\‘

\ “

‘.. N + 5 ’ .
. 'ft "‘\ ’ . [

Prevjously copynghted materials (]ournal articles published '

i

National lerary \

of Canada du Canada

L

Onawa Canada’ o
K1IAON4 - .

NOTICE -

The quality'ot this microfiche is ﬁeavily dependent upon the -

", quality of the original thesis submitted for microfilming. Every
effort has been made to ensure the highest qualrty of reproduc—

ion posstble ‘ B Y
. . - -,

R pages are missing, contact he unrversrty whrch granted the

degree , e .);. S

.
i 5 )

-

Some pages may have rndrstrnct prlnt espectany ifthe orrgmal

‘. pages were typed with a poor typewnter ribbon.or. it the untver-

sity sent us an lnfenor photacopy.

tests, etc ) are not frlrned

[

. " e ' o
Reproduction in full orin part of this film is governed by the
Canadian Copyright Act R S. C 1970 c. C-30 )

\\'

THrs, DISSERTATION

. "'"‘HAs BEEN MICROFILMED

© EXACTLY AS RECEVED -

e

: NL'-saﬂroc/osf '

Blbtlotheque nattonate

Canadlan Theses Servlce ) Ser\/}tgsrd;s thesee canadlennes“

‘ une photocopre de qualtte intérieure. -

THESES CANADIENNES . *

[ L \

. AVIS

1a quallte de dette micronche depend grandernent delaq altte

" delathase sourntse au microfrlmage Nous avons tout fait pour

assurer une- qualite supérieure de reproductlon .
o

Sl manque des pages veurllez communtquer avec f'un ve_r- '

sité qul a contére le grade.

La qualité drmpresslon de certaines pages peut Iatssar a

désirer, surtout siles pages originales ont été dactylographiées
a l'aide d'un ruban usé ou si I'université nous a' fait parvenir

 Lés documents qul font déja Fobjet d'un drolt ' auteur (articles

de revue examens pubties etc) ne sont pas microfilmeas..
La reproduction meme partlelle de ce mlcroﬂlm est sournlse
ala Lol canadlenne sur le drott d auteur SRC 1970 c. C-30

-\"' \ v

LA THESE A ETE
MICROFILMEE TELLE QUE
Nous L'AVONS REC}UE

\

°




‘ o TR
' THE UNIVERSITY OF ALBERTA

AN INVESTIGATION OF _THE FREEZE TEXTURIZATION umtnauxsn IN

‘~‘ S FOOD PROTEINS L '.jﬂ.w o

Frxsco Consolacxon ' Lo

. o
i * L
J [ - o .
‘ . - .~,\« vl . .. . .
. N . ' ’ *
. .

| S

3

.

. ,'*g7- " A THESIS T,
SUBM;TTED TO THE FACULTY OF GRADUATE STﬁDIEs AND RESEARCH
“IN PARTIAL FULFILMENT OF" THE REQUIREMENTS FQR THE DEGREE

OF Doctor of PhllOSOphy . ."' .

2t \ ) . . 5 . ’ “‘0"_‘ \‘. ‘l“
Food Processing " - ' L T

" Department’ of Foqav8c§énce ;fl

EDMONTON ALBERTA G
| Fall 1986 e T



'Canada ,
thesis' and ' to. lend or sell
'coples of the fllm. ~‘/'.,‘.;‘.,‘

“has -
'publlcatlon
‘nelther

[ ) y

)

‘Perm1551on has been - granted

to “the: National. Library Nof
to mxcrofxlm ¥9- 5t

o
[« v &

The author (copyrlght ownep)
‘resefved. ottler
rlghts,, and}
the “thes'is,

extensive . extracts.. from’ it

- may .be ptinted or otherwise
ureprod o thhout hls/her

wrl.tt-, pe rm1.551<>n.

ooty v N
. - d
L e A , 4 ~
. ' &
A R B :
e to u
. o
R RIS
— IRER ;
L S
ot o
o

noq

[l -. \ ! N ‘,é" A‘.‘l‘.l\‘\
,’ ) ."‘ - o~ :" | )
X y ) ‘ sv: . ”:.
R S : o .“yg%
| ‘L'autorlsatlon a. été accordée w”
oA la - Blbllothéque natlonalé
”fvdu ‘Canada ‘de mlcrofllmer ,M”H;:
. cette thdse &t 'de préter.:ou e
v de wendte des exemplalres Eell {g*‘Jg
fllm. ‘ <A \ :..‘ a R A
- v - : * ’ Y
L'auteur (tltul ire du drolt“
;, g auteur) se: ~réserve les

aqtres dro1ts de publlcatlon;

ni- la" thése i;: de biongs
extralts de.a elle}c1”" ‘
doivent.. étre imprim&s.

autrement reprodu1ts sans
autorlsatxon écrlte.




B L : Co S R L

o X S S N 9 )
‘ 0 .
'iTHE uNIVERSITY OF ALBERTA e ,(\'
L RELEASE ronu d , \.§

¥ S
X R ' “w ‘ ,‘.
3‘ FrISCO Consolacxon wr‘,‘i'.f ST ;\f‘f‘ - : L?-‘
' TITLE OF THESIS A /*j-‘ - 'Tiiqu | -'fwﬁw‘a,{ :

r,AN xuvrsrxcarxon OF" THE FREEZE szrunxzarxon MECHANISM VR
IN FOOD PROTEINS ';A'Q o _' : 3’\~Jf ‘ j.,_’ SR

i,ﬂ'i;g:DEGREE FOR WHICH THESIS WAS PRESENTED Doctor ‘of s Phxlosophya

‘VLQYYEAB THIS- DEGREE GRANTED ‘Fall 1986 fii‘ ”“f h??' ;fi*’
| Permlsszon‘fis herebY gfa"ted to, THE UNIVERSITY OF
r‘V-ALBERTA LIBRARY to reproduee s1ngle COpleS ﬂof‘ thls thesxs
o fVand tb. lend “or sell such coples for prlvate, acholarly or.

':‘flsc1ent1f1c research purposes only. ";v' fiRV‘ ?f}"‘ . ;j ;fﬂ; .

‘vQ‘ The authqr reserves other publlcation rlghﬁs, and
f'hne1ther the theszs nor extens1ve extracts from fit may he |

'"rfprlnted or otherwlse reproduced thhout the author s wrltten Te;;” v

'ﬁh'perm1551on.¢k&

<(SIGNED) m..L{.;{;v”

PERMANENT ADDRESS'h‘ LN AL ’7°{ff~t‘fffffffff7”<ﬁ*éoffgif
" GENERAL \IM‘STREET L | e

:‘........."..‘..I.O....vQ.......‘.O.Q...'.......

CALAMBA, LAGUNA 37"

o'c.'o’o‘-‘ioco‘_ro .oocobo ooo...--o-o‘-
NN ¢ @ K Coat

PHILIPPINES

.v...‘.‘......,‘.Q.




. f ' 8 " o . v . . N . . ' .
: B PN N N B . W ' il . N 'y s
N . ! . . . e . . '
[ - ) s \ . R . .
" . . N Fel . - . ' . . 0
. c ‘ } . , , L
. . . v ' ' . v . .
' UL B P ' . . . . B N ¢ . 4 ce . e -t
) S g ; - , . ) ) Cs
’ : .. | - “u ‘. v ) , . ' 1. .
N At Al o - C . .
S . A% b
. . ' o . ! ) ' & B
. PR * ' ) Ve
o . . 0 . - ¥ Ed
o 1 ‘-
- . ' .

o THE UNIVERSITY OF ALBERTA e T e
: 'A ' ‘ ., ( *". i ) (‘.
et FACULTY OF GRADUATE STUDIES AND RESEARCH B e

J \‘ \.e ,' yl_- ] ' "‘ : . i ,' R Lo !” .n!t
' The unders1gned cert1fy that they have read and Wl
/A

‘ ?recommend to- the Faculty of Graduate Sdeles and Research

- for acceptance, a, the51s entitled AN INVESTIGATION OF THE

FREEZE TEXTURIZATION MECHANISM IN FOOD PROTE}NS submltted by

™, -

"

fFr:sco Consolacxcn 1n partlal fulf1lment of the requ1rements

‘,Vfor the degrée of Doctor of” Phx?osophy in Food Processxn“"

B e

© 8% e e a0 e e 4 e o ‘-o'-nroooo.'\oo..o"-.oa-o'o'-o.oobo-‘

. o e “ll ,‘u.‘. o . . '. ) K -Qj"“
: S 4 .0, ‘Supervisor /. . o
Tale e e e e RN

. * [T U LR P o - N : N . L
T e eie [RLIUIR o‘c.u-ot-t_o"al"o;i o g o C et s es o eV P 0 s a5 0,000'080 0000 - .
L i i ) o (" S e TR S DR . ) X




r
Cy

'-gw»revealed by u51ng the scannnng electron m1croscope. Non:

Th1s ’study was’ conducted to eluc1date vthet freefe

textur1zat1on ‘mechanxsm ;in‘ poultry meat protelns. Th;s

objectlve was met to some extent by studyxng the eféects of

the alka11 and ac1d treatments on flber formatlon, effect of

the freezxng modes (non d1rectxonal and un1 dlrectxonal) and

&

freez1ng tempé?ature (- 25 and 60 C) and the effect t‘ pH /
(5 .L. ,and 9), 1n the presence of calc1um or urea, both on“

the structure and texture of the proteln matrlx. The '1nter-'

K

Aa's'rmc'x'" } : T R

\

‘—a"

\ . A ‘
pretatlon of the resultS'was based on the 1n¢errelatlonsh1psﬁ*

2
(

/", N . o ,b, !‘.”

protegé system.rhﬁ”-e.t» R .,g Vfb' HfUQ¢anta;;f*

The SDS PAGE of the tresh protezn '1solate showed he]kﬁ

presence :of hlgh molecular weight-proteln subun1ts (18 000—':.,l;;

-

248 000 daltons)\‘Flberlzatlon and extended cross 11nk1ng of:

these protexns, through the formatxon of secondary bonds, 1n7

st

the fresh prote1n 1solate and freeze textur;zed product were

d1rect1onal freez;ngff{r

of chem1 l comp051t1on,‘mlcrostructure and texture oﬁ,;thef”ﬁ ;f




. : | 3 S e R
'\flxons to the proteln system The effect of pdded calcxum ;was"_

' manlfested ih‘ the hlgher textura;'strength compared to the

texturlzed samples thhout calcxum and at alkalxne pH

L However,**the add1t1onal strength prov1ded through calcxum

W

b1nd1ng was not suff1c1ent to prov1de the textural strength
‘hwcff“thef prote;n slurrzes texturlaed pH 5 and in the

‘%ﬂébsence of thls b1u\1ent cat1on. Mlcroscop1c 'amslysis

S

.h'févealedA formatzon x‘f numerous mlctocaggtles, 5fletténedf‘

protein - sheet structures ; (ma1n fandf 1nterconnect1ng
ulsstructure) and,‘ i : some 1nstances, dlsorgan1zed sheet - -

structures\‘ These structural changes were ]_in.j turn 2

Y . i

de onstrated S1gn1f1cant decreases 1n the textural

. strengths of the flnal textured proteln. The. data obtaxned

suggested the 1mportant partzcxpatlon of some,¢chem1cal

:fﬁ:" bonds,{ such 'ufilf‘ff_hydroéen and hydrophoblc_bonds, 1n
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In recent years substant1a1 effont has been d1rected ton

N . !

p0551b111ty fi fabr1cat1ng prote1n rlch £oods frombf?"

var1ous 'sou es inv‘oxder to max1m1ze ut111zat10n of thef(

DR

surpluizb&nexpen51ve prote1ns tnat would not ,otherwxsev beg\-

used;>for human foods Many prote1n sources,»such as anlmalj

and plant prote1n by prodUCts and 51ngle cef& protelns, have -"l

g\‘ "', NETE :
Aot been fully utlllzed hdhhn food because of thef.';;

falluze dupllcate, the mouth feel and 'e f1brou5f

£

t; character of meat texture..Most of the protein”concentrates‘agfﬁﬁ

",. .‘.._;\ .

are 1n a paste or an\amorphous powdered form and thus {wouldj}'

v e

4 .

requlre proce551ng to prov1de the tgxture or f1brous qualxtyfT.Zb




'

'f extrus:on and freeze textur1zat10n _

s o

Numerous workers have“developed *wide varlety fjfwftﬁf

techn1ques, 1;‘1nclud1ng flber fvsp1nn1ng,eﬂ'thermoplastxc

[

"rreQUmred flbr051ty 1n the s1mulated meat from the orlglnal

F

untextured proteln slurry or solutlon The flberj p1nn1ng

e

method for prote1ns‘was patterned by Boyer (1954) after the

processzng of art1£1c1al textlle fxbers. Th1s 7‘process-

PR

!féf‘ obtalnlng héfrjﬂf,

[V

prov1des unxform flbers, however,.’atj requ1res expen51ve rﬁ”

fragxle (Ar1ma ’and“ Harada,: 1971-' Lange, 19740}f

'

alternat1ve method thermoplastlc extru51on,h descrlbes the
productlon"of a protelnaceous meat 11ke product by extrudlng

the dpugh 1nto an area of reduced pressure (Klm and :Lugay,

H;‘

spznnlng equ1pment and produces flbers that e soft éﬂdf fff”P

1 One' L

m01sture, cause_the;developmentvof an expanded open cell"ﬁ”?




Hfj;“orlentatlon of the frozen prote1n materlal can be controlledfﬂﬁfg

q.devoidff”f‘f h deslrable meat texture.,‘ However,,,pthel gﬂy

She

ﬂwby the freeze allgnment process 1ntroduced by Lugay a"d“ﬁklmix?‘i

'7R3(1981) | Thfs method was Ehe bas1s of ‘A study conducted'byf‘“

‘5 [fLawrence and Jelen (1982) ]Slnvolvlhg the effects'u‘f pH V&.}f

‘ I ‘ S ‘.p‘u.w» : . -
.total sol1ds and freez1ng rate the texturxzatxon of*

4

bt*alkalx extracted meat protezns. sThe 'results‘ obtaxned by

“1 , ‘a-;.‘... 8

,"‘etheSe authors suggested tv' *M"”If”qf 1ce cryStal

| L v
\ § i o~ I P

:hformatlon on texturlzatlon and cross llnkage‘between Vf1bers

s




‘WwﬂVglxchehfcal qomp051txon hof the product 1”, was consxdered 5‘?h*

”‘fapproprlate fastfah[ overall objectxve of‘ th1s 'study ?to e

ﬂfdetermlne the effects of the nature of proteln type of the

i

.‘predom1nat1ng chem1ca1 bonds and the factors promotlng aﬁd _L‘h

"”d1srupt1ng these bonds, 1n order to elucldate the mechanlsm h]‘““

- ':W-~of prqtean texturlzatlon by the freeze falxgnment process.af
ﬂ 1 e o
s Speczfzcally, th1s study .was conducted w1th the followzng

0.

gttt o P |
, RN g \““ v IR ot

ﬂ'QV objectzve5°'af‘ﬁ*x”w‘.‘.uk,‘ SRR ._~-.‘_ ‘; ,g,~; h*"- »f,}u o

\ . .

"‘?To characterlze the alka11 extracted ac1d prétlpx- ifﬁ“d

v .
. I

tated prote1n from mechanlcally deboned poultryomeat

_? fLmE rvﬁ} re81dues:~f:ﬂ5'f3"“‘;xﬂ;drf U"p‘~ Nﬂ';uﬂ h:x o
g;;ﬂ V‘r" 2 To determlne the effects of pH free21ng temperature ;‘ g
?P .;Qﬁ” ,fﬁandf preSence of . calc1um ‘or . urea o proteln - :
‘T o Tadlfflh extur1zat}on.'l'fﬁ<.ufdy‘?.i the | .‘l”'“ C - ri

“?fi;fjéwio demonstrate thg 1mportance of the alkal1‘and acld g ]
i e treatmentscﬂ‘vgn‘ protem &; 1nteractfons . )

‘dfevents~'lead1ng to

texture formatlon durlng freeze
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N R
;\a 1 Texture Formatxon from Protexnaceous Mater;als R

,«.‘ ‘ N *\ d ' e oo ~‘ ‘ J"'
O It is well establxshed that protexns are | an essentlal ,

’

‘component ‘i human nutr;tlon and that protelns xn the form'?“7

*

of meat are the most attractlve of all foods ﬁo the average

+ )
Y 'n‘/l‘ oo

human taste' (Gutcho 1977) Anzmals are ,1neff1c1ent

. ' “|‘ ! RS

convert1ng the protexnaceéus vegetable materlal 1nto meat 1ng[wvf

a
" " N

terms of food 1nput to food 0utgut-+Gutcho 1977 Plaskett

A
{

1977 K1m and Lugay, 1978) whlch has led to the

|'4 ,.‘|

v ey

areas of the-world CoUpled ,wlth the grow:ng problem ‘of;V";“

shortage f prote1n for human consumpt10n,_there s a'; neevaRfH

to max1mlze gtheijus : of protelns recoverable from foodfﬂ,

o, ' ! . V : 4»

1ndustry by prodpcts (Young and Lawrle, 197Sa) rand

" " '

' 1mprove the acceptabtlity of vegetable prote1ns (Hoer 1972,:;

'1975) To thxs end the food 1ndustry has expended




csen  vuma, “ALLUMEU GpLULTLII C pLUUUCLS S 'aenotes,; those

“protexn rxch Iitems fwh1ch 'have~been‘modified ;n{structure,":‘
.shapey texture flavor and'appearance to simulate .conven-
tionai‘ foodf 1tems | especialiy ‘meat products (Kinsella,
‘1978) ka;emzadeh et al (1982) considered that a product
ihas been’ "texturlzed“ if it is able to wlthstand a Spec1f1ed
Etestxng-‘process. of hydrat1on retorfxng, grinding, _ahd
. “'scneenfng; fﬂiso, 1n the case ‘of extrusxon texturlzed plant
' protéins\ these products are con51dered to, haVe . been
texturally and hlstologlcally restructured to give textural

propertxes similar. to . those of muscle’ meat. Clearly,'
untexturxzed"proteih. mater1a1 contaxns protezn in: dlscrete
"and separate partxcles, and’ texturlzatlon is sald to take

f'..place ‘when the proteln acqu1res a substantlally cont1nuous

phape (Strommer and Beck, 1973),

Li\’ Texture 1s the most 1mportant qual1ty attrlbute of meat..

13
"

'9§$ (Stanley,.1983) thus, thls phys1cal property is con51dered
“ &

' 5nvas the mayn determ1n1ng factor 1n asse551ng the success of
et any prote;n textur1zatlon process. In fact, desplte the .

o controvers1al 1ssues about cholesterol and saturated fat,

~

S

TN

1n the face of escalatxng meat przces a fmajor~ upsurge.

ll,/ in - the con5umptlon of soy prote1n ‘in \the form of meat

& L '

SRR 'analogue has not yet occurred Th1s, accord1ng to Stanley

-X. ‘(1Q83),fimpi1es theafa1lure of soy products to 51gn1f1cantly

L
o . . [ . L3

*wQJJ;Jduplxcate the'texture of meat. '

L ' ‘;,'

In general textural propertles of foods. are percelved

as__a .d;rect;'.result.,_qft“

. -
e

\ ) . . . .
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*lmportance and 1nterest. Very little is_ known: about: the

,"fiber%like"‘ textyred - products is;‘a Jsubject of .unique"

interactions among the baS1c chemical components which nge
rise to the phy51cal structure (Kazemzadeh et al., 1982),

DeMan‘(1976) 'deflned texture as the way in which the

‘structural components of a food are arranged in a micro- and

macrostructure and ‘the' external manxfestatxon of thxs
structure. | |
“Allfmeats, includihg‘fish' and poultry, have fibrous
structures.' The texture of the meat products is 1nherently
dependent upon the f1brous nature of meat (Kim and Lugay,
1977). L1kew1se, ‘the' presence . of fibrous~structure is an

important factor 1n fabrxcated meat—like products. Thus ,in
£ :

Hproduc1ng these meat l1ke products, e. g. meat analogs,‘much

effort has been» d;rected to creating fxbrous structure
: &f
s;mllan to natur m&at (Boyer 1954 Lecluse, 1975; Kim and

"m" e’

‘Lugay, 1977).

2.2 Physicochemical Aspects of'Protein,Texturization

" The modification of proteins: to produce fibrous or

N

‘ mechan1sms that ‘produce the texturlzed proteln fibers or the,f
o forces ,that hold 'the polypept1de chalns in a gaven.
fstructure. In general the term‘"flber denotes any fxlament‘

.f _whose length 1s much greater than _its» d1ameter. Shen and‘

Morr (1979) proposed some types of molecular arrangement

.dur1ng the f1ber formzng process (F1gure 2 1) The rahdom5j-mf

AN

;parrangement Cof the molecules results 1n amorphous f11amentsﬁ1 h

\

e
L



mFigure 2.1 . Proposed molecutar arrangements for draWn‘fi1ament§v

(A) random arrangement of globules, (B) random arrangement ‘of random

1coils, (C) and (D) crysta]]1ne f11aments, and - (E) part1a11y crysta111ne A

filaments (Shen and: Morr, 1979) Note: The Sch matic d1agram described n

1n this figure has been removed because of the unava11abi]1ty of

"\copyright perm1ssion



’

(A and B) whereas an ordered molecular arrangement forms:l\

;j-crystalllne flbers (C and D) A partlal ;rystall1ne fxlament‘

resultsv‘ rom the mzxture or‘crystalllne and amorphous areasq

’,

\1n “the structure. Shen and Morr used ”theh term. fxber' o
| des1gnate‘ only those fllaments that have an apprec1able;
f{degree. ofﬂ crystalllnlty along thelr‘ fllament axxs.' In
‘proteinh“texturlzatxon -ﬁ‘\ fabrxcat1ng meat llke products
Kinsella (1978) suggested - that the term . fxlaments is‘ ‘more
jaccurate 51nce most though not all of the products possess
‘the structural characterlstlcs of fxbers. o o *‘-‘ : ”,f

:'The‘ pr1nc1pal stages of prote1n fxber formatxon by the L

‘spxnnlng process were deflned by Lundgren (1949) fas the -

‘f‘unfoldlng of: proteln chalns us1ng denaturing agents such as

tlt";Morr stated that 1on9er subun1t Chal" lengthtZdOES;“

e“heat or alkallw thelor1entat1on of these unfolded molecules e
by the actlon oi 1ntense shear achleved by extru51on through
‘small or1f1ces, the flxatlon qf‘hth structure\-formed by
‘coagulatlon f' prec1p1tat1on andVl ‘e;.stretchlng"of the;f:m
;l,‘f1bers (Cullol1 and Sale, 1981) . P

v

Jc‘z 2. 1 Factors favor1ng f1ber format1on

Large molecular welght ‘issj

[4

‘ppregu1rement £or f1ber

'“‘fformat1on ' (Shen ‘Jand Morr, 1979) protelns \thﬁi
',;represents _aA m1n1mum chazn ,molecular we1ght of 7 000
igdaltons._ The tens1le strength of the £1bers 1ncreases w1th

3;1ncreas1ng subunlt cha1n length unt1l a 11m1t1ng plateau 1s

af“reached at ca.,200 am1no ac1d resmdues. Further, Shen”and '”ﬁV




ML

“ molecular we1ght around 20 000 to 30 000 daltons. The e

)

1norea§e the tens11e strength of the result1ng f1ber.f Much
. .

longer. subunlt chalns }ar detrlmental to f1ber formatlon

(Huang and Rha, 1974) An earller study by Peters (1963)

“‘concluded that an’ average molecular we1ght 1n the range of

10 000 to 50 DOO daltons 1s requ1red fibér‘ formatlon.

—

Below 10 000 daltons,' only weak flbers, ‘1f any,vcan be

-

formed whxle‘ above 50 000 daltons,' hxgh ‘v1scos1ty land'

'.gelatron' 1nh1b1t proper al1gnment and polymer1zat10n of the

subunlts to form the flber.

Lundgren‘(1949) enumerated the molecular cr1ter1a Whlch

. | were best for optlmum f1ber formatlon, by the f1ber splnnlng

‘ technlque."The molecules should be l1near (1 000 A) and of

moleculqs should possess a h1gh degree of l1near symmetry

and be dev01d bulky szde cha1n groups that "would

1nterfere ) w1th »chazn opgosztlon, lessen 1ntermolecular

assoc:atzon and bondlng,g and weaken‘ crystallzne forces, ,

thereby weaken1ng the f1ber.\The component moleoules should

e

have a hagh coﬁtenﬂ

1

,z, molecular cohe51ve forces. lfTh‘ presence of cystelne

ff polar amlno groups to enhance 1nter-

re51dues, whmch engage 1n d1sulf1de ,bond formatlon~ﬁ also

v\‘\, R

strengthens‘the flbers,<¢<u

'nf;ln amlno' acid comp051t1on




W

A A

For example, polypeptldes thh relat1vely hxgh concentra-‘

'jtlons of serlne, threon1ne, glutamlne, and asparaglne would*?n

’i

‘mhave a- marked propens1ty to form hydrogen bonds (HUang dhﬁr'”"y

Hydrogen bondxng 1s a very 1mportant source of cohesxvef;*“

! N oo

Juforce 1n flbrous polymers. The bondxng may be 1ntermolecu1artifff‘“

o

b‘or,'as in- ,the helxcal polypeptldes,”

P
! B

'p051t1ve effects of hydrogen bonds on”the flber propertles"gf'

“*;are reflected 1n hlgh meltlng po1nts, low solub111t1es, . ndgtf'

m

”&;hlgh tenacltzes,‘but 1t 1s less clear whether the orlglns oﬁfjjﬁfﬁb

Nt - \ ¢

Uithese effects are separable 1n practlce‘ INtO dlpolar “dﬁ‘h{fjh

€

V}true bond1ng aspects (Huang and Rha, 1974 Goodman,-1963)

ff&~ Flberl formatbon' 1nvolves al1gn1ng of -hel1ces or

Vggnextended random co1ls 51de by S1de and holdlng them there to

1 by attract1ve‘ forces oF:

'ffallgned conf1gurat1’

Q1ntramolecular._ ThefjeV




i

v
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| 'structures (Kauzmann, 1959)

o N

generally of cons1derably greater magnrtude than the van der

Waals forces and 1n the maJorlty of flbrous polymers, these

'TTheim eleetrostatlc forces between polar‘ unlts aré"",

latter forces are suppfemented by cohe51ve effects r@dubed-i*ff7q

\4..
\ A

by the permanent dlpoles (Goodman, 1963) ‘ﬂ.m7f¢”5;

In an aqueous env1ronment polar or hydrophllhc dfbubé>

Ry

stab1lzzed by 1nteract1ng w1th water-;whereas nenpolarf“ jiff

A

hydrophob1c bond »15 used to descrlbe the galn 1n stabllltyﬂ

Wt . l

'ﬂ or the lowerlng of free energy on the transfer° of nonpo&ar

re51dues‘ from'7“;i aqueous enva onment

1nter10r of thef molecule.. It
hydrophob1c es.

stab1li

o or hydrophoblc groups are more stable away from water. Theﬁff"”




d«‘structure (Vxnogradov and L1nne11 1971)

N‘ﬁxheavy ‘metal salts (e g.,

7hw‘vstab1llze polypeptldes 1n the folded conflguratlon. Thesef

}of urea to dzssoczate and Solub1f*

. - e i
i . - :
. R Tt K
. . o i A D
[ . . ‘k i

: ' * : : . R
F e . “-,‘A Y R , . FEI

. St _. - L o i

;-\Heat encourages the pept1de ohain*ﬂmfoi assume
N v'I . g

‘ 'Z—random-c01led form 1nf: solutxon. Thus, chaln unfold1ng;fﬁ‘77

‘fn;‘wgenerally takes place.@ On subsequent ’removal .éf heat'

'
Vs

Tﬁflnterchazh bondlng \‘occurs, 1mpart1ng the‘ crystalllne ﬁn&jn

LY L l

Chlang and Sternberg (1974) reported that hydrophobmcfff?

w\{]uassoc1at10ns may be enhanced by treatments of f1bers w1th‘n'

nmercury) Hydrophob;c forces helpr}f ;

1

thermal stablllzat1on of prote1n f1bers. The marked capac1ty?of~5"

q.




v o

1

”.2 cross lbnks 1n the natlve prote1n. ﬁjhga

(Mark 1942) In the bresence ‘df bulky s1de groups,_ thepi‘V

crystall1ne formatlon is therefore 1nh1b1ted by bqth ster1c}*s“”

1nterference and rotat1onal restr1ct1on factors. J¢ ;“hf;v”"

Iy

e

Unfoldlng of the proteln chalns 1s an essentlal f1rstﬂ

step 1n convertzng globular protelns 1nto f1brous form.g‘*

sodiun. “hydroxidt, "fﬁié‘»: most . frequently employed alkahne"‘ﬁ:v

\
i

agent can solublllze most protelns and also 'unfold them,“f-

‘ ‘:. dlsper51ng the-chalns (Wormell 1954) Unfoldlng depends onjf“

R

' such factors as the average length k1nd and number“ fo{la:

. ,' e
ey i .
\

. v
. .,
.
¥

To cleave the d1su1f1de bonds,.‘thloglycolate,,

- ).

