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\\'hev Prolein Coocenkale (WPLI). 59; l-e\trriTed So] Iilou' ( ISFI

o, tt..l9'; lota Carr,,gccnan (lC) as t'ar-replacers. \{'erc comPared io high

far (151;) beef saufqes as control. Low tat bccf (89;) sausagcs

fbmulaled $iih \\'PC inrpro\ed lendemess. cooking lieids and 1at

relcnlion conlapred 1() olher firrmulas ofbeefsausages' The low {at

l8%- L2% or l;0,;) bcef sa sages forrnulated rvith IC havc the lower

ihrnrkagc. Thiobarbiluric acid value ( IBA) and tolal \'ola1ilc Ditrogcn

(lVN)- increascd all.r cooking ir lo$-ia1 bcelsausages for ulated

irnh wPC, ISF or IC. On the coDlrar-'\. lhe high fit bccf sausagcs

r-rrruol, I'r\e l.igl,. ,crf'3'rl \alrre' rP 00', "r' ''Lirre ""'
. rn^,r( lb\ ari.r\ ar'l lo$J'\d.'('l'rrLrrd(n'"'rno; rr<
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r. INTRODUCTION

Ground becl is i p.rpular meat purch:se It is onc of lhc lras!
expcnsivc heel producis availablc to consumers. Horvever. it has been
reporlcd t;lat consumers discriminatc against ground heclwirh hish tat
.. rrcnl b(( JL.( J, rrie..ir c .hr rnkrgc anu .phu..r irg dt r ini co,:rr -.i . rnrnli\,r.,or d. .i crrusL ,.t hL.i.! dnd i.. qrL..\ li.r( lr r,^. . ../.
198{l and Bruhn d a1..1992). tncreased demand lir low falmcaL
producls has rcsultcd jn the Llcvelopncnt ol'a \.arirLy offat substiloles.
Sc\eral studies havc cvaluatcd the replacemenr Lrl lal wilh $,ater
{ClhLrs €. al., 198q and Ahmed e, dl., 1990), c.rrbohydrarc\ (Berrv and
wergin 1990 and Beckcr 1996) and non,mcal proteifls (Claus and Hunt
1991). Th. lor iiL Eeatproducls \lrrc e\aiuatcd hv Rhcc and Smith
{19E31 a.d Kai-Kai et dL.. (1991). 'l hcir resulrs sho$,ed rhaL meal
producls such as snusagc. Irankturlcrs, pork sausagc pafties and
ground bccl paLtlls. which !!cre p.epared to contain ]ow far bY ustng
10 3(l? ol rchldrated lertured soy protein (TSp). -i- i0i,r ofrlrjed soi
rul r pnnd. ui rr'.5((n:.n t',.)' l. hao th( l.,v..L ,n.,lo(.t<r,:l
rete.tion contcnt, and were nol signiicantlv dilGrent liom meal
p,JJu,r..onraining hrgh L,l cUnr",,r \:t,,. ).

El-Magolj et dl, (1995) sho$ed thar fat rcplacers may bc
pnncin-bascd, carbohydratc based or laL-irased consliluonrs. Carb{r-
hydraL.-hascd i:l .cplacerst i.c., iou-carragccnan and kappa
caragecnan pro\ide moisture rclention nnd imorove sens.^
prupc.lies of low-iat (< 10:-i) Eound beet. Howevcr, with rcsptcr rc
protcin-bascd lai rcplacers. ihc ahilit!. oI vario us proreins such as sor.
corrr and milk protcins to providc iexiurc. mouth,leel and $ai.r
binding is mainly related t{) the t\pe\ of proloin -protoi n jnteracdon.
Thercforc, rvhcy proloin concentrate (WpC) has been uscd as ijll.r
birder and extcnder to improvc the fla\,or. Lexrurc_ appearincJ.
cooking cbaracterjstics and nulritive value ()1 comminulcd rn.at
products such as sausage, turkcy rolls. meat loavcs a0d mcal pxiua: as
urll as providing a great flcxibilily of fbrmulati(rns to minjmizr
processing krsscs. (ke et dl, 1990).IIowever. the resuls ol Hueh.-\ .j,,. rleo7, ind Hu8h(. e/ J/. (li)os) inJi.areo .h-t o. -.o..a-1,
conl<rl b\ u\rnQ janaC(cndn and oxt l.her (fl.ur ^ , ."1 .. . 

