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WHOLESALE AND RETAIL PACKAGING SYSTEMS
IN THE SOUTH AFRICAN MEAT INDUSTRY
E.M. Scholtz
Animal and Dairy Science Research Institute, Private Bag X2, Irene, 1675 Republic of South Africa.

INTRODUCTION

Growth of micro-organisms is the primary reason for quality
deterioration and subsequent spoilage of fresh meat. Such
growth results in discolouration, putrefaction and slime
formation. Proper storage and packaging play key roles in
controlling the microbial growth and extending the shelf-life of
meat products during their distribution (Cacciarelli & Stringer,
1983).

and retail fabrication, without affecting retail presentation to the
consumer (Cole, 1986).

The basis for the boxed beef concept was vacuum packaging
in oxygen barrier materials. Vacuum packaging provided a
method for prolonging the shelf life and enhancing the
palatability of beef, during extended periods of shipment and
storage, over conventional whole carcass distribution
Packaging cannot improve the quality of the product, but can (Seideman & Durland, 1983).
only delay the onset of spoilage by regulating the factors that
contribute to it. Therefore the product that goes into the Presently carcasses are fabricated into primal or sub-primal
package is only protected for a limited period of time, cuts, vacuum packaged, and boxed. Vacuum packaged boxed
meat is then distributed to retail outlets where these primals
determined by the system that is used.
and sub-primals are fabricated into consumer units,
In order to evaluate present and future packaging systems, it overwrapped in oxygen permeable film (PVC) on polystyrene
is necessary to review traditional red meat retailing. At first foam trays and displayed for sale (Cole, 1986).
whole beef carcass shipments (swinging beef) were made
available to retail outlets, where carcasses were fabricated into Vacuum packaging and gas flushing are modified atmospheric
retail cuts by the family butcher or outlets in supermarkets. A processes. Both processes modify the atmosphere surrounding
carcass mass loss of 3% due to dehydration occured with this the product inside the package.
conventional method (Sacharow, 1974; Cole, 1986).
The boxed beef concept was then introduced primarily in the
U.S.A., and dramatically changed meat processing, distribution
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ADVANTAGES AND DISADVANTAGES OF VACUUM PACKAGING

Advantages

Disadvantages

1. The cutting and packaging operations can be carried 1. The colour of vacuum packaged meats is that of reout in a limited number of large centralised plants. The
duced myo- globin, which is generally unacceptable to
moving belt system of handling carcasses and cuts rethe consumer. This reaction is reversable with subseduces labour costs.
quent aerobic packaging.
2. Fat on the carcasses can be properly processed and 2. Purge and distortion of cuts due to vacuum packaging
sold as edible fat.
have been associated with economic losses.
3. Transportation costs are reduced because fat and bone 3. Vacuum packaged bone-in primal cuts can have leakers
are left with the packer and a 90 % saving of storage
as high as 40 %.
space may be achieved.
4. The higher relative cost of vacuum packaging compares
4. Trim loss due to discolouration and microbial growth
favourably to the shipment of carcasses or aerobic
can be reduced by the boxed beef procedure compared
packaging.
with hanging carcasses.
5. These packages have an anaerobic environment and if
5. Mass loss is reduced because evaporation is minipermitted to reach ambient temperature, the conditions
mized.
are present for an increase in the number of packages
posing a potential health hazard.
6. Greater sanitization is possible at the packer level because of better equipment and procedures - extended
shelf life.
7. Total bacterial counts increase more slowly on vacuum
packaged meat than on aerobically packaged meat.
8. Putrefaction and slime formation because of microbial
growth are reduced.
9. The final bacterial counts after storage are lower than
samples packaged in oxygen permeable film.
10. Microorganisms that become dominant on vacuum
packaged meat is slower in causing extensive damage
to the quality of meat which is in contrast with the typical aerobic spoilage situation.
VACUUM PACKAGING

The vacuum packaging process may be defined as the
evacuation of air from a package which then is sealed to
maintain an anaerobic environment. Residual oxygen is
subsequently converted to carbon dioxide through respiration
by the lean tissues and microbial activity (Terlizzi, 1983). This
gaseous environment is responsible for suppression of aerobic
spoilage bacteria and the predominance of facultative
anaerobic bacteria (Gardner ., 1967; King & Nagel, 1974;
et al

Silliker ., 1977; Christopher
1980; Bekker, 1983).
et al

.,1979; Christopher

et al

GAS PACKAGING

Modified atmosphere packaging consists of placing a primal,
subprimal or retail cut of meat into an impermeable bag,
evacuating air and subsequently injecting a single gas or a
mixture of gasses followed by a clip or heat seal closure of the
bag or package (Holland, 1980; Seideman & Durland, 1984).
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ADVANTAGES AND DISADVANTAGES OF GAS PACKAGING

Advantages

Disadvantages

1. Psychrotrophic counts of loins stored in CO2 are lower 1. Pork roasts stored in an atmosphere containing 80 %
than those that were vacuum packaged properly beor more O2 decreased significantly in flavour palatabilcause of the immediate concentrations of CO2 (Christoity and overall acceptability with increased storage
pher
., 1977).
(Seideman
., 1983).
et al

et al

2. Storage in 100 % CO2 retards microbial growth and di- 2. According to Sebranek (1984) high CO2 concentration
rects the microbial predominance towards lactobacilli
causes discoloration of the meat surface. Seideman &
and inhibits pseudomonads (Blickstadt & Molin, 1983).
Durland (1984) noted that a high concentration of CO2
(20-30 %) results in a greyish meat colour because of
3. An enriched O2 atmosphere provides a means to exa lower pH.
tend duration of meat colour acceptability (Daun .,
1971).
3. Leakers are not easily identified with gas packaging.
et al

4. After removal of meat from the enriched CO2 atmosphere there is a pronounced residual effect as evidenced by a continued inhibition of microbial growth
after such meat is placed in an aerobic atmosphere
(Silliker
., 1977).
et al

5. Modified atmosphere packaging could reduce leaker
rates, purge loss and distortion (Seideman, 1980).
The modified atmosphere concept is very complex. Meat
respiration consumes oxygen at a substantial rate, while in
addition, microorganisms, depending on their nature and
numbers, also consume oxygen. At the same time CO is
produced and these atmospheric changes that occur
influences the stability of the packaged product.

