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Abstract — Meat tenderness has been proven to
be the most important factor to consumers when
rating meat quality. It is therefore important to
the meat industry to consistently produce tender
meat which is priced accordingly. Various pre-
and post-harvesting factors are known to affect
meat tenderness, such as post mortem aging.
Consumers perceive vacuum-packaged beef as
aged beef and also relate price of a product
positively to quality. In the preliminary stages of
this beef audit we show that vacuum-packaging
does not consistently result in a tender product
and furthermore that there is no correlation
between price per kilogram of the product and
its tenderness in the South African urban meat
market.
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I.  INTRODUCTION

Consumer criteria for beef quality identifies a
number of key properties that can be termed
attributes of quality namely, visual appearance
at the point of purchase (colour, fatness,
packaging), eating quality or palatability and
general health considerations [1]. Tenderness
has been identified as the most important
palatability attribute of meat, and thus, the
primary determinant of overall meat quality
and consumer satisfaction [2, 3]. Since various
factors from the farm gate to the final cooked
product affect not only tenderness but also
other quality characteristics [4], presenting a
product of consistently high quality is the
culmination of the combined efforts of all role
players in the industry to manage all the
various quality factors. These factors include
genetics, nutrition, growth promotants, pre-
harvest stress, harvest technology (electrical
stimulation, chilling), post-harvest conditions
(duration of shelf life or aging, packaging,
temperature) and cooking [5-14]. The success
rate of the various sectors of the meat industry
implementing these technologies, may vary
due to factors such as technical skills and
knowledge, the market sector, financial
viability and others. The beef production
chain is still hugely fragmented and so for

large parts of the industry the quality of the
final product may vary and secondly the
reasons for the variation are difficult to trace to
a specific sector or role player. On the other
hand, without previous knowledge of product
quality, the consumer has to rely on clues such
as appearance of the meat, packaging, price
and label information to form an opinion of the
product [15]. Vacuum-packed meat is
normally perceived by the consumer as a high
quality product [16]. In addition, Dransfield et
al. [17] reported a positive relationship
between consumers’ willingness to pay and the
price.  combined with favourable visual
appearance of meat.

While new projects are designed to address
quality challenges in the production process of
meat, very little is known about the final
quality of red meat offered to the consumer at
various outlets.

The larger project aims at running a Beef
Quality Audit to firstly determine the variation
in quality (tenderness, colour, water properties
and others) within and between different types
of outlets and to attempt to verify the reasons
for variation in quality so that research or
technology transfer can address specific
problems. In this paper initial data on the
variation of shear force tenderness of vacuum-
packed products in relation to price is
presented.

Il.  MATERIALS AND METHODS

In the first round of the Beef Quality Audit, 14
samples were collected from the shelves of 13
outlets on 14 different dates over a 15 week
period. The retail outlets were categorised as
“food retailers” or “grocery stores” (G) and
“butcheries” (B) and for the purpose of the
report were numbered as G1 to G4 and Bl to
B7, respectively. The “food retailers” can be
described as large chain stores whose primary
products are not meat only while the
“butcheries” are defined as their primary
business being the selling of meat. Porterhouse
(boneless and also called sirloin or scotch
fillet) or related cuts were purchased, the latter
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meaning that in some cases porterhouse was
not sold and club steak (bone in) was
purchased instead. On rare occasions T-bone
was purchased when club-steak was not
available. Broadly speaking, the selected cut
contained the M. longissimus of the hind
quarter. For grocer 2 and 4, two products were
sampled and numbered as G2a and G2b and
G4a and G4b. All products were from a
feedlot cattle except for G4a which was grass
fed. All cuts were presented as vacuum-packed
products by the outlets. None of the cuts from
butcher outlets had any indication of ageing
period before packaging, while certain food
retailers had minimum ageing times stated on
the package labels. G4a was aged for a
minimum of 35 days, G3 and G4b for 28 days
and G2a and G2b for 21 days. On the day of
collection the products were stored at 2°C and
Warner Bratzler shear force (WBSF) was
performed the day after purchase on steaks
oven broiled at 170 °C to and internal
temperature of 70 °C [18]. Shear force was
performed on 6 x 12.5 mm (diameter) cores
removed from cooked steaks after cooling
them down to room temperature.

Products from the different outlets were
compared by frequency distribution of shear
force values in five tenderness categories
adopted from Miller et al. [19]. The first 2
categories (<3.3 kg and 3.3 — 4.2 kg) can be
regarded as “very tender” and “tender”,
respectively. The third category (4.3 — 5.2 kg),
would not satisfy all consumers, while the
fourth and fifth categories (5.3 — 6.3 kg and
>6.3 kg) can be described as “tough” and
“very tough”, respectively.