Té\and perform1c ac1d were used‘ Certaln other agents have alSOffﬁT

V?beenhme;t1oned as’favoraBQe for denaturat1on,3”nfold1ng and}gﬂfﬁ

‘isulfltefﬂf“”




I:, lntramolecular dlsulf1de sahaiﬁg§f7té'f yleld i sulfhydryl“tfd
.groups,f followed by;f oxxdatlon, produced lth hxghesf}ﬁ}‘,
\precent%ge °f CFOSS llnklng 1n the‘wool flbers.‘k“fLF ’.‘jfllfr‘s
;;ﬁl;¢ﬁcl FlOfY (1953) stated that 1only three cross llnksper‘liszfl
molecule are necessary to. t1e a proteln molecule 31nto and‘ -

| e :
1nsoluble three d1men51onal gel network Hydroc01101ds or'~

N 3. food b1nders whlch may prov1de adhe51ve or b1nd1ng forcesﬂ“d

o

ﬂj' between th proteln molecular

tot ! i

”halns' are” promlslngye" |
modlflcatlon agents 1n fac111tat1n" ' iber format1on infﬁf'.ﬁﬂf

dlble products.lpn'fy“p~ﬁgnfi L@, \ ‘nfjjgﬁﬁtt:ﬂg‘xbigﬂf}jffy5ffguﬁ
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"}2 3 1 szer spxnnxng ‘l‘fr,_:“fgj@ﬁ
The overall mechanlsm that 1nvolves the transformatlon

| f native globular protelns 1nto edlble prote1n flbers 1s

N

'summarzzed schemat1cally in Flgure 2 2 Whlch also descrlbes 3

-thdu sp1nn1ng process.”l'n‘ the f1rst step, a strong alka11

"3167~755l:”

‘?treatment (pH 9 12) dlSSOlVeS and denatures or unfolds‘ h§: wLQf'“

N

"nat1ve globular proteln, resultlng 1n a shearable solut”on"
Dl - Lol

‘llﬂof random c01ls.‘ Unfoldlng depends ﬁonh such factors ‘aw

o

| ﬁaverage chaln length and the kxnd and number of cross l1nks

“ﬁfln the nat1ve proteln (Huang and Rha,

“
[

' “\jfcond1tlon also favors proteln polymerxzat1on v1a formatlon

J1974)u, The alkallne e

:fyof d1sulf1de bonds (Fukushima,v 1980

: w1966) The

‘7ﬁstable covalent
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hm26% sol1ds. Then the dOpevls aged (w1th agxtatlon) to allow,f
M; the v1sc051ty to 1ncrease (100 to  1000 p01se) (K1nsella, ft
1978) Th1s {ihogdue ‘t. the occhrrence of proteln protelnltk
1nteract10ns jyia;( theh“ sulfhydryl dlsulflde.t‘lnterchange .

‘ﬁ?reattlons,J;aSw‘in;:thei case fjbsoy protelns (Kel}ey“and
yPressey, 1966 Fukushlma, 1980) The format1on 'of prote1n2tq
network entraps some water molecules and thls results 1n an \
;?-1ncrease in. the v1sc051ty ”“f" h dope: (Cheftel et al
1985) ‘ e f o) o | |

The proteln dope pa§51ng through ‘hee f1ne;sp1nnerets

(dlef of 1 500 holes, each of 0 003 0. 01 1nch d1a ) causes~

the polypeptlde ‘chaln to draw -close, together, favorlng

hydrqgen and f1on1c bond1ng,‘anq leadlng to the °rlentat10n'““

of the olecules 1n the flu1d state (Hartman, ,1978 Kelley eh

1

‘ . -",.‘“

and PreSSey, 1966) As the extruded'proteln emerges from the Q}

T: / |
,L;sp1nnerets, there 1s partlal relaxatlon of the or1entat1on

the polypeptldei cha1ns.; Thus,j 1n the\fhxrd'step{”.1Wh
" ‘ Ve e ‘ .

'dope

emerg1ng

leaments are set when;the stream of protelnr



‘|“‘ A e

oy After~ settlng, further or1eptat1on of the molecules 1s '

fﬂ*r‘obta1ned by stretch1ng the freshly formed and relattvely

-‘plastlc ﬁilaments,[and a stretcbxng procedure (about 50 400%}3w,‘

0 Stretch) 1nvolv1ng no more than'leadxng the flbers away fr o

A
'y

the extru§1on or1f1ce at a rate of speed suff1c1ently great:tn :

i ’ to\ prevent‘“the flbers from belng ﬂ,ormed q klnky ;i
: ’cond1t1on enhances thef orfentatzon.land consequently thet
'- FER T “\1 .
‘i snzenoth'}fourth step) If the leaments emergang from the
d?l \dles ”are " stretched,B they*w1ll tend to be weak tenderuﬁ'"“

4." '. " Vi

"

‘w,» o

| unstretched fnbers w1ll lack chgwaness, wheneas the productzv

'“ lg,\a‘y A

.i‘and rnelastlc.. Textur1zed protenni made from kanky,.»or'”‘

FXTV made"from hlghly oraePted ‘flbers wxll have -hlmPfovedft*@

1
chew1ness and a more meat llke texture (Boyer, 1954)

L "“Ayl ' ’ "‘ . n,p

f_aﬁi*:}* The f1laments gagéf annealed wh1le .under‘ stretch byfpff[l

"\:Il ( ‘ N o

PR B

‘,heatzng them' jUSt below ‘th fu51on temperature ?éﬁVf“”;

:chf'1ncreasé the degree of cr;stalllnxty The length of heatlngﬁxﬁﬁ

‘ﬂStep requ1red

;to effect fu51on 1s dependent uponueeveralﬂQU‘T

:Tyl”factors, such,as ﬁhe temperature usedn the type of protelnf]fw‘

3 -1‘»'

j”flber and ‘ S%?G"Offthe”bundle of»flbegg.(BoYer i954) \t;f*f

s cured by cross-iinklng agents (e g.pfi



o _ - R
‘ . B ' - T
solution’ .associated, rapidly and become excessively viscous

or form gels‘ thereby ' impairing ,the'*spinning‘ operation
(K1nsella,’1978) ' Co | : i N .

+ o ' : \ '

2.3, Z“Thermoplastxc extrusxon

R BRSO ' ' "
ﬁ?% Thermoplastxc extrusxon technology has been'used'to
. J "’ V B
o @exturlze many defatted vegetable prgtein 1ngred1ents and
L8 v d

‘FHQ;lproduce many f;brous structures and meat llke textures (Rhee

& et.al., 1981) The process requ1res soy flour' or grlts to'

ﬁg&“'h containk a. m1n1mum of SOXHproteln wzth a nitrogen solubllxty
éltb: - 1ndex ot 50 to 70 a. maxlmum of 30% 1nsoluble carbohydrates,‘
¢ ff,‘and less than n1% fat (Smlth 1975) . The ba51c 1nformat1on
¢ S, - :

I ~ : n

@cqncernang‘ the. chem1ca1 and phy51cal changes occurrlng

durlng the extrusion or texturxzatlon in the raw materijal is

:
: 'di?&- a o o
L. i

T very m1n1mal Varlous mechan1sms have been proposed to

_ expla1n 'the. fiber formatlon and flnally the characterzst1c
‘ me:E 11ke st;ucture.l ‘ y',“ﬁ "‘y .

_;@”‘f' o ’ thei thermoplastlc extrusion prdcess;. é“protein?r
‘contalnxng.raw material is mixed w1th 1water to 'gorm‘ﬂa

)

o~

'"dough" w1th 10 60% moasture and‘ls then forded by means ofu
’ ompresszon screw operat1ng W1th1n a heated barrel from -

to 400 F. and at least 1000 p s 1. through an or1f1ce.

Whlle 1nside the extruder\barrel %he mlxture is worked andh“ i

S heated caUSLng the protexn molecules to denature and %orm”“
‘ "%‘?‘ KRN . B

\ Lh TR .'._ 1 e .
LR ES . B . . A LA

LA
.



prutelns. \giycinins) in the aleuron granules occurs.rn51de

the‘extruder barrel. At thxs pOlnt the proteln molecules
.unrawelled followed by stretch1ng due to shear1ng actxon of
the . rotating screwiiiltes The protelns becOme allgned jn
‘sheaths, then .are‘ compressed further and 1am1nated longx-
“tudxnally and are’ denatured at hlgh temperature when pass1ng
through the d1e. At the 1nstant o} emergence "from the d1e

. pressure drops, m01sture vaporlzes ‘and flashes off ‘and
air- space vacuoles are' produced withln the ‘lam1nated
extrudate The coollng, accompanled by vaporzzatxon allows
rapld thermosettlng -or. solxdxflcatlon‘_of the‘-stretched
proteln flbers. A porous ‘structure, w1th parallel arrays ‘6f
| lamellae ‘of ‘protein fibers, results (Rhee et al . 1981;
Kinsella,-1978;‘Plaskett, 1977; Shen and Morr, 1979).

2.3:.3 Freeze texturization'

| In freeze texturlzatlon the prote1n solutlon or gel is
frozen such that ice crystal foréztlon concentrates the
proteln 1nto the unfrozen llqu1d ‘phase (Flgure 2. 3) ' Th1s
process brzngs the proteln molecules close together allowlng

prote1n polymer1zat1on to take place via' the drsulfxde,

‘hydrogen,|‘1on1C'. and hydrophob1c; bond formatlon. In the**

: manufacture of kor1 tofu, unfold1ng of - the globular prote1ns
is. adcomplzshed by heat1<g’a,5 10% proteln solut1on (pH 7 0)

’to”190°c AfOr. 1 minute (Hash1zume,‘ 1978) Th1s process

",éXPOSeSﬂ‘#hgé‘méskea sulfhydryl groups needed for d1su1£1de

-



" Figure 2K3‘ Inso]ubllizat1on of soybean protein during frozen .
'{storage Transformation of prote1n so]utlon or ge] 1nto a freeze
ftexturized soy protein curd showing sponge 11ke texture (Fukush1ma,
;1980 Hashizume 1978) ‘ Note The schematlc d1agram descr1bed 1n
' thismflgure has been removed because of the unava1lab111ty of

'copyr1ght permiss1on



- . - memmme e },,t-uvuu piaya-an 1mp0rt8nt‘
'trole in the texture of the product (Salo, 1969 ‘ 1971) The ;"”

§ ‘pheat denatured soy proteln is cooled 1mmed1ately to leSS"g

ttthan 20 C and then CaClz us added at’ the rate of 2. 5 X 10 t'T‘x

| moles/g of protexn After freez1ng at -20 C the frozen gel

is stored at =1 to -3° C yfor‘ about three weeks to' allow(vj

| further -polymerrzatxon ofivth protelns (Hashxzume,\1978:
‘ Fukushxma, 1980) | . |
_The proposed mechanlsm of the unfoldlng of the nat1vef‘ﬂ Y5

proteln molecules and thelr 1ntermolecular polymer1zatxon 1s

schematxcally presented Flgure 2.4, . The. exlstence of; .

‘large numbers of dxsulflde bonds in each moleculel Luggestsg‘jj'“
" that’ i1ntercha1n- dlSUlflde polymerxzatxon otf‘the heatedffff"
,soymiik:;protein occurs through 'h 1nterchange‘.reactfonh
VVbéfwéeh the‘ sulfhydryl and dxsulflde groups. ‘One or two
g‘su{fhydryl groups 1n each molecule could react readaly thhj%”;j7
' gany\ of heijseveral ;acce551ble dlsulflde bonds of anotherd:l'”
Jtmolecule and conseguently, the 1nterchange reactlon betweeanto

\

':th:' sulfhydryl and d1sulf1de groups occurs to form new- *Qﬁf

‘uf“molecular bonds By th1s 'react n] aVVneni free sulfhydryl;f;t\”

‘f,ngUPS appears whlch can take pl t 1n another 1ntermolecular}~5'”:

-gvreactlon‘w1th d1sulf1de bond and sulfhydryl groups{f

8 Through o thls 1nterchange mechanlsm,.;thEﬂ 1nterwzlecularf;;gki
1,7d15u1f1de bonds can l1nk at multiple S1tes on each m lecule,gﬁ‘rf

f'*mﬁresuitlng ‘1n a. three~damensxonal polymerlzatlon and 1nsolu-f“i‘:}

‘ foﬂmechanlsms ﬁo”:the polymer1zat’on of'soy protexns,



\'“'Figure 2 4 Schemat1c diagram of unfolding Of native prote1n .
'f“ nmo]ecu1es and their 1ntermo]ecu1ar p01ymerizat1°" (]) unfo]ding Of a

' \‘po]ypeptide chain in a. native mo1ecu1e, (2) 1ntenno]ecu1ar po]ymerqzatlon.:ﬁf;?&f

  'ffthrough -SH/-S-S— 1nterchange reaction, and (3) intermo]ecu]ar polyme—-w ;

iﬁrization through hydrophobic 1nteraction (Fukush1ma 1977)

‘;iNote' The schematic diagram described 1n this f1gure has been removedmﬁ 

?f because of the unavai]ability of copyright perm1ssion

oy



" v

be1ng dlSCUSSEd above, whlle the second -1nvolves~.tormatdondh
f dlSUlflde bond by ox1dat1on between the ‘tuo free
lSH groups located on d fferent proteln molecules.f Based
'vfjth studles conducted by Fukushima (1980) the presence of :
i only one or two. free SH groups per molecule of soymllk
‘protean rules‘ out dleUllde polymerlzatlon v1a the second
‘ mechan&smz Because the probabxllty that one or two oH groups

';.—a-' N Voo

-ﬂf \Q w1ll react 1ntermplecularly ‘i small and even though two

o

‘ SH groups mlght react 1ntermolecularly,gthe -moleculesf w111

'

\

polymerlze only to dlmers when each molecule has ;one”ﬁﬁ"

K

SH group,‘and one dlmen51onal polymers only 1f all

molecules conta1n two SH groups. Therefore, large amounts Of "

,

1nsolub1112ed proteln through th1s mechanlsm W'_:iﬁjﬂbeﬁffﬁ

expected (Fukushlma, 1980)
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after freeze dry1hg can be obta1ned followlng the freeze-vf ;

B a11gnment process 1ntroduced by Lugay and Klm (1981) (F1gure

2 5) The parallel or1entat10n of the frozen proteln mass

be. obtazned by coolxng .only one surface, wh1ch wlll

o

that surface.. The 1ce crystals, wh1ch grow as "spears“*in

‘ﬂ'cause the 1de crystals to grow allgned and perpend1cular _to'lf'

v '

the protelnaceous materlal exclude other substances, Vand(;tﬁffi

water molecules from the bulk of the system m1grate and f1t

AR .,,'

on the mc; crystal latt1ces (Lawrence et :al ] 1986).??Thfsgfl5“"

,_,.., [P

‘process concentrates both the proteln and other solutes 1n

Xl

the spaces between thew'f ‘ crystals,| formlng d1st1nctly\

e




LI . T S o . Pt N A IR R
g AR RSN . o AL IR ; R P RN .

:;\x;‘ Table 2 1 L1st of selected patents coverxng some aspects offffﬁc
: ﬁhe freeze texturxzatlon process.]“”i3ff%f' e

o,

A

Ok1mura, G K. 4 W11k1nson J ‘B U S Patent #3 490 914 Vﬁdﬁ[w
(1970) Prepa‘atlons of" Vegetable Proteln Contaxnlng T
N Food ProdUCt o

o 2 Boyer, R.A. and M1ddendorf JLE. U.S. ‘Patent " #3,870, 808
(1975) . Method‘of Produc1ng avMeat Stlmulatlng Textured

'..*“ v

Food Product

- 3 M1ddendorf J. E., Waggle, D H and Cornell 7~'U S
 .jny{;‘ »JiPatent #3, 920 853 (1975) Prote1n Food Product S
:,49.'-:‘-L1vingston,‘R ML Matthews, A.D. and Mall, D.N: British -
7w Patent: #1,544,906 (1976). Textured Proteln Food Product”. = < *»

‘ﬁuhgj{~Preparat1on from Proteln Solutlon. 3,}h¢: RN _vh;m;;y,ny

R T ‘and Lugay, J.c. SC;Patent #4, 001 459 (1977»*’ \
:Z'&qJ;Flbrous Prote1n Materlals.,ﬁm;j RS

"-,‘

ﬂfffif‘ fK1m, M K and Lugay, J C Br1tls Patent #1 537 173;_"
NN {(1978) Textured Flbrous Prote1$2¥roduct.w.um.,;

“:45?K1m, M R Pand Lugay,
V%(1979)'"

-J.C vBr1t1sh Patent #1, 537 736
~F1brous Proteln Materlals.wfju ;'1,

:3 hi; 1mura, SQ.and Umeda, K. 4U S, mPatent
fﬁ#4 136,210..(1979)", ‘Process - for' the- Productxod of -
ex,ural ont"ln‘Foodea erlal{ rom Krllls.
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‘r%*protelns aéeﬁ retextured i cOntalning between 15 30% (w/w)«*:n“t

i SOlldS. Protexns at thelr 1soelectr1c, pH E%e recommended

"V.normally pH ‘ranges of 4 0 6 0 s1nce solubllxzatxon of‘f

"jthe protelns occurs outsxde thxs\range. Salt concentratxonsf“

b

\
i

\ -Q
0 v
I :
[N

o

[
TN

vy

|

fprotelns

“tcr1t1calj

‘7fw5below (w/w) are also suggested in, order to optxmlze theﬁﬁc*ﬁV

‘sgproduct texture.‘ Solub1112at1on f 'ﬁhéj natlve globular”q'f

‘ialso con51dered - ,hlgher salt conCentratlons.: Further,fj

“walllford stg&ed that the freezlng rate\1s not cons;deredﬂ'“tf

i, !

vHoweven,:th1s parameter can be controlled so that;f

i w;rate aftects

‘of plant or1gln as well as some anlmal prote1ns 1S’If”e




s1ncé the are fundamental 1n all aspects of cell structure

‘ and fUne 1on,¢{{N\n1nger, 1978‘\ Peters, 1963) Prote1ns‘“

con51st of repeatxng un1ts of amino ac1ds,d llnked together

Q

B by peptlde bonds ( CO NH ) wh1ch upon ac1d hydrolys1s,3

a4‘

Udgﬁd‘.4y1eld prlmarzly the a- am1ho3‘ac1d typeS-‘(Lehn1nger,‘ 1978

Huang and'nRha;u'1974).‘ There'fare about twenty frequently

s N

'gfoccurrzng am1no ac;ds: %lyc1ne 'vallne, leuc1ne,.1soleuc1ne,

l)'v‘

.,fglutam1ne, ly51ne, arg1n1ne and h15t1d1ne.f7

'fstatesl can be class1f1ed

{“jW;QV" fProte1ns 1n\ thezr nat1ve

"f phenylalanlne,_ prol1ne, ser1ne, threonlne,,cxsteine, meth1-“l'

~on1ne,; tryptdphan,_ tyr051ne,. aspartlc ac1d asparag1ne, _t*7‘“




“‘0‘ RN

-

‘W't1on result1ng from the non covalent 1nteract10n of macro~f¢

:' i}and Rha 1974 Lehnmger, 1978)

"{:2 4 1 Protexn denaturat1on'd\fﬁﬂmfﬁffh”liﬂ;f‘  {W”i“qujx,“”““

B

Proteln behaves dlfferently under varzous envxronmental

'}*condltxons, under whlch ‘sv conformatlon can - def1ned

f'proteln conformatlon as well as other _spec1f1c‘ propert:es

';Jfare collectively referred to as denaturat;on (Anglemxer and

sequence of processes)

/

,chonta1ns more than a sxngle polypept1de Cha1n, the °r9an1za-v"~

‘fw}ﬂmolecule subunlts 1s called a‘ quaternary structure cﬂuang«ﬂf"

‘\.

‘(Lapanje,.v1978 Kauzmann 1959) The profound changes 1nqu“.




”ﬂf;WIII be presented herer f J_ffffb %f“fﬁf‘:”ﬁfW*xfbn

4

' also' takew;

. ,!-'.“""‘ "
TN : ot v
o, PR

R G32,

. Lt K IR R .
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e ' f W e .

‘\,f; There are var1ous means f denaturang protexns, ‘for. .

\ .
. '

exam‘le, bY heat 'PH ,'urea,_ organlc solvents 1norgan1c L

’

“”aha types of prote1n denaturat:on are avallable (Lapanje,‘f“

1978 Kauzmann,.1959 Fennema,,1977) only brlef dxscu531on'

‘.\ S

V) I B e . a N . : ‘,‘.‘ \u

\ﬂjfﬂ Thermal denaturatlon 1s brought about by 1nsrea51ng theﬂf“

temperature (Lapanjé 1978) The coagulat1on of the protexns‘s.

at’ hzgh temperatures 1s due to the polymerlzatlon reactzon*'

‘» " \' o " ' 0 R

based Vonj unaltered nat1Ve molecules or at least moléculescg“_
consxderlng no ;change jin” secondary structure (Jaen1cke,

1971) ﬂwl‘ prote1ns wzth dlsulfxde bonds,‘ sulfhydryl—”ﬁ”

dlsulflde 1nterchange react1on resultlng 1n cross llnks -maysﬂﬁﬂf

ot

jplace (Tanfo;g 1968 Kelley and Pressey,L1966-f§‘ﬂf

[
i

g Protem

denaturat1on, that

"(Lapanje, 1978xr

between

'a'forces

and detergents. Skgce excellent ﬁevxews of «tbe modescf;ﬁ




r‘also on temperature, pH and- the flonlc strength of h;t‘ S

V‘aqueous prote;n .solutxon (Anglemzer and Montgomery, 1976

ﬁt Lapan]e 1978) On the other hand F1ner' et al (197“)“'

f;1nterpreted ‘the actlon ‘off urea on protelns 1n aqueous

A,

ﬁlsolut1ons 1n terms of 1ts actxon on water structure whxch

1n turn changes the nature of polymer water 1nteract10ns.f‘ §

[ .,
i V'

‘\v

hydrophoblc 1bond1ng ‘mechanxsm (Lapanje 1978) ‘mhls 1s

The actlon of organlc solvents (e g i'a}cohol) 1nvolves .‘

i

: 1ncreased by 1ncreased alkyl,resxdue content 1n the prote1n.H3

1

,ﬁ"molecule. Organlcl "o;lvents tp'ossess both ,_hyarophlllc and

'hfhydrophoblc reglons, thus [‘aﬁ; pehetrate h hydrophob1c

‘a

;ffreglon of the proteln molecule (Sosulsk1 1977) fg\ﬂ*ﬂ”

.._

the: most effect1ve denaturlng agents (Anglemzer*and

:VMontgomery, 1976j Lapanje, 1978) These compounds have the 1}‘

g;s,ruoture (Anglemzer 'anﬁ Montgomery,“”1976¥ Howeve

Synthetlc detergents, both aonlc as well nonlonxc,.ig,‘



M

‘
-

chldﬁﬁde in heated soymllk at ‘pH. 7 (Hashxzume qfeal i 1974)

The‘large saltlr; out (m1n1mum protezn solub111ty) effect of

calcxum chlorxde on nonpolar compounds waSj demogstrated by

Nandx and Robxnson (1972) f‘.“ \;;gg Qf-ff

, .", . v.‘ . P
: ‘« ' o : N .
2 4 ZWProtexn sources _ {“]l " ‘,LHL-;
' v"’ ' Lo . ' '

¥,

3o

‘.cA -, v
«

produce fabrxcated foodSa vegetable prote1ns, such 5 soy, “

cottonseed peahut sunflower SEed rapeseed sesame seed

¥y e
anxmal p;oteln concentrates,‘such as egg albumen and casezn,lxa;

n

‘ and m1crob1al protexn;/ggom-sources such as brewer s yeasts\.:

or torula yeasts (Boyer,; 1956 | Lange ‘ 1974~~ Hoer, 1972-'

r

A var1ety f prote1naceous materlals can be useﬁ to .

e

Satterlee,‘«1981) Protezns °£rom meat 1ndustry waste, e, g.‘“}.

lung and stomach (Young and Lawrle 1975a) blood plasma

‘-\3‘,‘3‘

(Sw1ngler and Lawr1eﬁ 1977) poultry deboning re51dues "\‘u

(Lawrence and Jelen, ?982a) and beef bones ;(Jelen; et al., Q

I
1979) are 1ncrea51ngly utllized to prepare 51mulated foods.

Lo

Further, whey, a maJor by product 1n cheese manufactur1ng,

"fs. also bexng consldered as potent1al proteln source fg[”

3 . _ v

,,(Jaynes and.Asan, 1976 Tuohy, 1980a b)

T

: Protexns may be produced from the sources mentloned
g ¥ ;

acceptable foods or food 1ngred1ents, they w111 have l1m1ted

value (Kznsella, 1978) The varzetxes of uses or potentlal

ﬁ:'uﬁes ﬁﬂ ﬁpod protexns | depend pr1mar1lye °§+t;ﬁh¢ 3n3

SRR .’ A \ :

i 74]"

- .above 'ﬂowever unless these protelns are converted to ff“‘v




o

CRR}

v
‘

‘} alkal1ne treatment of food 1ngred1ents 1nc1ude. 1) obtaln;ngr

k‘&reactxons,‘",such ‘ denaturataon, hydroly51s of somef;f

2 4 3 Effect of alkalx treatment on protexns j.ﬁh_ﬁ?‘

- - - - - -
o,

descrlbe the compos1te behav1our of. protelns 1n foods and tof"

reflect 1nteract10ns that are 1nfluenced by composxtron pf

protein by Aits structure and confOfmatlon, ‘1ntra-’and“

1ntermolecular assocxatxons of the protéln thh other food'f

A 1
N

reactlons may OCCur. ST T o I\\_/J_

. . B 4 . PUNEN . .
. - . . S L~ L . LI
. N . : o X L

\ ot

One approath to recoverlng the protezns, w1th certaxn

%

(Young and Lawr1e,,1975a, Sw1ngler and Lawrze 1979 Jelen.

et al., 1979) ‘The alka11 solubxlxzes the protexn and also:““~

)

unfolds '1t/\te/”perm1t dlsperSed cha;ns " form flberS“Q‘T

(Lundgren _ 1949).\ Other desxrable» purposes -;far' usxngftn

4 * ‘

»

protezns w;th spec1f1c' propertles" such 1a‘ foamlngtfpgi

emuls1fy1ng  6rf stabllleng, 2) destruct1on of aflatoxln 1npf~:“

components ana _thew nature - of the hedxum in Wthh these .

'.\" (.

deszrable technologxcal characteriStxcs, from both plant and“*e

. anlmal mater1als is by u51ng alkalxne extract1on procedures4~

~N

groundnuts, and 3) obtalnxng solut1ons su1table for spinn1ngﬁ?

flbers (De Groot and Slump, 1969) However 'alkall treatmentiffft

1

v - L

N

argznlne, destruot1on of .. amxnof:ac1ds, ﬁ-e11m1nat1on andf

"a‘ 1'.

.'e, '.,‘ B .. ',\",'

PN

"'f prote1ns may result Var‘ous types Euj chemlcatjf.“
peptldes,.hydrolys1s of-amades (Asn,» Glh) hydrolysxs ofv-

:racemxzatlon, format;onvof double bonds and fbrmatlon of newﬁﬁ ol



AITE

' Ish1no' and Okamoto (1975) also observed that decompos1t1on'7dff

| ‘the productron of spun soy f1bers, the soy protelns‘ :
‘hg are f1rst dxssolved 1n strong alkallne solutlon to y1eld ‘é‘#'
'f"dope | and 4, known that formatlon of ‘a. good flber»‘
'~requ1res 13. 5% prote1n dlssolved 1n 0 95% NaOH ‘(IShan and‘i
‘Okamoto, (1975“ Kelley and Pressey, 1966)‘ Koshxyama (197&)"
‘showed that the 78 components of‘ soy proteln d1ssoc1atedf

‘.1nto a.. 2 55 uni at‘ pH 11 0, and a 1 BS entxty abOVe pH

et

12 5 Furthermore,vthef subunlts ,unfolded by exposure ‘to’Rp

alka11 ‘ However,' 'if  the - buffer. “(0. 01M glyc1ne NaOH)f :

contalned 0.5M NaCﬂ/*7§\Spmponent appeared unchanged up ‘to

\

pH 10 5. IShan and Okamoto (1975) studled the dependence of .

