.4 cm diameter) were frozen in a temperature

; contro11ed'Ltquid Carbonic cryogenic freezer using liquid

‘carbon diOXide'as the’freezant. The rate of the frozen

boundary movement was determined by plac1ng four equally

.spaced thermocoup]es along the rad1us. with one at the

centre and one on the-surface. The thermocoup]es were placed

-

ina spiral, to prevent interference between each other, at

the centre of the length of the ¢ylinder.

.
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7.4 Photaqrjm o o

‘A photographic record was Kept of the effects of the

process parameters on the.fibre strudture Thin 5 mm slabs
“were cut .using a sharp razor, from the centra] reg1on of the
heat set samples after they had cooled to room temperature
It was 1mperat1ye that the samples:had a consistent flat“
sur face after cutting to ensure complete focusing across the
surface. Th1s is due to the 1imi ted depth of focus1ng field
wh1ch is 1nherent to macrophotography P1ctures were taken
-on Kodak, EKtachrome 180 ASA Tungsten sl1de f1lm using a’
r1g1d1y mounted 35 mm Canon EF camera. Magn1ftcat1ons‘of 1;1
were_taken using a 50 mm, F3.5 macro lens with a 2.5 cm
extension.tube. Magnifications of 4:1 were taken using a 24,
mm F2.8 lens whtch was reverse mounted and combined with the
2. 5 cm-extension.tube Maximum depth of focus1ng f1e1d was
obta1ned by using h1gh aperture F values between F16 and F32
where posswble Some color sh1ft1ng occurred on the s]1des
due to the. l1ght1ng and the extended times required and some
1ncompatab1l1ty with: the 11ght1ng used. -

A The sl1des were pr1nted us1ng a positive pr1nt1ng
;process (Kodak R1000 chemistry on 2203 paper] to minimize
darkening and 1oss of detail. Fina] print magnifications'of
7:1 and 28:1 were obtained from the 11 and 4tt initial

"CA

rmagn1f1cat1on sl1des respect1ve1y
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7.5-Retort Stability
1 P

Si&lsemi?giréhlar samples,from 5.4 cm diameter

'cylindere, W 1ghing approximately 12 grams each, were cut

from the pH 4.8, 5.5 and 6.2 samples frozen at 210 and -25°C

and subsgquently heat-set. These were placed in 200 ml cans

filled with a heated (80°C) 2% brine solution, sealed and

retorted at 121°C. Retort times were O, 10, 20 and 60

" minutYes. Samples were rémoved*and-stored at 4°C for textural

ana)ysis. The brine was filtered to determine the weight of

pariticles broken from the sampJes.

7.6 Textural Analysis

.Identical‘size samples 1.0 x 1.0 x 2.5 cm were cuf from

- cm‘thjck discs from the central region of the cylinder.

This wasvthe ma x i mum size possible for the load‘eel1 used. .
Two samp]esvwere’teken from each disc. Weighed samples were
then placed in a Kramer Sheah cé1i (10 b1ades) with the __
maJor1ty of the f1bres para]le] to the blades. The cell was
placed in an Instron Un1versa1 Texture Testing Instrument
w1th a crosshead speed of 8 cm/min. The max imum or peak

force was determ1ned from a sfrlp chart recorder,

| subtracting the frictional force of the blades from the

N~

apparent peak force.
The samp]es‘were cut as close to‘the same size as
pdssib]e, using a template. However, smail variations

occyrred. Szciesniak.gl al., (1970) showed that over small

¢hanges in weight, the maximum force was a .linear function
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of the weight. As these samples were of similar dimemsions,
and approximately the same weighf, thé'peak force.was

~

‘determined per»unit weight} which accounted suffiéiently for’
~any variat%ons. ' ' |

The fobcefdeformatfon‘cﬁfve for a Kramer Shear cell has
‘been 3ugge§ted‘fo be a result of tenéile.'compressioh:and
shear fohcéé (Voisey, 1976)./H0Wevér; as it has not been
gﬁven.a*name, it is fefefred‘té‘stnictly as the‘béak force
in this-wofk. Thebslope priof to the break point»was not
utilized.

The samples were run in QUadrupliCate.‘

7.7 Fibre Density A

Three 5 mm yhick_discs:were'cut adjacent:td the.disgg
used in the texture measufements. Photographs'W¢revtakenvof
- each side of the disc . at a'1:1 or 4:1 magnifiéatﬁon with a
_35 mm.camera,busing Kodék Ektachrome 160 ASA TUﬁgsfen slide
£i1m. | &

The 1:1 magn{ficétionf51ides were.brojectéd onto a
screen Which had six Stnafght lines, of equal ]ehgth, dbawn'
~at angles to each other. The direction of these lines were
an%tharin-chosen so as to perpendicu]ar]y biéect‘as many
fibres as possible. Two 1{nes wére chosen Which were qlosestk
to being perpendicular to the fibre»dirgction.:Thé number of -
fibres crossing these lines was recorded, twice per sfide.
fdr fguf slides, and the ijre density per unit length

determined.
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" 7.8 Total Solids - o

- Thrée 7,5.m4 thick discs were cut from the central
region of the he;t-set_cylinders and used fo; total solids ,
analysis. Approximately 10 gramé of hon;heat.set samples |
were also ana]yzed} Total solids wéhe deterhined by pl;cing

the samples in a vacuum oven at 80°C" for 24 hours.



8. Results and Discussion

. ] ‘ >‘
8.1 Fibre-Formation

The formation. of protein tibres is direct]y dependent
on.the ice crystan formation and therefore on any factOrs
1nf1uenc1ng crysta] nucleat1on and growth. These can be

‘broken into two interdependent areas; heat transfer, through
the frozen and unfrozen prote1n med1a, and from the surface
to the freezant material; and mass transfer, pr1mar1ly of

. water through the prote1n media. The propert1es of the

'f1bres are dependent. on factors affect1ng the ice crystal
formation. the nature of the prote1naceous material prior to
free21ng and any secondary process1ng such as heat sett1ng

The large samp]e size and the nature of the water in
the prote1n prec1p1tate, ie. the organ1zed bound eurface
water is 11ke1y to 11m1t the degree of supercool1ng that
may occur within the sample to only a fraction of a degree
centwgrade Furthermore, the sma]l dry 1ce oarttcles sprayed
out by the freezer would 1n1t1ate crystal growth as soon as
they contacted a sufficiently cooled ‘sample nerefore, the'
number of nucleat1on sites and the rate of crj&tal growth is

strict]y dependent on the rate of energy removal and not the .

degree of supercooling as shown in Fig{ 10.

. .8.1w1 Time/Temperature. Profiles

The time/temperature prof11es for the 2.7 cm r7d1us
~N
v cy11nders frozen at four d1fferent rates (amb1ent |

i

K
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temperatures of --10, -25, -45, and -75°C) are shown in Fig.
14 to 17. The curves show temperature-time relationships at
- four equally spaced po1nts along the radius, including one
on the surface and one at the center. Meryman (J966)
suggests that the temperature p]ateaus are strictly a
temperature equ111brat1on pr1or to freez1ng This plateau
was found to occur at -0.5°C.