I1l.  RESULTS AND DISCUSSION

According to Figure 1, only 2 out of 7
“butcheries” had more than 50 % (7 out of 14)
steaks collectively in the 2 tender categories.
Moreover, B7 had no steaks in these 2
categories and in the rest of the butcheries
(except B1) 2 or 3 samples occurred in
category 5, meaning that the consumer has a
fair chance of selecting a very tough steak in
all but B1. When only referring to “butchers”
therefore, vacuum-packaging does not
guarantee a consistently tender product. The
“food retailers” showed a slightly more
favourable picture with all 6 products from 4
stores having at least 50% samples in the 2
tender categories (Figure 2). Three products

from 2 stores had 50 % or more steaks in the
very tender category (G2a, G2b and G4a). In
contrast, G1 had a fairly even distribution of
steaks over all 5 categories, therefore showing
inconsistency. Furthermore, G1 had 5 (out of
14) samples in the tough categories (> 5.3) and
every product except G4a had at least 1 sample
in the 2 tough categories. In contrast to
vacuum-packed products of “butcheries”, most
of the products from ‘“food retailers” are
brand-named with claims of vacuum aging of
at least 21 days to 35 days and one of these
products included a beef breed brand name.
Surprisingly, the most consistent product from
these outlets was that of the free-range cuts,
therefore older cattle, but it has to be added
that this product was aged for 35 days. A
survey done on beef tenderness in the USA
[20] also found inconsistencies in tenderness
and concluded it to be a result of insufficient
aging post production.

In this audit, other than the few brand named
products which guaranteed a specific number
of days aged, the bulk of the products had no
indication of time aged. The few that displayed
both packed and sell by dates showed that a
maximum of 14 days aging could occur but in
some cases only 7 days.

Previous reports have indicated that consumers
are brand loyal [21] but that in the absence of
brand labels, when faced with steaks of a
similar appearance, one third of consumers
will pick the more expensive product with the
assumption that the quality is superior [22].
The average price of vacuum-packed samples
in this audit varied from R 63 / kg to R 108 /
kg (US$1=tR7.8, €1=xR10). By simple
comparison it is clear that prices and quality,
in terms of average tenderness or consistency
in tenderness, did not correspond (Figure 3). A
similar situation was reported for lamb in
Australia [23] showing that this is a problem
worldwide. For example, 10 out of the 14
products purchased from B4 at R63/kg were
within the 2 tender categories while B7 which
was more expensive had no products in the 2
tender categories. Unfortunately there were 3
very tough samples in the B4 product. The
most expensive cut (G4a) had no cuts outside
of the 2 tender categories and G2a that was the
third most expensive product, recorded 13 of
14 cuts as tender and very tender but 1 as
tough. However, of the 6 remaining products
that sold at >R 90/kg the number of steaks
recorded in the 2 tender categories varied
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Figure 1. Distribution of Warner Bratzler shear force (WBSF) values among 5 tenderness categories (kg SF) for
vacuum-packed loin steaks (out of 14) purchased at 7 different butcheries (Butcheries were randomly numbered

from B1 to B7).
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Figure 2. Distribution of Warner Bratzler shear force (WBSF) values among 5 tenderness categories (kg SF) for
vacuum-packed loin steaks (out of 14) purchased at 4 different food retailers (Retailers were randomly
numbered from G1 to G4 with “a” and “b” distinguishing 2 products per retailer).

between 5 and 10. G4b which sold at R107/kg
had 2 products in the tough category and 4 in
the category which would not satisfy all
consumers. For the products sold between R80
and R89/kg between 7 and 8 of 14 cuts were
recorded as tough or very tough, while the
corresponding range for the products between
R70 and R79/kg was between 3 and 6.

IV.  CONCLUSION

This audit has so far shown that vacuum-
packaging was no guarantee for tender meat.
Products falling in the tough category ranged
from O to 8 products out of 14. It is also a
concern that price per kg did not correlate well
with tenderness and is therefore not a
guarantee to the consumer that a tender piece
of meat has been purchased. In fact the
cheapest product was more consistent in

tenderness than many of the more expensive
ones.
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Figure 3. Mean values for price per kg for vacuum-
packed samples

58" International Congress of Meat Science and Technology, 12-17" August 2012, Montreal, Canada



ACKNOWLEDGEMENTS

Analytical Services Laboratory staff of ARC-API,
Irene. Red Meat Research and Development Trust
of South Africa (RMRDT) and Technology and
Human Resources for Industry Programme of the
Department of Trade and Industry, South Africa for
funding.

REFERENCES

1.Egan, A. F., Ferguson, D. M. & Thompson, J. M.
(2001). Consumer sensory requirements for beef
and their implications for the Australian beef
industry. Australian Journal of Experimental
Agriculture 41: 855-859.

2.Dikeman, M. E. (1987). Fat reduction in animals
and the effects on palatability and consumer
acceptance of meat products. Proceedings of the
Reciprocal Meat Conference 40:93.