\

molecular 1nteractlon 1n alka11 denatured proteln on pH andl
protexn concentratlon before and after‘ d1aly51s agalnst

phosphate buffer (pH 7 2 n=0 5) Thelr results showed that_”

. molecular 1nteract1on' of soy protexn denatured Wlth alka11 j-
' occurred above 8% concentrataon at‘ pH 12 3 Under these '
cond1tlons, a‘ remarkable 1ncrease 1n solutlon v1scos1ty or‘x:ﬂ*"“

gelatlon iwAj observed after dxalyszs .agaznst phosphatef,wlf;“

buffer, pH 7 2 On.the other hand, pereln treated at Tbssf

than pH 11.0 and at more than «8% concentrat1on d1d notf7[

1ncreaseb,in 'v1sc051ty after d1aly51s. The results suggestt\ff"

that soy prOtEINS change therr conformatlon above pH 11 0.

of cyst1nyl res:due occurred near pH 11 0 and 1ncreased_ffi
gradually at h1gher pH Interactlon durlng d1alys1s afterhifre%

‘?f alka11 treatment above pH 11 0 apparently results fromfﬂffﬁ;ff

¢

L ;,.f,;.p;‘;<-;.), G
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‘~.f c

A l""‘lcjarboiy‘l‘a'to ! tyrosyl

formed by amlno ac1d esidues:,that Ibe‘c;om'elwaecessib‘l“e _t::o ,ea‘cn‘ v

\

‘10".4' ,_‘t;'hex solution o'f_ alkalx treated protems showed hxgh. L :

structure. '
Denaturat1on ‘under al alxne condltlons 1s 1nd1cated by

a decrease 1n the stabxllty' f .the tertlary g_struc\t_ure- due .' .

t;‘.o:;

‘(,a.)‘. e11m1nat1on : o'f electrost\:atlc 1nteractlons : between" -
carboxylate and protonated am1no and guan1d1n1um groups

: L I ' ;f

1) \—coo ——Hau* <____'“:’ —cbo + ——NH2 + Hzo |

olectrostatic attraction R

(Glu or Asp-l..ys) SR ;:‘ BT |
. L ‘ mz }li : . , OH ' “‘.‘ . LA v,
n) coo --—+c N=R “"-—Taecoo_‘\.;:-f-‘ e =

carboxylate guanldinium

‘

(b) el1m1nat1on -‘ of H bondmg between hydroxyl gr’oupof

tyrosme and carboXylate groups

-chémical - interactions
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alkallne -sointibnhf"ﬁéweVef} upon adJustment to neutral or i

ac1d pH the prote1n may be less soluble then orrgrnally{;

because of denaturatlon. jf‘ |  ;f. R ' | o
: vy . " . o o e ' ' o ' \ b . ' B v

2 4. 4 Formatxon of lysxnoalanlne and other new amxno ac1ds

Alka11 treatment of protezns may result 1n formatxon ofhﬁ

new amlno ac1ds: where1n cyste1ne,f ly51ne, arg1n1ne andli

posszbly -serzne are the am1no ac1ds 1nvolved 1n these,mod1-,ﬂ

flcatlons v1a ﬂ-e11m1natzon and racemlzatlon._ The ﬁ—ellmz-.ﬁ

nat;on react1on of a cystlnyl reszdue leads to the format1onh7

fo.

of dehydroalanlne, from wh1ch varfbus new amlno ac1ds ‘e1.7

fcrmed as shown xn the followzng react1ons-h R
e%ﬁf (a) formatzon of dehydroalan1ne (Fennema, 1976)

? cuz—cuuﬂz coou ou'*"OOC T
:_"l'.s—CHz-CHNHz COOH T CH CHz—S—S—CHZ‘
‘ CVsﬂno f o Z”ﬂ?”’ff' :' e
PRI CH- F&—s—s + Cﬂi'c

Co0".
+H o
\n e 2

Dehydroalanine SEIcA




(b) formatmn of new ammo ac1ds (thfaker 1980)

HOOC\ o ‘ Ooo‘ ¢ H Y L
o } ‘ "CH-~ cn,—nn—(cuﬁ‘ o’ R
‘ CHTCH—COOH H2 ‘ -~.“NH2‘7 S

‘ Lysinoalamng e e R

OC Arglnino dorlvatlvo COOH.‘V“
cu cuz-NH-(C"z)s C“

Ornlthlno'alanlno H2N

| p- Amlnoalanlne _
The ,d'ouble bond of dehydroalanme 1s very sensxtwe'{;.a.'_: ‘f""[‘;“

~:‘__ w1th npcleoplules 1n the solutmn. These nucleophxles may be""" hE




‘0 49 g/16 g N respect1vely) w1th trace amounts at 20 C an'-‘n”

above 40 C However, Lawrence and Jelen (1982b)\ were otf*o<

.“”éf‘able to detect LAL 1n any of the samples from mechanxcally%V'

oL

deboned poultry meat res1dues,‘ after ‘1 h0ur alkal1ne\j55ﬁ5f
extract1on\ at room temperature or at 35 and 50 C Samplesi‘;f]jﬁ

treated for 4 hours showed measurable amounts of LAL only at'ftﬂsgh

pH 11 5 at '22 35 and 50 C After 16 hours,,LAL wasﬁﬁ};ﬁfft

produced at all pH treatments at 50 C *Small amounts rwerej?”

also formedufa 22 C and 35 C atlpH 10 7 and 11 5. Thesei;

authors concluded that\j h‘. proposed alka11 extractlon;fpj

. 1

procedure would not produce LAL 1nfthe:prote1n extract under,:

':ffT, "’, an; : reagent d;sulf1de




[T,

Donovan (1967) observed hn alkal1ne hydroly51s off;iﬁ

proteln- dlsulf1de bonds. He reported that three sulfhydrylli .H

groups are produced for every two‘dlsulfxde bonds" spl1t

hYdrox1de 1on.f§Vﬂa3 7;§?fﬁ‘E”
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bt oactin,

tunet al.,‘1977) v,jgﬂjgﬁ;f;;ff}fr:f@fﬂ@rHIHAgfifffrdmijhti“

There are three major classes of muscle prote;ns, based
S

m

‘w\

solub111t1es 1n aqueous solvents,vﬁg;elyf

thelr

. plasm1c myof1br1llar and stroma prote1ns.‘The myoflbrlllar

v

'fgprote1ns are the largest and are 1ntermed1ate 1n solublllty

'}}between the sarcoplasmlc and stroma protelns._ Thls proteln

"-ﬁfract1on QiS* extracted,cf”

0

'strength (0 5)‘“lnd 1ncludes act1n, myos1n, tropomyosxn 'and

'In_.muscle, —actln fllaments, a polymerlzed form

" i
l.,-

faggregated

sarco—f'fl

salt 'solutlons of hzgh 1on1cf¥w

5



Mol Cael
(daltons)

Subunlt

p°1YPeP~1dgq‘j. . .,:_“‘,.
&Composxt1onf:‘~.~.u‘

ACtln

.‘.‘

Tropomy051n~M'

Ve

oy 47.5..‘?@@;. o

140,000

2oo ooo daix‘ns~”“‘”

20,700 daltons -

"119 500 daltons - 't
" 16 500 daltonsyc% i

“ -741 875 daltons;{{f 

daltonsﬁf:'
daltons;




':ﬁj(Slayter“and Lowey U1967) My051n 1s composed of ‘6 heavy

x?chalns and four;11ght chamns as_revealed by SDS polyacryl-?fff_

H

'TTam1de dzsc electrophore51s‘.Trthlc dlgest1°n"C1eaV95 tﬁéﬁ*
R "

o5m2051n molecule \1nto .1ts subunlts, heavy meromy051n (HMM)

‘?fjxﬁand l:ght meromy051n (LMM) HMM 15 further Spllt 1“t° S"‘

-

:“¢£f iand S 2 subun1t'ﬂ wh11e LMM ?fé rodr Of 90% a helzcal

46% ‘ 33%, and 87% respect1vely. On the other hand

Y

;5th presence of

,‘actln andﬁ my051n

gav1ng




N




S . : L : o . S \"‘ ”v‘,, p-\
Food technologlsts‘ have studxed the myofxbr111ar proteln :
j fractzon extens1vely because the myof;br1llarmprote1ns have

;;T;hn“‘ - great 1nfluence fon; both the culxnary qualltles and the ‘f
‘fgxmport&nt technolog1ca1 propertleSgLoff meat._ The parallel

<
[}

orzentatxon of the myof1br1llat' proteins hin the 1ntact

"~;ﬁ muscle t1ssue 1mparts the character1st1c texture of meat

‘| A ! a3

o ft prlmary obJectxve ‘i 51mulat1ng meat (Lugay and K1m

' v . A e
Vo -.y Y )

19319 Further, the, 1nherent‘ f1brous nature and ;‘rge‘ffV

molecular we1ghts of’myof1br111ar protemns make them h ghl S
RS su1table 1n ahy prote1n texturlzatzon processes.‘t.'ffb”
. ' ’VF .“ b."“. ‘\“ \\‘\’ “" \ "k‘v‘."”‘ l:\' L ‘l :\ N

2 5 “ Recovery oi meat waste protexns .ii;:"l“@g‘kinn TM“‘Vﬂ
o There has been ‘a. growlng ‘1nterest “" 1n¢rea51ng the

" : e

productlon"of /blant proteans and 1n the development of new

Ve T i

The productlonw of conventaonal

]

. | AR S
prote1n§ l1kejsoy protelns, has been wxdely used 1n

= Lke products.u,ﬂowever,u tnere ‘éﬂ;'"

A e

u51ng soy proteln, such as low accepta-




/

'“of plant orlgln.,‘-e‘f';‘,g‘]f'-g::¢'w“

rs
P f

r

w1th plant pEOtein: 1solates.\ Moreoven,‘ianimal“ protexn
) ‘ A ‘-‘ ‘
1solates : undoubtedly have phy51cal nutrxtxonal rkﬂ

.
:~

funct1ona1 propertles wh1ch w1ll make them superlor to those

A
v ‘.r‘

- Var1ous methods have been developed uto recover meat

o
“

have pursued solvent extractlon of fat and dehydrat1on as ‘asyp

V t
\ .

means of proteln recovery Levxn (1970) and Nash and Mathewadﬂ

[l
N .

(1971) employed carbon ‘tetrachlor1de flotatxon i' the ﬁ

‘ »" n

' ; Y
mproductxon_\of meat prote1n concentrates and 1nothe removal

r . , [N

of meat resldues from meat and bone me l‘”‘respect1vely.e'n

AN QP «
However prote1n concentrates produced 1n th1s manner are‘d
denatured and sd' result loss g'f funct1 nalxty andﬂt,-”

protelns from _meat 1ndustry by products. Some researchers*v |

e

T

decrease 1n nutrltlve value are common problems.v‘“pr“ “\5jyf""

Vo, By

Other methods 6f proteln reCOVery are based onphtheﬂ',

' .v"i
V .

‘2’4 . . i B

prote1ns at;pelect?ostat1c neutrallty or the,r apparent

"1soe1ectr1c polnt It 1s well establlshed that 1f‘a prote1n

P

) electrostat1c propertles of protelns, PR e., 1solat10ntof the if37h




manuracture or. prouexn based products for human cohsumptlon./ "

.Jelen et al (1979) recovered protexn from ground beef bqnes

)

' u51ng"a ‘ aqueous alkallne extract1on process,;‘ at ipHm

»

;116d0~10 5 and 20-22°C. The same’ proce551ng conditions. were"
:} employed by Lawrence (1981) in 'extractxng wprotexn from -
mechanlcally deboned poultry meat . re51dues..The commlnuted‘

bon1ng res1dues were agltated 1n “an ‘alkal1he solutlon‘ to

loosen the meat partlcles and egtract the prote1ns The bone.“ﬂ

: fragments and other solxd partxcles ‘Were [separated by’

centrifugation and the rema1n1ng aqueous solut1on ac1d1f1ed‘

to 1soelectr1c po1nt (pH 5.0- 5 3) 1n order to‘ precxpltate'ﬂ}‘

“the protelns. Further 1nvestxgat10n’ Was conducted by o
Lawrenc% et al (1982) on the technzcal/ﬁea81b111ty of th1s

alkalxne extractlon process Mechan1cal pggblems relatlng to:«

. the partlcle sxze occurxed in the alka11 ‘extractlon step.;f‘d‘

: However, regrlndlng the bonev res1dues 'e11m1nated the;ih“'

blockage of . plpes and pumps 1n the system ‘A slmllar method\f“

.,\

‘Ioﬁ reCOVer1ng meat protelns rema1n1ng or whzch are attachedj"-ﬁ”

' to the bone after the bonn1ng operat1on ‘'was disclosed byl‘

’Herubel (]982) “pand,gwfor the product1on5 of proteln B 7

é;ncentrates and;. 1solates from fzsh (Kahn et al ‘ 1975)

mechénxcally deboned poultry meat (Y0ung,.1975) bov1ne and_fff';

ovme Offal -(Ybung and Lawrze,, 1975),[and dry meat and bone"‘,“"l‘”’

meal (Nash and Mathews,_1971) SR :hp : .,3“‘ ?“ $

A two-fold 1ncrease 1n proteln y1eld was obtazned at

60°C compared to that (Y0ung and Lawr;e, 1974)

wangler and Lawrxe (1979 nd that the proport1on of

.‘.\



'J,prote1n recoverable from bovxne heart, kidne};gllnerf? 1un§,“
““rumen , and spleen by* alkallne‘ extraction;u followed hy‘
'reac1d1f1¢at10n, was'\related d‘tol ‘the:tftemperature | ofA
;extractlon.‘ kaewise)‘.the ‘recovery of both lung and rumen‘d

-fproteln ~at . 60° c Jwa : approxlmately twice that iat‘ 0°c.

‘EXtraction forf more than 2 hours gave . 1ncreases 1n protexn;:.fl

reoovery-which vere attrlbuted partly to the‘ 1ncreased -
solubllxzatlon of collagen. Qn the other hand ‘after solubx-: X
: 1121ng the protexn from beef bones 1n an’ alkal1ne' extract
‘Jelen et al (1979) found that prote1n recoverylfrom thev'

exﬁract in excess of 90% was p0551ble by heat1ng momentar1ly

80 C . r hlgher at pH 5. O 6.0, wh1le lower ylelds wereu:v

""obta1ned at 60 C. M1n1mum y1elds were also obta1ned by rapxdﬂfw

"‘f5Rosen, 1972)

‘.7freez1ng ‘:at -30° C and by thaw1ng' of. the _pradJusted'if

extracts.,j ‘x;fv Lo

#

’salts ‘and polyvalent coagulants in comblnatzon w1th pH\&,”

'have been uSed ‘in the recovery of protexns. A study ~onf the‘,j'

1nfluence of sodlum‘ chlor1de on: the solub111ty of protezn,»
"from sheep lungs showed a decrease in Prdteln -extracted af»"

Q'hlgh and low pH values with' 1ncrea51ng salt concentratxon,’5

‘ ”so that 1n general 1t would appear‘ that the protelns ‘of'

these tlssues are most econom1cally extracted at low 1on1olﬂﬁ}”

'Tstrength (Young and Lawrxe, 1974) Ad]ustlng the pH ofﬂfj'

ﬁabatto1r effluent to 3.5 1n the presence of 0 05% sod1um-‘fﬂf

A s

'~‘?“hexametaphosphate ;‘sod1um | llgnosulfonate g effectxvelyf;f;f

V?gcoagulates the protexns (e g., serum protezns) &Hopwood and

B [N . * NS . i .“ B,
‘ ‘. I A AT . , ¥
. ‘. 2




A & N .
ot ! A

The format:on of ly51noalan1ne has been aSsoc1ated w1thfl“'

7dthe"u5e‘ of alkalx‘ to extract protelns,f so.alternat1ve .
extract1ons have been cons1dered to av01d the .use‘ of the
“obas1c aqueousk systems. Gault and Lawrle (1980) found thatd
Ianlonlc detergents, such as sodlum dodecylsulfate (SDS);
extract substantlally greater quant1t1es‘ of proteln froma’
ilungs, rumen and antest1nal offal at neutral pH than‘ does
"\alkalx at pH 10 Addxtion of 0.,005- o 05M FeCl, preclpltated'
the SDS proteln complex and thex resldual SDS’ ‘removed by‘
hwash1ng w1th 40% methanol or 60% acetone in the presence of"
10% KC1 (Elhson et al’, 1980). ..o o |
az.g/zuolecular wexght proflle of recovered meat prote1ns._

e 3

~.From the texturlzatlon standpomtr the molecular we1ght

' d1str1but1ons' off proteins affect the morphology, m1cro*,f

'fstructure, ‘and-. phys1cal and' rheologlcal propertles ‘ofi"d'

-_n @

ntextur1zed N prote1n products (Rhee et ai 1981) For o

e fexample, Rhee stressed that h1gh molecular we1ght protelnsihﬁ"

"(>50 000 g daltons) re‘ needed ,to' form texture dur1ng“"

Extrus1on of soy prote1n 1ngred1ents¢ S .:"1ﬂﬂ{f,,‘gjf”

Young and Lawrle -(1974) character1zed the' proteln‘

p"‘ulsolates from 'bovzne and ov1ne -stomach and lungs., Theu7

“.electrophoret1c patterns bf protelns from lung and stomach.vrjff

}?1tlssues had 1nd1cated subunlt molecular welghts of 13 500 to“r,ff

;fl87 000 f°f lung protexns and 13 500 to 145 000 for stomach P

Hf:protelns. Retlculum and omasum were ‘character1zed by thef}ﬁ#?f

appearance of a component of molecular we1ght 28 000 28 500;{};5?
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'7f;propert1es of the protelns ‘per. se (S1ze shape,xCONf°rma“5?'

'afygcond1t1ons‘

‘givino ‘r1se'to a dxstlnct peak These protexns were used 1nn
the preparat1on of spun prote1n fxbers (Youpg and Lawr:e,‘a“
;1975a b). - | “ .
Recently, Kljowskx and N1ew1arowtcz (1985) determlned‘
~thell;molecular .we1ght | proflle‘.'ofhvnthe proteln‘ffrom’
"mechan1cally deboned poultry meatb resxdues,uu followxng;
extract1on- w1th 6% NaCl "The . electrophoretlc separatlon and~
'1dent1f1cat10n of the protelns was performed on’ 8% poly- l;ﬁ
n[acrylamlde -géi, wath ‘sodlum dodecylsulfate “(SD§) after3 ‘h
"fractlonat1on 1nto waterl soluble (sarcoplasmzc) and salt‘
soluble (myof1br1llar) prote1ns. The proteln w1th molecular‘
:welght 48- 55 x 10° daltons predomxnated among he water‘y
ﬁ='soluble»‘ protelns, whlle ﬁianth salt }solubler fract1onf

.‘138 47 x 10J and 17 21 X 10’ dalton protezns were observed
3‘2)6 Funct:onal KPropertxes of -ﬁeatd pfqtéiné’fféiatéa\aéavT
S Texturxzat1on thf;,,f-ﬂ '35~ ;“t EADIE S "'. |
‘g‘:The:d unlversal attempts tok utll:ze less' expen51veh
'souroes of protelns to fabrlcate new food analogs and toft“d
fﬁdevelop new functxonal 1ngred1ents have accentuated the needf;ff
;j:for 1nformatxon on funct1onal propertles of protelns.‘ Botht{_f

'§1ntr1ns1c jandfg applled factors 1nfluence th e observedﬂﬁ -

'7functlonal propert1es of protelns.j The ;1nherent kmoleculaergfﬂ

’h' methods ’\dﬁh

nat1ve

fﬁtlon,, whether ‘denatured)

1dry1ng. S*orage) the
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chem1cal ‘or‘ enzymatlc ‘ processesld also : 1nfluence-gfthefg'
performance of protezns“in‘ food systems (K1nse11a, 1976-~

Galyean and Cotter111 1979 Cherry, 1981) \
\~_‘Toj fac111tate pﬁth development -ofﬁ prote1ns ‘withf‘

part1cular funct1onal propert1es it 1s flrst necessary
' A

def1ne whlch physicochemlcal propertxes are most 1mportant.“u~
K1nsella (1982) suggested that a. well characterlzed prote1n'~ f.
should be selected to be used as a model system whereln o
functlonal protelns are the major act1ve réagents (e g.,'
meat protelns) vﬂhen such structural and funct1onal rela—-
tzonshlps are understood t;‘may be: fea51ble to modzfy
.;nexpens1ve protelnsi'and .1mpart. the necessary‘funct1onal

\

'propertles. Klnsella def1ned some other chem1cal and/or

i

phy51ca1 attrlbUtes that are respons1ble for the de51rab1e h::*.:

propert1es toward the development of functlonal 1ngred1ents ff”"'h'

h‘;andlffthA fabr1cat1on 'ofﬂy}n' foods.; The Tamrno ac1d
composxtlon,‘the sequence of.Lamlno ac1ds,:fthef manner’ in
wh1ch ‘secondary ‘and tertlary foldxng occurs and poSS1ble ”
assoc1at1ons between polypept1des all affect th'Qrfﬁ;‘

structure fﬁfd phy51cal propertles of dlfferent food

'f7,‘prote1ns. These structures 1n turn vary 1n the1r response to

. 5env1ronmental factors
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‘1fcould prove to be acceptable meat ’analogues.w Such ‘results
*7_f:were Icompared to protelns '1soiated from porc1ne lung and
hlstomach (Young and Lawr1e, 1975) The flndlngs‘ showed that
.fleOUS products spun from the latter“proteln sources fhﬁ
\j:appeared to have lower .elastlclty than those spun from hr7km
'7concentrated blood 0, plasma._ Electrophoret1c dlfferences ?E‘n
‘ ppﬂbetween the protelns from lung, stomach and plasma were also | :}

;'\ﬂf,¢ obserVed The authors proposed that these d1fferences 1n

ﬂfprote1n character may 1n part be respon51ble forj,varlat1ons Kh.ﬁﬁ

_ﬂa15¢qt' phy51cal propert1es of the spun products. However,,*”';”

'n

f*f'”\tpthe manner 1n whlch the proteln has been treated pr;or tokfwyz

a

ng;‘f*wsplnnlng may have ‘a‘ more apprec1able eftect'on;the flbre

propertles-i

= number -6£; factors may 1nf1uence the mechan1ca1;ﬁ fy;

tYperiw

sp1nn1ng d‘f

-1prropert1es of the,spun flbers..These 1nc1ude .prote1n

‘1_?hshowed that f1brous products 'spun from~isolated lung'and}:
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.‘may be due to the presenCe of excess1ve prote1n aggregatzon.hutﬁh&yf

‘.Further studxes 1nd1cated that the v1scos1ty of plasma

o protezn, porcxne lung and stomach 1solated at pH 4. 5 werede'

“,

.€51m11ar and thlS may suggest that the state of the prOtelnfj,'“V'

.

IR h- ,
".is .0 greater s1gn1f1cance “1 determlnlng v1sc051tyf

"ibehav1our fjalkall than the partlcular proteln type.¢”

B Accbrdlng to these authors th1s 1s an 1mportant factor EthFV‘,

only because hlgh degree of stab1l1ty of V1scos1ty 1s_

“V‘fhrequlred 1n sp1nn1ng dopes, but also because the -statef ofl“'

)

' the prote1n the dope 'may 1nfluenoe the mechanxcal“ﬂ~“:*‘f

‘\ Ve
T e, o
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h;}propert1es of the resultant-spun f1bers.‘,

Young and Lawrle (1975b) reported some observat1ons of“??mhh




" i gated proteln predomlnate'

taken place.,The flber'_ofg lo shear reszstance ‘sf{not“fﬂfﬁff

structurally well def1ned and a. h1gher degree of randomﬁﬁ“

Loty Yon v

aggregatlon of proteln had occurred. ‘N,"ﬂft‘”e§.7sjjlnlaﬁ'h'"w

¥

~ Observatlons "onx other prote1n 1solates were also madeg;ﬁf

(Young and Lawr1e,‘1975b) For example,. flbers spun fromn'

lung proteln 1solate exhlblted a markedly dlfferent cross~ﬁ”:'

‘n’

sectlonal appearanCe than those spun from plasma

jproteln.fa\’#“”

There was m1n1mal ev1dence of spec1f1cally orlented aggre-lv”“

l

gatlon of proteln to for‘

and the pores between the prote14

. of much' larger d1men51ons

‘”Laggregates were, ;than those[‘i

.\‘

"?ffoccurrlng | fﬁth plasma proteln f1bers.f In the case offﬂ.

"F

“a gel structure.f'Randomly aggre—:ﬁﬁfV‘




and Lawrle (1974b) revealed that the molecular welghts of;éj #i

the resultant spun flbers. wlt was clearly demonstrated}ﬂ“f@]

s

electrophoretlcally that low molecular welght components] @'_g

LS P
Lo ' W

(13 500 to 87 000) were present 1n lung proteln and{ihlghnr
dﬁ‘welghts (13 500 145 000) were found 1n thefﬂl(k;

major portlon of stomach proteln. ngher re51stance to shearm;-y

‘,ﬂ"

e Nj#" and more or1ented gel structure f’  stomach than in. 1ungi’$ u

| may bef,at#F?PUtﬁd solely  ‘ proteln:ﬁﬁf]f
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"*hh two ma1n ‘consequences..One, the proteln molecules are

\ . -

L brought .1nto ,close contact and are sub]ected tbﬂf anfl”

.

fimolecular We1ght substances present 1n the unfrozen muscle\

‘]Th tlssue salts that are present 1n hlgh concentratlons 1n

\\l.<
"

'fpfrozen ﬁash denature theh prote;ns (Connell 1962) The

'plﬁresult had 1nd1cated that at a temperature JUSt below the

fﬁfree21ng po1nt of héf flSh the rate ft wh1ch certainn

th temperature of'

The separatlon of water as pure 1ce frozen muscle

‘wﬂenv1ronment thCh °°nta’”q a greater concentrat1on of lowijf




: Monod1sperse cod myos1n has a pronounced tendency

3aggregate when neutral solut1ons are left und1sturhed at 0 C

“1(Conne11 1959) The aggregat1on iﬁ' Character1zed by hﬂ‘“

|

‘M“ﬂﬁappearance pi the ultracentrzfugal p1cture of the solutlon

Sy I v o

"Qfof at least one,‘ and sOmet1mes -two, d1screte components

“\ “

: 4;wh1ch sedzment faster than actomy051n and wh1ch, on thef,n)f”“

"

7"ba51s of the1r sedlmentatzon coeff1c1ents,‘can be 1dent1f1ed

e e )

;Lasf 51de to s1de d1mer and trzmer, respectlvely. The rate

"w;ﬁof aggregat1on 1s greatly affeeted by ‘the; temperature pf

e 1959-” Sn0w i

'Rff?1950) Further Connell attempted to eluc1date5the mechanlsm




2) the ATPase act1v1ty f

'\;pre free21ng value after

“f(1979) ,stated that these‘

d;tﬁg;weeks storage,,3) the ab111t

‘ ”}as determlned by electron m1
':frozen storage'j and 4)

l:fsolutlon of 0. 05M KCl 0r00

ff,also exhlblted a decreased

I
)

N

't

fﬂj“purther, he suggeffed that

HMM decreased t0‘ 50% f‘gttefdfff

5¢~ day and was absent after 2
y of HMM to b1nd wnth F act1n

croscopy, was lost after 2 weeks

v

,l after d1alys1s agaxnst 1aﬁﬂ?~d

oo

{

SM tr1s maleate buffer (pH 6 2)

capa01ty to form ;well ordered‘

;5fparacrystals l?5~ examxned by electron m1croscopy.>Matsumoﬂo

resultsf' 1nd1cate j that

T
v‘-"‘ o

ﬂ%denaturatlon of‘my051n occurs both 1n HMM and LMM segments.ﬁ_rdf
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‘ e1ther 1ntact muscle, protein solutlon or w1th suspension ofﬁc,

‘natxve, - rather they provxded a relatlve measure oﬁndﬁﬂg

G act1n must have been 1mpa1red durlng frozen storage.t

. t :
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]

TfVﬁ]. The"change 1n émount of soluble actomy051n 1s regarded

“’ ! \“. '

as the prlmary crlterlon of freeze denaturatlon. However, 1€

should be noted 'that ?th‘ solublllty data do not:tellmysg\

prec1sely how much prote1n 1s denatured and how‘ much

2

i \

denaturatlon (Matsumotd‘ 1979).fTh1s uauthor also found

oy
,’.

decrease ‘1n ‘solub111tyfi1n frozen storage experzments wltn‘j

i o B

1solated actomy051n.; Further,$*th” ﬂylscos1ty df solubleg“

A e ,‘ ‘
'w1th 1ncreas1ng tlme caf

. «

actomyos1n fractaons decreased
AR L .--‘.‘,:‘; :

‘f’storage, suggestfng that the"actomy051n had become lessﬂ;'\
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;”. Figure 2 7 ‘ Proposed mechanism of the aggregat1on of fish actomyosin "7

lfﬂ‘ dur1ng frozen stqrage Format1on of network aggregates through (]) i
e R ' ‘/ -;.-9 } ,v.h“

*,E;aggregation of F actomyos1n and (2) dissociation of F-actomyos1n

\h3(Matsumoto; 1979) Note" The schematic d1agram described in this



o actomyosxn f11aments w1th arrowhead structures aggregated “:;
E 3 sxde to-side and cross*wxse when thawed 1mmed1ately after'3 ‘
freez1ng. As’ tﬁme of frozen storage isH 1ncreased | further ‘3
‘:Qf aggregatxon formed network structures (Oguni et. al 19757
| Tsuchuiya et‘al;” 1975 Ohnxshl et‘al 1978) yIn addition_“
‘nto- aggregation, d1ssoc1at10n of F-actomy051n 1nto F actxn .
. and myosln occurred It vas suggested that the d1ssoc1ated
- F- actln, as th1n fllaments, became entangled and aggregatedr'
and that the dissociated ‘my051n (monomers folded _ into:
oglobular forml At advanced stages of freeze denaturat1on,f
large masses wWith d1ffused outlxnes were frequently‘nfound,f‘
suggestxng\; complex aggrbgatlon ' of actin'.and ."'myo'sin~ -
(Matsumoto,‘ 1979) Further from Figure’ 2. 7. t‘it, ,ﬁas |
suggested that the dxssoc1atxon of act‘6myos1n 1nt: actm and"
mmyos1n 'could be due to. a Shlft ”in"the - equllxbr1um,‘
‘actomyos1r1;—- act1n + myosin, by the h1gh concentra ed\ salt
| solutlon of the unfroien 11qu1d portlon in the proteln* ater
"bsystem (Hamo1r, 1955 Ellxs and W1nchester,‘1958) Howe'er;i :(;,

RN Matsumoto (1979) argued that f1f th1s i"\\tzug,

0 L

the .

‘; ‘.'5‘(' <.
,.3 ~ggrssoc1ated act1n and myos1n must re- assoc1ate 1mmed1ate1y

<3

after thaw1ng Matsumoto p01hted OUL that thlS ‘may - be

al‘ ‘;

' difticult s1ncé the ab111ty to assoc1ate is- decreased dur1ngr'

v

" . - ) . o

frozen storage.,

',". "\,

o KxnetIC‘ stuales on the denaturataon mechanxsm'of carp

[

actomyosxn dur:ng rozen storage were conducted by Ohn1sh1

\ T P T R [

e
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two or more successxve stagES, each havzng a flrst order-

[

‘ expre551on The rate of solubxlxty decrease was not signifi-
. n‘ i

cantly dxfferent when proteln concentratlon jand K 1on1c"

‘fg‘strength were varied‘ At‘ a pH above 7 5, the result was‘bj

‘further compllcated By the appearance .d: three ‘or four
‘hsucce551ve stages. At a pH below 6.2, the rate of the flrst
stage was very hlgh Electron m1croscop1c analys1s “dip the
frozen stored samples Vat_jneutral“pH showed that,fduring‘i
:frozen storage (426éC),' actomyosin fd;aments"enfold“ and
.daggregate‘anlth each other,hthe arrowheads of the filaments
becoming‘vague 'and ‘thent”being"released ThlS .might be

Vo v :
' attrxbuted to,'the decreased aff1n1ty between my051n and

act1n. Ohnlsh1 et al. (l978) also noted that at pH 5. 8 ‘andl,f

9. 4 the actomy051n f1laments, ‘even before freezlng,'were |
deformed as cbmpared to the normal fllaments at neutral pH :
' They suggested that thls‘ result 1nd1cates the denaturzng
vy;effect of" storage ac1d1ty and alkallnlty,,respect1vely.'

Buttkus- (1970 1974) proposed that denaturat1on of

) muscle protelns 1n frozen storage is caused by the formatxon :

ﬂ\, -

fof dlsulflde bonds‘ between proteln moleCUles, while

o Matsumot (1972) showed that véi:ous 1ntermolecular "bonds,

i

‘7‘i'e., 1on1c, hydrogen dxsulflde and non-polar Icontr1bute¢r

to the denaturatfbn of proteln.

) Fennema (1982) ; d1scussed the 'changes ;fj protexnf

‘ structure at low temperature, summarazed from.& var1ousf




»

‘the tert1ary native structure of protein, hydrophoblc 1nter—'..'

act1ons are consxdered as be1ng 'of pr1mary 1mportance ‘in L
most protelns, and the strength of these 1nteractxons 15'
'weakened by lower1ng the temperature. Taborsky (1979) stated.~

that the tendency of the protexns Eo engage in, hydrophoblc

*1nteract10ns can be consxdered largely as an entropy dr1ven‘f

a t
f

‘g process. The unfavorable low entropy of ordered" water,

‘which surrounds nonpolar groups when they are exposed to the\‘;g

»waqueous‘ medlum, is avetided: because the nonpolar groups fold*

.‘of ordered water to the relat1vely dlsordered state of the;.‘-

1nward ThlS is accompanxed by an entropy 1ncrea51ng release

"bulk solvent He further stated that con51der1ngf that bulk" -
t‘water 1tself becomes more exten51vely hydrogen bonded andvi‘\

hthus more hxghly ordered as temperature 1s~ lowered 'thel

,Zentroplc advantage ;ot' foldlng nonpolar groups 1nward 1sy3‘

" hydrophob:c 1nteract1ons.