"-. 
,

( Crrrdrd rrarcfi) and whe,v prolsin signiticanLl] rcduced cooirn! h!\
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and inc.eascd bolh $/atcr holding capacjty and emulsion slability in thc
tiankfurlers ol 5 % lar than in thal of 12 -'Z fal.

Moreoler, Anderson and Befty (20txl) lbund lhal iower lit
(10% and l,t%) Bround bcelpauies conraining inner pca fibor as dry
po$der or as parr of a high tat mixture improved tendehess and
c|oling viclds withuu!.ega1i\c cffccts on jLriciJless and tlavor as

comparcd lo high i'at beel parlics (18rr). h addition, Chin,rt al.,
(1000) rcpoftcd lhrl k(rfljac blends and soy prolein isolate can be

incorporar€d in lo!\-lar bologna lormuladons as lal replacers wilhoul
delrimenlal phJsico-chcmical and terlural characteristics on the
products. excepl 1or color valucs,

on lhc olhcr hand, Mendoza e/ al., (2001), studicd thc cttecl 01

using inuliD (RaililincsT) as a lat substitute in dry lermonled sausagcs,

and ii)und thar sensory lroperlies oI thc 1ow fal sausages containing
inulin were impr{)vcd, demonstrating Lcrture simila. to lhc high tal
sausage. Thc obicctivc of Lhis slud! was 1o evaluaie tle chemjcal.
physical and sensorJ properli.s ol lo$ thl (8t?,, 12% and 161/, ) bccl
saus.rgcs containiog whcy prolei[ corcentrate (5%), lcxlurizod so],

flour (5.2) or id.1 carrageenan (0-l%j. as comparcd to corrol heel
sausag0 (251; t'al.).

2. MATER1ALS AND }IETHODS

2.1. Meat Frozen boneless heel liom mal. hind quartcr (sitvcr
side) \r,as purchased liom a privalc shop al Giza. The lean meat

was gro nd scparalc,y rh()ugh 6.2 mm plal€ (home mjncer) and

uscd for analysis and lbr prcparation of diflerenl sausage lbrmulas.

2.2. Fat replacers
2.2.1. Te{ured Soy }'lour (TS[) was purchased liom lhc Food

Tcchnologt Inrlitutc (Soya Center) ol the Asricullural Rescarch

Cetlrer. Giza. ft conlained,1.5Z moislutc and $as finely powdcred

bt using a mill in the laborator!. Texiured soy llour (fSF) $as
prepared hl rehldrarion (bl mixins orc parl of fSF \r.jtb two parLs

ot lap wal.r). then. lhc rch!dralcd textured s(rl flour lras addcd Io

thc mcat according LLr Rhee and Smilh (19tt3).
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2.2.2. Whe, Protein Cotrceflt.ate OYPC) was impoieal liom
Dcnmark Grruduccr is Denmark Prolein AjS) $,ith 6.,t 7, moislure
conienl. Whe] prolein concentratc was firsl hydrated with t0%
added water hy mixin-q il Lr 15 miflules using an elecirical slir
plalc. The rcsulting rliick siun\' w.r\ kepi orcmight at 4'rC belbrc it
was addcd with salr to thc mear aad mi\.d anr.ous|1! ar descrihed
b, El-N{asoli er a/ . (1q116).

2.2,3. Iota Carrageenan llc) $.ds obrained fron \fisr Food
Addili\et ar Hara groduccr is Copcnhangcn pcctin A,S). k \r,as
ilrst htdratcd $irh l{lii addcd salt solution (5t NaCl) by mixing it
for 15 minutes using an elecrical slir plate. Theres iling rhick
slunv wa.s kcpi ovcrnighl at 4"C helore ir $as addcd $,ilh salt ro the
meal and mixcd (horoushl\, as describcd by Hughcs c, al., ( 1997).

2.3. Spices (cardamon, celerv. ascorhic acid, marioram. sodium
qlLrtamalc. macc. lactose- nulmeg. $hitc .1nd black pcpper) $,cre
ohlaind trom local markcl aL Giza. Tlc spices wcrc powdc.cd ir the
laborarorv bv a nili- Then. a nixture ol ihlrpowdercd spiccs was
prep&ed a(.ording to Rcinhardl (199,1) as tbllow\: (cardamom in
husk,0.10%. nutmcg 0- 1 2trz, laclose.o.2q. macc.o.l!i,. slutamitie.
0.ll% c.lery. 0.U.1ti^ ascorbic acir1. 0.r).1,-.t. marjoia,r_ O.lt;. o.t,ire
and black pcpper, 0.3fi.).

