
ll>» 9ei
thê Spr““ 'ite °f *arc°Pla'3™i<= Proteins is completely different from a myosin gel and after mixing 

°f *WsP-s3p ?3 homogeneous gel is obtained. These photographs visualize the more loose structure 
hinder See™S t0 be accocdance with other studies (6, 9, 11, 12). Caseinates would

l*U ‘fy on h»!r 0tu'neat protein yel®. since these random-coil structured proteins do not
hag be„„ at*ng' Although caseinates by themselves are not able to bind meat pieces together (13),

"6 «boVe °™e flear trough these experiments that they do increase the gel strength, 
piston “ "°luSlons may have certaln implications for the formulation and processing of both meat 
/ te">9th berienlS and reforraed products like hams, even though waterbinding capacity and binding

heat ? , r at PleC6S Were n0t mea3uced in this study. In meat products the type of interactions 
e>lltng abintellin9 "'eat protelns and added non-meat proteins appears to be more important than the 
»'inatea „ y oi non-meat proteins as such. This could be an explanation of the superior effect of
0t>ul«r non °ticed in Practice, on the waterbinding and consistency of meat products in comparison with

non-meat proteins.
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EFFECT OF HOT-BONED PORK ON THE KEEPING QUALITY OF FRESH SAUSAGES

Isabel Guerrero legarreta*. W.R. Osborne and G.C. Ashton, Department of Food 
Science, University of Guelph, Guelph NIG 2W1 , Canada.
* Present address: Departamento de Biotecnología. Universidad Autónoma Metropoli­
tana. An 55-525 Mñvico D.F. 0?3'i0 México.

h|*P®ct . •"v-s ligat tons nave demonstrated the advantages In using hot-boned (pre-rigor) meat wi
L3er emu|P^fC*SS ir>9 chf racterist ics such as improved water holding capacity (Cuthbertson, 1980) 
®rs . j giving capacity (Trautman, 7964*) and )ower COoking losses (Ray et a )., 19S0) amonq 

. - * tne Dror.essino fhrirartprici-irc /-»f hnf-hXrwsxl rri - -v •- __ 1.. __  . ... . ... .

° f investigations have demonstrated the advantages In using hot-boned (pre-rigor) meat with
P ror.e qsinn rharartpricfine ___i .   L _ 1 J • .. /_ ...

• As fh b ana lower cooKing losses (Ray et al., 1930;, among
* of 6 Processing characteristics of hot-bóned meat are closely related to the initial ATP 

t0„ *'982) musc!e (Hamm, 1980), It Is desirable to maintain this level In meat for sausage making.
U / Id®red H eSC, ibed Some methods 1° keeP Ibis high AfP level in minced beef. Several studies have 

loin 3ffect of a carbon dioxide environment in fresh meat products (Kraft and Avres 1952-
9rDhn. ’ ‘ 7 /0 : T av n r  1Q7 1 * C i l l l b n .  « - 1  i nin\  . j . /. . . ’
ir d. Iq7 n t , carocn atoxiae environment in fresh meat products (Kraft and Ayres, 195

CarPenter e » Taylor, 1971; Silllker et al., 1977). In addition, some authors (Walters, 1975;
if 0n dioxl/ T,!975. .haVlr reP°rted the use of drY Ice as a way of creating an atmosphere rich in' 
Of [ of f r e‘ Pe oaj ective of the first part of this study was to evaluate the retail storage 
djf iCe d P°rk sausage patties made with hot-bered meat supplemented with four different levels 
f erent ' n th? second experiment, the retail storage life of fresh pork sausage links made with 

proportions of hot-boned meat was evaluated.e} 11*- 
f
vei '̂ ent ■.
Fab9S g  7c [ pcoport ions of ham and shoulder of a carcass of a 18 month old, non-pregnant sow, 
>0 ['eaten ¡ * 9 (Canada inde* ,0 3) were excised at random within A 5 minutes after exsangui na t icn 
H-n HOI«- ntV Patties- The Patties were made with 75* pork trimmings (25* fa., 13.5* protein.