\

rlessened at low temperature. Thus, lowerlng the temperature“ K

'.wlll be cr1t1cal 1n those prote1ns that are stabllxzed by .oy

A . . L I

.

Connell (1962) stated that 1f cross 11nk1ng in frozen;~~.‘h

stored f1sh is ‘a consequence of the 1nteract1on of denatured'

‘protelns, 1t would be expected that the k1nd of bond! formed_

- would be 51m11ar to ‘those ocdurrlng between protexns‘;f

’:denatured and aggregated inﬁ solutlons., There ]F' good}d

“5jfimolecules. These reg1ons are normally bur1ed in the 1nterro

,ﬂ;reasons fox bellevzng that the latter are‘ of a vsecondaryjf'

.”fgtype formed between > the apolar reglons of adjacentgfﬁ””"




denaturat1on. Exper1ments showed that the large maJorftyhe
.of cross llnks formed dur1ng the fro“en storage of cod are;
;secondary in character 1n the sense that they are capable of'
fabelng spl1t by concentrated solut1ons 'of sodlum dodecyl‘
sulfate.‘,The‘ secondary types 'of bond under cons1derat1on
.‘here“are‘ hydrogen"bonds, hydrophoblc bonds ' bonds
’nresultxng from vanyyder‘ Waals d1sper51on forces. However[
'Fennema (1982) empha51zed that 'the‘ s1mple relatxonshlpf

'between. hydrophoblc 1nteract10ns‘ and temperature -1s not"

-capable of accountlng for‘ all' proteln' structural changes‘n.

. observed atlelonf temperatures.: Other factors, such as pH,g“‘fi‘f

ifonic strength surface tenszon proteln concentratlon, andV

concentratlon {off nonproteln solutes change substant1ally"

durlng free21ng and have profound effects on the structures.51'5f7
. ‘ & , o FET L R

% v

. “.m
'

of protezns. :

Low temperatures should enhance hydrogen bond format1on}ﬁf;§ﬁ;

;due_ to the negatlve chang%?ln enthalpy that characterlzest”

ﬂ‘];ﬂé thls 'process (Taborsky, 1979) l Therefore,n rt wodld be‘f'rff*

?jekpected that hydrogen bonds become stronger_ﬁas‘ thei}f'f“'

.’temperature 1s lowered and such strengthen1ng should applyys..

‘g”;tq; 1ntramolecular bonds (between donor and acceptor groupsf;7~a°‘

)1) of the proteln) as :well as to the 1ntermolecular sbondsﬁ“jﬁgu**

(between proteln groups-and W er molecules)
A aper




“3ptfglobu11n and a-&actalbumxn‘t
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, Whey 15 a d11ute fluid resu1t1ng from the convers1on of
”bov1ne mllk 1nto cheese Whey contalns about 6 5 g/L sollds,fb
nf,of wh1ch the major const1tuents al lactose (70*80%)
"'prote1n (9%) In general there are two types of whey.‘sweetfﬂf
,lwhey from ‘the manufacture of cheese or caseln from m1lk by ;)V“
‘the act1on of rennet type enzymes w1th relatlvely l1ttle or.;dhwu
]no ac1d1ty development durlng the m11k clottlng, and ac1d:d”
‘whey where the mzlk 1s coagulated pr1mar1ly w1th ac1d Sweet-

: vwhey has a: m1n1mum pH of 5 6 wh11e ac1d whey has a’ maxlmum'

PH. ‘o S 1 (m1n1muml about 4. 0) (Marshall 1982;,Evén§,§hau)‘v]

. wGordon, 1980) ";'j:3o;; ‘;[1‘;f,jg ﬁff o f?'ﬂﬂfh:‘sfff7.ﬂf"

‘fThe major, proteln const1tuents of whey are ﬂ lacto-f 3'3‘ﬁ9
DA

efglobulxn,'a—lactalbumln, bov1ne serum albumln, ,thei 1mmuno~i]‘lwij

'“ﬂglobul1ns and proteose peptones. Of these prote1ns, B lacto‘fw

bare present Vi the hlghestdbjﬂfff*

‘ concentration and are probably of p!1mary 1mportance 1n theff“gu

.‘vl. A

ifjphy51cochem1cal propertles of whey proteln products. other‘;{@;}ﬁa

T

\f:protexns re] present h-:whey,3 ;ncludlng lactoferr1n,fﬁbwf;f”f

%tﬁfflactollln, glycoproteln and blood transferr1n.;;llpffh‘“ﬁ“

\
*-gprotezns - are ma1nly large globular protelns.ﬂ




,.‘phosphoprote1ns w1th a range of molecular we;ghts. A 51gn1-3

'.flcant number of sulfhydryl groups are also present ;iﬁ{ the*

_1fmajor whey *protelns.“ B lactoglobulln,.‘a lactalbumln ’andf'

\'bovlne serum albumln conta1n 6%,- 1 9% and 1 9% sulfur,

[

| ﬁ:}respectlvely ‘(Marshal 1982°' Schm1dt and Morr1s,\;19&4p

Roblnson et al 1976) EERTI RN

P
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"fiiz 6 3 Propertles of whey prote1ns fb:;eﬁwl

fThefundenatured or natzve whey protelns are soluble‘Vat L

.

Il;all rpH7fvalues, ba factor whlch d15t1ngu1shes them from the fU7V

1
’

"*caseinSQEExcept for the stable proteose peptone fractlon,*5

/

"whey protelns are sensxtlve to temperatures above 60 C therf

fdegree of denaturat1on dependlng on the-ﬁproteln component y

h‘total protexn and sol1d concentrat1ons,
3

4PH 1on1c strength he

AP ' [ -
*jtemperature and t1me of exposure. They undergo denaturatlon;g,5{

R

_a§é<‘£5{ unfoldlng 'of the1r compact globular conformatlons,mﬂfff




y

f?}“etfn}a7.) 4 1982a) . Heat denatured whey B protexns areﬁ‘;ﬁ.f\'

:.structural changes are' ra:1d at pH's greater than 6 7 and'-

2 6 4 Recovery ot whey protexns by heat precxpxtatxon 1:.f5ffﬁnﬁf

"-jfThe?' concept\ of prote1n denaturat1on s SOmet1mes

confused WIth aggregat1on or coagulatlon. Condltlons whlchixﬂ,,ﬁ

.

promote prote1n denaturat1on do not necessar1ly encourage*”hyh

proteln aggregatzon. The aggregat1on‘gof whey protezns 'by.idl
heat" heat*ac1d urea or alkal1 1s preceded by denaturat1on,'“5

and may be followed by coagulat1on and prec1p1tat10nx (Hll ,ftwa¢

."- v

structurally altered to expoSe sulf1de groups.; Thesevf‘ .EQ

temperatures greater than 70 C (Lyster,‘1972) Sawyer (1968)” ;

fdnd seconda"ffd

1nterchange EEactlons
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: above 6 0 DeW1t (1981) noted that h amount ff Ca‘jd‘\'

fwrequ1red tg' 1nduce the aggregat1on of B lactoglobulln wasva

. N
o o t . L

\'ﬁfgl”‘equ1valent to 1ts net negatlve charge. thtle et al (1957)

:Esuggested that Ca*‘ b1nd1ng neutralxzed the net negatxve fﬁtf
,f@jhvﬂycharges of~whey protelns and caused'ﬁlsoelectr1C‘ prec1p1ta-”lﬁ
r(.tlon. On the other hand Varunsatlan et al (1983) compared

fv7;the effects of Ca’*‘on the heat aggregatlon of whey prote1n f;g~,

";concentrate 1w1th those of Na and Mg”' They found that

H_Léij‘the alkallne 51de of the 1soelectr1c zone, aggregatlon fd)ﬂ7f'

\f*Tﬁiheh whey proteln concentrate ,(WPC) was 1ncreased by the s

'ft“addltlon of CaCl;, MgClz or NaCl among wh1ch \CaClz showed

v

‘the greatest effect7"‘ ,""ﬁﬂﬁhﬂ,;ﬁ‘f‘fﬁj': 5 _j:13“”“'“w

that heat
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\".xprote1n~recovery ffom sweet whey max1m1zed by heat;ﬁl

denaturat1on at about pH\-G 5, followed by ac1d1f1cat10n55e;

'Qu,and/or add1t1on of ca1c1um to 1nduce gross aggregatlon. ‘Inffﬂ

1

‘fyth vqase ot aczd whey, neutrallzat1on before heat1ng a1ds fi‘

b

proteln denaturatlon, but the 1on1c cond1t1ons are such thatfu‘]

s subsequent 1ac1d1f1cat1on does fne_"‘affect the aggregatlon\‘ﬁ“

v

B

process except to lower'the HPWP ash content‘ j'j:‘ .
Hldalgo and Gamper (1977) studled the preC1p1tat1on of“:f?

rennet whey ptoteln. In the absence\(of ca1c1um lchlorrde‘“j



’Sz'ﬂlrecoverlng cottage cheese whey 1nvo;v1ng

‘W’const1tutes 35 45% of wheyf?n1trogen (Larson‘ and Rollerr

“ff1955) Commerc1ally  feas1ble processes

R least 50% of the crude proteln.‘.”

should reCOVer at

Panzer et al

(1976) descrlbeq a\contlnuous process forf7'7"

A

‘J*prH 5 0 heat1ng at 120 C and an opt;onal reac1d1f1catlon t0"ﬁ~‘

"ﬁ,prote1n n1trogen"from condensedy;' €

I]Lac1d1fy1ng to pH 2 5‘

neutralxzatlon “£¢;}*;*"




\

:yk*ﬂtfaddlng and 0 7% HMP ‘?f ac1d ; and sweet whey,f?
glrespégtlvely. Prote1n :recovery”kwészlméroved by dem1neral;f
| :1zat1on pr1or to pr;clpltat1°" a"d the‘ res1dua1 HYE
.;3ﬁyredu;eé“by ion’ éxchange or gel filtratlon- The Einal productiﬂw‘
”:fshowed Wsome— nat1ve_ propertles and conta1ned only 9 9%ﬁ7

"”}res1dual HMP 88 3% proteln and 1 8% lactose,:‘

to the natwe protem Hldalgo et al.‘ (1973) obtamed 90%;{'?-,‘;l‘di‘\".*V

‘?f§;‘frecovery of] proteln 'nztrogen by ac1d1fy1ng t° PH 3. 0 and;‘ﬂ]mjﬂﬂ



prepared by ultraf1ltrat1on can be var1ed by changlng the
concentrat1on l@vels by addlng water at an approprxate

stage to alter the proteln/lactose/ash'fratlos _(' process

\

A Lo S
' \

startlng mater1al or by alterlng the pH process;ng

%@belaney and Donnelly, 1970) fﬂf[pr"r~“:ﬁ‘ynr}?fh"

The qualxty of the separatlon or concentrat1on achxeved

P

L £ .
«1n ‘an ultraflltratlon process w1l1 depend upon the charac--;

L S KB

.

\"

K3 \ Si SEPRE "

“junlform pore 51ze (sharp molecular we1ght cut off value) b)

fpermeabllmty, c) cheapness and reproduc1b111ty, and d)

\

and

referred to as dxaf1ltrat10n) by ch0051ng varlous wheys as.ﬁ

\‘

:téglstlds ‘o‘j the selected membrane ‘(Lewxs,, 1982) hef

,de51rablew characterlstlcs fon such a membrane 1nclude"a) a

rwresastaﬁce to a wlde range of chem1cals, 1nclud1ng solvents,i_.fj




"

"h‘proteln products are manufactured from o1lseed protelns,

4cond1t10ns dur ng concentrat1on ‘and dryln , =the hfrotein
3 s, the' g

'vundergb 5 llttlef denatu:at;on and the powders‘ are very

;5‘soluhle. Such h1gh protean powders possess useful funct1onal

T
e

‘dquropertles and can.‘be 1ncorporated 1nto a W1de var1ety of

[ T

,'gfdtormulated foods (Internat1ona1 Da1ry Federatlon, 1979)

P o

'KNEdThef other ‘methods of recoverlng whey‘proteins 1nclude

I .
.
v :»

”'ureVerse"osm051s,V electrod1a1y51s, ‘¥1on ,v xchange 'nres1n

Eal'w ‘c‘

l‘-‘

treatments and gel f11trat1on by the basket centrlfuge

btechn1que (Hxll et al : 1982b) ;ﬂf‘ hﬁ‘i  fﬂjiﬁﬂ"fkf'sﬂfff

o “‘,\-"‘ Vol
A v “ N R

‘jh;f‘#f-.."\?‘

texturzzat1on tymfwﬁf:V'ﬁ

,‘;‘.‘ . .“.v‘i ,-_‘"." N . , . ‘,.\.

' As mentloned elsewhere, commerc1ally ava1lable textured

\‘.

'

.r}.‘

, _*"." s Lo R P D AR IR L L A
L 2.60 7 FUnct1onal propertxes adfw,whey\.prdteinswrelated:to\jh““




o

M*ﬂﬁwn acet1c‘ ac1d sod1um chlorxde bath

‘"1Iandr‘ 14% aqueous alkalxnel SOlUthnS of WPC/detergent

conta1n1ng edual concentrat1ons (on WPC welght) f sodxum

dodetyl :(lauryh) sulphonate (SDS) or sodlum dodecyl benzene-'”

J

detergent was

1 . ‘ Lt

C extracted w1th 60% aqueous acetone Wlth Wor ~w1thout ‘added

date,, lzttle work has been done on the feasxb111ty

\ R <7.. I 1 T

of texturlzlng mzlk protelns by expansxon methods,‘ for' pse

R ‘e, . : B

‘“;uas, meat extenders Tuohy (1979) reported thau conventaonar

n

w" ’.,
thermoplastlc equ1pment was unsu1ta51e for textur1¢1ng skim

m1lk, proteln and whey proteln..Also Tuohx b1980a) reported

\

"'
‘1‘

¢

sulphonate (SDBS) and mercaptoethanol Fxbers were spun 1nto‘¢wfj‘

Sowe
e

potass1um chlor1de.l The flbers contalned ab0ut 95% protexn

n.and were not affected by bo1l;ng 1n water for 30 mln-r,fffﬁ‘jf”;
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using the’ Mxnnesota Texture Method (M.T. M.)} Three Lexture
\-'I\ '

parameters -~ 1) m1n1mum compression shear extru51on force,

2) energy requxred for comprgssxon shear extrusxon and 3)

slope of the compre551on‘ force dlsplacement ane ~~'were-

- ‘ - ’

used to measure‘ the effect on texture of alterlng the pH,:
protein/dry matter content and the ‘ seln/total prote;n‘
ratio of the dope. Minimuin texture values were found at pH. 5'
and maximum at PH. 7 9 An increase in the proteln/dry matter‘
-content ‘of the dope from 45 65% 1ncreased the maxlmum force
from 62 kg to 243 kgo When.casein replaced 50% of the ‘whey
prote1n the‘ maximum force fell from 168 to 51 kg Tuohy‘
further added‘that 51mx1a5 changes were found in the other'
two texture parameterns.. | "‘ } o

| Ozinek et at. ‘i1981) studied 'the 1nfluence Aof fat
*. content and added salt on. the: water absorptlon capacxty of'
'textured m1lk protelns Var1atlon ,in fat. content of. the
‘ Lproduct; (11% " and 15%) was obtalned by 1ntroduc1ng varxousb
famounts gof fat”ﬁto: sk1m m11k durxng the ‘textur1zatzonv

,proceSS:‘ The salt. concentratxon ‘of ’th preparat1on wasv"’

_ mod1f1ed by addzng sodium chlorlde,; Hamlne polyphoaphate‘

.vtk'm1xture. or both The results showed an 1nverse relatxonsh1p“'

'gibetWeen the level of fat content inlf product -and the,
R Y

famount of water absorbed Th1s 1nd1cated that the process of/

';fwater absorpt1on 1n the textured proteln was 11m1ted and

1nh1b1ted by fat be1ng hydrophob1c The preparat1on to- whxch

f'no salt had been added was character1zed by the lowest anffl

'Tabsorptlon capac;ty.,Th;s nght have been due to the effect
, & o e Doh . . |

-

v



of sodlum chlorxde on prote1ns; For example, 1n the caSe.of
. L D ' ‘
muscle prqtelns,kthe sodxum and\chlor1de 1ons become bound

\

to the’ polar proteln, groups w1th qpp051te charges (Hamm,‘h'

Yy
RS

o

I VI IR0 S PLEA Y G 77

[1973 Hermansson and Akesson,f 1975) Inltxally, Chloridew

ﬂ f ; 4

ions are bound to the protezn thus, the "net‘protexn

"charge" of the protelh molecules 1ncreases.. Subsequently,

this results in loosenlng of the protexn network mak1ng it

e
LI

p0551ble for water' to,enter (Hamm 1972) '.,‘IEVVt“

-

physxcochem1cal propertles of whey protexns, wgth respect to

A

the use of these protelns as: prlmary raw materlals or.
: . L

w" ’ o

1ngred1ents in food products. However"few studles have been

5t

conducted on whey prote1ns 1n regard to texturizatxon. No 5” .

" «

rwork has been done. to date on the tea51bt11ty of texturlzlng
. : I‘“ \ » \—

(.‘rl.. ) . S e
» whey protelns by freez:ng.' T T O

2 7 NutrxtxenaIRAspects of Texturxzed Protexn Productsvf

Y v

greater usage 1n typlcaf; Amerlcan dlets »51nce thé, arly
A\

p1oneer1ng work of John Harvey Kellogg (Khnsella, 1978).Qc

Several methods have been developed for produclng these food

products w1th des1rable palatab111ty charactevxstlcs and at

v

o b ‘\o’-.

.a competltlve cost.},The. consumer acceptance of textured

protexn productsl has been extended to meet both economlc

affordabxl1ty and nutr1t1onal expectat1ons of\;the general

Publlc.“"ﬂilf#" DU o K}T“?Zfi Dl gf*a“'*”“

There has been exncreasxng 1nterest concernlng the

v . Textured proteln products have found 1ncrea51ngly
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The nutrxtlonal standard for a textured protexn product
\’

'should be that of the nutrltxonal value of he: tradxt1onar

1

product 1t resembles, for example, meat whxch 1srcon51deredv" a

"an 1mportant source of nutrlents such as protein, thxamin
Y : \ .o

N rxboflavzn v1tam1n B,z‘ and he mlnerals 1ron and zinc': e
. o

'(Kxes; 1974)‘ The Food Standards Commxttee (Unlted Kxngdom) .f*k
“has recommended some nutr1tlonal qual1txes‘.for textured .

'vegetable proteln (TVP) as: meat, ,extenders orﬁ replacers o

mle 2.3). ..‘.c;
, ﬁ' \ BRI

.Table 2. 3 Some redommendatlons for the nutrltlohal‘qualltyff JLHSA
e of te&tured vegetable prote1ns as meat extenders . e
Y o or replacers 1n the UK Ny o v " o APRE SRR
. . . | . B ! o ot
o ‘ o

o B n : N N n T - " - P
—_—— el . : X " B ) N

‘”CompOSitionbakf,'“~ = fﬂ o ‘1AmOUnt T S

jProteln 8 e f 50% (on dry we1ght basms) B e

R - . , iy 4

'lgh»' g%QIOnlne ;“'[f;:; '+ 2 6 g (per 100 g proteln) IQH"‘Q':F“é'i{J.fi‘fi

v*éiilns fﬁf:l'j { 2. 0 mg th1am1n (per 100 g dry matter) fﬁ 7ﬁ
i o '0.8-1.6 mg riboflavin . . ‘ . , .atdf :
,’k_ T .Q“]‘1 15.0%10,0 ug vitamin. B,z S -‘{Q_f o
RO S -ﬁ'effﬂ‘J,'{IO 0- 20 0 mg z1nc N .
ﬁ“"‘
From Rlchardson (1982)‘
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Most vegetable prote1n foods have lower b1ologzcal

l“”fvalue f the protgrn they conta1n than muscle meat egg

O protexn ,and case1n, when evaluated ] an1ma1 - dxets'-ﬂl"””wb

~

‘;L(Rxchardson, 1982) : Thls nutrltlonal problem has beenﬁfdrﬂfﬂi‘f

'5jattr1buted \to methlonxne,.\thel l1m1t1ng amzno ac1d fiﬁtﬁf,f

.

-ﬁt;rvegetable protelns..However, th1s problem éould be %ectzf:edv*£7‘

\,(

T?fﬂthrough add1t1on of the sulphur-conta;nxng am1no acid to the‘{ff,}f
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TVP food prodé%ts. WQrmack et aI,‘ (1974) demonstrated the - .
'differences '1n ‘the ava11ab111ty of amlno ac1ds ;n textured L |

soy,f soy~ 1solate, and ‘soy 1solate ; supplemented w1th
! | DA "
methionxne .(Table 2;4). The bloavallaballty of 1nd1v1duaxk

, ‘gessentlal ac1ds was estrmated us1n9 the proteln Ieff1c1ency

v
k) .
! - i -

ratxo (PER) method o L | .-‘\":V

Tabie 2;4.'Protefn‘efficiency‘ratio,(PERY“offsoy*produétsf,,_,

. —

A

I TR L . Co . ' o
- Textured soy. = ST 234 O
’134 Soy isolate-"ﬁ - R 0.91,‘.d |
Soy 1solate + methlonlne o 2,58y - ¥

I

case1n = 2 50 ' Kllj -,“ﬂ:*bl o ;-;”_
from Wormack et al (1974). o ot

1

'This -test shows that the sulfur-conta1n1ng amino - ac1ds 1n<f\‘“*
" B £
' soy 1solate were less ava:lable than those 1n the texturedu

«soy. Sulfur am1no ac1d contents of the two products were”"gg;
q, o e s

<s1m11ar. In a separate study, the authors élso found thatpftfpﬂ

1lysxne, threonlne,, tryptophan hlstadlne, and 1euc1ne were

“u',s1gn1f1cantly less ava1lable in the soy 1solate than 1n the}‘f .
'ljﬂtextured soy-_~:n’ | | B ‘<&§9ikfﬁyv;-fff'r;”i‘“

" orazswamy (1972) conducted a human broassay study t&k

1‘fdeter,ine the ptotezn value Qoft three textured prote1n*b

3iﬂ'products. An extruded defatted soy flour product, spun,i*,

&

:f°concentrated;nsoy product, and a wheat protexn product weregfﬁc;;k

‘flﬁtested egaznst ground beef and whole egg"Results showed fnoﬂhﬂ

i
e" ]

. significant differences

*‘n vproteln"HValueiwhen determln}d;

\

"?ibetween the three test produots, but dll gave-jslgnlflcantly?t*/*




poqrer nitrogen['balanceS‘ than d1d beef or. egg‘ Otherﬁ7
PR controlled human feedxng stud1es showed TVP below .he”
‘nutr1t1onal value ‘when’ compared to meat, ion-'the, basxs .of' ‘;‘

ffnltrogen balance data (Kxes, 1974; Poullaln et al 1972)

= Agaln, DL meth10n1ne supplementat1on of the TVP products wasf o
9 .
. effectlve 'F“, 1mprov1ng the n1trogen balanoe één the other;”'

;"hand comparlson of the protem value of mllk (and soybean‘ ‘

A L

fﬂlsolates showed of 51gn1f1cant<d1fference when 2 grams of

‘ﬁ'prote{n per &g body welght per day were fed But‘ when the .]gL

*.d;etary proteln was decreased to less than optlmal amount (é&

7

¥ cr1t1cal test level) ,;138 mg of: n1trog?n: from textured

/ .

'-proteln,‘producq was :equxred as~compared w1th 97 mg from £

\

ﬂ'mllk per day to 'ma1nta1n th n1trogen balancef (Bressan1:

..et al.,"1967) In anlmal feedlng stud1es, these authorsf“l

RNt ot - N ot <

g found that rats 1nd1cated a proteln value ‘of 90% that

\

W*f’caseln -and of dehydrated beef when fed w1th textured soywkff“n

‘3prote1n thh the addltlon of egg album1n and wheat gluten.a**ﬁ

K

“1'1“ dogs, the nutr1t1ve value of the textured prote1n.producta~ !

"3;and ground beef were theisame.
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week The¥results showed no 51gn1f1cant dlfferences betueen J

food 1ntakes dur1ng th f1xed dlets and those of the ad?

. N P '
'>Ilbltum d1ets thh or w1thout soy proteln. In .1mplement1nggw

' ' . N . | i . .
fschool 1unch programs ‘us1ng textUred prote1n products\xn;‘
SN t

'~5comb1nat1on w1th ground meat the USDA Food and Nutr1t1on

1:Not1ce . 219 (USDA“\ 1971) spec1f1ed heg follow1ng

I /o

requ1rements.l1) a m1n1mUm of 50% prote1n' 2) a max1mum f‘f“’*

‘,ff30% fat' and 3) fort1f1cat1on wzth"spec1f1c levels of two

i ,,:

'Fimznerals and s;x v1tam1ns.

v Lo - "‘i ".,
. f;EThlﬁ w1de acceptance of/f§;\1n the human dlet has been
‘ nfh1ndered by some problems 1nherent ﬁx the y materials.uﬁ.
‘ffSatterlee (1981) reported that, whep % d1esmponta1n1ng

'fthtgged prote1n foods of the soy protexn 1solate type ‘sbfniﬂfff

‘fffed ‘to . a group of human subjects, all remalned 1n good
~f?health except that a few reporteq; subiective s PN,
‘rfabﬂom1nal gas palns.;fIni contraSt

"fﬂreported no cqmpla1nts of flatulence from Subjects consum1nggf;?$

Iﬁlzs and 50 g textured soya flour dazly; Although not:strzctly”fj;@a,;ﬂ




‘infeafines;. . :
ki ’ e L Ll \ f
ﬂnnfvarlety oﬁ proteln sources have been found su1table

Q

‘rxgjlln,other textur121ng technxques. Nutrltxonally,.though, e\

f1bers spun from blood plasma tend to have ﬁelat1vely low

oy

'tztres for 1soleuclne and methlonlne.. However, 3ud1c1ous

‘\e‘ m1x1ng f protelns from varlous offal sources perm1ts the

u'?:Visplnnlng of fzbers wh1ch have excellent amlno acxd- content
‘(Young and Lawrle,. 1975a) Swzngler et.al (1978) further'

“ﬂreported that mostdof the lysxne in the flbéts appears to be

ﬂgdff*avallable.~ Based on the rat feedzng tr;alsi_:he sp1nn1ng of

hqulbers enpances tngV,ﬁ ' proteln 'utllxzatxon (NPU) 'indﬁ'

't" . .

\“Va}compar1son wlthk‘the “or1g1nal protexn 1solate5’ despxte a

‘sllght lowerlng of the;methlon1ne contenn. It was concluded

preparlng ‘kftfﬁflhers some,znh1b1tors, 0r1gxna11y




*4j{‘unde51rable;

propertles 1mparted to. foods by alkali treatmehh‘

have either\3p051t1ve or negat;ve effects on the nutr1t1ve

value of theﬁ‘

\

ebf the;%nﬁt ;htﬁ;' questlon,; character1st1cs of the raw-~”*ﬁ.

materxals,,

‘a df extent of . alka11 o treatment.~& Varlous,”?-“W

% o
'

chemzcal changeQ‘Lay decur, va;ylng in. type a"dtaf_}j

.‘\‘

degree wlth the 1ntens1ty of the treatment, vzz. the degree”}”

'f;tempe:ature,}-and durat1on of exposure.‘The_fff”

4 "

‘f” racemlzatlon

(Bohak;
and ornlth1n0ﬁ]

' ﬁ these three,, lysfno-f;jk




Lead to a reductlon ;f proteln quallty Thls efbect-

111ustrated N ‘thE} results obtazned by De Groot et al

-
A

(1977) on soy protexn 1solated after alka11 treatment under\,
dszerent cond1t1ons o§-pH temperature and duratxon. The

;'tf:f;;‘ treated prote1n was. prec1p1tated at pH 4 5 and examxned by.n'

,‘4’ . ‘

‘fsamlno ac1d analysxs and by protein Quallty assayaf ‘w

Treatment at 40 C for 4 hr,‘at

‘if~;; result 1n s1gn1f1cant changes

to pH 1Q However, under these

Dﬁt ﬂfffff; 'f LAL were noted A further




LN

asr

’

1(1980) \reported that the' n1trogenqgnn

.'”ﬁdegestxbllxty values‘eof, 0 ZM and 0 5M NaOH treated casexn

determined rats,{fwe:e 71 and 47% n_ﬂgf}

"ffrespectrvely,° compared to 90% for untreated ca5e1n. He alsok‘ﬁ“"

‘ffﬁcxted th@t sevarely alka11 treated case1n fed dogs

A

fe11m1nated unchanged 1n the feces, 1nd1cat1ng that it wa§§f15f

: tﬂ{fnot hydrolyzed by trypszn or peps1n 1n the dlgestlve >tract'

attacked by putrefact1ve bacter1a, and tryps1n -

and pepsxn were unable to hydrolyze at. ‘LQ?:¢{VN

Ly
\»-.,»‘\.

f“ﬁjﬁexperzments. Dxets éé“ﬁ?ﬁﬁihg“??éiﬁﬁf?ul
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calc1um h1gh 1n phosphorus or low 1n magnesxum The resultsfyf3‘
"of‘ the experxment showed that feedxng rats thh-hxgh levelsiﬁﬂl\

of dletary proteln revealed only an 1ncreased degree of7ﬁﬁ

v

Tﬁﬁo nephrocalc1nosls h{ females,;‘wh1ch could be preventedhby7

df.ﬂe'f‘ addltxon of calc1um to‘the d1et Further, De Groot and Slump”;*;d

observed ~that feedxng 'alka11~treated soy protelns to rats

5¥'+i1nd0ced changes‘1n kxdney cells, characterlzed by enlarge—h”ﬁ“:

‘»;p;’-ygj‘ment fij? "‘nucleus and cytoplasm,_ 1ncrease 1n nucleo*f\”‘“

5ﬂprote1n, and-dlsturbances 1n DNA synthe51s and m1t051s.; Thehfﬁfﬂ7
e Y : . ; ) NPT
SR le51on,'_ de51gnated ;Zas - nephrocytomegaly, P affects« the;q

gi_ R ep1the11a1 cells of the stra1”ht portlon (paﬁs Pecta) of the “
S v LT
SRR 'bxproxlmal renal tubules.cﬁw odard and Short (1973) reported

nephrotoxlcf

'W'rote1d5'was ascrlbed to thef presencey¢



S ' -

var1ous researchers m1ght be expla1ned bgiamino ac1d racem1~‘ 1

.\: x-

: zat1on dur1ng alkallne process1ng of the test protexns Some

studles show that four d1fferent protezns subjected ‘wfthe

¢

”‘same alkallne treatment exhibxted vary1ng degrees of raceml—.*”

zat1on.(De GrOot and Slump,,1969, De Groot et al 1973)

'\c:

suggested that the presence of D-am1no ac1ds would

deth‘ protelns,;. thus

’

,“»x,,.r‘ ‘. . ’

@ ost pronounced response 1s w;th

u‘upon

thelrjextent‘of

vdlfferentiprotelns hav1ngfthe

The con£l1ct@ﬁg ‘reports‘ on the tox101ty of LAL from T

o¥‘ freedLAL released In order ijh

1976 S

“,release d1ffer1ngl;l;d_[ﬁ
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oral admxnlstratlon Earller, De Groot et a7 ,41976) found

[ '\\

‘m\that prote1n7bound LAL had much lesa abxlxty to 1nduce cyto-

‘;g“f“f” megalla \ than':elther free; LAL r" protezn_ hydrolysates
yV,"f:fVl contalnlng 1,000 ppm free LAL. B

' W ' N ‘-‘r
tot : . e -

S }Jd.‘”‘ ‘1 Karayxanzs (1976) reported that d1ets supplylng 2 500

ppm LAL derxved from alkal1 heated lactalbumln dxd

\ , . ) .....