The time at which the freezing boundary reaches the
thermocouple 'is shown as .the point at wh1ch the curve
departs from the plateau. It is-difficult to determ1ne the
preoiseutime at which this occurs as the CUrvature.is
initially very gradual. Furthermore, the temperature te
11Kely to remain at the freeiing point for a short period
after the freez1ng boundary reaches that s1te due to the:
‘release of the 1atent heat of fus1on In this case the time
lag between freezing and a drop in temperature is agsumed
consietent throughout each samble (In reaiity} the twme lag
will vary, dependent on the amount of- energy released end
the rate at which it is removed) -

The time at ‘which the freez1ng boundary reaches the
record1ng points 1n the cy]1nder, W1th respect to each
‘freezwngrrate, is shown in Fig. 18. The 1ncreas1ng
y-intercepts are due tobthe increased tthe required :to

- reduce the surfabe temperature to the freezing point. The
.curVes are shown»as Being initially linear, with a decrease
in‘s]ooe as the freezing front approaches the centre. In

fact, due to the decreasé in the rate of heat transfer

h
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Figure 18 Frozen Boundary Movement vs. Freezing Temper-

ature with a 2.7 cm. Radius Cylinder.



121

caused by the increased distance between the frozen boundary
and the freezant protein interface, the curves are likely to
be slightly "S" shaped.

The rate of heat transfer is a linear function of the
temperature gradient between the freezing point. and the
ambient temperature. Theré?bre, lower ambient temperatures
increase the rate of the frozen boundary movement, as shown
by the decreése in slope. At the same time, the{change in
ambient temperature from -10°C to -25°C shows a greater
change in the rate of the frozen boundary movemeﬁt than
decreasing from -25°C to -45°C or -75°C. Decreasing the
temperature to -25°C from -10°C increases the gradient by
150%, whereas decreasing the temperature to -459C from -25°C
increases the gradient by only 80%. Therefore, the fibre
characteristics which are affected by the freezing rates

will exhibit a greater change between -10°C to -25°C than

from -25°C to -75°C. This is discussed in greater detail in _

Section 8.3.

| The decreased sloee shown as the freezing %ront
appreaches the centre of the cylinder is due to the change
in the volume of the unfrozen material with respect to the

4

frozen/unfrozen interface. (See section 8{1;2.)

The point at which a time temperature curve (Fig. 14 to )

17) departs from the temperature plateau only shows the time |

at which the initial freezing boundary reaches that-
particular location in the sample. The slope of the curve

after this point is indicative of the rate at which the '

el



e

'remaining-water solidifies.. Increased negat1ve slopes

’:1nd1cate a rap1d decrease in temperature of the frozen
» sect1on and therefore an 1ncrease 1n the rate at which the -
,trema1n1ng unfrozen water is frozen Slower free21ng ofqthe

. unfrozen water is shown by the reduced slopes

.

~The rate of the boundary advancement ‘and the

subsequent temperature drop is d1rectly related to the

‘. crystal Structure,:and thérefore the fibre structure Ice

crystal nucleat1on was suspected to occur str1ctly on the

H

outs1de surface This is substant1ated in the plates shown

in section 8.1. 3. Once the ice crystal growth has started

- the heat transfer wtll occur more raptdly through the ice

crystals,'as the thermal conduct1v1ty of 1ce 1s
approxwmately four t1mes that of water and poultry muscle

Therefore,‘the water is. more l1kely to crystall1ze on the :

'21ce surface where the energy 1s removed more rapldly, than

randomly w1tth the protetn matr1x Fast cool1ng rates will

form smaller ‘more numerous ice crystals and therefore

.

"~

smaller f1bres as the rate. of energy rem;yal is faster than;.

the rate at wh1ch the water can d1ffuse hrough . the

matertal As the freez1ng rate decreases, the diffusion rate '

becomes more predomlnant allow1ng the formatton of larger
crystals, and th1cker fibres,
. S ’
The samples were all stored at -250( after freez1ng

Th1s is not l1kely to s1gn1f1cantly alter the fibre

" structure pf e1ther the more rap1dly or slowly frozen

samples, Fennema 11973) found at most a 10% 1ncrease in the




. percentage of water frozen between -10°C and -30°C. As the
protein is signifiéaht]y dehydrated and compacted by -TQ°C,
‘it'is.SUSpectedlthat this structure onlddinhtbit any

ffurther crysta] growth internally. Therefore,‘the only

[
reaction possible is a sl1ght increase in the size of

Y;x:

ex\st1ng crysta]s, wh1ch may compact the prote1n f1bre% a.

vf11tt1e more i
/
A

BN
ad

:% 1 2 Semt—lnf1n1te Cy]tnder vs Semt-lnfinite Sltab Freezing
Mou1ds S kL | . }
Any factor'affecting the overall rate‘of.energy
'transfer from a materialbwill tnfluence thebsize and the
rate of grysta] growth, Therefore, the 1ncreas1ng 1nsu]at1ve
_effect of the frozen phase between the freezant and the
-unfrozen phase of the prec1p1tate wh1ch causes a reduct1on

in the rate of energy remova], w1l1 effect a change in- the

structure of the ice crystals. As the thickness of the

frozenfphase increases, the change in crystal structure will

become greater. A

) A“Thevrate ofkheatvtransfer from the unfrozen phasezis
also affécted by the geometric form in which the;eamplevis_
'froieny Modifying this’design so'as to cause an increase or
»decrease in the rat1o of the frozen/unfrozen interfacial-
area to the freezant/samp]e 1nterfac1a1 area, w1th respect
to the d1stance from: the freezant/samp1e 1nterface will
‘effect a change in the rate of heat transfer and

_subsequent]y the f1bre,structure. The change in the fibre

123
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structure can be measured by the~change.in fibre density,
‘peaR force or finalntotal solids. As will be shown in
Section 8. é -a.decrease in the final tota1 solids of
initially 1dent1ca1 samples after they are frozen and heat
set is 1nd1cat1ve of an increase in the fibre dens1ty and a-
decrease 1n the peak force. Due to the nature of the |
product the change in f1bre.strUCture with respect to
d1stance from the freezant surface can best be determ1ned by
the change in the total solids. F1gure 19 111ustrates the f
change in- fibre structure‘as shown by the change in totalg
solids between the 1nterna1 or the insulated half of the |
' sample and the half of the sample in contact w1th the\~
freezant A ratio of greater than one, as seen ‘in aﬂl the
slab samples, shows the total solids of the samples 1ncrease
w1th respect to d1stance from the. freezant surface. As the
samp]es are 1n1t1ally homogeneous before heat setting and
. exhibit no change in totaJ solids prior to heat setting,
this .change in thelfjnal totat sotids'is an tndicatton;of
‘the degree of’change'of the fibre structurewilt is also
indtcative of a-decnéa§e in‘the fibre density.
Atja}l.precipitate pHsland’freezing rates, the
semi-infinite cylinder form showed essentia]ty.no change in
the total so]ﬁds‘ratio'between_the insulated and contact -
ha]ves, as the‘natio rehains close to one. However ,thep
semt-tnf1n1te siab form shows a def1n1te 1ncrease in the

gtotalssolwds between -the insulated and the contact halvesr

The pH 4;8-precipitate shows a slightty smaller change in
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- -total solids than the pH_5.5 and pH 6.2-pféciﬁitafes.

Plate 1 illustrates thev;hange in crysté] and fibre
‘size with respect to the distance from the freezant/sample
bfhterfaceAwith a slab form. This sample, precipitated at pH
S;S‘Qnd frozen at -25°C shows d very‘dnamatic.increase in
the void area and the fibre size. Plate 2 shows a similar
sample, frozen at -25°C in a cylindrical form. (The
diffeﬁehce in.colorsvis due to a;¢01or shifting caused by

,theflights).\No noticeable increase in crystal and fibre
size, with respect to‘distance‘from the freezant/samble
1ﬁterﬁace& can be seen im the 'cylindrical form.