NITROGEN

Nitrogen, an inert gas, dissolves in packaged meat tissue and
is present in the gas headspace around meat, but does not
affect meat colour or inhibit bacteria (Taylor, 1972). Nitrogen
can be used instead of vacuum packaging only in order to
reduce the stress on the barrier pouch (Young, 1987). Thus
The different gasses which are used in the gas mixture each nitrogen flush will reduce the concentration of residual oxygen
has a different function. Some prevent discoloration of the and hence lower the concentration of metmyoglobin while
meat, others inhibit microbial growth and some are added to accumulated carbon dioxide will be diluted (Taylor, 1972).
dilute the concentration of the other gasses (Seideman &
Durland, 1984). Mixtures of 2 or more gas- Hafnia spp., POSSIBLE FUTURE TRENDS
and lactic acid bacteria (Gardner
Vacuum and gas packaging of primal cuts for wholesale
., 1967; Shaw & Latty, 1988).
distribution removes the need for heavy butchering at the retail
The effect of carbon dioxide on meat colour is not clear. Meat level. However, as retailers concentrate on merchandising,
stored in high concentrations of carbon dioxide often develope rather than processing fresh meat items in the store, these
a greyish-tinge believed to be due to the lowering of the pH and alternatives to these concepts i.e. vacuum skin packaging,
and subsequent precipitation of some of the sarcoplasmic modified atmosphere packaging and others will provide a
suitable alternative for distributing packed consumer portions
proteins (Ledward, 1970).
of meat directly to retail outlets from centrally located cutting
and packaging plants (Cole, 1986; Sains, 1988; Nortjé &
Shaw, 1989).
2

Brochothrix thermosphacta

et

al
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OBJECTIVES OF THE PRESENT STUDY

The keeping quality of pork inherently differs from that of fresh
beef (Terlizzi, 1982). According to Sutherland (1975) vacuum
packaged beef developed optimal flavour and tenderness and
is still microbiologically acceptable after 3 to 4 weeks storage
at 0 - 2 °C. In contrast, the shelf-life achieved by the vacuum
packaging of pork is quite different.

RESULTS
Wholesale storage

The mean psychrotrophic counts of the vacuum and gas
(100% CO ) packaged wholesale stored (c. 5 °C) loins and the
results of the statistical analyses, are depicted in Fig. 1 and
Table 2. According to the statistical analyses only the storage
main effect, the counts obtained at different storage days,
The following shelf-life periods have been recorded:
differed significantly (P=0,0001; Table 2). The statistically
similar initial psychrotrophic counts were 2,5 x 10 organisms
. (1974), 28 days at 2 °C;
- Smith
cm for the vacuum packaged and 2,0 x 10 organisms cm
for
the gas packaged loins (Fig. 1). These counts were
- Danish slaughtering school and research centre of W.R.
significantly
lower than those obtained after 7 days wholesale
Grace (1982), 21 days;
storage.
The
7 day counts did not increase significantly over a
- Weakly (1986), 28 days at 4 °C; and in contrast subsequent 7 days storage period, both in vacuum and in the
- Huffman (1974), 10 days at 2 °C;
gas atmosphere, but reached an unacceptable, significantly
higher level of 10 organisms cm , after 21 days wholesale
- Seideman (1980), 7 days;
storage (c. 5 °C) in both treatments. Although the counts at 28
- Hoss (1981), 14 days at 0 °C; and
days storage indicated an increase compared to 21 days
- Vrana (1985), 10 days at 4 °C.
storage, this increase was not significant (Fig. 1).
The aims of the present study were to The mean lactobacilli, pseudomonad,
and
counts, followed much the same trend (Fig.
a) determine the shelf life of vacuum and gas packaged fresh 2 and 3). Day 0 counts of the wholesale storage period
pork under local conditions, and to
differed significantly from all the other storage periods, while
counts on days 7 and 14 were not significantly different from
b) compare the effectiveness of gas packaging in relation to each other, but were different from those at days 21 and 28
vacuum packaging.
(P=0,005). The initial pseudomonad and lactobacilli counts for
the vacuum packaged loins were <2,7 x 10 organisms cm
METHODS
which increased until days 14 and 21 respectively and then
stabilized. In contrast with the vacuum packaged loins, the
At a city abattoir 15 pig carcasses were selected according to pseudomonad and lactobacilli counts of the gas packaged
pH (>6) and a subsequent 24h pH treatment increased throughout the whole storage period
a c. 30 minute
(<6) to exclude PSE and DFD meat. Only the loin cuts were (Fig. 2). The
and
counts
used in this study. The left loins were halved and the two
halves were then gas (100 % CO ) and vacuum (Oxygen FIGURE 1: Wholesale storage of vacuum and gas
transmission rate (OTR) c. 67,1 ml/m /24h at 23 °C and 75 %
packaged pork loins at 5 °C
RH) packaged. This procedure was repeated for the right loins.
At the Meat Science Centre the loins (gas and vacuum) were
stored at 5 °C for periods of 0, 7, 14, 21, and 28 days. After
each specified storage period a gas flushed and vacuum
packaged loin was taken from the 5 °C chiller and the
wholesale cuts were microbiologically evaluated. Each loin was
then cut up into 8 chops and these were placed into styrofoam
trays, overwrapped in PVC and displayed in display cabinets
for 0, 2, 5, and 7 days. Four of the chops were displayed at
0 °C and the other 4 chops at 5 °C in two seperate cabinets.
After the specified retail display period the chops were
microbiologically assessed (Table 1). This procedure was
repeated 3 times.
2
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TABLE 1:

Microbial assessment

ORGANISM

MEDIA

TABLE 2:
INCUBATION

INCUBATION

TEMPERA-

TIME

The influence of different packaging
treatments on the psychrotrophic of wholesale
stored pork loins

Variable

df

TURE

Total

aerobes

Total

Standard

anaerobes

Standard

1

1

Sum

of

F

value

PR>F

CV

R

square

squares

25

°C

3 days

25

°C

5 days

Packaging

1

Storage

4

0,061

88

0,01

0,9281

30,03

0,0001

1,22

0,3241

19,51

0,8301

2,9224
Lactobacilli

MRS

Pseudomonads

CFC

Enterobacteriaceae

DHL

30

°C

5 days

25

°C

3 days

37

°C

2 days

Packaging

X Stor-

4

85,9709

age

the same trend. In this case a 5 and 2 day shelf life was
of the vacuum and gas packaged loins were very low initially, achieved for 0 and 5 °C respectively. Mean lactobacilli and
<10 organisms cm , but then increased significantly to an pseudomonad counts obtained for the retail cuts of both the
unacceptably high count at day 28 (10 organisims cm ). At vacuum and gas packaged loins, increased steadily throughout
the retail shelf life study (Fig. 4). Retail cuts from both
day 14 the gas packaged counts decreased sharply (Fig. 3).
packaging treatments displayed at 0 °C had low mean
), but those displayed in the 5 °C cabinet had
Retail shelf life studies
mean
counts exceeding 10 organisms
cm
on
day
7,
which
is
not regarded as microbiologically
Wholesale storage 0 days
acceptable (Fig. 4).
The initial mean psychrotrophic count of retail cuts packaged
from the vacuum packaged loins and displayed at 5 °C in a Wholesale storage 7 days
open deck display cabinet was lower than the initial count of
7 days wholesale storage at 5 °C the initial mean
counterparts from the same loins displayed in a 0 °C cabinet After
psychrothrophic
counts determined were c. 10 and c. 10
(1,3 3,46 x 10 organisms cm respectively, Fig. 4). The organisms cm for
cuts from the vacuum packaged and
counts from the 5 °C displayed cuts soon exceeded those of gas packaged loinsretail
respectively
5). These retail cuts
the retail cuts stored in the 0 °C display cabinet, resulting in a achieved a shelf life of 2 days(Fig.
according
to the mean
2 and 7 day shelf life respectively (Fig. 4). This applies if a psychrothrophic counts measured. Lactobacilli, pseudomonad
psychrotrophic count of 10 is considered the retail display life
counts increased during the shelf life
cut-off point. Retail cuts from the gas packaged loins followed and
Broc.

thermospacta

STAA

2

25

°C

5 days

-2

7

-2

Enterobac-2

6

Enterobacteriaceae

-2

3

vs

2

-2

-2

5

Enterobacteriaceae

FIGURE 2:

Wholesale storage of vacuum and gas packaged pork loins at 5 °C
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FIGURE 3:

Wholesale storage of vacuum and gas packaged loins at 5 °C

study and were generally unacceptable after 5 and 2 days for BLICKSTAD, E. & MOLIN, G., 1983. Carbon dioxide as a
0 and 5 °C respectively (Fig. 5).
controller of the spoilage flora of pork, with special
reference to temperature and sodium chloride.
Wholesale storage 14 days
46, 756-763.
The initial mean psychrothrophic counts of the retail cuts from COLE, A.B., (Jr), 1986. Retail packaging systems for fresh red
meat cuts.
Vol. 36, 106-111.
14 days vacuum packaged storage (5 °C) were high, c. 7,0 x
10 , with a subsequent estimated shelf life of only 2 days (Fig.
F.M., VANDERZANT, C., CARPENTER, Z.L.
6). The cuts of the gas packaged loins resulted in counts of CHIRISTOPHER,
&
SMITH,
G.C.,
1979. Mocrobiology of pork packaged in
4,3 x 10 and 6,4 x 10 organisms cm (0 and 5 °C
various
gas
atmospheres.
42, 323-327.
respectively) and a shelf life of at least 2 days. Mean
lactobacilli counts showed a tendency to increase over the ENFORS, S.O., MOLIN, G. & TERNSTROM, A., 1979. Effect
shelf life period, although the counts of the gas packaged loin
of packaging under carbon dioxide, nitrogen or air on the
retail cuts monitored after 7 days were somewhat lower (Fig.
microbial flora of pork stored at 4 °C.
47,
6). Mean pseudomonad counts of retail cuts from vacuum
197-208.
packaged loins were c. 9,0 x 10 organisms cm initially and
continued to increase throughout the shelf life study. Although GARDNER, G.A., CARSON, A.W. & PATON, J., 1976.
Bacteriology of prepackaged pork with reference to the gas
these counts for retail cuts from the gas packaged loins were
composition within the pack.
30, 321-333.
lower (c. 10 organisms cm ), they reached approximately the
same count at the end of the shelf life study (c. 10 organisms
cm ) (Fig. 6). The initial mean
counts for GILL, C.O. & HARRISON, J.C.L., 1989. The storage life of
chilled pork packaged under carbon dioxide.
26,
both packaging treatments were similar at both display
313-324.
temperatures, c. 3,0 x 10 and c. 6,0 x 10 organisms cm
respectively.
counts obtained from 5 °C HUFFMAN, D.L., 1974. Effect of gas atmospheres on microbial
displayed cuts exceeded the counts from the 0 °C displayed
quality of pork.
39, 723-725.
ones after 2 days (Fig. 6).
IGBINEDION, J.E., CAHILL, V.R., OCKERMAN, H.W.,
PARRETT, N.E. & VANSTAVERN, B.D., 1983. Effects of
CONCLUSIONS
packaging method, display light and storage time on the
The packaging treatments, vacuum versus gas (100 % CO )
microbial growth and rancidity of fresh pork.
packaging had no significant influence on the microbial quality
48, 848-852.
of fresh pork. Ac-360.
J. Food
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FIGURE 4:

Mean microbial counts of the retail shelf life study (0 °C and 5 °C) of wholesale pork loins (gas and vacuum
packaged) stored for 0 days at 5 °C
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FIGURE 5:

Mean microbial counts of the retail shelf life study (0 °C and 5 °C) of wholesale pork loins (gas and vacuum
packaged) stored for 7 days at 5 °C
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FIGURE 6:

Mean microbial counts of the retail shelf life study (0 °C and 5 °C) of wholesale pork loins (gas and vacuum
packaged) stored for 14 days at 5 °C
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A COMPARISON OF THE QUALITY
CHARACTERISTICS OF GOAT AND SHEEP MEAT
H.C. SCHÖNFELDT, R.T. NAUDÉ, E. BOSHOFF*, S.M. VAN HEERDEN, W. BOK, M.C. SMIT &
L.S. SOWDEN
Animal and Dairy Science Research Institute, Private Bag X2, Irene, 1675 Republic of South Africa
*Department of Home Economics and Dietetics, University of Pretoria, Pretoria, 0002 Republic of
South Africa

INTRODUCTION

The ability of goats to survive and even reproduce under
adverse environmental conditions was possibly one of the
reasons why goats were among the first animals domesticated
by man for the production of meat, milk, skins and fibre (Gall,
1981). It is therefore not surprising that more people in the
world consume goat meat than any other type of meat
(Salmon, 1987).

however, that sensory panels found goat meat less tender
than either lamb or mutton, although the collagen solubility of
Boer goat meat was not markedly lower than that of lamb, and
it had a total collagen content in muscles similar to the Pedi
and Merino lamb breeds (Heinze
, 1986). However,
collagen solubility and total collagen content may only account
for part of the variation found in tenderness.
et

al.

The similarity between the solubility of muscle collagen of Boer
goats and that of certain sheep breeds was discussed at a
National Sheep Committee Meeting on 23 March 1983. This
led to the question as to whether it is reflected in the
tenderness of the meat itself, and if tenderness differences
were absent, if it was still correct to differentiate between
sheep and goat meat regarding different classification and
grading systems. A request was then made by the Meat
Board, for a comparative study on the eating quality
Naudé & Hofmeyr (1981) reported that both kid and goat meat characteristics, to be done at the ADSRI on sheep goat
is quite acceptable to the consumer and, in certain cases, may meat. The National Small Stock Executive of the Red Meat
even replace mutton, lamb or beef. It was pointed out, Producers Organization also requested that the ADSRI reOn a worldwide scale, economic and health pressures have
obligated livestock producers to produce leaner products
(Breidenstein, 1987). The global increase in the commercial
production of meat goats (Baker, 1987) might be attributed to
goats having leaner carcasses than sheep and a particularly
low subcutaneous fat content. The large fat deposit in the
abdominal region of goats can readily be removed during the
dressing of the carcass.

vs

HETTIE SCHÖNFELDT matriculated in 1978, obtained her BSc in Home Economics and
Dietietics from the University of Pretoria in 1982 and was employed as Home Economist and
Chief Home Economist by the Egg Board during 1983 to 1984. She then returned to the
University of Pretoria for a further 1,5 years to do a BSc (Hons) course in Food Science whilst
also working there full-time as a technical assistant. From July 1987 she has been employed
as an Agricultural Researcher in the Meat Quality Section at the Meat Science Centre of the
ADSRI, Irene. During this time she completed both her MSc in Home Economics, the required
course work towards her PhD and the basic ground work for her PhD. She has published
three scientific papers out of her Honours course.
Proceedings of the 6th Meat Symposium: The Meat Animal and its Products
25 April 1990, ADSRI, Irene, South Africa
2nd Revised Printing 21 October 2014