3.Miller, M. F., Huffman, K. L. Gilbert, S. Y.
Hammon, L. L. & Ramsey, C. B. (1995). Retail
consumer acceptance of beef tenderized with
calcium chloride. Journal of Animal Science 73:
2308-3068.

4.Ferguson, D. M., Bruce, H. L., Thompson, J. M.,
Egan, A. F., Perry, D. & Shorthose, W. R. (2001).
Factors affecting beef palatability - farm gate to
chilled carcass.  Australian  Journal  of
Experimental Agriculture 41: 879-891.

5.Wheeler T. L., Savell J. W., Cross H. R., Lunt D.
K. & Smith S. B. (1990). Mechanisms associated
with the variation on tenderness of meat from
Brahman and Hereford cattle. Journal of Animal
Science 68: 4206-4220.

6.Koohmaraie, M. (1996). Biochemical factors
regulating the toughening and tenderization
processes of meat. Meat Science 43: S193-S201

7.Tornberg, E. (1996). Biophysical aspects of meat
tenderness. Meat Science 43: S175-S191.

8.Veiseth, E. Shackelford, S. D. Wheeler, T. L. &
Koohmaraie M. (2001). Technical note:
comparison of myofibril fragmentation index
from fresh and frozen pork and lamb longissimus.
Journal of Animal Science 79: 904-906.

9.Thompson, J. (2002). Managing meat tenderness.
Meat Science 62: 295-308.

10. Maher, S. C., Mullen, A. M., Keane, M. G,,
Buckley, D. J. Kerry, J. P. & Moloney, P. (2004).
Decreasing variation in the eating quality of beef
through homogenous pre- and post-slaughter
management. Meat Science 67: 33-43.

11. Dunshea, F. R., D’Souza, D. N., Pethick, D. W.,
Harper, G. S. & Warner, R. D. (2005). Effects of
dietary factors and other metabolic modifiers on
quality and nutritional value of meat. Meat
Science 71: 8-38.

12. Vestergaard, M., Madsen, N. T., Bligaard, H. B,
Bredahl, L., Rasmussen P. T. & Andersen, H. R.
(2007). Consequences of two or four months of

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

finishing feeding of culled dry dairy cows on
carcass characteristics and technological and
sensory meat quality. Meat Science 76: 635-643.
Lund, M. N., Hviid, M. S., Claudi-Magnussen,
C., & Skibsted, L. F. (2008). Effects of dietary
soybean oil on lipid and protein oxidation in pork
patties during chill storage. Meat Science 79:
727-733.

Wood J. D., Enser, M., Fisher A. V., Nute, G. R.,
Sheard P. R., Richardson, R. I., Hughes, S. I. &
Whittington F. M. (2008). Fat deposition, fatty
acid composition and meat quality: A review.
Meat Science 78: 343-358.

Bernués, A., Olaizola, A. & Corcoran, K. (2003).
Extrinsic attributes of red meat as indicators of
quality in Europe: an application for market
segmentation. Food Quality and Preference 14:
265-276.

Hoffman, E., Menkhaus, D. J., Chakravarti,
P.Field, R. A. & Whipple, G. D. (1990). Using
Laboratory Experimental Auctions in Marketing
Research: A Case Study of New Packaging for
Fresh Beef. Marketing Science 12: 318-338.
Dransfield, E., Zamora, F. & Bayle, M. (1998).
Consumer selection of steaks as influenced by
information and price index. Food Quality and
Preference 9: 321-326.

American Meat Science Association (AMSA)
(1995). Research guidelines for cookery, sensory
evaluation and instrumental tenderness of fresh
meat. National Livestock and Meat Board,
Chicago, IL, USA.

Miller, M. F., Carr, M. A., Ramsey, C. B.,
Crocket, K. L. & Hoover, L. C. (2001). Consumer
thresholds for establishing the value of beef
tenderness. Journal of Animal Science 79: 3062-
3068.

Brooks, J. C., Belew, J. B., Griffin, D. B,,
Gwartney, B. L., Hale, D. S., Henning, W. R,
Johnson, D. D., Morgan, J. B., Parrish, F. C.,
Reagan, J. O. & Savell, J. W. (2000). National
beef tenderness survey-1998. Journal of Animal
Science 78: 1852-1860.

Banovi¢, M., Grunert, K. G., Barreira, M. M. &
Fontes, M. A. (2010). Consumers’ quality
perception of national branded, national store
branded, and imported store branded beef. Meat
Science 84: 54-65.

Dransfield, E., Zamora, F. & Bayle, M. (1998).
Consumer selection of steaks as influenced by
information and price index. Food Quality and
Preference 9: 321-326.

Safari, E., Channon, H. A., Hopkins, D. L., Hall,
D. G. & Van de Ven, R. (2002). A national audit
of retail lamb loin quality in Australia. Meat
Science, 61: 267-273.

58" International Congress of Meat Science and Technology, 12-17" August 2012, Montreal, Canada