The effecfvof\cylihdék radius on the totaL solids ratio
is shown in Figure 20.'NolSigni%ibant'differencé‘(b<0.05)‘in
the'total solids ratio was found between the 1.2, 2,0; and
2.7 cm radius cylinders. However,'the total solids ratio of
tﬁe‘4.5~ém radius cylfnder and the 2.5'cm'thicKJSiab were
above one and were significahtly diffebept{(p(OkOS) from

| Aeach bther and the other.three'cylindgrs; As expected, the
'semi-ihfjnite s]ab showed the greatest'tofal‘sOIids ratio:
) altﬁough’the 4.5 cm'cy]inder was apﬁfoa?hing this. _
.The»Iime/témperature/distancé profiles, (Figs. 14 to
17) for a 2.7 _cm radius CQIindef show an increase in the |
rate of the freezing boundary advancement and thgkgate of
temperature drop,.nearer'the centre of the cy]jnders. This‘
agreesfwith;thé‘results found by Meryman (1966). The change
in thé'r;te of‘thékfroiénfboundary advancement is due to'thé

‘change in the overall heat transfer coefficient and the

bl ¥
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- N
ohange in the ratio between the unfrozen/frozen interfacia]
area and the unfrozen volume. The overa11'heat.transfer‘
coefficient is aFfected by the onange/in thickness of the
frozen zone and the change in the area of the
unfrozen/frozen interface. |

" In a semi-infinite slab, the equation for the overall

heat transfer coefficient is

1 1 A X 1

—_— e 4 — 4

UAo holo KAo hiAo

" where: U = overall heat transfer coeff1c1ent

‘Ao = surface area
ho = freezant/sample surface heat transfer
coefficient
‘hi = unfrozen/frozen surface heat transfer
coefficient
K = thermal conductivity of frozen phase
AX = d1stance of frozen boundary from freezant.

1

As the area rema1ns essentially constant w1th respect
to X, the on]y 1ncrease_1n the resistance to heat transfer
is the increased thickness of'thevfrozen phase. At some
dtstanCe X and any point beyond that disgénce; the rate of
+heat transfer througn the frozen phase will be the Timiting
factor. Therefore,lthe crystal growth, with‘respect to an
increasing frozen phase thickness, will simulate that found-

with an h1gher amb1ent temperature. The crystals will
increase in size. and decrease in numbers, as seen in Plate
1, producing fewer, ]arger fibres. S
~ A"Semi-infinite cylindrical form is sobstantialjy
different. Dnly}the freezant/sample interface resistance is

1ndependent of the thickness of the frozen phase. The

previous equation for the overall heat transfer coeff1c1ent

L2

A A RK i s e
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becomes,

1 1 Ar 1

— = h B -+ —,—

UA hoAo - KAIm hiAtl .
“where: ar = radial distance of frozen boundary

from freezant

Ao = freezant/sample interface area
Alm = log mean area
= unfrozen/frozen interface area.

A1l
The resi$tane of the frozen phase is a linear function of
the log méén area. At the séme time.. the resistanée_at the
-unfrozen/frozen interface increases due to the decreased
érea\'Therefore as the distance increases from the_freezant.
sur face, the\overél] resistance to heat flow increases more
rapidly than with a semi-infinife\siab.lAs the frozen phase
advances, thé volume of the unfrozen matefia]:decreases with
r%fpect to the' surface area, at a ratié of r/2, causing a
‘reduction in the tota] latent heat of fusion released for a
‘given distahce ar. At some critical thiFKness'of the frozeﬁ
éhase, the decrease>in"unfrozen'volume will have a greater
positive effect towards increasing the frozen bounaary
advancement than the negative effect of the increase in the
overall resisfance.[Fig. 18.shows the increasé in the,rafe
of the frozen boundary advancement with 2.7 cm radiUs J
cylinders as the front approaches the centre. | -

: Inéreasing the‘radius‘of the cylinder (Fig. 20)
produced samples which showed a de*inite increase in tge
total solids ratio, and'a»siightﬂinéreaseyin the ice crystal
size was‘noficedl This would suggést that a critica]:

Cylindé} radius exists, -after which point, the cylinder
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- would simulate the results founa using a semi-infinité slab.

From a }heobetical side, the cylindrical form'shéuld
limit the size of ‘non-normal érystéls,_more than the slab
form. Fig. 11 (de Quervain, 1975) shows that-the normal
crystals should overtake the parallel crystals. The
cy1indf1ca] form $hould therefore enhance this due to the
convérgence of the'noréél crystals. However,.initially the
-cylindrical form favors the formation of non-normal -
crystals, especially a;_slow‘freezing rates, due to the:
curvature of thg SUGFace.‘Although ft was QirthalTy |
impossible to 5ea$ure thié,‘the cylinders did have a greater
tendency to %orm non-normaf crygials at the surféce than the
slabs, though these were rapidly ovértaken by the normal |
crystals at the faster'freezihg rates. The slower freeziné
fates did not controil the non-normal crystals, nor overtake
them as rapidly. This is_illugtrated;by Plates 10 and 6 in
Section 8.1.3. ’ | ‘ |

The cylindrical forms therefore a]%ow/for the
" production ofllarger samples with cénsistent fibre size tHan
the slab form. Opposing freezant surfaces could be used to
fncﬁeasé the'thicknessﬂdf the slabs, without a fibre sizé'
‘change; though this could create a central plane where there
may be l{mited intermeshing of the fibres. The cylindrical
form, uSing‘éausagévcasings, may'also be more appropriate
fbr usage in the industry. Thébmajor advantage of the slab
designgisﬁthe formétion of paréﬁie] fibres ratherlthan

radial fibres, though this advahtage'is dependent on the

~
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products’ intended use.

8.1.3 Fibre Structure Characteristics

The fibre structure characteristics were found to be
dependent on . both the rate of heat removal and thé nature of
fhe proteinaceous material. Aithough the heat transfer
dictated the gross fibre structure. by controlling the ice
crystal formation, the protein material characteristics had
a very strong influence of the fibre structure

characteristics. To a certain extent, these characteristics

can be measured objectively, as shown in the following

sectiocs.‘However, many of the effects of these parameters
are difficult to quantify and tHerefore reduiré a visual
record. ?

Altéring the rate of energy removal; (ambient
temperature -5, -12,_722, and -32°C) and the pH of the
protein material (pH 4.5, 5.0, 5;5,‘and 6.0) changed the
fibre structure as shown in Plate 3. This picture'has a |
magnificatioh of 0.84:1.0. Althoﬁgh the‘shrinkage.of the
cylinders due to heat setting was not measufed during the .
experimentaticn, the photographs show a 15 to 25% redﬁction
in size. The grcatest shrinkage appeared with the low pH,
slcw ireezing samples while the high pH, fast frcezing
éxhibited the least shrinkage. The degree of erinkage is
attributed to the size of the ice crystals formed, the.
degreeiof crosslinking (explained in greater detail ;nv

Section 8.2) and the waféciholding capacity of the product.

A



Plate 3 Effect of Freezing Temperature and pH of the
Protein Concentrate on the Structure of Freeze-

' .Texturized Protein,
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A greater collapse of the structure, and loss of water will
occur with slowly frozen, low pH samples, where lakge voidg
are present. Smaller é;ystblé with greater crosslinking and
a greéter water holding capacity of the protein 'allow the
fibre structure to retain its shape upon heating.