118
The Angora and Boer goat carcasses were procured according
to standardized specifications, by the Meat Board
representatives at the Port Elizabeth and Cato Ridge abattoirs.
All carcasses were electrically stimulated (600 Volts for 60
seconds or 800 Volts for 45 seconds to prevent toughening
caused by rapid chilling, hence cold-shortening), aged for
seven days at between 1 and 7 °C, then first wrapped in
stockinette and finally in plastic bags, labeled and stored at 20 °C until transportation in frozen state to the ADSRI. At
Irene the carcasses were repacked in thick plastic bags in
order to exclude as much air as possible and stored at -20 °C
until subdivision (still in the frozen state), coding and vacuum
packaging. Bone guard was used to prevent damage to
In 1987 the South African livestock numbers were as follows: packaging material and subsequent loss of vacuum. All the
sheep 26 993 000, Angora goats 2 163 000 and Boer goats carcasses were subdivided into seven wholesale cuts (Bruwer,
826 000 (Directorate Agricultural Economic Trends, 1990). The 1984).
purpose of this study was to ascertain how the meat quality
characteristics of two breeds of goats compare with those of The required sheep carcasses procured from the abattoirs at
sheep. To this end the following goals were formulated: firstly, City Deep in Johannesburg or Chamdor in Krugersdorp, were
to determine how the quality characteristics of the similarly electrically stimulated. They were then transported in
of the various grades of a refrigerated truck to the ADSRI, where they were aged for
Angora and Boer goat meat, prepared according to a dry heat seven days at 1 to 7 °C, labelled, wrapped and stored at cooking method, compare with those of the identically 20 °C until all the carcasses had been obtained. Subsequently
prepared muscle of the corresponding grades of sheep meat; these samples were subdivided, packaged and stored in an
and, secondly, to ascertain how the quality characteristics of identical way as for the goat carcasses.
the
of the various grades of Angora and
cuts were thawed
Boer goat meat, prepared according to a moist heat cooking The
method, compare with those of the identically prepared muscle at 10 °C for a period of 24 hours. The
cuts were thawed at 10 °C for periods varying between 24 - 36
of the comparable grades of sheep meat.
hours according to the mass. The
MATERIALS AND METHODS
cuts were roasted uncovered on an oven pan at
160 °C to an internal temperature of 75 °C (dry heat cooking
The basic experimental design incorporated 27 carcasses of method). The
cuts were placed
each of the following types: Angora goats, Boer goats and individually in cooking bags, closed with a piece of string and
sheep. In the South African grading system two variables are cooked in an oven at 160 °C, to an internal temperature of
considered, namely age classes (indicating tenderness) and fat 75 °C (moist heat cooking method).
codes (indicating lean yield). Three age classes are identified
for sheep and goat carcasses namely the A age group (the A set of three samples representing the three meat types
lamb or kid age group with no permanent incisors), the B age within a single age and fat code group was cooked and
group (1 to 6 permanent incisors) and the C age group (7 to 8 evaluated together. This procedure was repeated three times
permanent incisors). The three fat codes identified for lamb with the three replicates per cell. The same approach was
and sheep carcasses are fat code 3 (medium), with >4 to followed for every age and fat code combination for the
7 mm subcutaneous back fat thickness, fat code 2 (lean) with various meat types.
a 1 to 4 mm and fat code 1 (very lean) with a <1 mm
subcutaneous back fat thickness layer (Government Gazette, The following measurements were made during the study:
1985). These fat thickness measurements are not determined
while grading the carcasses, but merely serve as guidelines for Total cooking losses
the graders to coordinate their visual assessment of carcass
and
fatness. Bruwer (1984) found that the fat content of carcasses All the
cuts were weighed pre- and postwith a 1 fat code was 14,30 %, a 2 fat code 17,26 % and a 3
fat code 23,31 %. Three age groups consisting of three fat thawing as well as after roasting or braising respectively, for
classes (nine in total) were compared the determination of the moisture loss during the cooking
(9 classes x 3 species x 3 replications = 81 carcasses). Only process. Percentages thawing, drip, evaporation and total
carcasses of castrates and ewes were used.
cooking losses were calculated.
evaluate the validity of a different grading and roller marking
system for goat carcasses as compared to that for sheep
carcasses, which should aptly reflect possible differences in
meat quality characteristics of goat and sheep carcasses. Goat
farmers maintain that their product is being discriminated
against. An orange marking ink is used for roller marking of
goat carcasses. Consumers are said to be confused by the
orange colour of roller marks identifying the goat meat grades,
because they only associate the colour purple with the optimal
grades of good quality meat. Furthermore it was important to
determine, the differences if any, between Angora and Boer
goat meat.

Mm. longissimus thoracis et lumborum

M. semimembranosus

Mm. longissimus thoracis et lumborum

M. semimembranosus

Mm. longissimus thoracis et

lumborum

M.

Mm.

M.

semimembranosus

longissimus

thoracis

et

semimembranosus
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Sensory evaluation

A score sheet, with a six point Likert-type measuring scale,
with one denoting the least favourable condition and six the
most favourable, was used by a trained ten-member sensory
panel of the Meat Science Centre of the ADSRI, to record the
assessment of aroma intensity, initial impression of juiciness,
sustained juiciness, tenderness, residue, flavour and
characteristic species flavour for each sample.
Tenderness determination

Toughness was measured as the maximum force (Newton)
required to shear a 12,5 mm diameter cylindrical core of
cooked meat perpendicular to the grain. The shear force
measurements were generated with a Warner Bratzler shear
attachment fitted to an Instron Universal Testing Machine
Model 1140 (Instron Food Testing Instrument, 1974). The
higher the reading obtained, the greater the shear force
required to cut through the meat and therefore the tougher the
meat.
Press fluid

A direct indication of the water holding capacity of the cooked
meat was obtained from the amount of expressible moisture
measured as a percentage of the initial unpressed mass of
sample subjected to a compressive force of 1 metric ton for 60
sec using a Carver Model C laboratory Press. A quadruplicate
test was performed on each sample using a Mettler AE 160
electronic balance to weigh the aluminium foil and sample.
Whatman No. 4 filter paper was used to absorb all expressed
moisture.
Biochemical analysis
M. longissimus thoracis

STATISTICAL ANALYSIS

Three-way analysis of variance with meat types (species), age
and fat code as the main effects on variation, was performed
on each of the dependent variables. If the main effects or the
two-factor interactions were significant at a 5 % level, the
variable was analyzed further at the 1 % significance level. A
correlation matrix was constructed to test for the correlations
between different variables.
RESULTS AND DISCUSSION

Both cuts will be considered concurrently for a balanced
appraisal.
The effect of species

Higher thawing losses were reported for Angora goats in
comparison to Boer goat cuts (Table 1). Cooking yield was
affected by the subcutaneous fat content of the various
species. Sheep meat showed significantly greater drip loss
than goat meat and more evaporation loss than Angora goat
meat. On the other hand, sheep and Boer goat meat had
greater total cooking losses than Angora meat. This
relationship between cooking yield and fat was also found by
Ockerman,
. (1982).
There were significant differences in the average sensory
evluation scores of the three species (Table 2). The aroma of
sheep meat was significantly more intense, it was more juicy,
more tender, contained less tissue residue, the flavour was
more acceptable and the species flavour more typical than that

Average cooking and thawing losses (%) scores of muscles from sheep, Angora and Boer goats.