cn and" ------ -----------  aL i anuuin v. i l ii i ii Mp minutes after exsangui na t ten
r. " Hoj«- Patties. The patties were made with 75* pork trimmings (25* fa., 13.5* protein,

d̂ dry • pork fat, 13* ice, 1,5* salt, 0.25* rubbed sage and 0.25* ground pepper. Finely 
V i a t e l  WaS a<fded ln ProPort ions of 10, 20, 30 and kO* of the meat blo^k. Patties 
^Sn/0-?S M2 Cm thick and  ̂ cm in diameter were made from the mixture, vacuum packaged in plastic 

° (Mui.l" bylon/2mi1 polyethylene)(DRG Packaging Ltd., Toronto) using a Multivac unit model
vac Export AG, Switzerland) and stored at A C in the dark under cool while fluorescent



light (2260 lux). The total study period was 1 6  days. The samples were analysed every four‘hlddjang 
the following response variables: hue, hardness and cohesiveness, fat oxidation and water 0 .je 
capacity. Hue was measured using a Hunter Lab colour difference meter, model D25-2. A white 
was used as standard (L=9*»,5, a=-1.0, b=1.9). An Agtron cup of 6 cm diameter and A cm hei9h* ,ina

for

was used as standard (1=9*1,5, a=-1.0, b=1.9). An Agtron cup of 6 cm diameter and <t cm he 9^ rdinatesi 
filled with raw meat, and placed In the Illuminated opening of the equipment. The colour coo ^ ¡ ¡ a r  
were transformed into hue (Little, 1975). It was assumed that a desirable sample had more r 
(lower hue values). Hardness and cohesiveness were measured through a texture profile ana' Y,ncfron 

- ■ ■ • ------ - - >---------r , C ------------ In the load cell of an lns •- in order
d

performed upon cooked samples. Squared pieces of 1.5 cm were placed
Universal Testing machine (model 1122). A two-compression cycle was applied to each sample 
to produce a force-distance diagram describing the rheological behaviour of the materia > sShea 
reported by Bourne (1978). The deformation of the sample was 50* of its total height. T̂ e crpat 
speed was 2 0  mm/min, the chart speed was 5 0 mm/min with full scale of the recorder of 9 ° N" cordir'9 
oxidation was analysed by measuring the 2-thiobarbiturlc acid (TBA) values of the samples, aUth<>'. 
to the method described by Cckerman (1980). Although the point of rancidity is arbitrary, t ^¿¡nS' 
considered that TBA values of 1 or higher are unacceptable in fresh meat products. The.”a‘eby 
capacity (WHC) was obtained by using a modification of the centrifugation method described y)eyels 
Wardlaw'et al. (1973). The model consisted of a *1x5 factorial with A levels of dry ice and 5 ^  
bf study time. Data analyses conslstedof multiple regression to provide a response surface, 
predicted values were plotted by the use of an Apple Plot program. g
Experiment II: Fresh pork sausage links were made from meat excised from different locations 
pork carcass weighing 75 kg (Canada index 103) within *(5 minutes after exsanguination, and ^  0i 
regular chilled pork trimmings. Three formulations were prepared using hot-boned meat leve 
50 and 100*. The complementary percentages to 100* were made from regular chilled pork, t a c ^  ^
formulation was subjected to three Treatments and three study times. Treatment 1 consisted 
ground through a 125 mm plate. It was then placed in trays at a depth of 2 cm and left overte 0f 
at -28 C. The meat for Treatment 2 was cut into 5 cm pieces and sprinkled with salt at a ra as 
] 1|0 „ Q un n f  »»it. The meat was then subiected to the same grinding and freezing sequê  ^  theg per 9 kg of meat. The meat was then subjected to the same grinding and freezing seque^ ^  
-he previous Treatment. Meat for Treatment 3 was cut into 5 cm pieces and sprinkled with 53 fo r eac
same rate as above. The meat was then ground while 3 kg of finely ground dry ice were added  ̂ £-
9 kg of meat. After this operations, the mixture was placed in trays and stored overnight
Immediately following overnight storage, the meat was fabricated into sausages. The meat added
Treatment 1 and 2 was chopped in a Hobart silent chopper while frozen. To each 9 kg bate ^
1 kg of fat, 2 9  g of spice mixture (nutmeg, ginger, ground pepper and rubbed sage), 50b 9 was
cracker crumbs as binder and 500 g' of water. In the frozen meat (Treatment 1), where no s a  .]er,t
added before freezing, 1A0 g of salt were added during chopping at high speed in a Hobart s 
chopper. Once all ingredients were thoroughly mixed, the meat was stuffed into regenera i
ratings of approximately 15 mm diameter. The sausaaes