2..1. Preparation of sausages Each formula of sausaee $a:
Jr'.'3JJ l-\ qri\,nS ,lr mrn.Ldt-o/Lrr h.,rrirl-,h.r r.tr.r ,
t., 8 l{rminLlJ...'o rh(.rru..il,(, .1..n, i .:r...ra .r\ .1r,l,i .(r
( ilobhat kne ad irg m.rch ine). The conrrol lormula $rs as lblk)ws:
(ll)1i wat.r. as ice flakcs. 56.9291 minced frozen bcel.2j.6-1?i,
minccd tat lis\ucs, 1.,1_.-r skim milk. ,+9.1, JFLato starch. 1.6!L sodium
chloride. 1.22ti fr.sh gulic, and l.:2r'i spices nixture). Thc
obtained cmulsion was stulled in proviou\ll. clc,rncd and prepared
natural mutlon casjDgs. Other lannulas olsausages, *,ere prcparcd
lo conhin rhre. dincr.nt lclels olfal (8 %. 129i, or 16,,1), and each
formula with cach le\,ei 01 lat contained (5_,.'. TSF.57, WpC or
0.lil. lC). Alicr prrpaflfq cach lo.mula rhc sausage sanples wrr.
pac(agcd in pol),ethflene bac. and srored lroren ar 18.C .
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2.5. Chemical anallsis
i.i.i'i-n"rn"rr cornposition The rnorstLrre' protein' fa! ash and

, ,,i .J"rr'a,r,.' .' n,enL''" r'* md'e a 'dnd '"rr'-rpt'rmple'
s.ridc'cr l,o 'ic.'oi .jl 

rrt \'OA'( ' qo:)'

2.5.2. Determination of pH values ThepH laluc ofeach stmple

',1u, 
a.t".nr;n.a u..u.alng to lhe nrcthr'd describcd bl IIood ( l9li{l)'

2.5-3.Thiobarbituric Acid Valuc (TllA) 'l'BA valucs were

i",..-in"a 
"."u,ai,rg 

to the mcthod of l arldgis el d/ ' 
(1960)'

2.5.,{.Total volatile Nitrog€n (TVN) TVN \\as detennincd

"....ai"g," 
tf* 

",.,1"a 
dcscribed by Wintorr and \\ iiton ( 1958)'

)-6. Phlsi(.1 analtsi\:
i.i.i. o""'*r";,1"" ut (onune l'"' I ir r' '"'''l '"e' ' r

.,.,*,-J':':,r.'.,.,r<r.rn'n' i'r''r''''-'rrcJ'''-r' rr'oeJ hr

iiil,".'-i';'"' Ir,"n..,'.,,(rr.trr'\a'r''e'nr'1"J rtr< noiri'r
'" 

',;,. ,,, rr",r'('. ll (r"n'nr'n'''"o' '""6';1 11 1;ur't'r
i,'.i ,',1.. -or;l .,"" ns lu\'(' $JIe cdlcul:rlcd r' lbllo '

l,i,Cdoking lL.ss lr€sh sanlplc weight Boilcd samplc v\eight X 100

Boiled samPle \\cighl

x 100
% Fqing loss

2.6,2. ltvleasurement oI tenderness: The wtmer-Bralzler shcar

;;;;" "pil;. 
$a\ used t..r meiisure 1be tcnderness "f boiled

{rnptr. qn." c."lir : to r'"nr r'nle lltrr("h( 'arnfl' ' 10 'm
r,,," ".,..f,.-"4, 

rt.r;r,e'-' l' €r(rr' p ^'riJn''andrhed\e-aHJ
."h;; ;;;". calculated Lo$ shear values indicaied high

tcnd.mess as.eponed b) Ilering(1916)'