ATTRIBUTE

Mm.

longissimus

thoracis

Species

F-value

Significance
level

Sheep

Drip loss

11,157

0,0001

5,24a

Evaporation loss

0,764

0,4700

13,25

Total cooking loss

1,293

0,2818

Thawing loss

2,253

0,1136

ab

M. semimembranosus

et al

The total collagen content of the
was
determined according to a method of Weber (1973).
Hydroxyproline was determined according to Bergman &
Loxley (1963). Total collagen content was calculated as the
ratio hydroxyproline relative to the total nitrogen content. The
TABLE 1:

solubility of the collagen was determined according to a
combination of the methods of Hill (1966) and Bergman &
Loxley (1963). Collagen solubility was expressed as the
percentage hydroxyproline in the filtrate as compared to total
amount of hydroxyproline (filtrate plus residue). These
determinations were not performed on the
which was too small to yield sufficient
analysis material.

et lumborum cuts

M. semimembranosus

Angora goat Boer goat

cuts

F-value

Significance
level

Sheep

3,19b

1,042

0,3588

14,59

14,41

14,95

12,35

3,262

0,0450

7,52a

5,64b

18,66

18,61

15,54

4,077

0,0217

22,12a

20,04b

22,20a

0,72

0,69

0,25

4,303

0,0178

0,47b

0,16a

3,68b

0,30ab

Angora goat Boer goat
15,51
6,69ab

Means in the same row with different superscripts differ significantly
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TABLE 2:

Average sensory evaluation scores of muscles from sheep, Angora and Boer goats.

ATTRIBUTE

Mm.

longissimus

thoracis

et

lumborum

cuts

M. semimembranosus

cuts

Species

F-value

Significance level

Sheep

Angora
goat

Boer goat

F-value

Significance level

Sheep

Angora
goat

Boer goat

Aroma
(6 = extremely intense; 1 = extremely bland)

6,768

0,0012

4,58a

4,32b

4,33b

7,714

0,0005

4,50a

4,20b

4,35ab

Initial impression of juiciness
(6 = extremely juicy; 1 = extremely dry)

1,561

0,2105

4,45

4,33

4,32

9,004

0,0001

4,36a

4,17 b

3,97c

Sustained juiciness
(6 = extremely juicy; 1 = extreemely dry)

5,910

0,0028

4,08a

3,86b

3,74b

18,485

<0,0001

3,98a

3,71b

3,42c

Tenderness
(6 = extremeley tender; 1 = extremely tough)

340,460

<0,0001

4,75a

3,07b

2,42c

52,216

<0,0001

3,84a

3,28b

2,94c

Residue
(6 = none; 1 = abundant)

235,960

<0,0001

4,40a

3,12b

2,45c

37,955

<0,0001

3,77a

3,26b

3,00c

Flavour
(6 = excellent; 1 = unacceptable)

11,140

<0,0001

4,29a

4,02b

3,88b

0,394

0,6748

4,13

4,09

4,06

Species flavour
(6 = extremely typical; 1 = extremely a-typical)

9,230

<0,0001

4,49a

4,27b

4,15b

5,329

0,0050

4,41a

4,22ab

4,18b

abc

Means in the same row with different superscripts differ significantly

of Angora and Boer goat meat. Angora meat was more juicy,
more tender and contained less connective tissue residue than
Boer goat cuts. This was confirmed by the shear force
measurements (Table 3). Sheep meat also showed less
resistance to shear force than Angora meat, which in turn
showed less resistance than Boer goat meat. Goat meat also
contained more collagen and the collagen was less soluble
than that of sheep meat (Table 4). This is similar to the results
of Pike . (1973) who described lamb leg chops as more
flavourful, juicy, tender and satisfactory overall than chops
from goat legs.
et al

TABLE 3:

Cooking losses of cuts were affected by the age of the animal
(Table 5). Evaporation and total cooking losses also showed a
tendency to increase with age. Drip loss increased significantly
with increased age. These differences were particularly
noticeable in the
cuts.
M. semimembranosus

The meat from animals of the A age group was more juicy
(initial and sustained), more tender, contained less tissue
residue, the flavour was more acceptable and the species
flavour more typical than that of the B and C age groups

Average expressible moisture and shear force resistance scores of muscles from sheep, Angora and Boer goats.

ATTRIBUTE
SPECIES
Expressible moisture (%)
Shear force resistane
(N/12,5 mm dia.)
abc

The effect of age

Mm.

longissimus

thoracis

et

lumborum

F-value

Significance
level

Sheep

2,361

0,1027

50,27

48,50

21,055

<0,0001

32,50a

45,76b

cuts

M.

Angora goat Boer goat

semimembranosus

cuts

F-value

Significance
level

Sheep

Angora goat Boer goat

47,83

2,572

0,0845

39,29

36,91

36,75

62,94c

26,551

0,0000

38,90a

54,05b

60,44c

Means in the same row with different superscripts differ significantly
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TABLE 4:

Average collagen measurements scores of the

M. longissimus thoracis

from sheep, Angora and Boer goats.