trie meat was 
( 1 nrntei n . A8* fat. A 5 *  moisture) we re

d ^
placed Into semirigid plastic containers of aproximately «** The package ^
were stored under cool white fluorescent light of 807 lux at 5 C. The total study 11* fla^
.ampIes were analysed at 0 , 7 and 1 *. days of storage for the fol owing re* £ n£  £  , and ^

____ II 1 itv mirrobial counts, hue, hardness, cohesIvencss, tat oxidatioand'overall acceptability, microbial counts, hue, naruness, . . .  -------- _ f0r
d r a y Samples for sersory evaluation were cooked in a convection oven at ZOO en*

They wire evaluated by 3 panels of 8 untrained judges, each judge evaluated 3 jr  st0n
flavour aid overall acceptability following the method desc. ibed *

et al (197**) using a fifteen centimeter unstructured scale and placing a vertical 
eu cm. . , , . of hU nr her ce„ - , 1  (197L) usinq a titteen centimeier u h m i u i ^ i . u  . . . . . . . . .  -------- .----------------- Df that
line at the point which best reflected the magnitude of his or her ^ r c e iv e d  nt Y tabie-

-K ,, _ _____ii ifu whf»rp 0 was unacceptable and *5 was ac ►

fheor ms or ner perccivco t_hie* A

] n e s were measured from the left (0 cm) to each panelist's vertical mark on the line a ^  Pl
. t- . _ u. :     C n.kcnniinnf ct

lines were measured from the left (0 cm) to each pane I i st s vert. ca mar- o., Total
A  the nearest tenth of a centimeter for subsequent stat i st leal anal ys is. Col, fo rm ed  
Count (TPC) were evalueted by means of standard techniques (APHA, 97 ). ' Th exper
f a t  ox at on and water holding capacity were analysed as described in Exper,men . The *
consisted of a complete 3 (Formulation) x 3 (Treatments) x 3 (study time) factorial. The l ) .
^ £ e d  to muUipie regression analyses to provide a response surface (Cochran and Cox, 
^predicted values were plotted by the use of an Apple Plot program.

jy
RESULTS AND DISCUSSION. {he
Experiment I: Hot-boned meat patties showed little variation in fat oxidation throughout^ .
time within each carbon dioxide level, which agreed with the results reported by d je  - .
(1981) However TBA values decreased as the amount of solid carbon diox

reactions are very unlikely to occur (Caldirom and Bazan, 1982* - The, \  ' ,n. ,Y The water tablV
a r g  the amount^f the sampie frozen and hence the I°wer the TBA value obtained .The J ^
hiding capacity increased with increasing percentages of dry ice from 0 to 2 0 *. 
l U i w m y  '  r  ____ _ „ A he/ f he  I r e  c r v S t a l * .  I t
holding capacity increased with increasing percentage;, 7 . . ri>cU lted »n 3
«  „  ,  n e c h a n l c l  d l — p l l o «  . 1  I H » « > .  P ' W . c . d  » ,  th. 1 »  . 1  * * ,al'
f i l i n g  effect of myofibril Is and a larger amount of water couia ue ty |/
also contributed to this swelling effect. However ther* “n f°'

nrirtpyiwith AO’' of dry Ice as compared to those added with 10 and zu,. ine ir |ev_,|
i r Pd'y ice T r i r in c a s e  al the study ilme also increased. Oppositely, the o he 
u \ pair -r ft to 12 davs of study. It was also observed that dry ice shifted