2.6.3. DeterminBtioB offat and moisturc rettntion: The moisture

,;;,;;,;- ."';. ;.r,-'"rrr' 'l'< amounr nr moiirure rerairr'r irr thc

-.:,;: "';-:, il., r",r g. 
"r 

ra$ iampr' Jno ir "a' d'r<nnireJ

;.;.;,11,,- , r,( equxr,o; "dupr'd b) l'l-\lavoti 'l 
/ 

'rl 
'r lor)6) ac

lollo\\s:
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Mobture retcntion -
p"rsqtrtuCs.fEld >l gqllqdase rnoisturg-lll-lla\Ed-proll!4

100
'lhe lat rete[tion tlr ascenain the mount of l'at rLtained in the

oroduct alier cookin.c. $as calculaled ac'ordng io lhe lirll'rwing

cql"licn :rd"pt.d b\ Bern I 'oo " -' li-'' ''r'

Fat retenliolr =

@xi00-- --n"t" 
".igL,t 

X fercenoge lat in raw producl

2.6,{. Determitratk}tr of shrinkage: Shrinkage valuc ol each

-r."]"-"i* cookjng ( boiling and li)ing) \\as delermined

""",.ainu 
to the folloi"ing cqrLation adopted by Adams (199'l) as

tbllo*s:

Shrinkase l'lo) =

Rr\ rni.l,,<- l?,r Jidn,cl(r

2.i. S€nsory elrluatiotr: Cooked sanrples were 
'\a]lrated 

usill3 a

""'-.'0i". '..l-"+ an.-rlf it rn'r ' o dccorJ'n; ro rh' nr<rl od

,lr<'rrherl hr tlem(rdd .lrrd Sirlama llirql)'

2.8. Ststistical ansl-r_sis: Data of scn sor\- e\'aluation u cre anal) zcd

usirrg the anall'sis of variance and Duncan \ muhiple rarge lest

isreil and 'toirie, 1980) was uscd to assess significarce among

]. REStlI,TS AND DISCUSSION

J.l. ( hemi(al composition :rod tbemical proper{ies

t ro.rr lh( r(',rl ' n lhblc I'i' I (oLld he L'n'lud'd llrrt

chemicat compositior 3nd chemical Propenics ofimponcd frozen becf

,rear coi".iaea \rirh the limits oI Eglptian Organizaiion tor

iiandardi.atjon and Qualit-! Conrrol (l 991 ) Bhich in'iicare that [BA'

iW ana pH of frozen meat should be 0 9 m-gkg sample' 20 mg' 100
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gm.Jnrp.i and f5.o Olr. re'ptc.i\<l)' rrrr'rcf'r('lhi'meblsirs

l.r,,o"l. io' pt.pr-i"l rc.lL:rcd 'au'age'' ln ao'lirion th' r"ult'in
frf.i.,r,.f.]",1 'f",. 

tl PC nad highcr pr' r' in ano l'1wel idl ionlenrs

Lr"r-,f,r. -, T5l . Thi' i. rcql.reJ rntJ Lrrl 'tanr to cind wa'cr"nd

considcred suiuble ibr manulacturing low lal meal sausages'

Table (1): Chemical comPosition atrd chemical properties of

importeil ftozer beefmeat and some fat replacers'

T.B.A value (mg makrnaldchldc kg sample)

T.V.N. mE100gm samPlc

fll ."r,rg."nun 1tc) i. u polysaccharide

0.060
14.16
s.90

3.2. Chemical compositioo ol meet sausages""'-i" -i,tr. 
1-', r1 .r'uld hL ,lu':(('l hat rhJ * lat .rJl rds

.,"."r.. lrr" niqh, ,noi',rr. contlnl '\:ll l\i ll ' and lh ' trt

..r."i.., "f,if. i* iookcd ion'rn' 'an'fl(' hlo lhL l^!\c\r mor'rdr(

.:;';i; ,"r" rn. ..t., l..i 'd*as!'. H^\\c'cr' dl'er j"ukirs rh'

.,ri.tr* *"to*.L,fr. 124' fat lC sausages was similar Lo that of !h€

iij"i",'"tc sa,rsoges. At crpccred incrcases in ihc levcl offat

,.."foi i,, 4".,""',.i."ist re conien!' Thc\e lln{iing\ coincidcd \vifi

'n.''.* 
. ,.0,.,r.0 l-- Bulr,lJi . d I LLi. \ldel'on brrLl BLrn

;:;;,.","ril..,.,,7.,1o'r11un" ou JL\a .!-"g'(n"1 rasrhe

ahilrrr rr mrkc c,rmpl.r mJtri\ $irh \\ater'

Prolcin content was highcr in lhc 8i' fat hocf raw sausagcs

"n.p."l 
to ,r',. rz lZ ond 16 ii fat rap sausages ' Alicr looking ' lhe

Fat rcplacersImported
frozetr leal

bcef

Constituent (o/.)