SPECIES

F-value

Significance level

Sheep

Angora

Boer goat

Collagen solubility (%)

7,549

0,0012

17,09a

15,19b

14,62b

Collagen content
(Hypro N/Total N x 103)

5,724

0,0055

3,18a

3,65b

3,74b

ab

Means in the same row with different superscripts differ significantly

(Table 6). This was confirmed by the expressible moisture and
shear force measurements. Meat of animals of the A age
group showed more expressible moisture than meat from the
B and C age groups (Table 7). Meat from animals of the A
age group also showed less resistance to shear than those of
the B and C age groups.
The study confirms the fact that, during growth and
development, significant changes occur in the composition of
the body of the animal which have a direct effect on the
palatability attributes of the end-product as evaluated by the
final consumer. This is in agreement with results from a study
performed by Forrest . (1975). They describe growth and
development in the animal after the age of 30 months as
causing a gradual toughening of the muscle.
et al

In this study a significant decrease in collagen solubility was
found with increased age (Table 8). These results can be
ascribed to the age-associated increase in the number of
crosslinks between collagen fibrils thus reducing solubility and
increasing resistance to shearing and chewing.
The effect of fat code

increased fat content. Carpenter & King (1965) also reported
higher cooking losses with increased marbling or fat content.
With increased fatness, significant differences in the
palatability attributes of the cuts studied were found (Table
10). With increased fatness, the juiciness of the cooked cuts
tended to decrease and the tenderness and species flavour to
increase. The expressible moisture content of the meat
increased with the fatness of the animal (Table 11). The
collagen solubility tended to increase and content to decrease
with increased fatness (Table 12). The decrease in collagen
content is probably due to the increase of muscle fibre volume
relative to muscle connective tissue during the growth of the
animal, and not directly by a decline in the absolute content of
collagen.
A decrease in shear force values with increased fatness was
found. This too may be attributed to the increased muscle
volume relative to the structural component, as well as to the
increased solubility of muscle collagen. However, the complete
mechanism of toughening is not yet understood and needs
further investigation.
CONCLUSIONS

Cooking yields were closely related to the fat codes of the
various carcass groups (Table 9). Higher drip, evaporation and The data of the present study confirms that goat meat is
total cooking losses were reported when carcasses had unique and is not interchangeable with meat from sheep (of
TABLE 5:

Average cooking and thawing losses (%) of muscles from sheep, Angora and Boer goats in three age classes.

ATTRIBUTE

Mm.

longissimus

thoracis

et

lumborum

cuts

M.

semimembranosus

cuts

Age group

F-value

Significance
level

A

B

C

F-value

Significance
level

A

B

C

Drip loss

8,960

0,0004

3,28a

3,72a

5,11b

6,841

0,0021

13,13a

15,39b

16,00b

Evaporation loss

0,557

0,5756

12,25

14,41

13,89

6,849

0,0021

5,38a

6,37ab

8,09b

Total cooking loss

1,178

0,3146

15,70

18,12

18,99

21,492

<0,0001

18,51a

21,76b

24,09c

Thawing loss

1,991

0,1452

0,83

0,46

0,37

2,187

0,1209

0,41

0,20

0,32

abc

Means in the same row with different superscripts differ significantly
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TABLE 6:

Average sensory evaluation scores of muscles from sheep, Angora and Boer goats shown in three age classes.

ATTRIBUTE

Mm.

longissimus

thoracis

et

cuts

lumborum

M.

semimembranosus

cuts

Age group

F-value

Significance
level

A

B

C

F-value

Significance
level

A

B

C

Aroma
(6 = extremely intense;
1 = extremely bland)

1,273

0,2806

4,48

4,40

4,35

1,234

0,2918

4,31

4,42

4,32

Initial impression of juiciness
(6 = extremely juicy; 1
= extremely dry)

3,057

0,0476

4,49a

4,32ab

4,29b

1,670

0,1889

4,16

4,09

4,25

Sustained juiciness
(6 = extremely juicy; 1
= extremely dry)

5,625

0,0038

4,04a

3,71ab

3,92b

4,851

0,0081

3,64ab

3,60a

3,87b

Tenderness
(6 = extremely tender; 1
= extremely tough)

36,218

<0,0001

3,87a

3,22b

3,16b

43,996

<0,0001

3,83a

3,21b

3,03b

Residue
(6 = none; 1 = abundant)

15,465

<0,0001

3,62a

3,18b

3,18b

15,943

<0,0001

3,63a

3,27b

3,14b

Flavour
(6 = excellent; 1 = unacceptable)

2,770

0,0633

4,18

4,02

3,99

7,965

0,0004

4,27a

4,03b

3,97b

Species flavour
(6 = extremely typical; 1
= extremely a-typical)

0,219

0,8036

4,33

4,28

4,31

3,888

0,0209

4,16a

4,38b

4,27ab

ab

Means in the same row with different superscripts differ significantly

TABLE 7:

Average expressible moisture and shear force resistance scores of muscles from sheep, Angora and Boer goats
shown in three age classes.

ATTRIBUTE

Mm.

longissimus

thoracis

et

cuts

lumborum

M.

semimembranosus

cuts

Age group

F-value

Significance
level

A

B

C

F-value

Significance
level

A

B

C

Expressible moisture (%)

7,124

0,0016

51,26a

48,37b

46,97b

1,342

0,2687

38,25

36,46

38,23

Shear force resistance
(N/12,5 mm dia.)

0,033

0,9679

45,86

46,61

47,65

19,872

<0,0001

40,61a

53,61b

59,22b

TABLE 8:

Average collagen measurements scores of the
shown in three age classes.

M. longissimus thoracis

from sheep, Angora and Boer goats

AGE GROUP

F-value

Significance level

A

B

C

Collagen solubility (%)

125,947

<0,0001

20,55a

16,30b

10,05c

5,781

0,0052

3,69a

3,17b

3,78a

Collagen content
(Hypro N/Total N x 103)
abc

Means in the same row with different superscripts differ significantly
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TABLE 9:

Average cooking and thawing losses (%) of muscles from sheep, Angora and Boer goat carcasses in three fat
codes.