Although the photograph is gomewhat dark, the color
trend; showing a pinkish color at pH 6.0 io a brown-pink
color at pH 4.5 Ean be cleariy seen. Changes in the fibre\
stchthe are alSo clearly visible. Large, relative1y
randomly oriented voids can bé seen in the slow freeze, low
pH products. The size of the voids deqreased while the
general cbhesiveness of the product increased with increases
in .the pH and the rate of freezing. Increasing the
magnification of the bicture shows fibre structure in ‘ _
greater detail., The magnified photographs show saﬁp]es with
the greatest change in structures. " ‘

Plate 4 .shows a pH 4.5 demple froien at -5°C. The ‘£?3
fibres (or more specifically fibre planes) are thick, easily..
identifiable and relatively ree omly oriented. Large voidé

are apparent with iittle or no%j‘s{ble crosslinking. This

allows easy flaking of the ﬂffﬁ' reducing the cohesiveness
of the samble. The fibres para]'é] to the éurface (upper
right corner%gpenetrate,into fhe sample, and are only slowly
inhibited by fibres normal to t?e surface. The large,
randomly oriented fibres are typicail 6f‘this freezing
vtemperature; though there is some decrease with increased
pH. The lack of fibre ¢posslink%ng is typical of the pH 6.5

-
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Protein Concentrate at pH 5.5, Frozen at -12° C in a
2.7 cm. Radius Semi-Infinite Cylinder.

(7:1 Magn.)

EIR
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e}

Plate 6 Protein Concentrate‘at pH 6.0, Frozen at -12°C in a
v 2.7 cm. Radius Semi-Infinite Cylinder.
’" : o " (7:1 Magn.)
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-samples. ! “
| Increasing the.freezing rate by decreasing the ambient
temperature'to‘-12°C and increasingbthe pH to 5.5 (Plate 5)
andLG.Oﬁ(Ptate 6) shows a dramat1c decrease in the fibre |
size and an increase in the fibre dens1ty The pH 6.0 sample
shows reg1ons with s11ght1y h1gher fibre densities than the
pH 5. 5 sample Th; fibre or1entatlon 1s s1m1lar to that seeh
in P]ate 4 with a number of f1bres non- norma] to_ the
vsurface The pH 6 0 sample (Plate 6) shows a h1gh degree of
fibre crosslinking, which is 11m1ted in the pH 5.5 sample.
This extensive crosslinktng is fodnd.in all the pH 610 a
‘samples Plate 7 shows a;three'dimensional picture of a pH
5 0 samp]e frozen at -12°C and magn1f1ed 28 to 1.
Decreasing the’ amb1ent Qemperature to 22°C, (P]ate 8)

increaSes the fibre'orientation signifiCant1y so that the

\majority of the fibre§.a ear to rad1ate from the centre

The growth.of'fibreséwfﬁ ;aﬁg non- normal to the surface

Ay,
R N cw o

,,,,,

, appear to be contro]led or overtaken by the normal fibres,

~or more specifically the norma] ice crystals as shown in .
Fig.11, (de Quervain, 1976;. The fibre density is tncreased-
further,-while.the fibre thickness is decreased. Areas of

tpara]]é] fibre_strUcture appear similar to extruded protein

:@roducts
Freez1ng at -32°C (pH 5 0, Plate 9 pH 5.5, Plate 104,
pH 6.0, Plate,11) increased the degree of or1entat1on and
the»fibre density'further.(HoweVer,kthere are sti]t some
ﬁibres which are not normal to the}freezant/protein {,’

>
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. Plate 8 Protein Concentrate at pH 5.5, Frozen at -22°C in a
2.7 cm. Radius Semi-Infinite Cylinder.

(7:'1 Magn.)



A

Plate 9

f 142

Protein Concentrate at pH 5.0, Frozen at -32°C in a
2.7 cm. Radius Semi-Infinite Cylinder.

S _ » - (7:1 Magn.)
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Plate 11 Protein Concentrate at pH 6.0, Frozen at -32°C in a
2.7 cm. Radius Semi-Infinite Cylinder.

(7:1 Magn.)
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interface. The fast freezing rates cause the’normaT crystals
to predom1nate and overtake the non- normal crystals very, |
rapidly. The fibres in the pH 6.0 sample (Plate 11) are less
.dwscernable than the f1bres in the other two samples. This
may be due to.a greatef degree of crosslinking between the
fibres, which would tend. to mask the 1ndfvidué] fibres at
this.magnifiéation. P]éte,10 illustrates the effect that
enfrapped air bubbles can have on the stﬁucture. It can
cause collapse of ‘the fibre'sfructure, as seen in the top
riéht corner, or just discontinuities in the ffbres as -seen ;
_in the bottom left corner. Plate 12 shows the pH 5.0 samples
at a 28:1 magnification, whefe some of the Tibre planes are
at an ang]e to the photographic}plane'(ie.‘exhibiting‘the
sides of the fibres). Véry 1imitedlfibre crosslinking is
visible. |

Increas1ng the total solids content of the prec1p1tates
at a constant pH 6r1or to freez1ng can 1nh1b1t 1arge crysta]
growth, as it 11myts the amount of available water for
freezing. This increases the reSiStancg‘of water transfer
through the materia]vto the crystal surface along with the
. solute and solids movement away;froé the'crystal éur?aée.
Plates 13 and 14 show the difference in fibre structure with
PH 5.5 samples with initial total solids of 15.9% and 19.3%,
frozen at -25°C. The véidvsizes are noticeab1y [argér,and
 appear.to be more—numerous with the 15.9% T7.S. sample.
A1l though the vdid sizes are smaller with the 19.3% T.S.

sample, the fibres appear sbméwhat.larger and are not as
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Plate 12 Protein Concentrate at pH 5.0 Frozen at -32°C in a
2.7 cm. Radius Semi-Infinite Cylinder.

(28:1 Magn.)
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Effects of Total Solids on Fibre Structure. Protein
Concentrate at pH 5.5, 15.9% Total Solids, Frozen at
-25°C in a 2.7 cm. Radius Semi-Infinite Cylinder.

(28:1 Magn.)

Plate 13



Plate 14

118

Effects of Total Solids on Fibre Structure. : Protein v
Concentrate at pH 5.5, 19.3% Total Solids, Frezen at .-
-25°C in a 2.7 cm. Radius Semi-Infinite Cylinder.

(28:1 Magn.) . o <

A
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physically independent of each other. Air bubbles can be
seen in Plate 13, disrupting the ftbre structure.

Plate 15 shows a picture of the textured proteinnwhen
the protein was frozen in a finite s]au. with all sides in
contact with the freezant surface. The pH 5.5 protein was
frozen at -20°C in a t.5 cm deep, 5.5 cm dtameter‘dish, with
no insulated surface.vThe fibres are generally randomly
oriented, with limited parallel fibres occurring. The sample
does not exhibfh\a consistent -fibre structure. (The yellow -
tint was caused by a lighting induced color shift)(

Although not spec1f1cally investigated in this work, a
Kor1-tofu like structure, though.constderably denser, was
produced with this protein source. A very lou total solics
(6%), pH 5.0 sampTe was frozen at -10°C in a natural
convection freezer in the a‘orementioned 5.5 cm diameter
dishe Of concern in the picture of this product (Plate 16)

are the small protetn sacs. They were caused by rapid

addition of a high strength acid to a poorly mi xed protein

extract caus1ng the format1on of pockets of high ac1d1ty
It is 1mportant that these pockets do not occur as they can
disrupt the fibre structure. ‘ o

Thorough discussion of possible biochemical reactions
whech may occur during the freezing process would be
speculative from these results and is beyond the scope of
this work. However, several mechan1sms ﬁake place which may

affect the protein fibre structure

_t%ﬁ__ It is unlikely that any of the protein denaturation
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"Plate 16 Acid Pocket Formation. Protein Concentrate at pH 5.0,
6% Total Solids, Frozen at -10°C in Non-Insulated Slab
Form Showing Presence of Acid Formed Protein Pockets.