g cap.-
trend *>' |ev« ,/ *
:r dry to ye ifJ |I the hue I
'V I'ght. * t in f

nrese" ,



I Qg 1 ,
°^seryed £° haye a hardening effect whereas cohesiveness decreased. This was more 

i0V,er ê tractabi itv ofei!oftbei?i 2° t0 ™e decrease in cohesiveness could be associated with 
l9"“". 1969). Thu! when X t ! ' " . th? _/roze" PortI°" of the sample (Deatherage and 
• S frozen rh! % , . d carbon dioxide was added, a larger proportion of the samole
greased ih^wltlr'hn Pr° te ? waa extracted- In general, 30 to i«0% dry ice added to the meat 
leased he fat nxid i 9 CuPaCltY ° f the Samp,es up to ,2 days ° f  storage. This percentages™! o

r -u c S ^ ^ iv S r i dsT̂ rC;f̂ s::,:^efLsi :̂e observed sucK - hardenî  °f ‘b*
H  ^ " t i r a ! ’ Die Ihil ^ P c r ^ e n t  flavour and acceptability of sausages improved from 0 to 7 days 

5  ^-bpnefd rmeV !  tb' astudy3): ime.6 Ir^sal ted^ormu! at i o n ^i^and3!!^' f !avour^of ̂ he^amplei^wlth5
!9y have Q r „ d  T®!* hecame.less acceptable towards the end of the study period. In this case salt
^P o r te d  by ^ i n ^ e X X ! ^ 0 "  "e s u , ' in9 in  a ra nP id  f a v o u r  (W a t t s ,  1961) .  T h is  o b s e r v a t io n  was 

vtQrt ox ir iA M  in c re a s in g  TBA v a lu e s  in  these  two f o r m u l a t i o n s .  S a l t i n g  b e fo re  a r i n d i n a  co u ld

higher) in^Lpies'w iih^O^h6! X T  SaUSa9e manufacture and storage. The hue was more h n°  doubt r l )  ?  j  V ?  X  , 0 ° *  hot-boned meat as compared with 0 and 50* hot-boned meat This 
S d »eat bn T ?  X *  h 19^  »etrayog obin formation due to oxidation reactions to whi™ X -  
^  tba !L e ^ Wh l  m° re SenS t!ve Pisu,a> 1981). in addition, not salted and frozen samples 

ê inq Ha - 1 Va UGS ?S a. resu * ° f  absence of prooxidants such as salt as well as fast 
w9Usa9es made^wuT 5o"t T i n l T 6 X " 96 caused bY atmospheric oxygen (Calvelo, 1981). fresh pork 
ShS in agreement with X  hot-boned meat had higher microbial counts in Treatments 2 and 3. This 0̂ty6H *£ 1 nt w,th results repor.ed by Cornish and Mandinn ( iq7 M *nA ___  /<nfo\ . . .
sh 'n agreement wirh a }* not-oonea meat had higher microbial counts in Treatments 2 and 3. T 
tX ed that hot-boneH t * ! ep° r ed by Cornish and Mandigo ( 1 9 7 1 .) and Henrickson (1968), which 
1 Opposite y T r e T t l  contaminated if proper precautions a r e  no!
Ob!6 W'thP100* ho? b »  , gave similar microbial counts for the three Formulations. Samples 
ho 6rved by om h ? ! ,Were harder than those made with 0 and 50* in Treatment 2. It has bee 
1 b°"ad Lat show- „ 6:  6t ’973i J°CObS and Sebtanek, 1980; Ray et a l„  l98o) that

h0° 'a°lysis durinn acin n^ a S e d  t0“9hnass as compared with chilled meat which underdoes.enzymatIc 
'honed L ft  9A contributes to a tenderizing effect, which does not happen in the