B 1nduce the 1es1ons, whlle 5 000 ppm LXL produced only m11d
\ cytemegaly. In cqntrast GJ 400 2 600 ppm LAL 1n treated
$ j' proteln produced exten51ve cytotoxlcxty Slnce the lactal*“

bumln was treated for 80 mxn at 60 C (Karaylanxs

¥

'gfﬁm;3§f3‘ days resulted 1n renal 1es1ons slmllar to those obtalned bym\f,‘

et al.,»y‘ ktt

0.




. . ) . ., o : ..i.; o
evidence was obtained for these‘def¢c1enc1es'to ‘be of s;gn1j

ficance for the induction of renal cytomegalla, it was'
"streSSed that the use of a nutrxtlonally well balanced ‘diet
is a _prerequxszte to prevent‘complxc{tlons in 1nterprnt§ng‘

‘the results of tox1coIogxcal experiments. . .
‘ Aithough. studies showed that cIlnlcal test anlmals are
‘ J

‘ suébeptible to nehprocytomegaly induced by _ LAL, | this

4.

.

biblogicai-‘effect is not observed in_ humans. Sternberéfandv;
| .

\.Kim (1977) foupd that LAL exxsted in a number of home cobked

»

"and commerc1al foods whxch had not been alka11 treated For

example, the egg white of egg boxled three minutes. contaxnedf
140 ppm of LAL whrle dried egglwhxte powder cpntalned £rom
'160 to 1,820 ppm or LAL, .dependiné on the manufacturer. No
LAL Uwasllfdund 1n fresh egg wh1te. Sternberg and K1m +oted‘
that g- elimxnatzon and addition of lysine to the gouble .bond’

of dehydroalanxne ;reduce the level of the essent:al amino

atid lys1ne. They suggested that th1s can be prevented by
"other amlno acids, such as cyste1ne, added to the reaction.

Recently, Satterlee and Chang (1982? concluded that‘ the

greatest problem vassociated w1th LAL would be the ‘1o ered-‘h

nutrxtxonal qualzty of prote1ns wh;ch contain h1gh levels‘pf'-

Q.

LAL{ especxally 1f these prq;elns were the major. source of
} o
{ prbte?n in the d1et.‘From the processxng standpoxnt when

‘contact - between»food:and alkaIivis kept to a minimum at the _

lovest temperature possible with adeguate control of mixing,
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2 7.2, Nutritxonal'qualxty of texturized cheese whey protexns"

‘e

f{ s Another raw materlal that m1ght be sultable fOr proteln“

texturlzatlon 1s wheyr whxch consxdered asjia‘ highly'

N

nutr1t1ous by- product -of cheese and .casexn manufacture

Y

N

have been prec1p1tated' 'enzymatlcally . by.. rennet“or
N \ nlsoelectrlcally by ac1d
R . The hxgh nutr1t1Ve valué of whey protelns is ma1nly due

to the1f high content of essentxal amxno acxds (Forsum and

| Haembraeus, 1974) “It has been reported that whey proteln

)

L concentrate has a\'surplus ofy all‘ essent1a1 amlno‘ acxdsl .
////ﬂ’dcompared ' with ' the FAO pattern (Forsum 1975) Of spec1a1‘

interest are the . high contents of 1soleuczne, 1ys1ne,

threonine and tryptophan.\ - o K

~ Lohrey and Towler (1979) not1ced ’ szgnlflcant

~differences in the rehabxlltatxon of rats whxch had been fed"

wzth low prote1n (3%) diet. When fed a d1et ,conta1n1ng 12%

K : prote1n, we1ght galns for the flrst week were much the same

\

for casein and whey prote1n. Welght gains for the s&cond
week were 51gn1f1cantly greater thh whey prote1n. Lohrey
‘and‘Towler not;ced quzte the same effect in rats fed ‘on-va
standard d1et of 10% prote1n; In1t1aLly, weight”gains were

contalnlng abou} 0. 6% proteln. The whey protelns repnesent‘ o
the non- casein protelnS' as well tas the gfractions' and\

fragments of casezn wh1ch remain soluble when' the caseins

v



S

showed sxgnlflcantly higher we1ght ga1ns indicative ‘of the

effects of some lxmitxng amino ac1ds wh1ch became apparent._

r

at later stages.v Ln; earl1er experlments Lohrey et al

(1978) showed that ox1dlzed 11p1d reacted w1th the protelns,

resultlng in loss of . avallabllxty of. certaxn amlno ac1ds~

‘ (e.g.'methionine) and a reduction in apparent dxgest1b111ty.

Owing t0‘the,1imited, resources on .the use of vwhey .
'-proteins ~in texturlzatxon processes, 1nformat10n leadlng to

any nutr1t1onal 1mpa1rment as a 'result ‘of the ‘process

remains nll.

‘2.7.37Need for nutritional'assessment;of‘texturized-eprotein
. ) - ' 9 . .

’

_foodsb.';

" The nutritional qualxty of any processed food is.

si‘gnifi-cént?ly related to the nature of the \brdc"?SSi"g

/;9nditions._tﬂowever, 1n-depth‘ knowledge of the e ents
\occurring in,fthe food system under vary1ng condrtlons‘

‘e

prov1des a means ‘for adequate control of the process. For

1nstance, 1n prote1n texturlzat1on a clear understandlng of,

the‘mechan1sm 1nvolved in ,the texturlzat1on should helpl

O R

deflne the cond1t10ns necessary to br1ng about the deszredv

textural effect. Thls means that cond1t10ns cau51ng detr1-'

mental nutr1t1o ' 'p ects (e g., LAL productlon "in ‘anﬂ
alka11ne environment) gﬁx KL m1n1mlzed or ellminated ‘ whilet_h“vl

stxll meet1ng the requ:red phy51cochem1cal and sensory -

qualxtxes

o, *
~ .-

i' e e, B I A
N L e R : , s

‘p; the f1na1 product. ;.Further, ;'afd;greaterf:f

4]



, should leadf Lthe"maxlmum ut1lxzat1on of protexns from
varxous conventlonal and non conventxonal sources. It 'would‘
" be advantageous ltherefore,' to produce a textured protexn_

materlal wh1ch not only has a. hxghly defxned fxber structure“

.

‘ubu ,‘also has a hlghly supplemented amxno acid content Thxs'

[
'

‘means that a protexn source def1c1ent 1n a. partxcular am1n0¢

"ac1d ca be textur1zed w1th another protexn source havxng

-

‘f'the 11m1t1ng am1no aC1d 5uch a case would be benef1c1a1 to

v
A \

‘develop1ng countr1es whereln ,‘the?v ‘price . of Hmeat nis
"'exce551vely expen51ve and protexn ~deficiency has been ‘a

‘ co 8
plagu1ng nutrltlonal problem.v C oy p



3 MATERIALS AND METHQDS . .. % - 7 g4
" ‘- gv ' “» ., ‘ . 'l' ' ",\\ , .' ' ‘.‘ |
3.1 'Characterization‘ of the Alkalx*Extracted Proterns from

.
' S

Mechan:cally Deboned Poultry Meat Resxdues h?f 3

R . RN ‘_ o
\ . L - - . A\ R JUIY
4 Il X P . . . . . . . vt o S

3. 1 1 Sample prepatatﬁpn .‘ﬁ“s

Proteln ,1solate. Mechanxcally deboned» poultry meat‘

tresxdues_ were obtalned from \a local poultry proce551ngﬂ”
| plant The bone res1dues were collected dur1ng the debonlng"
“operatxon and 1mmed1ate1y extracted followlng the bas1c‘
‘ procedure descrlbed by Lawrence and Jelen (1982) .‘

Pre11m1nary ‘exper1ments ‘showed that '“ con51derable~f”

vamount of fat was recovered when 20 kg batches r:f debon1ng

-

res1dues . werev, extracted Thls problem\ was m1n1mzzed ”

'gollow1ng a m1nor mod1f1catxon 1n the process (Fxgure< 3. 1)

‘Extractlon"w‘ done u51ng a tank (Un1vat Cherry Burrellj»“u

. Corp., Ch1cago, IL USA), operated w1th a mechan1cal mlxer.ﬂrl‘;;

| Thg. sollds werei separated from the alka11 extract us1ng atgfﬁ

“cheese press (Damrow Brothers Co., Fond Du Lac, WI ‘ USA)r.T -

R 4

‘;wlth the basket w1th three layers of cheese cloth Theff:. f

‘f}f511QU1d extract was kept at 5 C for about 15 m1n to allowfgﬂ”\

'fseparatlonw of h I.fafi and then sk1mmed off ffom the top]f‘“fl

1"f1ayer. The alkalz extract was clar1f1ed by centrzfugatlon at”n‘fi'

Jr_327 300 x g us1ng a. Sorvall centr1fuge (Sorvall RC SB Refr1-3f;55f

:ﬂiﬁgerated Superspeed Centrifuge, Du Pont Inst ) w1th rotorf

‘ "Q[GSA GS‘3 for 30 minutes at 1 to 2°C allow1ngufurther fatf}

: "J?fsepar&tion. The solubzllzed protexns “in 'the"
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: S '?'Mechanxcally Deboned‘,‘f" R S S
e e -“,’Poultry Meat Res1dues‘v‘ : DR

| ‘Distilled Water .
O e

veo .25 solxds water) R
) ' pH 10 5 LT e T

. - Discard <—-—-Solxd ‘!—-—-—Press e L f e
: : Resxdue ISR :* R N T
T S quuxd extract e e
e IRRTR fme solxds,, £at T
R ; _:~Q‘%w-3'm1Q‘;‘Let stand 'for. i . SRR A ;
' oo ‘1 5. n}in‘ at5°C O I S L
| 'y D1scard <——Fat 1—— Skxm off Eat“layer . : -
e Ch Ly L‘ q' id extract ____ A e T
R R Lo e fme solxds SO ES TE E

stcard 4—8011d *—Centrzfuge, 27 309 x g,
Reszdue 30 mxn, 1 2 C .

o

Clear 11 uxd extract
ERER . ot Adjust pH to S 0 5
e e o . using 6N ac1



Lo \

. ' . R

g \\ ARRINY

”'Extract ﬁere segarated by 1soe1ectric prec1p1tat10n (th'

‘5 0 5 2) usxng 6N HCla as the prec1p1tant.. Cont1nuous"n

S
i

‘ffagltat1on was provxded 1n order to prevent lump formatlon off~
l\the prec1p1tated prote1n.-,‘The 1solated prote1n f,was SR
:‘immed1&tely used 1n the freeze texturlzat1on experlments.d,’f

Mechanlcally deboned pﬁultry meat paste (MDPM) : Indus;_rg,”

i

‘U‘tr1ally produced MDPM ‘se obta1ned from POS P1lot Plantlf

“Corp 1n Saskatoon.‘The prote1n from\ th1sl paste ‘was ‘alsoﬂ,fpn

;‘extracted followxng thef procedure 'present];n'F;gurex3,1,j-7

ae7s).

“4v:Fat content. The th contents of the proteln extractsf{ﬂ;*‘

'

r;}excludlng the press1ng step W*"’~‘ P
’ ‘g‘

3 1 2 Proifnate analyses of protexn extract

Be

Proteln content. The proteln contents of ll. samples“;;

'”»jfwere determzned us;ng the m1cro Kjeldahl ‘method ‘(AQAC;T

TN

‘ ”!-Twere determ1ned bylthe Soxhletif

. Momsture cbntent.




A sample conta1n1ng 50 mg prote1n was hydrolyzed 1n 1 Oiwfﬁﬂﬂ

ml 6N HCl a 130 C for 3 hr. After< neutralxz1ng héﬁﬂ;."

‘ .

Q,”fﬁfl hydrolysate w1th 2 5N NaOH 2 ;mlt hydrolysate werel;“lfﬂ
x | collected and leEd wzth 1 ml of 0 OSM Chloramlne T (sodxum’Vd'J
p toluene sulfonchloramxde) and then allowed to stand for 20’]

m1n at’ rQOm temperature. Then 1 ml of 3 5M perchl r1c ac1d”JV5V:
R ) S

o Y . '

‘was added 1nto the SOlUthn mlxed and allowed tofsgand forlj

5 mln, followed by addltlon. of p-dlmethylamlnobenzaldehydejfvffﬁ

solut1on The: result1ng~\solut10n ,was 1ncubated in a 60 C‘”

water bath for 20 mln and then cooled 1n tap ‘water f%%fhsvf;"

N " . ' '
v\'. ; v R

fiw'mlnuy The absorbance of the solutlon was determlned spectro~iw‘*’T

photometrlcally at 557 nm u51ng a Beckmah DU 8 UV Vlslble

ool ‘v'_\ .: ;'_'\ . ' ,‘ R
SR spectrophotometer (Beckman Inst:.,‘Inc., Irv1ne, QA,1USA)

REAN . M

The hydroxyprol1ne values were determ1ned dlrectly from gthefg;';g;




:«rﬂVwa%éthanol allowed to stand for 30 m1nutes,‘ then fxltered‘g""

tw1ce through a Whatman no.‘42 fllter paper. The absorbancegjs‘

{Ik'?‘f of the clear flltrate was read 1n a Beckman DU 8- UV—v1s1blef;f‘f

spectrophotOmeter [a 412 ‘The concentrat;on fof'ughe_;fgﬁf
chte1ne in the proteln sample ‘was determlned dxrectly frompgﬂfff

‘w

o the standard curve (see Appendlx)

. L : X o ; . 8 e " ettt ) . L RS : . : ) .
] . * . “._ . Lo . Y ! . N o ' et . ' T e
" o " L . : . : i . . . o .

3 1 5 Calcxum, magnesxum and sodxum contents pﬂfﬁr“~"

Vo
.r~‘

‘lff{u;, These elements' Were determ1ned by atomlc absorptlonfjgfh
spectrophotometry follow1ng h procedure descr1bed byﬂfgﬁ;

Wallace and Satterlee (1977) *f*'Qfdaﬂffjga”ﬁnV

.fofﬂﬁﬁf” About two grams proteln sample was ashed xff‘muffle

.....

fjfn: HCl to a total volume \oﬁ,‘SO ml Proper dllutzons, werej

prepared

usxnﬁz"}

The‘ absorbances ‘ofi

test and °standard solut1ons were determrned,us1ng an

(Pye Unlcam SP 2900\



”‘:édifhh-”“

i .'.'\.,,'*"A'_",‘w

bffjmolecular weﬁght determlnatlon.”fThe\ prote1n 1solate aSjﬂfd

1

homogenlzed Cir '_three Volumes of 0 m HCl .1n 75% ethyl

’j’f,\alcohol The homogenate was centrlfused at 3° °°° xg f°r 30
" ﬂ.?l\hini» the.'supernatant dxscarded and ‘the pellet was "

‘1 resuspended 1n f1ve volumes of acetone The suspen51on was -

; | left 3 hr at- room’temperature and centrxfuged agaxn. The:7
B \'acetone exaiact1on ‘ done twice and after the fxnal f,ﬂ

‘j centr1fugatlon* the pellet was drled at 50 °C and then flnely
d‘groﬁnd The proteln content of the drled proteln oowder waeg?
flgahoptﬁssx estlmated by the mlcro Kjeldahlxmethod ' |
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3 1 9 SDs-polyacrylamxde gel electrophoresxs (SDS Page)

" ‘v

’wdlfih'i chemicals used SDS PAGE were purchased from
S1gma Chem.,Co. (St Lou1s, MO USA) The runnlng gels were
prepared by us1ng a 7 5% 20% gradxent gels. The fOrmulatlons\‘u[ﬁggﬂ

of\the stock and work1ng solutlons are listed 1n Table 3 1

[ . ,‘

L | h gels lwerei cast between two glass plates (17 8 cm
Length x 14 0 w1dth) and ‘spaced 5 mm apart‘ The

gradzent gel was prepared by m1x1ng 7 5% and 20% gel

solutxons,- placed separately -ih* m1x1ng _chambers.‘ Afterw

7

polymerzzat1on (about 3 hr) the sample well formlng comb“ljﬁf“u

was 1nserted between the glass plates.whif””wﬁf"ftpasteur-7hﬁ5gfh

pzpet, the— stackxng gel was added at.the endland between.ffpﬁ

wells to overflow1ng. After polymerlzatlon,

\ s'-




S e S G
/ o' /Table 3.1 SDS-Page slab ged and buffer system formulations. =

St Composition L

I Stock'Solutions

L0wer buffer stock | .Vp;1 5 M Trxs—HCl pH 8 8
Upper buffer stock Q‘fl KO 5M Tr1s HCl pH 6 8 0 4% SDS
Runnlng buffer stock 4, 3M Trxs,;O.lQM glycxne L
; L RO _in‘.O 1% 'SDS (per llter dlluted
o w@_j‘,'b T 10x before use) o \
* Actylamide stock. . ' 30% acrylamine, 0. 8% N, N""
e .[methylene blS acrylamlde

Gl
A

. . Amnonium persulfate ~f“;3 3% (NH ) s o.

TR I e TaBg g0y T
”‘ﬁi'f'g Lower buffer stock mI S 300 3 T

FEAN Acrylamzde stock, ml , _':”gWQ‘],JB@OQ};,3:$“Q

Glycerol (60%), ml wi?jfﬁ,xW“fffp -~ 0,54 :
"}Water, ‘ml. '“g‘,wujﬁ‘U‘f5"40 T - R AP EI o
C3.3% (NH.),s o., ml (AN 0s06;¢w3,ﬁ¢o;oe~;a«ﬁgﬂg‘;,
“N,N; N',N' tetramethylene—'“f?zgwu,j i‘qﬂ]ﬁ]yf'gd*gx;ﬂgjxk-{
dlamlne (TEMED) ._w“xjgﬁjjnS OO]fjm$ﬂ”5y00b{~' R T

*}u:':-pe-:r:?-;buf.fer{a-‘fs'tfae‘,ief; fml e
Acrylam:defstock .mlo

3. 3% (&H.),s O;;vult




| Table: 3 2ft?féfeiﬁ s£§ﬁaé§dé:ps§d;QSAmafketé5§hhSpS Page. .
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' 'Protein ‘Standard -

~

SRS ,ﬁf'ﬁdl‘e¢‘ul‘af‘ Welght .

"fCarbon1c Anhydase ;T 

FERN
.
S

S 29 400,

‘45 ooo'

' gAlbum1n, Egg ”“f(\ LR
Albumm, Bov1ne 5 “'5 B R 66, ooo o |
 é :Phosphorylase B';“: “i'vf‘ '1.97 4003“"" ‘ i';

:B Gélactos1dase J  W5j  1; W:f116 000;?' j |
Myosm G “II‘-,;:Lzos ooo- |
i o ‘ " TS



ST - TR e e %
L 45% methanol 10% acetlc acxd'and 0 35% Coomasxe Blue\R 250
'lf?ﬂiﬁfl7fTh background staxn ,was’ removed by immer51ng the gels

desta1n1ng solutlon offIIO% acetlc ac1d and 30%

Y
‘,v .

‘.,methanol The gels were stored 1n a solutlon of 7 5% acet1C‘

"\ P

ac1d and 5% methanol-“The mob111t1es of each prote1n squnrt

were calculated and the molecular welghts est1mated from the

et

standard curvea(F1gure 3 2), obtalned by plott1ng the log ‘E:f
k‘h; molecular welght versus mobllltles of ﬁhe.standard prote1ns.““
1 3 1, 10 Determ;natzon of amino acxd cpmposxtzon “?“;ﬁjf j
' sfngh pur1f1ed proteln Sample {was submxttéd . ;heféff’”
o College of Dentlstry, Unzversmty of'ﬁlberta, for amino ac1d

ana1y51s. The sample

presence of 5% (w/v)
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Flgure 3 3 Schematzc representat:on of the fraez1ng mould

1:used in’ the un1d1rectzona1 freezxng techn;que.



. -60°C and held at this temperature for 48 hours.' Following
freezing of 'the protein slurry,‘the 1nsulation mould wasa

" removed and frozen protelnaceous mater1a1 allowed to ;haw at

".room ‘temperature. The freeze texturized proteln was: heat set»-'

by autoclavzng at 121°C 1. 034 bar,‘for 15 . m1n, and then
: cooled at room temperature. These pre determlned ‘heat-.-
.setting conditions 1rrever51bly fixed the parallel oriented“

o~
protein sheet structures.

3.2.2 Effect of alkali land" acid . treatments on fiber
formation | | |

Different sample preparations were used in order . to

study fiber formation and cross llnking in the alkali- . .

"yextracted ac1d prec1p1tated prote1n.' Preliminary,,experif.
ments had indicated  the difficulty' of visualizing the
"proteinlrfibers fin the crude protein .1solate. However,
ﬁashing the unfrozen protein 1solate with 500 ppm of EDTA h
folloved‘.by washing w1th deionized water,‘ removed
_cOnsiderable"amount ofu extraneous materials that could;
have masked. the protein fibers.f s L | b

Fiber formation was observed 1n bothxthe~unfrozen .and .

’freeze texturized protein Isolates.' Theh fresh protein:»_°

_1solate was dehydrated by successive 1mmer51on 1n 75 85,

- and 95% ethyl alcohol (15 min 1n each), which also prov1ded513je

'stabilization of the prote1n. On: the other hand some freeze.

‘¢-texturized samples were freeze drzed 1n order‘ to fix 'thE;f’7lfi



possible'ﬂ‘alteration' that - m1ght have been.fcaused"hy

stab11121ng the protexn in. ethyl alcohol

3.2, 3 Effect of freezxng rate ‘on fxber formatxon ;7‘
Proteln 1solates were frozen at —25 and 60 C. us1ng

' walk in freezer 'and at ~196 C w1th 11qu1d n1trogen.‘The\;

‘ frozen samples were thawed in serlal concentratxons of ethyl;.'

'alcohol for dehydratlon and stab1112at1on

| 3¢2.4‘TEXturiiation of;mechahically deboned‘meat'paste

The behaviour of poultry meat - paste and of the protexn»,”"

extracted by alka11 from thxs paste after .freezex‘textur1—;‘

,zatlon was compared by un1d1rect1onally free21ng them at'ff\

'\—25 C. Both- samples were thawed at. room temperature and he
_ characterlstlc protexn : sheet structure formatlon ywasii
j“observed vzsually. | | |
'3 2 5 Effect ‘of pH ‘calczum, urea and freez1ng temperature

v on texturxzat;on -»] ,""‘_, v;.‘:f ”;ﬂg7fnjf-3

r:Th pH of the protezn 1solate was adjusted from 5 to 7'IQQ1;

| ”or 9 u51ng 5M NaOH.: The alkalxiagajf added dropwlse thhjf

"°°nt1““°“5 f m1X1“9 in order t° Prevent local1zed gelyﬁxg;i

iq

"7fformat1on. Each pH adJusted sample was treated separately,h”k

i

“*,_Tw1th dlfferent concentrat;ons of 'calc1um (04*2 50; 6 20:iﬁjrf3

?thIZ 5~.and 18 8 x 10" moles/l) added as CaClz, or urea (0,~f§ffV

,QO 10- 0 40 and 0 70 moles/l) The f1na1 volume of theﬁ&j}f:




© 3. 3.1.Expressed‘liquld'*l-i g pr Afm

followxng the Lowry method

t

"var1ous treatments.

bdmpLEB unaer. eacn: pH and’ cnem1Calntreatments was - malntalned

o constant by adjustxng it w1th d1st1lled water. The‘ prepared

samples were placed in the freez1ng mould (Flgure 3 3) and

then frozen at -25 or r60 'C for 48 hr. After freez1ng, her'

samples were thawed at room temperature and then heat set by

autoclav1ng at 121 C 1 034 bar for 15" mxn. The‘ expressed

-

lxqu1d ‘from“the thawed samples was collected to determlne R

A

: o . ‘ : o . . ‘\ ’ ‘ N . " % \“ ’ R .
3.3 Determination‘of Soluble Protein after Texturization.. .
< Coe s A C . “ : ".‘ YL, -"1-..‘.

. ]

'The amount °f prote1n the expressed llquld he§l§df”'”

llqu1d that separated from the freeze textur1zed proteln

“'-mass upon thaw1ng fatt room temperature, ».i determzned

: A
o

' vae m111111ters of reagents A and B (A-—Z% Na;CO;

a rat1o of 50 1, A B) were added 1nto 1 ml of the expressed

llqu1d.< The m1xture was allowed &

sf} the amount of prote1n that remalned soluble“followrng‘Jthe”"

0 1N NaOH B—-O 5% CuSO. SHzO 1n 1% sod1um c1trate, mzxed at

'tand,for 10 m1n at room ‘d7vl




T&.standard proteln (Appendlx 6) The determ1nat1ons were made

&\ka

\.-l;”1n tr1p11cate. ayh _‘fg‘”vwf".f-h;fylﬂt;gt;“g‘ﬂj 'uj;‘ff; jp;ﬁ

CroT e

'3 3 2 Protexn 1solate ;.af,“] _ T“\C*T h f”,*fj ,h*‘ﬁ-fef-ﬂh“akfﬁ',

\ 1? The nature of chemlcal bonds present ffn‘ the'xproteih _H:
’f\1solate,': follow1ng .hej; three_'maln stages q'f freezeuﬁﬁw”
'Etexturzzatlon,‘was determ1ned through the solubllxty of the‘f .
.tfprote1n '1n var1ous solvents. The solutlons used were water{lvwf

'1-0 6M. KCl 1 SM urea,,BM urea, 1M KOH and 1% SDS About 0 5 9

“"}fsamples'vdfﬂ‘th freshly prepared proteln 1solate, thawed

ffus1ng a- mechanlcal shaker.‘

1fcentr1fugat10n 15 000 pl

\ufgproteln,"were homogenlzed 5 ml f each of the test

-solvents. The samples were contlnuously agltated fTrhflffht

‘H'freeze texturlzed proteln .and heat set,. freeZe texturlzed

SO Tl

hd JEREN

T P

The undlssolved proteln 1;3”'7

4
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u,“ L

Co
.\) \

to teXture measurement‘dVdefhwfﬁffh\x-fﬂ"

oo
N

About 5.mm thlckness from the surface of the texturxzed_afﬁ?u

oo 2

‘prote1n was trxmmed off before samp11ng for texture measure-ﬂ
ment. Ten 15 g samples (from each replxcate) were Cut, f%to:[‘

0 5 "em’ pxeces and tested w1th a 9~w1re (20 cm"cross—fd

sect10nal area) Ottawa Texture Measurlng System (OTM%Q food]”

cell connected to a Type TM 1130 Instron Test;ng Machlneﬁﬂf”

(Instron Eng. Corp., Canton MA USA) A crosshead speed f”ffjtifl

A,'

50 mm/mln and chart speed of 200 mm/mln gave well def1ned$5;' ‘

force-deformatlon curves. The compre551on head was astopped;

‘Lfﬁrequ1red to compress and




: ) NIV
fﬁfhrf‘B 6 Macrophotography '”;“h@\, el,vk,_ex;“;h~,“¢\;x¢

. %£3ﬁ]:;f‘jg Cyl1ndr1cal samples of 2 3 cm d1a x 0 5 cm‘ thxck ‘were
| 'f”cut from the product cores u51ng a cork borer (No. 15) Thls

{H‘Lgﬁgff*j represents the surface perpend1cular ;? the d1rectxon‘ of

nyﬁ ‘f7fﬂ‘fheat flow durlng the un1d1rect1ona1 free21ng ‘Sliced samples
7 rﬁfﬂc(Z 3 cm‘x 2 0 cm x 0 5 cm) were also prepared to show ;_hé;“f‘h'
.rsurface parallel to the dlrectlon of heat rowfﬁAll sampkcs

V}ﬂf‘ﬁwere isubm1tted to Photographlc Serv1ces,; Un1vers1ty ﬁ'ﬂ=,ﬁf

uﬁQQAlberta, for photography }ﬁj;hf;fhgfhfwggfv[a;ﬂhiW&Vf
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Bl e 0007 Raw ‘Cottage Cheese Whey i
‘let stand ‘overnight at SOC e
.. decant ... ol

supernatant.
{pH4.5-4:6)

cles

'
f
: [

trafiite

<1a%78>




‘ supernatrant
j _(pH 4. 5—4.6)

g add sodlumxhoxamotaphosphato‘
: il at o 5%lovol




AL 7. . RawCottage CheeseWhey = ' . R L
S et stand overnightat' 8°C .. .t oo R AL
v‘.‘v‘ o :" .-' Lo "-.. o . ' " .") ' ‘I..“ ) ' ; S .,'- “-‘ i v," l' - . B ' e :‘i v ” ) "v'\ o 4 : oo
L " | L T decanmt i R D

.fine cheeseparticles . ' . - supernatapt 'l i

e T T (R 6-a.8>

0 adjust. pH to' 6.3°
| *With 20 NaOH "

w to . gettre %




‘;u 2 520 x: g for 20 m1n at 1 2 c =w?g1¥,xeulw

protexn (pH 5 6) was dxspersed in dxst1lled ,water Ungg__a_
mechanlcal stlrrer. The pH was adjusted to 11 2 thh SN NaOH1{;7»
prote1n solut1on «was heated at 75 C for 2 mxn (Jelen andﬁﬂﬁ,l

Schm1dt 1976) After coollng, the pH of the ‘protelﬁrlx:w

g solut1on was readjusted to 5 followed by centtlfugat1on at*“h‘

N ' l

‘\"

'thas followed 1n the freeze texturlzatzon of_the whey prote1n

concentrate.,h

. e o . Loy T ; : s Lo
[ W . L S ' RN '}114 ) '
v DR o Lo e . , [ R
' e . § . Vo ' . o ;
R Yoo ' ) : . N S

‘f‘g‘wh1le the proteln dlsper51on was contlnuously agztated Thehliﬂ;

The Same techmque aS USed wn:h poultry meat protelﬁ’

[T
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w740 W, RESULTS AND DISCUSSION .