(28:1 Magn.)
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..found by Finn (19325'to ocgur‘over an extensgg‘storage
period, and at re]at1ve1y high sub Zero temperatures (-3 to
-50C), w11] take place in the process investigated here
Finn (1932) found that the amount of proteln denaburatlon

 reduced with

(Fig. 13).

dropped rap1d1y after'-5°C and WaS£Vf.
'storage periods shorter- than th1rt;nan '
. production of Kor1-tofu requ1res similar cond1t10ns
(Wabanabe et al 1974) However, it was fOUnd in th1s work
that freezing at th1s high an ambient sub-zera temperature‘
. produced fibres which were too large,;ﬁﬁconnected and

~

‘-unortented and therefore not suitable foﬁ'textur1z1ng this
protein source\\Storage for extended per1ods (>2 days) at 0
tﬁese temperatures,~after freezing at lower temperatures uas
not 1nvest§oated It is suggested. -that such a storage would
ylead to some: degree of recrystall1zat1on, caus1ng a greater
degree\of separation between the f1bres and break1ng some of

S

the crosslinks. It also appears not to be requ1red as intact

fibres were formed w1thout th1s temperatLre or storage.
’per1od v
- Proteih/protein interaotions are still ]iKely to occur .
‘due to the‘oonceqtrationiof the materialkas the water .
freezes out. A greatermeffect'perhaps, due to the short
o | storage periods, is'the.compaction of the concentrated
*protetn'materia‘_due to the increasedvvo1ume occupied by.the
ice crystajs. T frozen water:increaees tn.volume.by
.approximately 9%. ?ome;of’thjs reigltjhg'increased;preSSUre-

‘may be' absorbed |by an increase ‘in the size of the total.

T g e T e S i A R U A B S S S 13 2 S IR R A SR R
T s : - '
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‘ sample.»To some extent, however, tH' concentrated

‘proteinaceous mater1a] must decrease in vo]ume due to this

o _mcrease pressure ¢

R
ggémhe same t1me as the prote1n is concentrated other

solutes w11] also increase 1n~concentrat1on. By ~20°C,
researchers have found that in most foodstuffs.
approximately 90% of the water is frozen out, leaving a

higher:concentration,of the solutes in the protein material.

i

o The alkaline extraction, fo11owed’by acid precipitation with

[N

HC1 produces an NaCl solute in.the precipitate, with an

1n1t1a1 concentration of 0.04 to O 07 moles/kg prec1p1tate
~Assum1ng 1n1t1a1 total solids of approximately - 12%, freez1ng’
the sample can increase the concentration to between 0.19 to
0.34 moles NaCl/kg precipitate or 0.45 to 0.85 molar . e

solutions (without the protein). This is well within the

range that Young -(1975) used to}extract>proteinsjfromvu
. /L> [ .

Amechanically‘deboned meat. This would therefore suggest that

~some solubilization or unfolding of the proteins could

occur, dependent on the interrelating effects of decreased

“'temperature (ie. reduced reaction rates) and increaSed

’

pressure If some unfolding does occur, the pressure from‘

the compact1on may a]1gn the prote1ns such that they occupy
&
a m1n1mal total volume, 1ncreas1ng the poss1b1l1ty of -

prote1n/prote1n interactions.
b

e bt T T i iy



‘occurred.

154

8.2 Fibre Crosslinking

A major drawback of some of the atternate methods of
protein texturization, especially'spun-fibre, is the

neceésity of the’addition of binding agents'such as egg

“albumin, to bind -the fibres together. This is unnecessary in
freeze-fibre formation, as the fibres are joined at the ice

:crystal boundaries, and ‘to some e&tent throdgh,the voids in

thé;cﬁysta]:structure where crosslinking or bridging hag
I+ A ‘ _ . |

1

The format1on of cross]1nks between the f1bres appearc

dependent pr1mur11y on the pH of the prec1p1tate and the

freezing rate. The CPOSS]THKS are formed in the 1nterst1tja1'

ateas between the.branéhes of ice crystals, running
petpendicular“to-thellarge.fibres. Figune 21 shews a

schematic of an iee“crystal with the interstitial areas

‘where the concentration of the proteinaceous material

' oeéuns The'crosslink'fohmation may be due to the-

concentratwon effect on poss1b1e reactions between the
proteins, caused by the water extraction, and the compact1on

: . B SR L
effect, caused By the increase in volume upon

R

‘cfystaltizatjbn of ice.

Croeslinking appears to occur bhedominantly with the

_more rap1d1y frozen, high pH precipitates. Plate 17 shows a

number of small crosslinks -in a pH 6. O prec1p1tate frozen at

- -320C. A reduct1on from pH 6~O ‘to pH 5.0, w1th the same

. freezing rate, reduced the extent of crossl1nk1ng (P]ate .

18). Decreas1ng the pH to 4 5 ~combined w1th 1ncrease in the

o
CY
%
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Figure 21

N\ -/ CRYSTAL
SOLUTES/ SOLIDS
 CONCENTRATION  ZONES

-Schematic‘of Hexaéonal Crystal Growth.
(from de Quervain, 1975)

%
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ambient temperature to 5°C caused a vast reduction in the
numbervof crosslinks, (P]ate 19) |

Dur1ng the acidification step,to precwp1tate the

prote1ns it was noted that at pH 4.5 and pH 5 0, the protein
formed.small, though visible floccules. At pH 6.0, the

- protein appeared to be suspended'homogeneously withingfh
>
n

solut1on. with a great]y -reduced degree of flocculati

occurring. After the solut1on was a]lowed to set for several
hours, the prote1n in the pH.B.O solution remained
suspended, while it settled at pH 4.5. The degree of

sett]ing and flocculation decreased-with'inoreasing pH,

‘generally folhowung the water- hotd1ng capac1ty VS. pH curve
‘for poultry me?“&‘f) (Fig. 6. g '

.The freez1ng process causes a concentrat1on and .
compact1on of the prote1ns It_would appear that the
floccules formed at lower pHs are less capable of being held
together upon freeze concentration and subsequent heat
sett1ng, than the more dissolved prote1ns at pH 6.0. This

may be due to the non- homogeneous nature of the preC1p1tate

in the crossl1nKs (i. e. areas of high and low total so11ds)

or the more folded state of . the prote1ns at ‘the low pHs. The

more unfolded structure of the proteins at pH 6.0 may allow

for greater prote1n/prote1n interactions and bond1ng, than

the lower pH 4.5 samp]es.

As shoWnHin:Plate 17, the rap1d freez1ng produces

“re]atively thin and numerous fibres, separated by small

voids. Rapid.freezing also causes'a greater degree of :

3

&




Plate 17
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Effect of Freezing Temperature and Protein pH on
Crosslink Formation. Protein Concentrate at pH 6.0,
Frozen at -32°C in a 2.7 cm. Radius Semi-Infinite
Cylinder. : '

(28:1 Magn.)



Plate 18
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Effect of Freezing Temperature and Protein pH . on
Crosslink Formation, Protein Concentration at pH'5.0,

Frozen at -32°C in a 2.7 cm. Radius Semi-Infinite
Cylinder. : '

(28:1 Magn.)

v
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Plate 19 Effect of Freezing Temperature and Protein pH on
Crosslink Formation, Protein Concentration at pH 4.5,
Frozen at -5°C in a 2.7 cm. Radius Semi-Infinite -
Cylinder. '

v(28:1 Magn.)
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crystal branching, thereby increasing the number of sitﬁs'
, where the crosslinks form. Inversely, slower freezing o
creates larger voids between the fibres, and a lesser degreé
of crystal branching. Therefore, fewer,'longer,'and less

" stable crosslinks are formed, which are susceptible to
breékage or damage due to any e;ternal force applied to the
product, théreby reducing the interfibre binding. The

increased degree of crystal branching at more rapid rates

would have a much gréater binding eéfféct between the fibres.