4  ted snd'f ’ Our results agreed with these reports in Treatment 2, where the meat was
T!!!ailn9 the hardnlss fabrlcat'° n- However, Treatments 1 and 3 showed a different trend 

the everaap ? values as hot-boned meat percentage increased. Addition of dry ice al<l\ vcrage, lower extrartah r ,f  » » « f i k - m . .__ . . . . _ 7 u a '*

i!0f|bri!|! * a t e r  boldin9 capacity was observed in salted and frozen samples, where swelling of
V ^ P l e s  made5w i t h y i O o ! V ddht l 0w’ t 0 9 e tb a r  w i t h  f !"ozen s t o r a 9e gave u p  t o  75*  o f  w a te r  r e t e n t i o n  
Us! Wate r  h M  h ° ° *  hcu- boned mea t .  These r e s u l t s  agreed w i t h  those  re p o r t e d  by Hamm ( i 960) .

* r i i . '  I U I flQ Ca Del C l-t V W a S r n n  t i H a e a h l u  *-cA  i i^a/l i . i l » »  j u. .  !     u _ j  . . . _

C0rc

„ --er h-,i " :e5e results agreed with those reported by Hamm (i 9 6 0 )
due in npr?11? capac'f y was Considerably reduced when dry ice was added to the Formulation. It 

P to some degree of cold shortening occurred during chilled storage.
T CluS|0Ns 

w
C  fr° 2en !niY j i i 9bt d' f farences among the three Treatments used (not salted and frozen, salted 
Co„:,Sa,tino wr " ° f . ry lce)- though salting increased TBA values and decreased flavour and: 
Ra?S|d®red 9:a d free2'"9 increased water holding capacity and cohesiveness. When all variables were 
Una b°ld!nn WaS c°ncluded that although 1 0 0 * hot-boned meat had improved attributes such as 

6r9o fat 9 capacity and cohesiveness, it exhibited higher microbial counts, more facility to
1owpX*dati°n and faster colour fading. In addition, sausages made from 100* regular-chilled 
law«. r.water holding capacity, and flavour and overall acceptability scores. Therefore 
lade Wth 50* hot-boned meat and 90* chilled had Z . *  - __ ! ‘ ?! L ?!

(tie

Ip In
b a d

'Pnres »ade'„;';rcn»T?'LIU a"Q J,avour and overall acceptability scores. Therefore,
9fir reta i 1 th 5°* ?ot' bo"ed meat and 5 0 * chilled meat had the most acceptable quality during ai 1 storage life. J M
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6-49 MODELLING OF SIMULTANEOUS TRANSPORT OF HEAT, MOISTURE, AND SODIUM, CHLORIDE 

HYDROGEN IONS DURING MEAT EMULSION COOKING

Gauri S. Mittal, Assistant Professor 
School of Engineering, University of Guelph 
Guelph, Ontario, Canada, NIG 2W1

INTRODUCTION

With the growing importance on industrial and institutional food preparation, heat and ma 
transfer data is necessary for the development of optimal cooking procedures, equipment and 0̂ui/ 
installations. Carefully controlled thermal processes are necessary to develop the initial c ,oUt 
characteristic skin and internal texture, and eliminate trichinella and microbial population  ̂
emulsion destabilization, excessive moisture loss or texture changes. The preservation of “¡e^eat is 
salt depends on salt reaching all parts of the meat, including the fatty tissues. The pH ° 
important because it affects meat colour, bacterial growth, and water holding capacity (WHC>-

s ion6'
A few studies have been undertaken to describe the transport of heat, moisture and van joCity 

Monagle et al. (1974) determined experimentally the effect of temperature, humidity and air v n0 
on weight changes and temperature profiles in frankfurters during thermal processing. Howeve 
mathematical models were developed. Mittal and Blaisdell (1983) developed a simplified two 
■model to predict the weight loss of frankfurters during thermal processing at various process ^
conditions and product compositions. Mittal and Blaisdell (1982a) developed simultaneous s in
mass transfer model with Fickian type diffusion to predict the temperature and moisture pro 
frankfurter during cooking.

The moisture and salt flow and distribution within a sausage product, Danish Salami, waS 
gated by Fruelund (1970) during thermal processing. He, however, simplified the model by i9r‘

,ves