($er weiEht)
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proein conlent incrcascd in all sausage formrlas (Tabl.2), *,hile fie
crnlrol raN beel sausages had thc lowcsl protcin conteDt. l'his indease
ma\ bc duc lo lhe decrcased moisture conlcnt oI cookcd lfiv-fat
sausages (Brewer irr dl, 1992).

On the other hand, il could be noliccd that thc ash contcnt ol ali
lou lal lormul.rs decreased aticr cooking, and lie 16 Z far l SF bcef
ra\\' sau$ges had the highcsl ash contcnl. Thc decreasc in ash conlcnl
may bc duc 1o lhc rclcasc oI some solubie mincrals during cooking of
l,s 'dr ..u.a!, vrr-pl(. (r i^,, .r/.. ,,\0').

3.3, Chemical chBng€s of meat sausages
Fjsures (i.2 and 3 ) show the lhanges of'IBA, l-VN , and pH

ralues cI bolh raw end cooked meat sausagcs as aflectod hy using
dilicrcnt fat replacers. Thesc ligures indicate that the cookcd n1cat
sausages conlair higircr \'alucs ol' TBA, l'VN and pH thrn rhe raw
sdmplcs, while the control samplcs oilhcr ra\! or cooked had th.
hi{hesr ,.alucs oI TBA, and FH as cornprred to lhc olhcr sample\
rvhich conLain iat replacers. However, aftc. coLrking. the 16% iit IC
sausages had highcr TltA \aluo as compared Lo the oihcr lreatmcnls (
Fig.l). h rddili{rn- ihe 8+ lat TSF sausages had drrhighcslT\Nas
comfared \\,ith orher lrcntnlcnrs aFig. l). while 0re l6!,; tal TSF
saustgcs had lh! highe\l lH value amonq olhcr trcatncnls (Fig.i).
Th.se r.sults ma! b. du! r.r rhe 1rr. \odium chloridc ( sait ) in thes.
sausagrs which inLluc.d oxidaiion in lhc prcscncc oIo\ygen (l{hec.
1988). lnd the high pH \ allrc me\ b. duc tr thc high tH ralues found
in ihe so) cxlrndcr pro{iucts as reported b} Brewd ?l dl.. ( 1992).

f.{. Physical chatrges ofmeat sausagcs
Tablo (3) rcv€al\ that cooking loss oI control mcal sausirgo was

fiigher at comparcd to th. olhcr mcat sausagc samples. ft was lbund
thar sausrgcs conlaining (8% 1 + WPC) had the 

'owcsl 
cookinE loss,

lollowed b], thc formula containing ( 1l% lat + WPC). On rhe

conraN , thc highesl cooking loss was lbund in srusagcs conLlining
(16-. fat + TSF). Thcsc rcsults coincidcd with the lindings which
indicate fiat cooking loss increased as iar conient increascd (tsullock
tt Ltl., 1994],-

Table (3) ifldicaks th l the }ighcst moislure relenLion was lbund
in the treatments containing fat replaccrs as comparsd t) conlrol
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Fq.(1) lhiobarbiludc acld values OBA) of boih r:\r.nd cooked beefsausages as.ifecled bv

different rat reriac€E

Fi-o (2) Torarvoatile nit.o!ef (rvN) of boln.aw and cook€d beefsausaQes as alfecled bv

differenl lal rep ace6

Fig.(3)r pH valu€ of both rali and cooked becfs.usages as affectcd
b-Y diffcr€trt lat replacers.
WPC: \thc) proloin concentr?te.
I Sl-: I e)llurized so] l'lo!Lr.