8.3 Fibre Density

Fié. 22 shows the gffects of the freezing temperature
and the protein pH-on the fibre dénsity, (number of fibres
_per unit length).‘THese values are partially subjective as
sections weré chosen which dip not contain major flaws. ,

The ffbre dehsity“was found to increase while the fibre
size or thicknesé decreased with incrééséd free;ing rates.

This agrees, with the curves shown by Hallett (1968, Fig. 10)

© . describing the nuc]eatioﬁ'and'crysfaT grbwth rate. The fibre

dehsity incrgaSes most rapidly with respect to freezing
temperature to"22°C}%after whiéh changeslin temberature do.
nbt.haye és great anggffect. The freezing boundary ‘
advgnCement curvesJ(Fig. 18) shé@ a similar re]qtionship.
Therefore, changeélin temperaiure at Tow freezing
‘temperatures will have a smaller effect on the-fibre density

than at higher'subzero temperatures. Temperature

fluctuations at lower temperatures will be less detrimental

s =

[
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Figure 22 - Effect of Freezing Temperature and Precipitation
PH on Fibrp Density.
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to the fibre structure than at higher temperature$ ‘
%-?7»

Increasing the pH of the protein to pH 6. 0 tn i

stud1es in section 8 4 thequange in fibre struotur

d1fferent pH values is du%

\:,. » 3 :;
the effect of the initial tota] solids. As tﬁﬁgﬁﬁ B4 0

7‘:4%

for pH 5.0 prior to freezing, the total- sol1ds d1fference

protein contained 10% Total Solids as compared to 15pto

accounts for some of this change. Plates 13 and 14 show ‘a *&w;
'decrease 1n f1bre density with decreased total sol1d; from
19.3% to 15.9%. Difficulties in the photographic recording
did not‘al1ow‘a'n0merical evaiuétion of fhe effects of totgj
solids on fibre density. | _ “

The fibre density.v31ues show a definite general trend,
though relatively 1arge possibfe‘errors could e*ist with the
absolute valﬂes.'The fibre density was determined ask£he,
"number of fibres which intersect a unit length. Therefore,
fibres a£’other than a 90° éngle to the line or thé
photbgraphib plane will distort the Qalue, by presénting a
thicker than normal fibre. This will reduce the fibre
density. Air bubbles and large voids will also cause 4
decrease in the fibre density. The standard deviation in the
fjbfe density curves were within 13 to 18%, causing a
| sjénificant degreérof overlapping of curves. However, the
"Qeneral trend agrees with the textural and the final total

solids analyses.
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8.4 Texture o H
% Textural measurements were run using a Kramer Shear
e]l mounted in an Instron Universal Testing lnstrument The

&gg 23 shows the effect of var1ous free21ngQ§ates and
the pH of the prote1n prec1p1tate on the peak force.
Increased freezing rates decreased the qsak force at all
pH' s. The peak force is therefore greatest with the thlcker
less numerous flbres, which are produced at slow freez1ng
rates.and Tow protein,sotubi]ity. The thinner, more hdmercus
fibres found with rapid freezing and high pH (pH €6.0)
decrease the peak force.

The drop in peak force due to pH is attr1buted to both
the d1fference in protein solubility and :the concentrat1dn
of water tn the material. The total so]ids.vs pH histogram
shown in Part 1, Fig 5, shows that the initial“total solids

var ied significihtiy with the pH. Figs. 24, 25, and. 26 show

the effect of equ1l1brat1ng the total solids at d1fferent pH

values. In alh cases increasing the 1n1t1a1‘total solids, .

which produced an increase in the fina] total solids,ﬂcapsed

\ an lncrease 1n the peak force. The pPH 4.8 sample exhibited

e

only a small 1ncrease in peak force, thh increased initial

and f1nal total so)1ds The pH 6.2 sample exhtblted the

T

greatest S1m11ar 1n1t1al and final total sol1ds at

, differéht pH vatues,,exhwbwted d1fferent peaK forcesr'

. i@

N -»-l\u.:a,-»:.'ru.mn'wl‘u-‘ T i i e
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. showing'the peak force to be dependent on both the pH and
| the‘totallsolids of the te;turized product. Therefore, a
substantial'amount of the reduced'peak force ekhibited in o
the pH 6.0 sample shown 1n F/gure ﬁ3 1s due to a h1gh water -8
* content. S - Lo .

S Textural analys1s of the textured samples pr1or to heat
(sett1ng showed a s]1ghtly d1fferent trend than found in the -

heat set samplﬂs 4 compar1soh of the Kramer Shean Cell peak

&l

force of the heat set to the non heat set samples 1s shown

in Figure 27 The curves appear similar to the f1bre density -
curves, ( FJg 22) wh1ch wou]d suggest that the numper and

" size of the fibres affect the change in the texture upon
 heat settlng The pH 6 0, fast’ frozen samples (-32°C) showed
a greater change in the peak force than d1d ‘the s]ow]y

, frozen, pH 5.0 samp]es The ]arger, more distinct fibres,

..
~

with ]arger vo1ds, associated With;the ]atter.case. are

e

likely to rema1n intact upon thaw1ng The smal]er, more ' P
dense .fibres found at high pH rap1d fr‘ﬁ&lng, are more

‘susce tible to d1ssolut1on upon thaw1nq, thereby reduc1ng

_ngt# of the non heat set product Th1s d1ssolutlon -

.of the small f1bres wasﬁvvs1b1y not1ceable when the sample%f
were cut: ‘ ’ 'afi_w.,g; _ : PR . *
- vl . g .

‘ Samples of unfrozen1 noncompressed gﬁote1n prec1p1tate
wh1ch were heat set, could nhot be anaéyzed as they*@cumb!ed
very eas11y A frankfurter sample was used to compare the B
texture to a ‘comminuted product. The peak foroe of 1. 8‘

.rkgf/gm was lower than all of the heat set textur1zed prote1n : ’t g
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8. 5 Total solids . N

after heat setting. Th1s agrees with the photograph (P]ate

d

samples. T e T e e

The f1nal tota] sol1ds of the heat set product was
found to be dependent”on the pH (and therefore, the initial -
total solids) and the freez1ng rate F1gures 24 25, and 26

show s1m1lar_rates of»1ncrease of fﬂha] total sol1ds with

respect to initial total solids. The pH 6.2 samp]e showed

the least slope, whfch‘woutd suggest the least drip 1oss

3) which shows the pH 6.0 sample exhibits the least

reduct1on in size- after heat setting. _ |
Decreas1ng the freez1ng temperature was ~found to.

decrease the final total solids of 1dent1ca1 initial total E
solids samptes at ali pH s (Figs.»24 25, ‘26'{28t This may B

be due to two factors The smaller more numerous crysta]s

- would produce a network of f1bres w1th a greater sur face

area, and a c]oser prOX1m1ty to each other Surface tens1on

1and cap1llary forces would hold a h1gheh quantwty of water

.nnﬂﬁggse voids than in samples wvth lar e r flbres and v01ds

The greater degree of crossl1nk1ng at pH 6 Oahould entrap

more water espec1a1ly at fast free21ng rates, therefore &
caus1ng the reduced dr1p loss. o o %é%f

Compar1son of the d1fferent ac1ds ‘used for

K

precipitation produced no s1gn1f1cant d1ffernce (P<O 05) in

peak force or the final tota] solids.