41 Cbaracter1zat16n Yf'gcf¢ﬁ5ﬂﬂtﬂefi Alkalz-Extracted

' “£[ Acxd Precmp1tated Poultry Meat Resxdue Protezn
4 1 1 Ptoxlmate composxtlon
‘M‘VnTHe. chemlcal comp051t10n of“‘thlﬁ alka11 extracted

aczd prec1p1tated proteln obta1ned from mechanlcally deboned

vt

poultry meat re51dues 1s shown 1n Table 4 1 Separatxon of 2

the protexn prec1p1tate from the supernatant by centr1fuga~‘,

t1on at 2 520 x g gave a proteln 1solate conta1n1ng ca. 90%

mozsture or ca. 10% total SOlldS. Prel1m1nary experlments

X3

struc“ures ‘cduld'be~easlly;n_jixﬁﬁ!f

had 1nd1cated that th1s‘m01sture content provzded suff1c1ent




Vi

Table 4 1 Chemlcal compOS1t1on of alkal1 extrECted acld-‘pp

prec1p1tated proteln obta1ned from mechén1cally deboned

\‘ poultry meat reszdues.;,; "."‘gﬁliy ,ﬂ'glhhf'-ﬂ‘fwfﬂ ‘ffjpx'v'”

. R .
L .o W R

RS Cbmpositionp R R R '[“f‘fff'AAmQuﬁiiﬁrsﬁ.fnlff“ﬁ

' “~[3Total Sulfbydryls, mmoles/g pfky'f ;g@fé;h#ﬂifq§7i fV7

jMozsture,.x.gp f." L ,."‘}p" 88 91 i 0. 70&‘7

QLCrude Protein, % .. . ‘_‘:“‘f,;ﬂce 84t 0. 95{] ERN

”~j,Tota1 Ash % _fﬂ‘Wt S L',,f~EfQ;éS“i”on4¢[ng?ﬂu““

'”5pHydroxypr011ne, mg/g ‘»p fp7j 5p<.3ﬂpp91 47 ;?bk37ffﬁdff7mﬁ‘b

,“’Sodlum ppm o . S ‘
pCa1c1um,.ppmf"pw(', f.1‘¢:f.ﬁ}h&ﬂq 90,44\#,5455
.fMagne51um, ppm Qfg;[;,”ﬁﬁ.thgngp\¢Vf‘f3;50f;”OL§?3"V .

AT X 1nd1cates standard dev1at10n..p)¢”f;g;w

PR ‘\

Crude Fat %; 3;":”{f]1 :Ikg‘m”{]'j~y\j2;54m;50;08”fﬂ7-“”‘u



fibers produced at low solids content is high. They al%o
”.stated :that“ ‘generally, . the optimum - concéntration ' fbr

Nfree21ng w111 be anywhere from 3% to about 35% protexn with

'concentratlons of 10-30% belng preferred based upon the
,total wexght of the aqueous proteln mixture. ' ;

The prox1mate composition - of the proteln '1solate used

‘ 5‘
aS‘ﬁa texturlzxng materlal was sxmllar to that employed by
. s -

Q"L§wrence (1981) The»fat content of the isolate (ca. 2.5%)"

oY : o
#was also within the. level used - by other workers Successful

' 0

& - o

texturization of soy, beef o“‘poultry »meat protelns was

”hmhfobtalned in lth presence of‘ 2.5 to 10% fat (w/w) in the

sbrote1n slurrles (M1ddendorf et al 1975). - The alkalr

F}&A} extractzon cond1t1ons used by Lawrence (1981) were strlctlydr

,.

,foliowed in the present study, Thus' in accordance thh h1s,

églresults,. it was assumed that: the format1on of ly51noalan1ne‘

ﬁdur1ng the extractlon prqcess was negllglble.. o

h

B

U ( b ; T, | ‘
P 401,22 Hydrdxyproline content -'-ﬁ SRR
@ Lt B ’ | ™

R S1nte the - prote1n recovered from the debonlng reSidUes‘p

' ‘}‘has .a, hxgh potentxal as a food ingred1ent 1t is 1mportant'

vftoj know if 'other muscle prote1h components leof less‘

"sxgn1f1cant usage are also 1nc1uded 1n the alkallne extract.

v Vo

LI ’ ,’fﬁ""

. L o Lo 1“_- ' o
‘ ‘{% - . - K )
PIRRN EEN. . . L. ! Ca

N »

~a
'\

‘The presengg pf collagen, .one ”of,dthe' connect1ve‘ tlssuep;‘fn.

'ffprotexns, is consxdered undesxrable both from the‘stanap01nt7]

uw



water holdlng capac1ty of meat 51nce collagen has 'a ‘low

v

content of charged and hydrophllxc amino ac1ds' and 3) low
\ . 1

nutrltlonal value because epf the low proportion. of ;the
nutrltlonally essentlal amino acids (Goll et al, 1977).

. Hydroxyprol1ne has been widely used as an 1nd1cator 'of
dthe preSence of collagen since it is thought to be confined
almost exclusxvely to the connectlve. t;ssue scl;toprOtein‘
(Woessner 1961) The low hydroxyprollne content (1.47 mg/g
'of fresh sample or 1.67 g/100 9 dry proteln) in the protein
1solate obtalned in thls study (Table 4 1) 1nd1cated that
j.the alkallne condltlons employed during’ protein extractlon
‘do not cause significant solub1112at1on of collagen present

in the debonlng residues (Golan and Jelen 1979; Lawrence,

L 1981). Slmzlar values were obtalned by Sw1ngler and Lawrle

. (1979) dur1ng protexn extractlon at PH 10, ? and precxpzta-‘
k

txon at pH 5. 0 Prote1ns isolated from bov ne lung and rumen

contained 2. 3 and_ 1.2 mg/g, respect13e y, after{;Z* hr

a

- extraction at 20°C,

. 4.1.3 Minerals I | L - .3 ._

. Q The low calc1um content of the proteln\extract (Table
4 1) is a clear 1nd1cat1on of the low amount of flne' bone,
part1cles 'present in the gtound debon1ng fe51dues. Watt and

Merr111 (1953) stated that, sznce the calcxum content off

Lo,



' compared 'to calc1um or magne51um 1s understandable singe t

over that' tound -in fat.. and lean is ~an 1nd1cataon of

v'increased bone partlcles. Under: the USDA 'S proposed rules,f

| mechan1cally deboned meat 'can have a maxlmum of 0 75% f

N 1

N calcium“ and' that . for proce551ng can have a max1mum of 1 0%,

calc1um (erld 1976) Lo

The hxgh amount of sod1um' in the protexn 1solate

extractlon was carrxed out at pH 10.5, which requxre ‘a

consxderable amount of‘sodium hydroxide,‘in'adjusting'the pH

h~to the 1soelectr1c p01nt of the ‘major meat- protelns (my051n"
'.and actln) in addition to that actually ‘present in the

-'debonlng resxdues. From the nutr1t1onal standpolnt that is,

con51der1ng the recent controvers1al 1ssues on ‘the effects

of. exce551ve amounts of sodxum in the human body (i.e., !

A

hYpertensxon) the sodlum content of the prote1n 1solate ‘is

~

. negl1g1b1e compared to the other proteln 1solates or p

concentrates commonlywused in food process1ng (Table 4 2)

. 34 1. 4 Total sulfhydryl groups

The total sulfhydryl group content in the proteln

samples frw determ1ned as cystelne. The bulk of the‘=

*sulfhydryl groups 1n muscle‘ bound to protelns. For
{example, my051n has 40 sulfhydryl groups, wh1le act1n hasﬁ”f

_5 6 groups (Cheftel 1958 Hofmann and Hamm, 1978).

,g\
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‘ o : L ‘Ahount‘of‘f
Protein Source B . ... . . .sodium, ppm

‘~3Mecha61ca11y deboned broxler‘ \.    7 <“‘fu' ,400v‘
backs, and neck, with’ skin e L
‘Non- -fat dry mllkJ‘ !_ A :f' .,‘V35,5$0‘

.'fSoy proteln'  o f ' '~‘ - R f-aQ,OOO

.'Calc1um~reduced'skimgmi;kf S ‘f: | ‘22;860:
 'vSodium4Eaéeiha£e whey”blehdsffi9;;l "f.’ _>J3;606,v

" Alkall extracted protexn" o, '”, -  :'i30".‘

- z N
BRI S

T From Marsh (1983)
b2 F:om Table 4, (thls work)



‘}5fficomposed of meat skzn, bones, blood and

pevuLen | mgvesviissas g.u.ut.!:&llb LlUlll cne bOlUDle Sarcoplasmlc

:prote1ns, it can be assumed that a small proport1on ofp;the”\e*-hﬂ

\\_latter group of prote1ns ‘i:ﬂ also present in the proternﬂ“”

o extract In. the present stuﬁy, centrlfugatlon at 2, 520 ‘x“xg

'f'resulted t”inf_a proteln ‘1solate‘ w1th approxlmately 90%;;M?‘

mo1sture, hence, a con51derable amount ‘of soluble sacro—"

fplasmlc protelns. ThlS should also explaln the presence of

‘]\numerous prote1n bands 1n the SDS PAGE electrophoretogram,fﬂgr“

'

Vas wzﬂl be dlscussed later.‘Several SH groups are present 1nj’“'

“the sarcoplasm1c retlculum. For example,‘ th llpoprotelnsgfwv'.h

'1conta1n 24 half cystzne equ1valents per 10s gram proteln andmeﬁphﬁf

. the 54 000 dalton proteln, 7 4/10’ gram (detected as. cystelcf ;‘tﬂ}?
o / . “\ + ;

‘“3~ac1d) (Maclennan et al., 1973) The presence of sulfhydrylrv

’ Vrgroups 1n the prote1n 1solate may lead to 1ntra-‘and 1nter-f”3fhf“f

l '

?h?‘molecular; cross 11nk1ng dur1ng the proteln texturlzat1onphg"w

:“f'processes through dlsulfxde sulfhydryl 1nterchange reactzonSuf}fxi°

« J(Hash1zume et 511.,571971"5 Fukush1ma; 1980-f»5e11ey,;andgff**T

hf3i”4 1 5 Molecular wexght dxstr:butxon

‘,‘z

a'ﬁThe mechan1callh[ﬁdeboned poultry

pTherefore,wlt‘1slexpected that the prote1n fff;;fﬁ"]n




u—-protelns. The electrophoretograms of h alkal1 extracted
5 ac1d prec1p1tated proteln and the standard prote1ns are
‘ﬁj:nshown in. FJgure 4 1 The numerous bands 1ndicate a: w1de
:ff’nrange‘jof prote1n subunlts present 1n the 1solate. qute.
erv1dent is the presence of the dark bands,;'whxch -1nd1cates‘\fﬁ\
| hxgh proteln concentratlons, two of which should correspond
”JFGdto myos1n‘and actln (w1th molecular we1ghts of 220 000 ‘and '

o 46 00& 47 000 daltons, respectlvely,. Hoffmann‘ and Hamm .

n1978) The ‘molecular we1ghts of h proteln ‘ subunlts':

‘\..\

fresolved us1ng the SDS‘PAGE technlque are presented 1n Table,pfﬁﬁf

texture: of meat

‘ijrOdUCtS 1s 1nherently dependent‘upon the flbrous nature_‘of

”-the meat.x L1kew1se, the presence of a ﬁlbrous structure 15"ﬁfff5

materlal “'hxghly ?ff“
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occurrence of protexns not only from meat muscles but also

FY

from the sk1n and bone marrow They also suggested that the ﬁ

LA . N -

p0551b111ty7of“enzym1c proteln bteakdown should be taken

3

1nto con51derat1on 51nce the debon1ng process cauSes ‘Vfﬁ

destructlon “of deboned] materzal 5.wh1ch results in‘fthe:ff-f”

l1berat10nf of many lysozomal enzymes. Also present was the“fﬂ?"

protexn subunlt of molecular welght 17 x 10"‘daltons whlch

-\<l

jmay be' attrlbuted to the hlgher contents f the haem 'dﬁgj

p1gments or1glnat1ng from the bone marrow.‘The majorlty

luf*tb salt soluble protelns recovered 1n the bands were off4

.‘\\




‘.ﬁby v1rtue of 1ts p0551ble 'effect on the nutrltzonal and

£ ‘.”“-L

-fnfunctlonal propertles (Young and Lawrle, 1975\)

1

'a\Theﬁjlo concentratlon Ref collagen . the alkalxne

‘5u;prete1n extract from the poultry debonlng ‘re51dues (Table
“fﬂf4 1) may be attrlbuted the relatlvely low extraction
”ltemperature (22 24 C) used 1n the process. Solub1llzat10n of‘v
‘%icollagen' takes place under mlld hydrolys;s (e g lb0111ng 1n

\‘~&fwater,;d11ute ac1ds, or alkalls) (Selfter and'Gallop, 1966)

bonds and some‘ i




-]'4 1 6 Amxno acxd composxtxon "ff{*ﬂ;hl“\;nl‘”“.\

The extent of 1ntermolecu1ar attractzons’ that would

| occur durlng prote1n textur1zat10n 1s not only dependent on
the 51ze and shape of the proteln molecules but also on‘;the”

‘"nature of the amzno aczds and the1r arrangement 1n the

‘hﬂr pr1mary protezn structure.nu' has been establlshed that
>

composxt1onal factors are respon51ble for molecular assoc1-‘fF=V*5*

voob

atlons 1nvolved 1n the cohe51on phenomena of prote1ns (Wallhf'

] and Huebner, 1981) as 1n the case of proteln texturlzat1on."

!

Theﬁkresence of dlfferent am1no acxds,‘D 1n the debonlng;Vt

1,

’ 'f',rable 4. 4)

reszdue prote1n 1solate

would profoundlyIaffec'T,:ﬂff,ﬂ
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i‘Table 4 4 Amlno acxd comp051t1on of the alkalx extracted

'7 jac1d—prec1p1tated prote1n from poultty debon1ng re51dues-f

v

D

ﬂAminbﬁAgidj;‘

»tQ_ nh§1g$/h§;(:ﬂ$Q)r“,

R T R ) t"‘f ’I "

9”3[:Aspart1c ac1d

‘& t }Threon1ne"‘f

WSerlne f‘ﬁuu‘j;‘xft”

’ijlutamlc ac1d

L

7fProllne' “n?ff “g:f1fﬂg”

‘%fﬁGlyc1nev;

Q;Alan1ne

H”nystlne/zt

N

507 66 1}37;00g5-55"
433 23 23,59

431 26 t.40.26
1012 27 :'571§3f¢3ff'
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were also observed “i theLfER between PP and the control

tryptophan.;hd\']ff_ fhﬁf,‘ﬂf' "F.}n fff}hvﬂ hjf

Oz1mek et al (1985) compared the nutrltxonal value of

the mechanlcally separated poultry meat (PP)‘ and alkalx*;owV

extracted prote1n (EP) obtalned from poultry debon1ng

i

reS1dues w1th case1n, expressed as net proteln» utlllzatlon

'

(NPU) prote1n efflc;ency ratlo (PER) and true d19est1b111ty

,(TD) They found small but statlstlcally 51gn1f1cant dlffer—ifd'

ences between.ithe' NPU _values of PP and EP and both were

51gn1f1cantly hlgher than caselnq Slgnlflcant dliferences

y . \

and

| N RS
casezn,bwhlle TD o fthe extra ted prote1n case1n4

wasq T
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Plate 4 1 | Electron m1crograph5" show1ng long1tud1na1

sectzons of a) muscle f1bers (SEM) and b) myof1brzls (TEM)




_aligned‘~protein mass is an important'factor in simulating

'meat The transformat1on of the or191nal disorganized,

A“paste llke prote1n slurry (Plate 4, 2a) 1nt0‘a more organxzedl

M‘structure (Plate 4, 2b) could be attalned by man1pulatnng the

Kl

'\

'dxrectlon by whlch heat is removed from the free21ng systemﬁ

: An 1nvest19at10n was conducted on ‘the effect ”ofj the

non- d1rect10nal and un1d1rect1onal freez1ng modes on the;

]

textur1zat10n of protexn, Results showed the presence of'\af'

junctzon ‘1n51de' the protein matr1x whlch ~was‘ more

.

dlstxnct 1n the nop d1rect;onally freeze textur1zed protexn

‘ \

",f slurry than :in‘,the 'unldlrectxonal ones (Plate 4 3) The;

orrentatlon of the protein mass as affected by the d1fferent‘

freez1ng technlques can be - dep1cted 1n the schemat1c dlagram Sy

" shown in Flgure 4,'-.-2,;.:”'In‘~ the non-d1rect1onal mode, heat}ﬁ#

“removal takes place in all d1rect1ons and th1s was clearlyvjr‘

demonstrated in the orxentatxon of the protexn sheets 1nter—y

sectlng at the Junct1on area. The 1ce crystals grow;ng fromll;f

! \

the surface as "spears“ (Lawrence et 37 1985) exclude the{.f"
prote1naceous slurry and solutes as the freezxng processzl~
progresses. These solutes are concentrated between ‘the,eice iyf

crystals ‘and ﬁa the d1rect1on ﬁof }th freezzng frontylf;ﬁ

-.,‘.

tefmlnatlng at the geometr;cal center of ‘the conta1ner.7'9ﬁ

v .

- Hence,.‘th Junct1on cand be aSSumed nov contain a hxghh”f]

concentratxon of prote1n and salts A closer examxnatzon off“fg
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‘and’ non-directional’




“\chausihg' solubillzatlon ‘f the protelns. In contrast un1—}hi

.“)‘

"?;;;;né* more parallel al1gned proteln flbers f prov1d1ng

- i TrTTRTTmewe ve uagu ad.l-l. concentratlon

N

v o .
. 1 ,

;fd1rect1onal freezlng produces parallel proteln flbers lalla“;f
“ithe way from the top to bottom (Plate 4 3 Flgure 4 2) as a

'result of the heat removal from one d1rectxon.,‘The not so—;g

'o.

dlstlnct Junctlon was present 1n the texturxzed proteln but

\'

\

closer to the bottom, 1nd1cat1ng the dlreCtHN?>°f the mov1ng

'LJfree21ng front

s

thé' force‘ requxred to: compressvﬁaﬁaf extrude " -the

mmmtexturlzed prote1n followlng hea non dzrectlonal ;ahd;““f

N

un1d1rect10nal freezlngv technlques showed sxgnlflcant

| dlfferences (Flgure 4 3) The protein slurrxes texturlzed‘”:“

Al i e

us1ng the latter mode gave hugher compre551ve force values

than the former. Th1s result suggests the p051t1ve role of

K .\.7' :

greater strength to the textur1zed product; On the‘other

hand the presence of

dlssolved
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"prrotern slurry was 1ncreased

'wqinjfthéf compress1ve force values 1n the non d1rectlonally

freeze texturlzed proteln compared f.th un1d1rectlonal

' r

ones.‘ Slnce 'texture : also governed by the,structural

,"0 . \ L

S e e WAL
. | . all

arrangement of the proteln matr1x, ‘1close analy81s wf the;ff"

m1crostructures é reveals | presence pf dendr1t1c or;,ﬁ*7

v
©

branched orlentatlon fffth proteln sheets,1 wh1ch

\,‘,‘ - v ‘H

predomlnant feature 1n the non d1rectxonally

\‘.~"|
S

non d1rect1onal

slurry(;Plate 4 4a) Compar1son of thei

o

un1d1rect1ona1ﬂ

’VI,:'

1n thlckness of thef.sheet structures as

i’the pH of thef:

rozen prot 1nf77*V
‘*ahdlgE;]

technique shOwed relat1vely greater reductlonxﬁ

v
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f;j" to the fznal product 51m11ar to cooked meat : and does “hot“;
-»f destroy the substant1ally 1ndependent sheets (K1m and Lugaytffﬁ

‘ Thls bznd;ng,‘achleved dur1ng the‘ formatlon‘ of h ”_fo
. St RN

"'Astructures, el1m1nates theuwneed for' added blnderjlﬂﬁwf

. "materzals._fﬂ““3-,_‘;fﬂw
closer analyszs of the cross sectlon of the prote1nh:;fv¥

e

sheet structure (Plate 4 6b) reveals fdh compactneSS‘fahd,v;”EH

- : homogenelty \f the proteln mass. Th1s prov1des eV1dence ofh”lfuu
\H the compre551on that had taken place dur;ng the freezeﬂffdff

lﬁfﬂl textur1zatiph‘ process.l There 15 ‘_ dlstlnct contrast 'lﬁwffﬁ
‘q “appearance between}the‘freeze textur1zed prote1n and ~::z ;}»’

| or1g1nal prote1n paste (Plate 4 2a) demOnstratlng X 'h‘

R

transformatlon of the level oﬁ organ1zatlon og' the proteln ;ffh

fﬁasi‘a result of freezrng At th1s p01nt¢ it appears that the o




s

_\54 2 2‘Freez1ng temperature\‘~mtﬁ

AR ;;Lﬂ The mechan1sm of f1ber format1on 1nduced by freezlng 1s

e b K

» “due to the physxcal castlng of protelnaceOus fzbers .caused
‘""djrj!whby the 1ce crystal growth (Lawrence et al 'xQQS) The sxzevvf‘

R

,”number allgnment and to some extent the“characterlst1cs

s o ‘.\

0 f the flbers are d1rectly dependent on the 51ze, number

i

mfnature and allgnment of the 1ce crystals.- Theﬁ flrstf-three “‘ﬂ

. -~ . i‘u

: ':fcharacterlstlcs of the 1ce crystals~are governed by the rate'd

' »‘ - I _‘ ) ‘,‘ ‘,"

‘ttﬁf~lof free21ng or freez1ng temperatu e.

"

'j{ﬁ;'f After ;non dlrectlonal freezzng 'at —25 C (med%um—fastl“”

free21ng) the proteln sheet structures appeared relatlvelyf
.?‘ pas L N e \". ' .
‘th1cker and f1rmer compared to those prote1n slurrles frozen\

A

. s
\W‘at 60 C (fast free21ng) Also the proteln mass, exh1b1ted

‘pufflness under utheh lower freez;ng temperature‘ (Plates

[ (TR N ’

»‘Qﬁ*‘,ﬁ“{i'4 4b, d f) These dlfferences i surface topography

' n.,»

DY

' . . r‘ At RN
’ S
)

‘fdlfferences 1nithe compresszve force values ekerted by the
! ‘ Pk

foteln (Fxgure 4 373'0ﬁ the other hand ,a vecy

of freezlng temperature was demonstrated“when

'“hstructural orrentatlon were reflected 1n the 51gn1f1cant

’ekturized pr

*;evident effect
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‘cuarsex textures. Rapld freez1ng ' -70 ¢ produced very

m1nute ice . crystals, leav1ng very small pores after thaw1ng,

‘ at thls state the product was . cons1dered untexturxzed At,’

j—25 c, relatlvely small ice crystals were produced ngxng a

completely spongy texture. Freeze texturlng at -5 C ylelded

ta hard kor1 tofu whlle that obtalned at ~70° C was soft énd'

. fragxle Hashlzume concluded that a. texturlzlng temperature
"of ~20 C.is approprlate for obtaxnxng the spongy proteln
1ntended as a subst:tute'for animal meat. -"*- ' tfl
4.3 Effect of Alkalx and Acxd Treatments on Fxber Formatlon

Greater understandxng of the texture formatlon in the

amarphous ‘proteln 1solates durlng texturlzatlon process

should““be. gained by tak1ng 1nto account the pretreatments,

g1ven to the 1ntact protelns,; s1nce many conformatlonal
‘changes _in‘ the prote1n structure take. place at th1s stage.

' as mentloned earl1er, the. alkal1 treatment of the mechanlc-

f.,ally deboned poultry meat re51dues solub1llzes both the myo-'

‘e

”’“flbrlllar .and ‘sarcoplasmlc' components -of' jthe' muscle

protexns. Upon ‘ac1d1f1catlon of the alka11 extract from pH

:10 5 to 5 0 the myoflbrlllar prote1ns are malnly prec1p1--

Ve
g

r,

A

f'tated - wh1le ythe' sarcoplasmlc prote1ns remaln-”in jthe»

supernatant SOluthh (Lawrence, 1981) However, ; latterzlnv:

".*protelns may remaln with the myoflbrlllar coagulat;on 1n the qn“

”;prote1n 1solate after centr1fugatlon at low speed..

) '1'",

i P
e



"components 1n the protexn 1solate is a clear 1nd1catxon that
a_xt satlsfles the raw, mater1al requ1rement for textUrlzat1on
‘ (Hartman, \1978 Shen and Morr 1979° Huang and Rha, 1974)
However, 1t is not yet fully establxshed 1f hxgh molecular
".we1ght polypeptxdes ‘would affect the texturfzatlon 1n the
. case of the freeze al1gnment process.

Th presence of prote1n 1nteract1ons lead1ng to flber

f.format;on and’ ’extended cross- llnklng 1uw~the acrd prec1-m‘

hppxtated ﬁ‘unfrOzen \ prote1n : 1solate 'canf'.be k clearly
demonstrated by scann1ng electron m1croscopy (Plate‘ 4.8al.
Thls result .strongly deplctsfgthef ocCurrence of,proteln
:1nteract1ons dur1ng the ac1d1f1catxon of the alkall' extract‘.
from pPH' 10 5 ft '5.0; needed for the 1soelectr1c prec1p1—

’tat1on. The presence of sulfhydryl groups in ;theQ protelnw

‘mlxture (Table 4 1) would suggest p0551b1e proteln polymer1—‘“

",zatzon v1a the dlSUlflde bond formatlon,‘ to ‘some extent

ﬁfuﬂ*OCCurrlng especzally under the alkal1ne reg1on dur1ng pH"tf_"

"

ﬂadjustment Th:s was 1nd1cated when “th unfrozen prote1n~

i

lsamples for electrophoresxs were dlssolved in the sample N

.“l' buffer conta1n1ng 2-mercaptoethanol-’wh1ch showed relat1vely;.‘i

'zihxgher solublllty of the prote1n than 1n the absence of th1s‘“

;freduc1ng agent Slm1lar 1ntérpretat1on by Kelley and Pressey'ﬂ'h

'.§(1966) postulated that alkallne cond1tlons favor dasulflde}
~77bond format1on, whlle ac1d1f1cat1on brlngs many polypeptlde

Q{cha)ns together, favor1ng hydrogen and 1on1c bondlng.