ATTRIBUTE

Mm.

longissimus

thoracis

et

lumborum

cuts

M.

semimembranosus

cuts

Fat code

F-value

Significance
level

1

2

3

F-value

Significance
level

1

2

3

Drip loss

67,613

<0,0001

1,46a

3,91b

6,73c

1,007

0,3711

14,84

15,41

14,25

Evaporation loss

4,061

0,0220

11,31a

12,36ab

16,98b

11,488

0,0001

5,23a

6,01a

8,61b

Total cooking loss

12,352

<0,0001

12,96a

16,14a

23,71b

5,362

0,0071

20,07a

21,42ab

22,87b

0,708

0,4966

0,70

0,56

0,40

0,439

0,6469

0,36

0,29

0,27

Thawing loss
abc

Means in the same row with different superscripts differ significantly

TABLE 10:

Average sensory evaluation scores of muscles from sheep, Angora and Boer goats shown in three fat codes.

ATTRIBUTE

Mm.

longissimus

thoracis

et

lumborum

cuts

M.

semimembranosus

cuts

Fat code

F-value

Significance
level

1

2

3

F-value

Significance
level

1

2

3

Aroma
(6 = extremely intense;
1 = extremely bland)

1,164

0,3127

4,36

4,48

4,40

0,359

0,6985

4,34

4,32

4,39

Initial impression of juiciness
(6 = extremely juicy; 1
= extremely dry)

2,118

0,1209

4,47

4,32

4,31

2,512

0,0818

4,20

4,25

4,05

Sustained juiciness
(6 = extremely juicy; 1
= extremely dry)

7,878

0,0004

4,11a

3,82b

3,74b

2,560

0,0780

3,81

3,70

3,60

Tenderness
(6 = extremely tender; 1
= extremely tough)

2,958

0,0525

3,29a

3,51b

3,45ab

5,197

0,0057

3,19a

3,41ab

3,46b

Residue
(6 = none; 1 = abundant)

1,401

0,2469

3,24

3,40

3,34

0,560

0,5713

3,29

3,39

3,35

Flavour
(6 = excellent; 1 = unacceptable)

1,940

0,1444

3,96

4,11

4,11

3,580

0,0283

4,05a

4,21b

4,01a

Species flavour
(6 = extremely typical; 1
= extremely a-typical)

1,038

0,3545

4,27

4,37

4,28

4,109

0,0168

4,19a

4,39b

4,23ab

ab

Means in the same row with different superscripts differ significantly

the same approximate maturity and fatness levels) with regard
to palatability attributes. The study shows that significant
differences exist between the quality characteristics of sheep
on the one hand, and Angora and Boer goat meat on the
other. The sheep meat was juicier, more tender, contained
less connective tissue residue, had a more intense aroma and

the species aroma was more typical than that of either Angora
or Boer goat meat. In general, the meat of goat carcasses was
found to be significantly less acceptable than that of sheep
carcasses; from the Angora carcasses to a lesser extent,
however, than from those of the Boer goat.
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TABLE 11:

Average expressible moisture and shear force resistance scores of muscles from sheep, Angora and Boer goats
shown in three fat codes.

ATTRIBUTE

Mm.

longissimus

thoracis

et

lumborum

cuts

M. semimembranosus

cuts

Fat code

F-value

Significance level

1

2

3

F-value

Significance level

1

2

3

Expressible moisture (%)

3,768

0,0285

47,33a

48,77ab

50,51b

0,126

0,8817

37,57

37,99

37,38

Shear force resistance (N/12,5 mm
dia.)

0,617

0,5428

49,42

45,53

45,30

4,813

0,0114

56,57a

48,61ab

48,27b

ab

Means in the same row with different superscripts differ significantly

TABLE 12:

Average collagen measurements scores of the
shown in three fat codes.

M. longissimus thoracis

from sheep, Angora and Boer goats

FAT CODE

F-value

Significance level

1

2

3

Collagen solubility (%)

22,543

<0,0001

13,28a

15,91b

17,72c

9,855

0,0002

3,92a

3,52b

3,10c

Collagen content (Hypro N/Total N x 103)
abc

Means in the same row with different superscripts differ significantly

The study confirms the fact that the meat of younger animals
(irrespective of species) is juicier, more tender, contains less
connective tissue residue and the species aroma is less typical
than that of older animals and contains collagen with higher
solubility resulting in lower shear force values of cooked meat.

The present study also identified significant differences
between the meat of Boer and Angora goat carcasses. Angora
meat was found to be more acceptable than that of the Boer
goat. This may imply orientation in the marketing of meat of
these two goat breeds.

In conclusion it should be noted that although the
cooked according to a
dry cooking method is recognized worldwide as the indicator of
carcass eating quality, the
prepared
according to a moist heat cooking method may be an even
more accurate parameter. For the prediction of specific
carcass attributes, the
cuts showed
RECOMMENDATIONS
clearer differences between the various attributes tested.
This study shows that although the meat of both Angora and Whether it can be attributed to the specific muscle evaluated
Boer kid and goat carcasses is acceptable to the consumer, or the moist heat cooking method, is not clear. Future research
from an eating quality point of view, it is clearly distinguishable on this specific topic is needed.
from lamb or mutton. Although goat meat may become an
important source of good quality animal protein in the future, it REFERENCES
will have to be appreciated by the consumer for its own BAKER, B., 1987. Nanny-power.
April,
specific characteristics.
16-17.
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1968.
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increase in the fat thickness of carcasses were found. With
increased fatness, the juiciness of the cooked cuts tended to
decrease and the tenderness, species flavour and solubility of
collagen to increase.
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