< e

A
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The total solids measurement'is’thendst ebjective ,;&QA
measurement of the three tests. It takes into account the
‘voids ahd‘air'bubb1es and is not‘effecfed by the fidre e
direction as the fibre density defermination\was.eforvthis

o

reason, it is probably the best method of detefmining the -

e

effect of freezing rates on the fibne structure of\Samp]es

withuthebsameuinQ‘ial.total solids and pH.
»

8.6 Retort Stability

Stability against structural breakdown caused by
-thermal treatment after the initial fibre heat setting

process is mandatory for a texturized protein produetﬂwhich
is likely to be subjecfed:to some sort of heat treatment in

secondary processing. Unexpected breakdown’ of the fibre
structure.'eausfng loss of texture or disintegration of the

'

product, or a change in the toughness/tenderness of the
product is unde&lrable w‘ » 7 !

) v»»w~' Retert1ngithe heat set freeze-texturized prdiein'in a
P .

2% brine solutTOn at 121°C for 14720, and 60 minutes did

:‘}‘
= |

not show any?s%én1f1cant 1oss of particles from the samples |

1nto the so]ut\on The small number of part1c1es found in
|
the salIne solut1on in the retorted cans were also found in

a can which. contained the br1ne and the texturized protein,

but was not retorted. This was attr1buted primarily to loose. "

pafficles on the éurface which wereﬁoroduced.when tne by

thaterial was cut. | : \ fi S
. ‘ - RN . ‘ . . . Y
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th. 29 shows a comparison of the effect of theuretort
time at1121°C the pH and the freez1ng temperature on the
Kramer Shear peak force as compared to a non- retorted .
samp]e The 1n1t1a1 d1fferences in the peak forces between |

different pHs and freezing temperatures are accounted for,

~as a]] data were expressed re]at1ve to the appropr1ate

non- retorted samples Igcreased retort t1me showed. a-

decrease in the peaK’force\obtained“from all samples. The

greatest change in peak force appears to occur ‘in the first

ten to twenty minutes. The threefold increase.in‘time from -

twenty to s1xty minutes produced less than a threefold

- decrease in the peak ‘force. This was most noticeable at pH .

ey

6.2. Without subjective testing, it cannot be established
whether the reduction inlmaximum force correlates\to a

reduction in the optimal toughness/tenderness of the

product. Therefore, a reduct1on in maximum force may not be

detrimental but actua]ly preferreq as a secondary means of
mod1fy1ng,the textura] stn@cture ‘
Freéz1ng at -10°P showed e1ther a s1m11ar or greater

reduct1on in peak force than freezing at -25°C, The proteln

prec1p1tated at pH 6 2. exh1b1ted the greatest ef t of the
freez1ng;rates. Thjs was more apparent at 10 ar N inutes

~ retort time compared to 60 minutes. The pH 5.5 precipitate
(showed less of an effect from the freez1ng rates on the peak

“force than either the pH 6.2 or pH 4, 8 prec1p1tate at all

retort times.

The crosslinks between' the fibres are suggeeted'to be

’n
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o

the most suséeptible points to be affectéd byhthe secondary
heat treatments as the protein matrix isvassUméd to be

.egsentia]ly homogeneous . The”thicker: larger fibres wéuld
show less of the effect of theksécohdary’heat treatment due

. to'the-increased mass. .

ZLL*x, The smaller change in peak force»shown at pH 5.5 eeu%dwlhm»ﬂéfgw
be attributed to the greatgr,initial max imum force,priqr to | |
heat treatment. Therefore‘an‘equivalent reduction ﬁn force | -
‘to that found at other'pHs would appear as a greater final

'réiative forbé. Also, the structure, i.e. protein/prétein

binding, may be of a maere stable form at this pH.

-«
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8. Conclusions and Recommendations

9.1 Conclusions

First generation t'echnc*y for ‘meat protein recovery
o 3§J is available and used in the form of mechan1ca11y‘aékoned o
B maats However in the poultry 1ndustry. this still leaves a
q&%nt1ty of high grade prote1n in the waste product The
. process investigated in.this research, low temperature
i alkaline extgaction with acid precipitation, is a viable . ¢

method of recovering this protein in a concentrated form

'\su1table for further processing. o

The m11d treatment offers a number of advantages‘oyer

harsher treatments and other process1ng methods such as

mechanical deboning. The‘high degree of protein denaturation. X
.associated with harsher treatments such as hot rendering' ‘
does‘not oCCur. Production of new amino acids, specifically =
lysinoaTaQine wﬁtch nay’be toxic, or of reduced biological
avatlabi!j&y, was not founduunder\these conditions. The fat

‘content was minjmal inbthe finat oroduct, which allows this

product to be used in further processing such as

1 " . N

texturizationa’which requires low fat’concentrations. When
., added to comginuted products, this protein source Will‘
enable"tne addition of greater quantittesaof desirable
surplus fats, which increases the economic value of the
protein source Furthermoére, as thls product cons1sts 4
essent1a¥ly of sarcop]asm1c and myof1br1llar prote1n with a

very low collagen content it is expected that the"

. 118 P 1
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.

emulsification capacity will be high. The: choice of acid
used, ( acetic, hydrochloric, phosphoric or sulphuric) in’
the precwpltat1on process was shown not to affect’ the final
product, and therefore the choice will depend strictly on
economic considerations. The room temperature/conditions and
reduced time reduces theé energy costs and the cost and size
of equipment required. | |
The bone residue after proce551ng will be su1table.

with a neutrallzatlon step,.for render1ng. as there is st111 '
a. s1gmf1cant concentrahon of protq!’&h (collagen) m the
material. The maJor d1ff1cu]ty asoc1ated with the process is

, the product1on of a waste water "whey,", conta1n1ng water

~ soluble prote1ns which has to be treated in some. manner .
‘Recovery of this prote1n may be poss1b1e using a recycling
process, or a heat coagulatlon step, though both of these

‘are associated with major drawbacks

It is suggested that thts protein source would be

-

“advantageous for direct use 1& commlnuted products due to

] its hlgh protein concentrat1o
Y \
/

[+ an an1ma] source. It was also found to be a good source

» and the fact that 1t is from

mater1a] for the productton of a f1brous textured product.
' Agaln it has a ma jor advantage of belng a textur1zed meat
| product. rather than a texturtzed vegetable protein product.
WThis is of major concern, as texturized vegetable prdtelns
}used as meat ana;ogs or extenders ‘have been shown to *ave a
'poor publlc acceptance {: Robwnson. 19721

Textural modlficatlon processes to simulate the fibrous
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\\\\nature of meat are presently 11m1ted to two 1ndustr1a1

]

. methods, spun f1bre and eﬁtrus1on Both of these require*
¥

. re7at1veJy expens1ve equ1pment and are e1ther energy
- o

,1ntens1ve or. rEquwne 8

.1gh degree of techn1c?ﬂ knowledge £

¢ . Furthermore they SUbJG‘t the prote1naceous material to

‘severe cond1tions _ |
| Fr ezewfibre f ,mat1on 1s\a relat1ve1y simple process
f utttjztng ~re‘sen‘t echn1ca1 knowledge and equ1pment
elthougq ittjsséfgp energy 1ntens10e requ1r1ng freez1ng and
hEat“setting,,tt does not require the h1gh pressure, '
itemperature env1ronments assoc1ated w1th the extrus1on L
T iprocess However W1thout an extens1ve econom1c evaluation
' of the*proceSs, 1t 1s d1ff1cu]t to state'whether the‘process\
would be’ more . econom1ca1 than,the extru51on process though
it would def1n1te1y be ‘expected to be more economtcéily
*feas1b1e than the spun fibre process. »
The f1bre structure character1st1cs of the'
- freeze- textur1zed protein-were found to be dependent on the
ﬁ.freeztng rate. the shape of the- Freez1ng mould, the nature
_of the freezamt/prote1n 1nterface and the nature of the
— prote1n mater1a1 i.e., the pH-controlled degree of
| solub1ltzat1on and'the'total solids These: structural
.;charactertst1cs include the size and number of f1bres.‘the
.anea between the}ftbres, the_or1entat1onrof}the f1bres, the
_consistency of the fibre structure, the extent to which the -