L . e T P o _,&s o R . o P s SN B
we._-';\A IR S T U R
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(,Plate 4 8 Scannlng electron m1crographs showzng f1ber

:-format1on and extended cross lxnkzng 1n a) fresh alkalx—

’}fextracted ac1d-prec1p1tated prote*n 1solate and b) freeze

;}texturlzed freeze drxed prote;n




.;;Th proteln network 51m1lar to that 1n the unfrozen protezn;:y”:~

[
- “\

.rk(Plate 4. Ba) was also observed 1n the, freeze texturlzed erfg“i

'.freeze drxed prote1n as ehown 1n Plate 4 8b It appears thatfi

‘“pff1ber format1on and extended ,cross 11nk1ng followlng the

ﬁk‘alkall and ac1d treatments could be preserved ‘and probably:*Ww

vmgpromoted dur1ng freeze texturzzat1on.j Hash1zume et al
,(1971) postulated “two events that could take place dur1ng,‘,.
'5th1s process. F1rst 1ce crystal formatlon durlng freezlng- '

'-,brought th proteln close togethef thereby concentrat1ng f

hthe flbers between; the- parallel oriented -1ce crystals._ I

‘,CVSecond further" proteln prote1n"1nteract1ons may have o

mf?ﬂmolecules and nat1ve actln molecules”

W

occurred at the early stages of the freez1ng process 1n theFQV,:W

‘:ffunfrozen concentrated solut1on., f}&t ?.ifj‘\i ;‘;‘ *r'ﬂYVfEﬁf*ﬁif

Connell (1968) stated that 1nterf11ament reactlonsﬂ,i,‘ﬂ-ﬂ

" PYOfOU"dlY affect tGXture,g~and 1t therefore seems l1kely7f‘”7"‘m

\

\'T:that s1m11ar reactlons ‘are a ma1n contrlbutor to ~thef;j¢"

AR

‘lltoughenxng occurrlng dur1ng frozen storage of flsh Whlch 1sff

‘aattrlbuted to myofxbr1llar changes..The gradual formatlon offk*';“"

T.jpermanent lnterfllament cross llnks via’ the cross-brldges ofa"f'"

1

‘”3{;the th1ck f1laments could expla1n the progre551ve reduct1onff;;kiig

both 1nterfxlament d1stances. Cross 11nks of thxs typef;[”*

i

:i_would be m°5t1Y between elther natlve 3__denatured my051nﬁﬁ,f
onnell, ' 1968). "

1ntact*“

:}iﬁalthough the'fore901ng events maY_take place 1n t?t.




s

»\f prov1d1ng condltlons for myoflbrlllar changes.u
. Based on the electron mlcroscopzc analyses done 1n thlsf"
o part of the 1nvestlgat10n and con51der1ng the other works on o

”'fth behav1our of myoflbrlllar : protelns .QAt sub zerofr‘

temperatures (Ogun1 et al.,‘ 1975-j Ohnlsh1 et al 1978 |
Matsumoto, 1979-' Jarenbatk and Llljermark 1975a b)

‘f could " be 'concluded that flberlzatxon and cross 11nk1ng ofp"'

‘Q‘myoflbr1llar fllaments are 1n1t1ated durxng the pretreatment‘d

)

steps of the prote1n texturlzatlon process.i o

T .
. L |
[ ' N

4 3 1 Cr°55“11nk109 mechan1sms 1n freeze—texturxzed protexn‘r‘“':

‘e

protexn 1solate subjected to varlous stages ‘f freezei'

texturlzatlon | determlned by measurzng total protelnk‘;qﬁ
solub1l1ty 1n dlfferent solvents.vThls approach was adoptedfh o

from Matsumoto (1980) who determ1ned the nature of cross-fﬁ”fﬂ

11nk1ng of 1solated carp actomy051‘

)

0. 05M KCl and stored a!f

’

used 1n the present study. water (to test'ftor nonspeciflc

assoc1at10n forces) ?“076M KCI (to thtifor 1on1C'bonfs)

1 5M urea (to test for hydrogen bonds) VSMfurea (to testiforﬁ

In the present study,,the nature of crossl1nk1ng 1n the~ff””

pOr my051n 1n,0'6M KCl orﬁ*‘”"

-25 C The followlng solutlons werefﬂg*5



'°“58M Urea

"l"'\‘ : ' ooy

Table 4 6 Solubxlxty f alka11 extracted ac1d-pre01p1-;ﬁﬁgﬁ

,(“

,“}follow1ng texturxzat1on treatments.~t

.
. . ) . | B s vl .
"o . AR g . T g n
. R \f ] ; ) I R ; V
. . . . By h : * AN
2 . X e Y. RIE ' '

' 77Nat“Fé’5f”Prote&h*1501a£é=7*

Selveﬁ@wfﬁ ”-iﬁwu;?feSh‘fl‘~‘ texturlzed "‘ texturlzed

1

Y

D1st1lled water 1, 89d;*{]kfi"tZ”STfQ‘Lde;'_ 0 55c"

RO 6M KCL jﬁQﬁ*s 45cyifﬂf” s, 80d?'?u‘e.’ . 74c{f
R Urea ‘fgr{ﬂfz 16d;f]”¢;' 5. 44ef{#,;y".;' . 20c'ﬂ?“ o

.7“

*ufﬁdm ROH - ,fj’fffl 58 =

65 47a§“;s33

‘[iﬁjx snsffdj]:{ff ‘3,§83 39bf;fﬂff“w

Expressed as mg/100 ml thawed l1qu1d

» "-‘| [

d'“;itated protelns obta1ned from poultry debonxng res;duesﬂf"

Thawed freeze Heat set, freezebf'

12 67bﬁ,¢ ‘M 20 5gcﬂfepﬁtl‘ 5 980ff”fﬂi?#$;ﬁ
15 72hﬁf£’7?uf :

' Figures in:the columns.followed by .the! saeéﬁiéiéeéfﬂff~ﬂ‘?*‘

are s1gn1f1cantly d1fferent at PSO 01




f“*effﬂf fJ513}

imﬂj?’ql) protetns H.J.eachv test solut1on ie‘ h1ghly sxgnxflcant
e (PSO 01) ngh solub111t1es were e¥h1b1ted 1n 1M KOH and 1%

:ttSDS;f wzth 8M 'lirea. ehd-ftbysﬁau"KCi 1nd1cat1ng lower
?_f\et;t'solubllltaes,:-whlle the prote1ns 'were ‘least soluble in. "

]fkwff; dlStllled water and 1 SM urea..; ?:ef:,;if”‘iﬁ“jx‘ﬁﬂ‘fﬁiwﬁﬁng

Followlng e 1nterpretat1on advanced by Matsumoto

(1980) regard1ng the solublllty of carp actomy051n 1n th_i7f

\

o

same test solvents, 51m11ar statements can be drawn from the

PET N R

'ﬂ? resulta obtalned ;ihﬁtth present 

Qexperlment.g Comparlng\“*

v
. ‘.

prote1n solub111t1es 'Q}

-dzstllled water,.the presence of

xc1,,xoa or sns wh1Ch had JWH‘_“

showed that aggregatlon



stab111zat1on offthe var1ous chemlcal forces Braught aboutj:ﬁ'

o LR RS

by-»th1s thermal treatment.. Moreso, 1t was nécessary tokh;w*w'

stab1lxze or f1x (by heat settlng) the parallel_

Y

-orlented_fff‘”

proteln, sheets after thawlng room temperature, s1nce "f‘f

these Structures could ea51lyldr51ntegrate dunlng handl1ng.my,,

Th1s 1s another 1nd1catlon of the presence of weak bondsa1n47

K] .

the freeze texturzzed prote1n.

',

3181nce the‘ prote1n 1solate or slurry was prepared byﬂ“u

‘,f 1soelectr1c preczpltatlon,.,therewwis no doubt that;;‘;%f

proteln molecules are5he;d togethet'ma1n1'3by 1on1c“bonds.ig




“‘ﬁf‘throUgh;gth 51eve

I

' ,'-\

7fihpregr1ndxng chlcken | necks " and backs

r t-IframeS, and\

¢

“*iexpress1ng them through a s1eve.fMeat (or meat paste) paSSesfbV

,‘ . .
l' 1‘,

thus separated from the boneffﬁ

i 7re51due (Dawson and Gartner,,1983)

‘*An attempt was made~to textur;ze mechanically debonedf"

[

lﬁffpoultryﬂ meat paste ”[ determ1ne 1f would exhlbltuﬁV

,‘ﬂ-behav1our s1m11ar tolft proteln 1solate. The protelnwﬁ?

"55{:1solate used 1n thls part of the Study was obtalned from the}f'

Vv

‘ﬂ”gsame meat pasteh‘ also by aqueous alkal1ne solublllzatxon,fﬁi



fv "‘_:j:TabIe 4 7

Chemlcal

“EﬁprOteln'Vrwfs,v_ia;puejpsn,

comp051t10n and pH mth fresh IR

“jmechanlcally separated meat paste and alka11 extracteda5ij

product

N
Yo

Cel

' Wf?”Water Prote1n ' Fat ‘Ash ‘ffp§H[f3+~ﬂj

RE ) (%)

Lf)pMeat Paste

“Protelh

Alkall Extracted vl ‘ - o S el
L -'\.j'sa 46 s_oa .8 os~ o 0aea 5.0

b ';s;;s 84 o .‘1,9‘4*. " 52*;2 ‘.,:se 063 662

v v\.
Lo \.“
N

Ftom Ozlmek et al

- (1985);_The samples used 1n th1s#.
gstudy‘were taken from thi L e

same - batch.;“,,

orse




structuned proteln matrlx, h1° process nece551tates that}dy;'

Tfﬂth‘ proteln

A

‘fﬁhproteln 1nteract10ns are needed to provzde good coherence 1nf‘ﬁ"

'

N

the texturlzed product However,' th1s could have beenfif

'Jfﬂf‘ﬂprevented by
‘-f“the Prote1n molecules, whlch were concentrated theﬂEH””

A‘u

‘ejyﬁunfrozen 11qu1d portlon :dfg.ﬁh free21ng system Another;fﬁfy

be drawn

'_'"Lthe proteln matrlces to malntaln the structural 1ntegr1ty oﬁjf~

a

\

the presence of the large amount of fat amongf

y, 1966-;Vﬂ”:

'rganxzed\f,f




“\

partlcle,‘sxze ‘to resemble a un1form emu151on for example,‘

1f a hlgh percentage of water 31nsoluble"mater1al such

fats and 01ls 1s employed On the other hand, sz and Lugay

””i'(19783) 1nd1cated tpat addltzon of exce551ve amounts of fat

IR

the proteln system would be undes1rable due to reduct1on

"r.y . .'(i

”“ of the tens1le propert es of the protezn flbers.tvln Other

:b cases,f?a reduced tenszle strength would be des1rable 1f 1t

'
v '
o 5 \

would 1mpart a more tender texture to the product ‘(Klm and

1978a)

Lugay,

,\ ! 'v:

N

reeze texturlzatlon behavxour foef"’

156 2%

ascerta1n.the effects of other substances (e”g fats, carbo~¢w*‘
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‘W;f segment of the 1nvestzgat1on, pH adjuscment and add1tzon of
W f \ ’
‘*‘*'*calc1um 6? urea 1nto the proteln slurry aw - materxal were
3.’“‘a‘, 7C. av - X

made in an attempt to dlsrupt the forces holdlng the protein ij"'

N ‘ molecules together and to 1nvestlgate the texture form1ng
'ﬁﬁ iﬁ mechanlsm.w TH/ behav1our of the ppu‘try meat protezns under _¢f\”

RPN these condltlons was studaed xn terms oF solubxlgty, macro—”'ﬂ L

[N

"and mlcrostructure and texture strength t the freeze*fe‘f
.;n{:ﬁ texturlzedHoroduct. Thelconcept forwarded by DeMan (1976)“:{f:f
;ﬁahﬁﬁwirmhimfstated that texture could be v1ewed as a direct conse-fmﬁl»%
7“1ﬁft ouence ‘of mzcrostructure 'whlch 15] turn orlglnates from SR

ST o - L

g,,f‘ygchemzc:ai’~ compos1t10n and phys'cal forces was pursued 1n I T

N . . ; ) s . ; ‘\(‘ »“ =

[ ’ } f~_‘." '?\ L L o,uwj‘ L ".‘.“’ .
EPRERE th1s study]‘ L ' . D

L s

' a '.‘, e

\‘ ,
[ \ .

" S 'i:

thawzng ', room '

wasl éhalyzed‘




pr/otem 1n the thawed 11qu1d after f:eeze textunzatxoh

different pH s and concentratmns of calcxum at --25 ‘C

i B . :
«~ E -
8 pH 9 |
S H.7
S el ol
.‘-‘E ‘
‘A ' ‘2‘ .
X '
. o a . v
. ““\“v‘? 3
o ("n;"\., )
| EXS Cl
o .
,:. w .
) e 2L ]
: <. .
- c
Lo < .
L Ly . I ; ‘ Y,
N W -2.5_—3 62 . _" 1215 . 18.8
‘ T , conc. of calclum X’IO moles/l
“. ”l N . |}
. . .» ‘/' .
;‘ . ~ » ‘“’ -
| - K . |
A “_u ) ‘ : ‘."‘ i

Ffayl‘e 4. 4 § Amount 'pt soluble poultry debonﬁng re51d

L
-
-
|
|
|
o
i

T
=



.Amount of solub le_prot elh,, g/_10'0m|,

| gt 4 Uy )
o 25 6.2 '.‘125-' T Y
) B :eonc of - calcium X 10 2 motes/|
.t
- ',_ 3 \v P
. Flgure 4. 5 Amount of eoluble poultry debon1ng res1due

;‘ prote1n .in~ the thawed l1quud after freeze texturzzation at

dxffeyent pH'sland concentrat1ons of calc1um at -SOQC.y , Y




e AnMaAvULGW WY Luc .Luwel.t:u» alllOUﬂt "~ OrI SO.LUDle prOteln

"increasing thel alka11n1ty of the freezlng system’ (proteln

'slurry) resulted in a hlghly 51gn1f1cant (P<0 01). 1ncrease
in the amount of proteln ‘that solublllzed in’ the thawed

’lxqu1d Statlstxcal analy51s showed that amount of soluble

proteln ‘at pH 7 or 9 was s1gn1f1cantly hlgher (P<0 01) than[
- at pH 5. However, there were no 51gn1fucanb d1fferences inn

the soluble proteln-‘values ar1s1ng from ‘pHJ 7 and 9'f

“treatments. Th1s result suggested that even though there

'was concentration of the, protelns 1n the unfrozen llquldf
portion‘between the parallel ice. crystals .formed: durxng,‘
i freezing,‘ the . presence of repuls1ve forces created by the

'excess negatzvely charged hydroxyl 1ons (OH ) surround1ng_"

the proteln molecules prevented thelr aggregat1on.

There was a. s1gn1f1cant reductlon' (P<0 05) lin‘,the -

‘ ‘amount of - soluble prPte1n‘ in the thawed l1qu1d at lower

’temperature and under the alkallne condltlons (Flgure 4 4'vs

4.5). The addxtlonal aggregatlon of the proteln, thereby

»reduc1ng the amount that dlssolved ~inf”the‘ thawed l1qu1d

'lmxght | be .attrlbuted to the effect of lowerf freez1ng'

ﬁ‘temperature. It 15 posszble that the cross llnk1ng of hef‘

| prote1ns lead1ng to denaturat1on and aggregat1on 1s of a -

Jlsecondary type formed between the apolar reglons of adjacent'

(Tmolecules (Connell 1968) Further,ivConnell stated that

these reg1ons are normallytbur;ed 1n the 1nter1or of . t h__

‘ s ‘,’-1’{:* - . “ N

Loa R
. ’j'“, | s e 'S
SAY ' b e e



4.4, 1'.2“'E‘ffe_ct‘“of added calcium

[

‘As mentloned earl1er there was an 1ncrease in . protexn o

\

solub111ty toward alkallnlty A 51m1lar observatlon was alsovl

‘h‘noted in the proteln slurry at the 1soelectr1c poxnt (pH 5)" ‘ ';

upon add1t1on of 1ncrea¥1ng amounts of calc1um (as CaCl )‘

both at —25 and . 1~60° C (Flgures 4.4 and 4.5). The max;mum :h‘

]

attraction experlenced by the proteln molecules at PH "5

appeared to . be dlsrupted in: the presence of th1s neutral“tu

o - (_

salt, as reflected in the 1ncreased amount fofh solub1llzed,"”
proteln. ThlSl weakenlng of the forces holdlng‘the proteln:
molecules together'iat' pH 5 may have been due ‘to th?”[h‘fj{*
screening ‘effect’nof ‘the chlorxde' 1ons on the p051t1vely?" ”
charged groups {on' the proteln molecules '(Hamm 3 1960)
?}U:.i“talcium' b1nd1ng may also be - p0551ble at pH 5 (4 0 umoles Ca;flnxiv
s . Pper g structural protelns of beef muscle'l Hamm,f 1959) ‘
However, there could st111 be_ repu151ve‘ forces j1n,thegl i“p
proteln slurry, enough to caJ%e some proteln fragments to go\?;f.b'f
fl1nto the thawed llqu1d _" o _h;~ q:. . k' .h END:
| h Statxst1tally, the amount~of proteln d1ssol§ed ‘inffthehiyj“:‘ﬂ
thawed l1qu1d d1ffered lsxgn1f1cantly (P<0 01) due to then‘
effects fof pH temperature and concentratlon .off addedﬂfei“”'f

calc1um and the 1nteract10ns of these factors. Under hlgher5::

pH cond1t10ns (pH 7 and 9° Flgures 4 4 and 4 5) small”lﬁ;‘,

4.—r-<‘~

'htij 1ncrements 1n the amount of solubzlxzed prote1ns were noted*\{’

at dlfferent concentrat1ons of calczum: Th1s may be due to,““‘"“




- S : : e "‘T" " -,.-l’_\.f rnvucanr
-3molecu1es. Added calc1um 1ons attach to the* protein bynh
hgelectrostatxc bonds and el'more loosely bound than the:

'fhcalc1um of the complex Ca-proteln compound but more~ tlghtly.1*

“\lthan alkal1 metal 1ons (Hamm, 1960) The content of calc1um"'

-.in’ the :structural protelns“ _.beef‘ muscle,. post mortemp”‘ ;i.
':fstorage _for 5 days at pH 7 was found to be 6. 5 umoles Ca/g

| prote1n (Hamm, 1959)

"\

“'4 4 1 3 Effect of added urea
| In' the :prelzmlnary studles,- concentrat1ons foff urea“f

'Qgreatert than .7“ mole/l and under alkallne pH s, y1elded afﬂf

A
.

“f‘hlghly vxspous prote1n slurry wh1ch rema1ned in that state f5.f¢fd

f3solub1112ed proteln could not be texturlzed Thus, concen-;:pb*jﬁﬁ

";,manufacture of "yuba“ lem, a soybean food product 1n Japan,jbﬁ;jiff

7*.Qnegat1ve charges of prote1n‘§Moreso, addltlon of urea beyond?

,Vafter ;th freeze thaw process., Thls showed that totally

¥

_dtratlons 'up to 0 7 moles/l urea were employed' wh1ch gave];enf,

‘jppart1ally solub1112ed prote1n slurry. Thls s consxstentfﬂ

3\w1th h f1nd1ngs of L1llford (1985)* WAlso, ,_n!fthgfgﬂTvtq”

‘Q;Etﬂﬁl found that the soy proteln f1lm d1d notlform beyond“hf:gﬁ?h

”f?ij 10 5 because of thei 1ntermolecular repu;s1on of thefﬁ,

ZflM ‘of N~ethylmale1m1de (NEMI) to the prote;n solutlon‘jﬁ

*f“fﬁmarkedly dxsturbed “the fxlm ‘formatlon, suggest1ng .that*“"'w



‘d7t1°“ A 5tf°"9 concentratlon’ﬂéf urea (BMYf

W P
. B '\

"‘jare daffected Based on theflow‘concentratlons of urea usedj

' soiubilizea at pH 5 both at'~25 and -60 C in’ the presence;‘us
: of urea (Flgures 4 6" and 4 7) However,n there ‘were ”o””‘
'szgnxfxcant d1fferences thls parameter w1th 1ncreaS1ng“f

\ ‘amount of urea 1n the proteln slurry ﬁ,mf,“tf;~*uff‘¥;}“”

o Increa51ng the} pH of the protezn slurry from 5 to 9W~

rl‘yxelded ’ hlghly 4 smgn1f1cant d1fferences ‘ (P<0 01) ﬂin;‘;i;
‘1‘solub111ty, both at‘—25 and 60 C (Flgures 4 6 and 4 7) Theiu‘lr
: Asolubxllzlng act1v1ty f ureagffiéﬁz con51dered T§6Q7;§eiTwAF
E;well favored under :alkal1ne condltlons (Lapanje, uféfg)dd‘\
“drAga1n,r- stat1st1cal analy51s 1.showed‘ X;:«f‘ 51gn1f1cantndf

‘»fdlfferences finwzth‘ prote1n ‘solub111ty Values due to theQTLf'

u\. ' S LA

”-concentrat1on of urea. .*Q“g..Lj@; ";y;;g-jgf‘f[j;rfg‘jy7"

fThe’ denaturlng and solub11121ng ‘effects 'gf urea,jf;uﬁ

«

. spec1£1cally by dlsrUptlng the hydrogen and hydrophobac"”'

ﬂi’;'bonds (Lundgren,“1949), d1ffer accordlng to 1ts concentra—-ﬁ;'f

Setta,

1s~ needed

"3d1srupt effectlvely the\ hydrophobzc, and hydrogen b ds,ﬁ

ﬁff?whllehat low concentratlon (1 SM) only hydrogen b°“ds¥f‘




ﬁr_‘ota‘l.n,‘j“

of soluble

A

mount

u r“eé’.;
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bonds (possibly a small number) could be d1srupted Th1s

,‘\

could explaln the 1n51gn1f1cant dlfferences 1n the proteln

solub1lity even as the amount of urea 1ncreased the

proteln system.mur”ga :

e ud mttlly L

' [
o e v ot L . .
e [ .'| . [

mechan1sm of texture

o

3‘3'formatlon has been made poss1ble through studles of m1cro—-

1982“










Sc m1crographs 9f “freeze
, t,extuc_, Zedﬂ protem slurry at -25 C. a) pH S 0 ppm Ca' b)‘pH‘ |

moles/l Ca,*f) pH 9 1 ae xy10"
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v1ewed Under SEM (Plate 4 108) Adjustxng the pH f ‘Ithev"""'-'_“” >

;T proteln sLurry  ‘7 ‘caused‘\eV'sxgn1f1cant change 1n‘tbetu»“$“
3 flbr°51tY °f the texturlzed sfoduct as compared ' samplesefe‘ .
: pH 5 The prOteln Sheets were' more . separeted thus{”siak
appeared Spongy,,ﬁe f1was ev1dent 'from t ' presepce‘ of “‘i“f

) nemereus holes or:’ mierocav1t1e§ in the sheets (Plates 4 9b “é:ff
“and 4.70p). e T i
h ifonder the mo:e alkallne condltlon (pH 9)“$wh1ch caused .ﬂif
Npartlal solubllzzatxon of the prote1n‘ theﬂ ;heets,;appeared  ‘ ,

\dleorgan1zed followlng the freeze thaw'grocess (Plates 4 9c,‘f ﬁf:?

, | 10c). The Solublllzlng effect of the Ancreesed pH resulted ‘q;;ﬂ
\1n a hlghly gelled porous and sp;)}ig;, protexn mass, as Tl

5 | 1nd1cated by the presence ofma éreater number x;ﬁifho%es.; ' : ~ﬂ

v‘ the proteln sheets (Plate 4 10c) \‘ef’efefmff" v e

R
' N,

Thef'proteln sheets were comgaratlvely



EEEF

lll

A

B~
A 3
L

)

1.8

= ==

mh H | S FEFETPI N

r

8
-

[T

N

I-
 cmanctmen—
]

[l

¢

14

|

I

125

[

.

.
G it

A

RS

==
=
—

Iy

4

. SR d Y et H Gy W *

1



s
' . N f
| N L] 5
t . 1 4 . I
‘ - . v { R I
~
»
N ! - . . ¢ .. LR
. . T . : N PR TR
) . ¢ . PN . o . .

A\ . ’ ‘.‘_
‘\ Plate 4. 1T , Macrophotographs »and scannxng electron mxcro-"

'b.‘

ﬁgraphs of freeze textufzzed probe1n sIurry, 0 ppm Cah -60 C.t \f

a) and d). pH 5; b) and e) pH 7" c) and f) pH 9. o
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’p;ate 4. 12 ﬁggrophotpgraphs and scannxng
‘ graphs
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’ ' o N ":a‘;‘.". v
7*ery3tal“strUbturegXLanrenee‘éf al., 1986)&_;«V:f~.* ,j.»_:fﬂfﬁf”ﬁ“
‘ 4. 2 2, EffOCt Of added calcnnn L e R R L
: wThe‘~add1t1on x' 2 50 x 10'2 moles/l ca1c1um 1nto the v';

prote1n slurry at pH 5 before freeze textur1zat10n at ‘—25 C
. showed relat:vely sxmllar f1bros1ty as the control (pH 5 0
"t, ppm Ca '-25 C,‘Plate 4'§£77\However,,further 1ncrease in the
. amount f‘ calc1um added (1 88 x 10" moles/l) at the same “wl
V?ﬂ,g pH and temperature,. caused loss_ cdmpactness, of h‘
,;;;{f prote1n sheet”*structures, as made evzdent by the formatlon

I

of b1gger spﬁges between them (Plate 4 9d) ThlS result

-ﬁ‘ suggested that4the more solub111zed the proteln becomes due }_n_f
to the 1ncreased 1on1c strength (F1gurea 4. %) less ;ift”

reszstance \i offered to the growth of the ace crystals.;w»ﬁua

Ry

Also a closer examlnatxon revealed a decrease 1n the 1nter-”g‘ =
,&R s ‘ ‘ .ﬁ;::.‘f ‘




'fseenn'ih ‘the proteln slurr1es freeze texturlzed at -25 and‘
A-60 °¢ (Plates 4 9d e f and 4 12a b c) At th1s pblnt,.‘thé7
'effect of calcxum on structure formation can 'be - clearlyi'

fdemonstrated by comparzng the photomlcrographs (Plates '4.11f

hh;and 4. 12) hev dlfferences in::the surface topography of{‘ta:
':,samples at pH 5 wlthout :calc1um‘(Plate,¥_.1ld) .andv thh‘~ N
. .3Lfcalc1um (Plate 126) could possxbly ’be‘attr1buted te the'f
Eﬂgf53§5iu1ncr2ased solublllzatlon of the proteln. Thls 1s due to‘ th@f;‘
e 'iwlncreased 1onxc Vstrength upbn add1tlonf’h 1 88 'x‘md*‘é."
‘f:moles/l ca1c1um chlorlde 1n the proteln system., The effect;f}fu

h'iof5 ca1c1um was made more ev1dent 1n the proteln slurry at]f;'i

“A,anH s 7 and 9 As 1nd1cated ith prev1ous Sectlon,5ﬂthe;7]f3

'ﬁ;effect .of” 1ncreas1ng \ncentratlons f calcxum were not,t

'f51gn1f1cant1yAlndlcated n. terms of the




'}‘Plate 4 13 Macrophotographs and scannxng 'elect:on ﬁiéfoQtdQ” o

'“‘ffgraphs of freeze texturxzed protexn slurry at pH 7 --25 C-

 T{}a) 2. 50 x 10 ?

’moles/l Ca (ssu). ‘and d) . 88 ® "°°' m°le‘°’/l ca (SEM)

'l

foles/l Ca- b) 0 ppm Ca (SEM) -c) 2 50 X 10 2 f;fful







' ‘fﬁflner flbdrS’ were —ciearly demonstrated as a result of *he

‘;rap1d freez1hg jf{ﬁ*"*,;fg j#*_"fﬁrjf}"QV‘
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Ca);fin'-theffbrotéih system resulted in, the formatlon of

'Wf'nuﬂErous hoies and m1crocaV1t1es ‘in the‘ Sheet istructures

‘:i(Plate‘ 4. 13d)‘ﬂ The effect\of calc1um (at pH 7) can also be, _'

\

“‘dlst1ﬁgu1shed by compar1ng ft w1th textur1zed prote1n.

:slurrxes at’ pH 5 (Plate 4 10a d and b e)

\)I

The marked dﬁfference 1n the structural pattern of ‘tne‘ﬁdd*f

‘ﬁtextur1zed prote1n, due to freez1ng at'—60 C was exhlblted

"-even 1n thefpnesence of ca1c1um (Plate 4 12b e) Agaln,f?theafﬁ“fj

¥ -

N
T Coa
o o T

Increasing pH to 9 and add1t1on of 2 50 x 10”

-Vmoles/l calc1um showed a marked change 1n the structure cfu‘d”

LI

‘~Viﬁth textured protexn (compare Plates 4 9c and 4. 14a) There

"5fwas a nOtxceable reductlon 1n the gelatlon of the"texturlzed f;tf




" 71;;;"-51:]Plate 4 14 Macrophotographs and s nnmg e electronf“ '”:"
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. oy
“could be7 restored in the presence of calcxum 1ons 1n thea;'f4j

‘proteln system It 1s known that peptide chalns pcan‘pform:f-‘»v-

Y]

- cross- 11nkages the presence ;of polyvalent 3cations‘;

;7consequently cau51ngT]a‘} txghtening ‘ ofg the structure |

e '(Harow1tz,t_1950) fn.‘the case of rxgor and post rhgor °

‘muscle, some of the b1valent metals (e q. Mg,; Ca,. Zn) aref'7@x;T

23

'bound o‘ the ‘structural 'protelnsbfso; t1ghtly that 1t 1s

v

‘”Jya.pp1mp0351b1e to remove them completely by treatment wlth onn

t‘;exchanger (Hamm 1960) Calc1um blndzng 1s plso respons;ble

'3for the structure and wtexture*“format1on 1inﬂ soybean curd

e 'w ",1

“fproducts (Hashizume and Watanabe, 1975 Hashzzume et al
“‘.,'~. 9‘,“

:“ffif]974) Further Appu Rao and, Nara51nga Rao {1975/ found t%iwnpf

\ E—




\

4.4.2:3 Effect ofﬁadded'ureé
The insignificaht difference .in protein solubility .at

~

o pH ‘Shland in’ the presence of urea was also reflected in the'~
9]
structure of the texturized proteln. There seemed to be no

dlfferences‘:? the macro- and mxcrostructres of the produgts
treated.mith,0.1~moles/l urea at pH 5 (—25°C) '(oomparihg
‘ Plates 4.9% vs. 15a;' 4.10a, vs. 16a) There'were also‘no
apparenthdxfferences in the structure of the proteln sheets
~after addxtxon of 0. 7 moles/l ‘urea (Plate 4 15b). Howevér, a
closer examxnatxon of‘ the urea-treated textured"protein
showed relatxvely thidher or more flattened main and inter-
connecting proteln sheets (Plate 4.16blt This structural
’dlfferenoe could p0551bly be corralated with the slight
ﬁncrease in solub111zed protein in the thawed lxquld,-upon
addxtlon og,o 7 moles/l urea (Fxgure 4.6).

Freez1ng the pﬁoteln slurry contalnlng 0.1 moles/l urea
at -60°C (pH 5) did not show any marked dlfferences in the
txber strycture from the' untreated- product at..the .same
temperature on the macrbleVel There were just slight
d1fferencesmin the surface topography (granular1ty) 'between‘.
the-‘control sample /and the- urea treated protein, On the *
other hand, proteln slurries conta1n1ng 0.1 moles/l urea
rtextur:zed at -25 and .-60° c seemed to yield similar'
structural arrangement‘ (dompare- microéraphs 4, 155' and -
4.16a). Some pecul1ar1t1es were also observed in the casevof,
'h slurries conta1n1ng 0 7 mo}es/l urea. At -25 C,.Athe' sheets-f
ﬂ'appeared more compact, whereas at j-eoéc, theyswere-more'

o



Piate 4.15 MacrOpﬁbtographs'of freeze - texturxzed prote1n
Slurry' at -25°C: a) PH ‘5, 0.1 mole/1 urea, b) pH 5, 0.7
mole/1 urea; c) PH 7 0.1 mole/l urea; a) pH 7, 0.7 mole/l

urea; e) pH 9, 0.1 mole/l.urea- f) pH 9, 0.7 mole/1 urea.
. .