lC: lota carragcnnan.
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sausages. This may tc duc to thc hcat gelalion and emulsiiication
propertics which cnhance moislure retention as reporled by El-Magoli
./ r/. lqqor. lhulri!Lm,*Lrir.tf.lr^r.,1 .. rTr(, Lt,obrb.)Jue
.lhL arr ,t\ .J qrnJ tJ'drd ual(r. .. J(.c h.d .\ \\u.t rla-nl.
,(.ul'rrl n i(.r. . rr '. !, -jr i 1... r. o\ , ,., libl. \'.
Morcovcr. the carragccnan a: tnl substilulcs also impnxed lhr
moisture rctenlion ot tr.almenis. Tlis ma\ bc due to the ph\sical
cnirapmen! ofprotein and Nalcr.ls rrpoflcd h\ De&citos d/ dl. 119!17).
Al.h".rgl ie lo\\ lJi r,r(n .u.,s(. nid I;Sh( n.,.r.,urc rcr(r,I.ir thdI
conlrol. the diile.encc bctwern thcsc trrarments and conrrol w]]s not
la.ge. which may bc du! lo the cooking l(rss of low- tat mcal producrs
(Cros-\ P/ al., 19E0).

-lahlc 
(3) sho$s that tendcrncs,. $,as hlghor for sausage sanrphs

prepa.ed \rjlh WPC lolkrlvcd br rhosc conlaining lC. rhcn thc santplcs
containing TSF. Thesc resulls coircided with tlc iindjnEs reporred b\
Brrt\ ( luL., drJ Ra. i Lrrd /d!. { I".j | ).,r-ae..,rmLl.L..n arni s
(12?i lar + WPC) has the highcsr Lendemcss scorcs. Tbe\e lhdings
.onfirm \\,irh lhe obsenalion oI El - Magoli c, ol. (1996) who lound
thal a rcduction io th. Ixl icvel from 2: to 1 19/. increased the textufltl
paramclcrs and conilcquently improved the tcndcrness.

Clonccming the shrinkagc values, rhe data prcsenred in Table (j )
shoe that lat substitucs improvcd ihe shrinkage\allcsot low lal
sausagc samples as compared 10 conrrol sampies. 

_fhl: 
sausage sxmples

which .onlaiacd 8? iar + l( bad the 1o$esL shrjnkasc I aluc ( 1{l.52al )
lbllowed br- lhose corLainins 8u,-l r TSF (11.1:.i) Thesc lower
shrinkase valucs agreed rvirn rhe ,rbs.nalion oI El,iuagolj er irl..
(19!15) $,ho reponed ihc rcrluciion ol tat tcrci ii.rm 2l ro 11a,;
improvcd cookingparamcters.

Ntoreovcr Tahlc (:) sho*-r lhai all additivcs, as lal srhstiiutcs
rcsulted in increasing of lar rctcnd{)n of low fal sausages when
conpared to higl,fht sausages wilhoul addirives (conrrol) whjch is
plobabl), duc ll) the functional propiirties oI lat suhstil utes. Also tle
resulls showed the high lal rctenrion fo. sausages containing W?C and
IC whcn comparcd io control samdes. This cojncides $,ith the low
shrirlagr and cooking loss for thes. trealments. Tlese resulrs agrcc
with thosc ofCross etrl, (1980) who found thai as the perccnkge oI
fal increased in rhe raw producl lar loss duri.g cooking also
increased.



I

-607

3.5. Sensort etaluation of meat sau\ages:
" " l fr, 'tori.icafanal]\r','l'."lur' 

La'le JIoma lL\'ur' dnJ o\Lrdll

*..","niu," .i,t high la, .:.u..rts+ iconllolr a.to lJ$ L' 'bu'i'Fc'
i;;J";.; " ,; aiii..n, r" 1.'1i1' rs r dnd rb ' r-r r and {a

ll.-1 ",'-,-- ,*pc I\r and l( I;'r( 'r"$nrnTdhl(i 
I)'I-r^mth(

,:l,i:'i:'.i;';. ."'o.J ,r,a rh, c"r''J '.uI* r"r 3rr h( plrpar(d

::l'1l'"' ;il ;.",;";;) r' ere 
'alhcr 

simil'Lr' hcncc' lhe lowcsr value

i"Ttl,i't ,' li""i,*'i'ent which contains I 1 2'l ra! + wPC) and ihc

;*;". ',ir. ','' '": ' ''-..u"t,nrn"onrrinrre(irhcr(''lar 
I

l::'.,., -'; 
ur, l\l-,. Irr€rclJrr'LhL dir'(ren.,('h(ruJen'.mpl('

i^.i."" , .'*r"i.'"' rp< 0'us M(anq\il(' 'l-t r'rr' 'alut' srtc

.,.',",' f. "lfr rh: t''itJ 'am1ls crucpt'rir ol 'onrrul anJ rimplc'