. & 4
fibres are bound to each other, the force exerted by a-

[

Kramer Shear'Celljto “sbear" the product, the‘ability to
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réta1n m01sture (part1cular1y 1n the vo1d spaces) and the
regiyt stab111ty of the product No one part1cu1ar set of
o cond1t1ods were considered opt1ma1 as this is dependent/on
the f1bre structure des1red | ' :

| “Use of a s1ngle freezant/prote1n 1nterface produced a
generally a]1gned f1brous structure normal to*thg
"1nterface The sem1-1nf1n1te slab. freez1ﬁg mou 1d produced a
structure w1th a paral]e] f1bre a11gnment wh1ch was the
closest to. s1mu1at1ng an unmod1f1ed muscle ftbre structure .
The more uniform f1bre structure and assoc1ated . : o \\/
,chara;terlstjcs wh1ch re f nd w1th ‘the cyltndr1ca1‘m0uld U
and its radtally orien ed‘fi:sss areo 11kely to be of greater
’ 1mportance than the hlg *degree of parallel fibres.
Furthermore, the sem#- 1nf1n1te slab des1gn may prove

1mpra t1cal in ﬁgp11ed processes compared to cy]1ndr1ca1

forms _?*<\'\

"\

The ab111ty to modwfy the f1br8/structure by altertng a.
few eas11y contro]led parameters ief cooling rates, total

solxds, or pH, allows for a swmp]e process contro] system
It also enab@es the production of a number of
=character1st1ca1]y different textur1zed protexn products _ “f‘\

Br1ef1y, the general trend shown was that an 1ncreased

cooling rate 1ncreased the f1bre déns1ty, the degree of

fibre orientation, the,ab111ty to retain moisture,'the'

v

retort stability ahd“the fibre crosslihktng,'while s]ight]y

decreas1ng the Kramer Shear force Increased initial total

-

sol1ds decreased the water retent1on and the area between',//

/'

) ’ ) J
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the ftbree, whtlejincreasing’the.Kramer Shear;force;v o
f,InCreased‘protein solubilizatio (pH 6.0} increased the
fibre densityw the fibre crosslinking ‘and the water
/'retention, though'stightly decreased the retort stabiiity
and the Kramer Shear force The d1fferent f1bre struotures
- found at different‘pHs -were accounted for by the difference o
" in the 1n1t1a] tota1 solids, and the degree of prote1n .
solub111ty No sngntfwcant d1fference was found between
samples prech1tated with d1fferent acids. . .

' Crosslinktng between the fibres removed;any‘neceSCity
for.binding agents'to'hold the fhbrés'intact The degree of
crossl1nk1ng was found to\}ncrease pr1mar11y with 1ncreased
‘prote1n solub111zat1on (pH 6 0) and secondarmly, ‘with |
1ncreased freezing rates, so that in certain s1tuat1ons (pH
5. O slow freeze) a limited amount oﬁ cross%1nk1ng occurred
However this lack of cross]1nk1ng may somet1mes be\
des1rable, as s1mu1atmon of certa1n meats,,such as fish,
.requ1re a greater degree of fJb/e,fiaklng -

 The retort stabl]lty of/the produc+ was thought to be
partially dependent on the size and number of crosslinks, as
these onId'be the most probab]e points of 1n1t1a1
fstructural degradat1on due to secondary heat treatments.
A]though there was no not1ceab1e~d1s1ntegrat1on when the
materials were retorted at 121°C for 60 m1nutes ina 2%
hr1ne solution, the peaK force decreased by up to 35%,
‘dependent on time.and pH. The rate:of reduct1on of peak

force decreased w1th 1ncreased retort t1mes The pH 5.5

v
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samples appeared most res1stant to th1s degradat1on The
‘drop in the Kramer Shear peak force shoutd not .be regarded
as detr1menta1 unt1l ‘the subJectlve testing is done It may
in fact be 3 des1rab1e method of tender121ng the product
Freeze textur1zat1onﬂwas found to be a s1mp]e meth;d of
1mpart1ng a retort stable fibrous structure to a
.non- structured protelnaceous matertal.-The process - -
parameters can be-eastly controlled or modified to produce a
‘desired fibre network, dependent on the intended use of the
product . Although no add1ttona] components, 11Ke fats,f
' carbohydrates, or color1ng and flaVor1ng additives‘were
included in the materia]- it is suggected that some of these-
uadd1t1ves couid be read}ly incorporated after: the heat
sett1ng stage The texturized products with the extensive
cross]1nk1ng network behave in a sponge like manner which
would allow for the 1nfuslon of the components into the void.
- spaces. Poss1b1e 1ntended uses: for th1s textur1zed meat
protein ‘are as e1ther meat extenders or ana]ogs. They
product could be 1ncorporated intoxcomminuted products, used
as conpressed meat ie. turkey, rolls or as sma]l meat - 11ke

-

’chunks for use in fresh or canned stews or soups !

9.2 Recommendationswwfs—wavmw»;-~

The proteig recovery section of this work still leaves
several large areaS‘uninvestigated. At present, a
microbiologicaT examination of the process is underway

:Within the Department of Food Science, University. of
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‘Alberta. An 1ndustr1al seale 1nves¢1gat1on, along wwth an

a

economic eva]uatlon of the prpcess\must be completed to

A\

determine the viabi]ity of the process. A more extensive

test1ng of the functional properyies of the protein material *

might also be useful.

The secgnd half of the work was primarily an

introduction to the freeze-texturization process for

lproddcingka retort stable, fibrdu5'pﬁoteinvnetwork; whose

fibre structure can easily be controlied or modified
Poss1ble mechanisms for the f1bre format:on were on1y
briefly d1scussed and therefore leave a 1arge segment
unresearched This 1ncludés the effeets of solute and sol1d
concentrat1on combined w1th the compact1on effect and any
biochemical reactions which causeyprote1n/prote1n.

interactions at subzero temperatures. It has been suggested

by other-workers that freeze denatur 1on of the protein

B

“does not occur at the t1me temperatrre cond1t1ons s1mjlar to

those used here, though it should be confirmed for this

- material,

The final prodpet,wili require the addition or use of

other components such as fats, other protein sourqeé_or

.'carbohydrates. Therefore it would be advisable to deTermine

the effects of adding these components;on‘the‘texture,'fibre
structure, uniformity, etc. of the product, when added prior
to freezing or after heat setting. As 1ncreased'viecosity'

hae been.shown_to inhibit c;ystallgrowtﬁ in such products as

koriffofu, the analysis of the effects of viscoSity; through
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Vthe addition of ge]iing agents, shou]d be 1nvest1gated
.Sensory analys1s of this product in comminuted products. as ’
meat-rol]s, or as small,meat patties, etc., would help to. ’
determine possible uées\ Finally. ah econbmica]'%easibilify
»study should be iniated to compare this process and the
resulting products to presently used industrial

texturization processes.
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