" Plate 4.16 Scannlng ‘électrqn ' mlcrographs“ of “freeze

.texturlzed protein slurry a; ‘-25 C- a) pH 5 0. mole/l; o

"gurea~ b) pPH 5, 0.7 mole/l urea; c) pH 7 0. 1 mole/l ﬂiﬁa' d)
, pH 7, 0.7 mole/l urea~'e) pH 9 0 1 mole/l urea° f) pH 9‘1

0. 7 ‘mole/1 urea.vl”

' . . . .
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.'separated vadence of the sl;ght solub11121ng effect caused

A
2
vt

¢

by the 1ncreased concentrat1on of urea could be demonstrated

by comparlng the surface topography.u A51de from the more

,l

flattened sheet structures, the surface appeared relatxvely

smooth atIO‘"tmole/l urealadded 1nto tﬁe slurry

K 4

"fq‘Jy '*, There were structural dszerences due to the presence

of urea at higher pH values‘rAddltlon of 0 1 moles/l urea at

protexn slurry and freeze'textur1zatlon at i

ot

‘*‘pr“r7f.1ntolfthe

=—25 C resulted in; a gelled product (Plate 4 15c). However,gﬁ w

i

even, under these cond1t1ons the product appeared organlzed

0

(Plate 4 16c) compared to the untreated ones under the .same

proce551ng condltzons (Plate 4 10b) .:Efseemed that the

|

presence of urea prov;ded add1tlonal‘"

,.,

"( proteln sheets (Plate 4 16c) } malntalnlhg

u\ . i

ifﬁwfVl(kf dur1hg handllng for m1croscop1cal analaysr

urea appeared more fraglle (Plate 1, 10b)p&a,qx

' 'd;[fhfﬁof urea (0 7 moles/l)

1n' [ﬁ sheet structures
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ey Y Y Con
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observed 'a n thxs - textUrxz1ng tehperature"‘ﬁhdnever,”‘

mxcroscoplc analyses Q revealed dlstlnct ’“dlfferences.f

. &1 o

Textur1zed proteln. conta1n1ng 0 1 mole/l “ urea stlll'""""l'

poSsessed organ12atlon,‘ whereas 0 7 mole/l urea treatedf[‘

prote1n seemed to have. locallzed aggregatlon ‘fusxon.;r*

' v

'

PerhapS' thlS result T#h ‘ due to lthe fa11ure to ach1eve;‘.*f

homogeneous dlstrlbutlon of the urea in the proteln\'slurry o

duiipg/the preparatlon stages.'fr”%:ill K\ff*iff*[fd”nga-

I
L4 ot s erte

Increa51ng the pH from 1 to 9 and 1n 't presence ”flﬁVfw

urea resulted totally gelled and ,spongy freeze?l?nﬁ

\'.

texturlzed prote1n,}both at 25 and 60 C (Plates 4 15e f TN

4 16e f) The macro-u and mlcrostructures of the protelnﬂf{ﬂ,f

©

”ﬂ sheets dlffered to ;

Vitreatments glven. The character*stzc

greater e§gent than any ”6fﬁﬁth otherfﬁff’

1'951 1ency of e L



, 25154;

”h4:16f) Ow1ng to the elast1c1ty of the protexn gSheets, _thekf:ﬁ

a1r cell walls were well preserved as shown 1n Plate 4 16£ f

"fiAt ;‘ lower texturlzzﬁ§ temperature ( 60 C), the ?f!

effect ,seemed to be the same as those samples at 25 C (d

moles/l urea, pH 9) Slmllar gelatlon f:.thew  freeze‘\"¢
tte

\' ' N

.“

texturlzed proteln wasjgkobserved buﬂ‘ the rose

o

t N

.

organlzatlon /u' totally lost under those condltxons.h

Scannxng eiectxon .m;croscopy revealed the presence

~fproteihl matr1ces.,

m1cro— L

V structure 1llustrated 1n the textured product conta1n1ngflow

concentrat1ons of?‘“
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ca#’be textur1zed The loss of texturlzatlon 1n the' prote1n:"

slurry watValkalzne pH can be part1ally restored by add1t10n

coA E

been\,characterlzed by hav1ng strong

\
! [N

number of

'fhe

slurry at pH 5, Ehe 1soelectr1c po1nt of .l
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‘gThiso[ fesult confxrmed that hxgh textural strength

Vhﬁdependent v the‘ presence‘ of; thxck and more parallelfhhi

'.o:;ented prote1n sheet zstructure 1n the freeze textur1zed73‘\

\ '“product and 1nsoluble prote:n I '}fj*.;“ﬁj7hF-ﬁ‘ﬁ

fﬁ"(Flgure 4 8).}The dlfferences both in”fth structural | hd ;f?J

‘di4 4 3 2 Effect of added calcxum f;fﬁfgseffthnlb

~

The add1t;on of calc1um up to‘ 88$x 10“‘ moles/l ninf

proteln slurry at pH 5 'whlch had caused a con51derablein”

'iamount fof soluble‘ protelns the thawed l1qu1d sjf,**

EEEEN . \

'ugfman1fested 7t loss of compactness or fﬂbros1ty. Thesefffi

,;geffects were reflected 1n the slgnlflcant decrease: (P<0 Ol)hf” >

-

Vin.{the comptess1ve force values of the texturlzed proteln"f“W'

l

'J;itextural propert1es can be attr1buted to the'weaken1ng of”

e

"V[the forces stabmlzzlng the proteln matrlx. posslbly'“becauseg

onlc‘stre gthquh1s‘1atter effe'tllmay flead;
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compared
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”'-25 C However, the compre551vexhﬁ,

fOrce was 81 g;£1cantly lower (P<0 01) thanj those productTVV‘V

freeze textur1zed at the latter temperature'%compare Fzguresdt

1ﬂ4 8 and 4. 9, pH 5) Thxs could be the result fif§5§‘ 1355{U"d

,compresszon prov1ded by the fzner 1ce crystals on the frozen‘

~fﬂprote1n mass., | 'L‘EhVJf%’{“f.ifo“‘mﬂ‘f ?i‘*‘ﬁif}fftVf~f“

o

t
Ly o
\

i

The add1t1on Of 2 50 X ”0""m01es/1 calc1um 1nto the;xfy

i

iy B
‘”, W oy

'Tproteln slurry at pH 7 (- 25 C) showed anlblncrease ‘iﬂ\'ﬁhﬁ.f

\
[

‘tcompressxve force-value (Fxgure 4 8) Increa51ng the pH fromﬁ#

.h{‘carboxyl-qpntalnlng am1no : ac1d , re51dues. Under th1sf@g
"Econd1t1on,,fit; could be assqmed that-

' fﬂfplace between csrboxyiet

o

‘ﬁuﬁfs to 7 1ncreased the net negatxve 1ons (OH ) 1n Yfﬁéh systemf*‘ :

N

a wh1ch could p0351bly neutrallze .fh hydrogen rhf thef; 5

V'

o .
i a"l“

ca1c1um b1nd1ng tookf5

(n’

ﬁlons‘ h?f'h polypeptldeﬁﬁﬂvf

't

"hthereby sl1ght1y"1ncrea51ng the

1ntermolecularjﬁgfff



' - those products at —25 Cl(Flgure 4 8) glﬁ;ﬁlfﬂ"

' calc1um lnto the slurry showed ev1dence 'éfl qu1te= orlented“";%ﬂ

'ﬂ sheet structures,- however,f‘w1th~ sxgn1f1cantly _reducedg‘j'Vu

Thzs result suggested ftwo‘ opp051ng forcésgp

_ . , . ~ ' - ' o P
e e * u- e *' R
t N f H n h t
N K oG Co Yy
e v ‘ N 1900
1 'y 1y Vo A
o . N T
. . j . L -, I ,o . \ . . ‘ . . | PR
Toamt i : e W
1ﬁ e :
St
KA

kg (Fzgure 4 8) Freeze texturzng the protexn slurrzes at pr

7 ( 60 C) 1n the~ presence of calc1um gave sxgnifxqantly33‘ff

L3 A

lower compress1ve force 1va1ues - Fxgure 4 9) compared toV

Under- more alkal:ne}condxtlon (pH 9) the addltlon of‘ﬁfJT
PR RO

[

- 2 50 X 0" ‘moles/l i was. ,manxfested by ‘an apparentfﬂ””;

.,““‘l‘,-. , . : L.

1ncrease the compress1ve force of thestextured proteln;""h

(Fmgure 4 8) Agaln thlS \resultl,suggested b1nd1ng oft-;:'

«'.calc;um f” the proteln molecules. Purther addxtxon cbf‘r”;”:

. g
SN - » FE N
K ot tae Cot

R o . . EM) )
E \ ; v -

teXtural strength (Flgure 4 8) The compress1ve force of the ;:?fr
texturrzed proteln conta;hlng } 88 0‘“ moles/l Ca "as[i\ﬁ;f

Stlll 51gn1f1cantly thher than the sample w1thout calcxuﬂg

»»»»»

~

ﬁesent 1n thel )

to calglum blndlng, and repu151on due to 1ncreased hydroxyl

\
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insignificant, showed quite different textural response.’

C
H

These pminimum‘“aincreases, in  soluble . proteins: . weré

'.‘demonstrated in sxgnxflcant reduction ‘in compressxve force

<" values of proteln tq red at pH § ( 25°C) (Fxgure 4.10).

- .‘ngnlfxcant dxffer- s in  textural strength were also

-

ob:erved at‘-60 C (Fx.ur- 4.

\ .
. »

Statxstxcal ‘analyszs"sh0wed that there were highly

dlfferences (P<0. 01) in textural‘strength due to

sign1f1ca
1§%tration of urea and freez1ng tempera;ure dand the
s of these varxables (Figures A4.10 and 4.11).

" the pH from 5 to.9 resulted in gel formation,

-

1% sequently reduCed the compressive force values.

VE the comblned effects of 1ncreased alkallnlty and

'\?n.

of _urea 'ine;ﬁh .,proteln system. The protein

(see Sectlon 4 4 6) (Lapanje,v 1978) ’The

\

propent1es) of the ‘raw, materlal no matter

zghu' : in - the

how small LOT 1ns1gnif1cant would be manlfested

mlcrostructural .and textural propert1es of the final

product For example, the small 1ncrements in solubilized

prote1n at 1ncreased amounts of urea 1n the protexn slurry'

showed d1st1nct changes ;h

1, ST
Y

’,

.. the protein sheets, whlqh 1n turn gave s1gn1f1cantly 1ower'

. “-‘
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prote1n

slurry at d1£ferent pH 8 and concentrat1ons of uxea.,-“'

L at -25°C0 .

asf. - “ ,
=]
X
°
o
&
.°~ -,.‘:-‘
: L4
2 pHS5
2 .
Q.
- E 20
° \
3 .
15]
10}
5 PHT.
b _y PH9 |
Y o.r 0.4 07
' o ‘ conc of uroa.lnoles/l ‘ .
Figune 4 10 Compressxve force values of- freeze texturized'
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' Figure 4. 1i
procefﬁ'slurry at’ dszerent pH's and concentrat1ons of ureaffﬁf&
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N

spongyf‘ and th1n sheeted ‘structures whxch drastxcallyg ‘
reduced the textural strength 'notably in~ proteln slurrlesfg’:‘

&at pH 9 (F1gure 4.10). Slm1lar trends were also observedl

when the proteln slurrles were freeze texturlzed at‘ —60 C
chrostructural dlfferences due _to‘ free21ng temperatures
were in turn, reflected in»,s1gn1f1cant dxfterences 15in

textural strengths (F1gure 4. 11)

4.5 Texturization of Whey Proteins ]

:In_ thlS study, ‘ah attempt was made to free2e texturlze]

prote1n preparatlons obtalned from cottage cheese whey. TheV S
‘ objectlve was to explore the fea51b111ty of texturr21ng whey“" .

prote1ns by con51der1ng the1r -vstates,. denatured ;andj";

oo

undenatured

The ma1n components Wof';th 3 whey proteln fractlonﬁﬂf‘

'. S v

(ﬂ lactoglobulln and a lactalbumln) are globular 1n nature¢'r
" and. therefore should be unfolded 1n order to satlsfy heyﬁffqef

prlmary requlrement for textur1zat1on. Thus, the reactxveﬁﬁ o

vyt

groups nd the polypept1de cha1n are exposed £avor1ng!;'"“

proteln polymer:zatlon. Three methods of recoverlng protexnsff-“'”

I3

N

from cottage cheese whey were employed so that the protelns:;(hf””

/

could 7bet studled -at - d1fferent states._ Ultraf11trat1onf'ﬁ:7“‘

(Lewls, 1982) and complexlng' w1th polyphosphates (Hartman!$
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cause unfolqlng of the globular whey protelns (EvanSx and[‘ﬁ"“

Gordon,‘1980) The proteln and m01sture contents of the wheyf”

prote1n concentrates obtalned by thase methods are g1ven fin

o Table 4 8 . All freeze drled whey proteln preparat1ons weremi'

o rehydrated to about 10% prote1n pr10r~ to the; freezej;;.tu_*

textur1zat1on stud1es.»‘f‘ .*,, -‘;;'~r'gt‘;f S V;flh-f
.o . o - : - ! o _“/ I

Q; Results showed that after freeze texturlzatlon, there A
was no f1ber or sheet formatlon, even when the protelns werel;ﬁ““
subjected to varlous pH treatments. The proteln (pH 5) from\,f-f”

"i[the ultraf11trat1on method‘ merely aggregated 1nto smallwhﬁ‘;l_

n

granular partlcles (Plate 4. 17a) Adjust1ng the pH of ﬁ'gﬁﬁf jmf
ﬂ whey proteln from the same preparat1on to 7 and 9 dlssolvediie['ﬂr”

the protezn, wh1ch after th freeze*thaw process, gustfiggff“:

became turb1d w1th m1n1mum flocculatzon.

.».‘

' F1ber1zat1on and texturlzatzon were also ~n6 observedr=gdéqﬁ;

denatured whey proteln

(Plate 4 17)"“;,’[_'.

.-} ~‘.-,~, D




,‘VfTabIe 4 8 Proteln and m01sture contehfs*‘bffiffeéié 'dfiedff'if
'w ‘whey proteln concentrates‘ _" \ B

'TMethéq”ijBrepafgtiqn“a.ﬂ'ff%ﬁpfdﬁeihf_;_qg%;Moisﬁﬁre;?Q*"‘

Ultraf1ltrat1onh,yf ﬁ3fg§f144.é§~1”i;§7f7; 3}85f},0;0B4‘”1””A”
SRR Hexametaphosphate o v e S
\ l'xf complex1ng N Q‘E»ﬁ:r;ZQﬁQQﬁ;;2334;Q;g3530‘:"0y02ﬂ~igﬂﬂh,gﬁt

Heat ac1d precxpltatlon f 45 31 i 2 10 3;35ﬂ¢}0}05ﬂ[af5'

Average values of three repllcates.,,;‘

\'.
f \\-‘.‘
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“ijthe structure dlslntegrated upon handl1ng. The whey protelnST‘"eﬁf

Yf;at pH 7 and 9 were more gelled than w1thout the alkallul"

yzllsolub111zat10n fffl_

\methods, to texturlze supported Hh ?[;35‘“

tment (Plate 4. 19a b)..The behav1our ofjnﬂfl

proteln fpreparat1ons durlng the freeze ‘A_T;
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Tabie~4 9 Response of varlous whey prote1n prepa:atlons to

freeze texturlzat1on.‘lf¥f[; _,[‘~jﬂqe? e‘d,@if;*ﬁ.

Py

Method of ¥ ;ﬁﬂﬁfﬂ' Effect of‘ 1f"*7],ﬁg;g_., PR
: Preparatlon u‘; g Freeze texturlzatlon ,L;AReferepge‘g

L

,ﬁgfﬁBernal and
",QjJelen (1985)

5 "*:Q,I_t‘:é,ffi‘ 13;;-:.-5;1:‘ ;fdh~.~, B

,fﬂfHartman and L
‘155wanson (1966)H

Heat‘ac1d
prec1p1tat1on

‘..zatlon of! heat—"i
"j’ac1d prec1p1tate







‘”_prov1ded‘,a good coherence,! even prlor Tto the freezxng
l*ﬁfprOLess. Perhaps,.to some,extent the unextended state. ofﬁf”knd”

:Vf”whey protelns used 1n the present study would expla1n theirf;7fff

'not unfolded at th1s stage,‘ the1r poor coherence _ASf*thef}JfTM

y ; . \m-:

\result f 1nteract1on“would y1e1d a flocculent 1nstead of‘

wiklbrlllar preCIpl“ate‘ A good examgle glven 1s“the prote)nf””

v

j;'SIOrry 1 derlved from poultry meat ‘reSIdUQS :where the'““

.

"5:ﬂmyof1br111ar prote1ns and the1r ‘extended f cross llnklnng

3 . N \v‘r; o .‘“‘ [

| ' "_‘\"'w.

freeze

to?” textur1ze.tf

Switzerlan&'"f Personal
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system so that the proteln molecules experzence(irepulsxon,‘“
\ 4 o M P
thereby decreas1ng the number of cross llnks 1n the prote

. )

2 matrxx (Flgure 4 12C)Hl Further addltlon jonﬁthe negat1ve“‘ﬁ
S hydroxyl 1ons ‘f any antagon1st1c spec1es would totally)f

dlsrupt the cross llnked proteln chplns due to the magnltude

of repu151on among the chalns.‘Such‘1s the case 1n a prote1nuu‘

Lo 'Jh* - . [

SOIutlon where the prote1n cha1ns are dlspersed"completelyd”

separated (F1gure,: 12A) the actual experxmept"thecuf.
alka11 was added to JUSt cause partxal protean ‘solublllza_fof}
' t1on" that cross 11nk1ng stxllyerrsted The Same event ”?i;
takes place upon addltlon “of tt‘ 11m1ted amount ﬁtc,urea?fwf

. . '
:‘ ,.

espec1ally under the alkal1ne env1ronment resultlng 1n theofrﬂn

1oss of texture. However, the loss of texture under alkallne"ugﬁ

cond1t10n could be partlally regalned 1n the presence of‘jkhf

gf};f" calc1um 1ons 1n the.proteln system. Although calc1um b1nd1ng~fﬁVV

1s poss1ble, the‘number of b1nd1ng 51tes 11m1t 1ts contr1ijfﬁ;i~

tlon to the format;on of cross llnks. Th1s*was hade ev1dentk-€“ﬁ

lower compre551ve force values of;ca1c1um—treated o

,\»




The d1srUpt1on of the forces in the protexn matrlx“was
demonstrated by the low compressive force values, whlch in

turn were‘correlated wlth.electron‘ m1croscopy observatzons

. EERIN

. showing thé separation of the protein sheet structures or"
even formatxon of.. gelled proteln matrlces. 'The ‘weakened
forces holdlqg the proteins were reflected in the, 1ncreasedf L

| amount of soluble protexn &n theb thawed lxquxd ' obtalned LM

. gollowﬁng ffreeéetexturxzat1on. At thxs point, 1t‘should be

."mentioned that durigg free21ng, "all ‘the 1Qn1c' species,

i, i .

4 ‘proteris _and other. solutes are concentrated in the ‘unfrozen

’}ijd portuon between the’ parallel orlented ice crpstals.f
a .

presence of antagon1st1c spec1es around the protein

ge* molecules would l1m1t ‘df prevent ‘molecular 1nteract10ns.
Thus, the, prote1n SQurry would partlally texturzze or fail

’ .
”to dogﬁo Also, the loosely bound proteln molecules would L
.,,.‘ ' . | o ’ X

ea91ly 'solublllze in the ‘melted 1ce uppn thaw1ng the freeze

Y .7

-

l
.

texturlzed prote1n.ﬁ oL o S

0 ', o gdd1t1onal ‘ ‘1nformatidh | °h§ | the | mechah1sm' of

)

textur1zat10n has been obtazned by the modlflcatlon of“the'

i’ A
A L \.

composzt1on - of" the poultry meat prote1n u51ng the freezef

\

.*‘ \ . &

»; textur1zat1on techn1que. Based on the results gathered gin,@.ig

b,

T -

th1s' study,ﬂpt could be concluded that most, 1f not all of

P

the 1ntermolecular cross llnks that form between the myo-;;,fc

B

5,f? f1br1llar“ prote1ns- present in_ the, slurry are probablyf\fﬁfﬂ_

Secondaryﬁﬁn character. ThlS 1s so sxnce they are capable offff”

‘W be1ng dlsrupted by treatment by alka11 and 1n the presencel}f

of urea.r Under ‘1soe1ectr1c‘ pH h forces holdlng the *gﬁ-g




protein molecuies,could‘be 'disruptedn also by adaiton tof
excess ahounts of calc1um ions. The cleavage due to these
chemlcal forces will solubxllze the protelns, but‘ wxll not
freeze textur1ze Therefore,‘lt could be stated that these
'secondary forces (;onic} hydrogen and hydrophobxc bonds) are
- responsible “for the texture formatlon in freeze te#turized
poultry meat proteln._ | .

\

On the‘ other hand, the 1nab111ty of "the - Qhey proteins
“to freeze textur1ze would reflect some 1nherent pﬁy51co—
‘chemilcal propertles affectxng their capab111t1es to\undergo
hxntermolecular polymer1zatron. The latter utlllzes "the

ab111ty of .the' proteln to form Junctlons (cross llnks) of

" its own molecules to themselves, for example,, in aflber' o

. W
'formatlon Intermolecular polymerlzatlon‘ is 1nfluenced by

A =

_ the 1nnate characterlstlcs ‘of the proteins,. 1nclud1ng am1no

n

ac1d comp051t10n,‘ 51ze, conformat1on and.bonds and‘forces
(POUI“‘El, 1981). RN ‘ ! B , | ’ T
‘ ‘ , : /,.\'.;;_'/\/_



,

'5. SUMMARY AND. CONCLUSIONS -

1ead1ng to further understandlng of the freeze texturxzatxon
n
mechanlsm in food protelns. The major f1nd1ngs, summarxzed

in the follow1ng paragraphs, ' 1nd1cated wthat.,freeze

texturizatlon,ls no longer a "state of the art" process but

indeed has a4 strong scientific basis for the observed

. phenomena.

5.1 SummAry of Research Findings

1..

 The SDS;PAGE technlque had 1nd1cated that alka11 extracted,‘u

.and aald_p:ec1p1tated chlcken meat prote1n slurry conta1ned

.a wxde range of' polypeptldes - of h1gh molecular we1ghty]

"§(18 500 248 000 daltons) ~a cr1t1cal factor 1n any. protelnu‘ 'fp

%a‘
~texturlzatlon technlque.

S | |
'fﬁon-direttfonal freezing‘”mode::wasv character12ed by thef
‘lfpresence of parallel sheet structures 1ntersect1ng at ’the'ifl-;'
‘igeometr1cal center' of the sample, form1ng a’ Junctlon..fheﬁfm
"‘“presence of fused or homogeneous prote1n mass and ltheiy

.fn5absence of parallel al1gned struCture in thls Junct1on m1ghti"'

_fhave caused the lower textural strength ofl th freeze o

'fgitexturlzed prote1n. Coupled 'wlth rap1d freezmng ( 196 C)

- The results of this study prov1de valuable 1nformat1on‘

‘9,

77non~dxrect1ona1 freez1ng gaVe a h1gh1y porous product.f;fhnt”*

"f;Indeed, ,‘h results suggested that unidlrect1onal*fr"ez1ngfi{

A*t%mode could ach1eve formation of more parallel a11gned Sheetl;hl
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r'structures,h,under. approprxate freez1ng temperature (e g

-25°C) . At thls freezxng temperature ample txme was provxded:l

o ; “to form elongated 1ce crystals 1n the reezxng system.

* . , . L . . . ‘,‘ . . R N
) 3 . . o s ‘w . : LN B 3 O . . ' . o : N T “.
W N - , Lo v \ . . , . . Y . N LI . oy
Cm S . EPTAS . . e S ' ' .
' ’ . ’ ' Voo ' ! v

~f1nj"general°:lasj the freezxng temperature was decreased the"l
‘ rosette pattern character1st1c formed and the product became\',
less compact ‘and more spongy,}thh low textural strength
‘5&More pronounced parallel orlented proteln 'sheet structureskf
were formed at -25 rather than at -60 °C.. Results obta1ned by
‘the mxcroscoplc analyses prov1ded addltlonal eV1dencé thatdﬁ,'
rap1d freezlng results ‘1n the formatlon of numerous smallu‘
'1ce crystals and g1ves the appearance 5of' less f1bros1ty,ﬁx'*:'
'fl\whlle' slow COol1ng ylelds a. more dlstlnct f1br051ty after;;hrfh

s

heat sett1ng

.'4:'« ' S .‘.\ . J .

[ . ‘ ‘-‘ R \ N l’\‘.__ui,._, et Yy s v R - . ) ‘
Electron m1droscop1c analys1s revealed he occurrence_aofffi" :
f1ber12at1on\ and extended proteln cross l1nk1ng ;the,?*
freshly alkal%\extracted ac1d prec1p1tated proteln slurry,f L

Flber;,formatleh ::-fjth prepa:atlve stages of the process7i

‘f:f was,-in: fact s bstantlated by the fallure of the"mechan1c~f{

ally deb ned pourtry meat paste to texturzze comparedgt?fthej;f;
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oforder to establlsh the structure of the textur1zed product.

.The change of organlzat1on level from the amorphous proteln
“paste (before freez1ng) 1nto a parallel al1gned protern massrtﬂ

“T(after freezxng) strongly supports the occurrence of furtheru

.prote1n proteln 1nteract10ns dur1ng freezlng and storage. It'

.

N

Y
e 1

\‘
*‘proteln 1nteract10ns..Thus,.jtheﬂQuse; of prote1n 1solatesﬂﬁ*“
would be mbre approprlate for thlS process.“h-~‘uQ‘T>

‘?f‘fhe“ nature of cross 11nk1ng of protelns at the dlfferent.‘

“stages flfthej texturlzatlon process determlned byf;“

‘”.could be . p0551ble also that the presence ”of; 1nterfer1nggﬁiy°“

‘substances, suoh as h1gh fat content would prevent prote1n- f,f7]7

’*;employ1ng proteln solub1l1ty tests varlous aqueOUSyeﬁ};f’

w‘“*solvents. H1gh solubrlltles rn KOH, KCl SDS solut1onshph¢§i*

that aggregatlon' of ’the prote1h molecules in therfg

,'”ﬂf51gn1f1cant decrease




FEN
S

forces.}‘Tb prote1n,ﬁ'indfﬁhe form of slurry,. could beiw.‘

. R I Ty
L D S S, o S [ T AL
) Vo ' o ST, ! 3 oy f N . . K . N '
. BN ST, ‘ . P SO 12107 e
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-\ . J.“.‘\ .‘ ““v
compressed between the parallel ace crystals, ngxng a“T1rmf'J R

Y

structure.f Sznce freezzng causes concentratlon of protexns;“ﬂt**
and solutes,.results strongly suggested that thxs évent may\F,

haVe ftcaused lpartlal proteln | solublllzatlon,;bthereb{¢A¢jV

promotlng prote1n’1nteract1ons whlch prov:de h cohes1ve-[ﬁ5frﬁf

I

d,ness neede? téiﬁmalntaln the Sttuctural 1ntegr1ty of thetffﬂfn'

LREAT 3

"oﬂfltextured product.AThe results had also 1nd1cated that 1f§‘

w1th open"structure.; Textured prote1n at~pH‘5 showed moreﬁ

r LR \‘VA. ;,.Il N

"'l

ijrganlzed parallel orlentatlon




'fothe results, there was strong 1nd1cat10tff'

e Wﬁ'roles of he 1on1c bond-;

‘tv' !

walled dben cells. A very pchllar re6111ency of the sheetf?ﬂh”'

; .
o \\; . ,\

st:uctures due to urea treatment was dlst1ngu1shable fromfﬂfff'

ul e

_the promznent\;

f‘

“”5$n“hzgh ca1c1um content and poss1bly”hydrogen bond‘ff““'“

. \

yi‘Althoughf'proteln polymer1zat onff

njth effect of h1gh calc1um content at'elkallne pH Based onﬁ{“

freeze texturlzedtﬁh"



’Q[H'The fallure of the whey proteln (undenatured or denatured)

?freeze texturxze, even after belng subjected to varlous




,_wvmeaf"V' terms  6f

RTOURt

’E scoplc. state, ,th proteln- f1bers '(or, better,; sheets)

appeared randomly or1ented Whlch was not surpr1s1ng based

K

,':parallel al1gnmenteand\sfretc Lng (400%)Gof¥fibers atta ned



\

oo

; TONIC BN

DISULFIDE




w;ﬁzréffg.f

: durxng the- proteln preparatxon followzng unfoldlng of the

proteln molecules-m‘yh latter process 1s requ1red ‘.?Tﬁﬂff
“istartxng with globularfIYPe prote1ns. Protein. polymerlzatlééiﬂff

:“;occurs éﬁrough 1on1;, hydrogen Z hyarophoblc and probably ~wﬁ¥
'%lfdxsu1f1de bond formatlon. The alka11 extractlon process fon[“ »

,‘
oL

3fpmechan1cally deboned poultry ‘meat,»re51dues may play an‘ﬁﬁ,ﬂﬂ

1mportant rol@ in thlS respect

«.. ¥




o

5wiAn 1nvestzgat10n on proteln polymetxzatlon should employf'

"fpur1f1ed protexn slurry :fn order Q determxne possxble;ftfﬂ;

'l‘.
s

}‘_:1nterferences by other solutes 1n the\freezlng system.' ThngRT,f

.

'wwould determlne the freeze concentrat1on solub111zlng effecthfyw'“

th(due to hlgh salt content presumably) wh1ch is thought tofjf |

Ry

ﬂfprovzde the cohes1on and adhe51on needed 1n the formatlon of |

o “"the flaky,'sheet structure 1n the texturlzed proteln

K

. DN
Vo




I n
v |

q'

It 1s known that h1gh1y cohes1ve f1lms and other ‘structures

I

‘jtaref‘atta1ned by hxgh molecular welght molecules tham allow

“" |

t1on of poultry meat protezns the presence of hlgh molecular
"ffff‘we1ght proteln subunlts was rndlcated S1nce the texture

generated thlS ‘process 1s maxnly due to compre551on by
the 1ce crystals, the molecular szze may not seem vcr1t1cal

e
oy . ‘. . t

However,ﬁ 1t would be of great 1nterest to texturlze proteln

'\varzous molecular-‘51zes .apd shapes,\;s that these

. Vpropertles could be 'establlshed for the prote1n‘mater1al

degree ‘of molecular

1ntended for textur1zatlon. Sznce the

;o R . T Ty L . : B R
T L U SR AT iy AN

71extens1ve molecular 1nteractlons. In the freeze‘ texturlza—‘13W”
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Freeze texturlzatlon 1s another method used to produce

';gffmeat llke textured protexn products.‘The process 1nvolves

. i Py
.‘ .o 5 . v
\

- 151mp1e prote1n ‘preparatlon steps‘:‘ﬁd;.,‘ general vis"t“V

ons1dered f‘ relatlvely econom1ca1 compared to the other “d‘

M,proteln texturlzatlon techn1ques.\Depend1ng on the type: og

" iy

'vﬂ gproteln and process1ng condltlons productlod of the hxghly-ﬁ'

0

B “gdeflned fxbrous structures rs hxghly're?;oducxble.5 Some of
. ‘rthe; major proteln raw materlals be1ng con51dered for thlS

:rndustry‘. There 21s stlllran enormous scope of thef'roteln-"

B B ) " v.“x)v,.

r;?fgtype related proh&ems.assoc1ated WIth the‘freeze

'Ltlon process. However

V rv,.
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