.'."*1, 
'"r 

,,:"r'n. ;-;; '" i.. ' I dl' '"mp (' q''. ii'u 'irli br

:'.:;, ..:""i"- J:tn:b nins t P' I:: ." Tl.'l',1,1'ill;,'';l:' ].ilrl\o simrlar trr rll Lhc frefJr(0 \amprr''
::-:-": 

-,' 
.,,.. .,ai: ,,.' \^rr;ch "' "' hinu3r..\rind'r' dnd

';;;.i;,' 
"';' 

r! 'n rrnryL'\ rns rlr' 'trrr'r "r loq'xr m(br 'aL''1*i
:il;.,;;; ,": *:;..' io',,, itr< o'cratta':c€r'ihir'r) \'rL''$r'

'l ',""',,1 i.-":".:.r., 
ri 'imiur 'cr a'l'au'a':e 'hmI'le'' -h(r'rurc lrc

:;'l-:;..'.',I:;;;:..'-,ot" "'r' n r'iPrr'rr'an'Lf -.tr 05)a'

i"*""'i, irtr.i,l. rhcsc reruh:' agree wilh rhe lindinSs ol I-ecomlc
'''-'i 

"o 
t' " r""ft'^(d rha' Ln( u'rL/dr"''r "l'"ra pr"''irr' re' rlt'd

; 1;;.,',;; ;;;.;. ;r" ,mnro\Lo \.r{',\ .n"'o"1''1';' rrrJ

rnh.tnl.d tunctr"nal |tol)crtits'' " ';;,t,. .'ulu l" n' rtr(J rh'r rhc In.rrP'rdrrJ" I tal

.,1.,i,',iii'*.r.'' ".--irc, 
TSF and lcwilht' 12and 16ti' lalhadno

'i""';'"r.''i" i p'o"s'"n t"r''''1''r'r."lor"a'c rerLtrr'

. ,. 111.,.,i ,..'.n,0"''' ' 
o' 1-''p"' J ' 'u' 'g''. : ' r i i ln.l 

Jj'.l'!]-1,.r

-n .. n,,".. 'l: dil Lrin(c\ r1l''ne plcoa r0 'rrrfL(\ \v( c .rrr'

i,cnil'ic,trr I | > rrr15r l"r dron'r ' e'pejr;lr\ 'ampl<"'n'a r_ irle l5I
]-"pi. ff,'. .'luhijh'\ due ro rh( fr\''Lrrr'J 'l \orr\ drrlcrr'a' oJr{

I*iit]**'i, ,n"* 
"oJid;cs 

as fat substitutc\ (Liu t' al'' 1991) r'hich

.,"f,] ,,,... 'h. arom" '" l\c" 'a'r'1g"' 
( o'r'rqucrrll\' i .uu'd h'

:;;:1.;:J"'"".'";',P''anpli'$hrrhrurrain r'\l-'' \\P('u'rc rh'

t..it.*"r*" ..pttialy the oles contai'ing 12% tal
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CONCLUSIO\S

. - whel Prorein Concenrrale (\\'pC). Te\rurized Soy Flou. (TSF)
and lota Carag.enan (lCl ha\c heen used for processnr; low_fa; beei.
sausages ar 80/; . l:9! alrd 16./; iar. Thcie fal reDlacers ofler rhe
pro-essrr upo.._run,r\ , , :.,Tr, t. .n,.te-n... and .ooki|lr )ield.uilhout negati\e ellecls on texture and fla\rrr Inclusion of Wpt_ lSt.
. r,J C.n er.unJ occ, to.In rl. J . d\ r.t. I rte .o\ tal 5d.)ac(s ro
$ilh,rdrrd p-otonj(o hc:,rrrrg sri.e or. J ,. n_ ,,nh."okir,gr,el,l:-;n;
acceptable ealing qualiB. In cDnclusion. lo$-tat beJ'sausages
fonnulated t\ilh 5% WpC ha\e thc mosl a.ceptable values lor_Iat
reteniton. lenderness and coL)king ]ield in .omparison \!ith those
containing 5% TSI or 0.3% iC.
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