South African Journal of Animal Science 2015, 45 (No. 3)
Peer-reviewed Proceedings of the 12th Meat Symposium:
Relevance of the South African Carcass Classification system

Changes in the composition of South African red meat

N. Hall** H.C. Schonfeldt'® & B. Pretorius'?

! Department of Animal and Wildlife Sciences, University of Pretoria, Pretoria, South Africa
2 Institute of Food, Nutrition and Well-being, University of Pretoria, Pretoria, South Africa

(Received 30 July 2014; Accepted 18 June 2015; First published online 11 August 2015)

Copyright resides with the authors in terms of the Creative Commons Attribution 2.5 South African Licence.
See: http://creativecommons.org/licenses/by/2.5/za
Condition of use: The user may copy, distribute, transmit and adapt the work, but must recognise the authors and the South African
Journal of Animal Science.

Abstract

Red meat often evokes a wide array of complex and contradictory arguments. It is viewed as the most
expensive component of any diet, supplying many essential nutrients as part of a healthy, prudent eating
plan. Yet, red meat is non-homogenous, unique to each country, and continually changing in composition. It
is observed that the amount of fat on carcasses has reduced over time, simultaneously improving nutrient
density through feed efficiency. The objective of this paper is to present composition data on South African
lamb, mutton and beef, and report on the changes observed between local data and international data (for
lamb and mutton), as well as changes in the composition of South African beef over time. South African
lamb and mutton contain notably less fat and more nutrients per 100 g product than international sheep meat
produced, rendering a lean product with a higher nutrient density. Compared to previous studies on South
African beef, the current data indicate notable changes in the composition over time, specifically related to a
reduction in fat content. This reduction together with changes in carcass weight has resulted in changes in
carcass composition and thus changes in nutrient density. The data attest that in order to align industry
processes, as well as legislation and marketing strategies, continued research on composition needs to be
performed for the baseline information to remain relevant and accurate.

Keywords: Beef, lamb, mutton, nutrient content, nutritional composition, South Africa
# Corresponding author: nicolette.gibson@up.ac.za

Introduction

There is a continual global demand for high-value animal protein. A global increase in per capita
consumption of livestock was observed from 24.2 kg per year in 1964, to 36.4 kg per year in 1999
(Bruinsma, 2003). The expected per capita consumption of animal products is predicted to increase to 45.3
kg per year by 2030 (EuroFIR Consortium, 2005). However, in industrial countries (including South Africa),
demand for red meat products from livestock is stagnant, or even in a gradual decline (Bureau of Food and
Agricultural Policy, 2013). Although meat is a food of choice in many diets, the popularity of red meat in
South Africa, as in many other countries, is continually declining in favour of white meat and other non-meat
proteins (Scholtz et al., 2001; Department of Agriculture, Forestry and Fisheries, 2012). Although the price
difference between white and red meat, and animal protein vs. plant protein, is recognised as contributing to
this phenomenon, another important possibility is the perceived health risk associated with the consumption
of red meat products considered to be high in total and saturated fat, along with product quality issues,
environmental issues and animal welfare.

Livestock products are often considered from a health perspective to contain a high fat content,
especially of saturated fat. In many studies, consumption of meat and dairy products has been linked to the
development of lifestyle-diseases including cancer, diabetes and cardiovascular diseases in both developed
and developing countries (Barendse, 2014). In contradiction, many current research reviews are questioning
the existing hypotheses regarding the role of fat (saturated and unsaturated) in human diets (De Oliviera
Otto et al., 2012; Chowdhury et al., 2014). Yet, regardless of this ongoing (and popular) debate regarding fat,
the majority of consumers have insisted on low fat diets, and continue to do so (Williams & Droulez, 2010).
As a result, it is observed that the amount of fat on red meat carcasses is continually changing throughout
the world, most notably towards less total and saturated fat. Reasons include health considerations, but also
increased price offerings for leaner produce (McNeill, 2014). Actions towards changes include breed
selection, feed manipulation, changes in animal slaughter age and carcass weight. Further removal of fat
through retail and food preparation practices, such as trimming, has resulted in even leaner products.
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In terms of human health and the role which red meat can play in daily diets, the majority of South
African adults, and especially women, are overweight (24.8%) or obese (39.2%) (Sishana et al., 2013). The
new release of the South African Strategic Plan for the Prevention and Control of Non-Communicable
Diseases 2013-17 highlights the importance of targeting obesity and other non-communicable diseases
(DOH, 2013). Within the 10 goals set out by the South African Declaration for Prevention and Control of Non-
communicable diseases, it is required to reduce by 10% the percentage of people who are obese and/or
overweight, to reduce the mean population intake of salt to <5 g per day, and reduce the prevalence of
people with raised blood pressure by 20% by 2020. As the role of red meat is often controversial, regarded
as related to weight gain and other diet-related health complications, accurate and up to date data on the
nutrient content of South African red meat as consumed by our population are needed to accurately
implement interventions.

In addition to the statistics on obesity, critical nutrients consistently observed as lacking from the diets
of South Africans, include iron and zinc. For South African children, in whom health and nutritional status are
fundamentally related in terms of growth and health outcomes, the intakes of energy, iron and zinc were
below two-thirds of the Recommended Dietary Allowances (RDA) in 2005 (Labadarios et al. 2008). In 2013,
the most comprehensive South African nutrition and health survey ever conducted found that 11% of our
children under 5 years of age had iron deficiency anaemia. In the same study, iron deficiency (serum ferritin
<15 ng/mL) was present in 15.3% of women older than 15 years. Iron, as a component of blood, plays an
important role in energy metabolism and oxygen transport in the human body. Similarly, protein is essential
for optimal body functioning. Animal-based protein foods (including red meat) are considered the best quality
sources of protein as they contain all the essential amino acids in the correct proportions (Rietman et al.,
2014). Although the production of livestock has increased in developing countries, the consumption of
protein is very low in many marginalized communities with people consuming the most limited amounts of
animal foods (Steinfeld et al., 2010).

Since the 1930s, studies on the physical and nutritional composition of South African red meat,
together with other research, have assisted in guiding the development of national carcass classification
systems over time (Naudé, et al., 1990). In 1970, as reported by Naudé et al. (1990), more than 70% of
South Africans preferred between 3 mm and 6 mm fat covering on beef roasts (approximately 6%
subcutaneous fat, and 18% dissectible carcass fat). A follow-up survey conducted in 1987 found that an
even higher proportion (77%) of the population preferred a lower fat cover (Naudé et al., 1990). Based on
these results, in combination with physical and nutritional composition data, the current classification system
for South African beef, sheep, lamb and goats was introduced. The Meat Board was dismantled in 1994 and
their regular market surveys were terminated. However, a study on consumer perception is currently being
conducted by the Bureau of Food and Agricultural Policy (BFAP) in collaboration with the South African Red
Meat Industry. In addition to consumer perception data, composition studies on South African red meat
(sheep and beef) have recently been conducted which could provide insights which could be used for
revision of the current classification system.

The results from three different research studies are reported in this article to serve as a background
document to the investigation of the current South African carcass classification system, as well as enabling
future alignment of additional industry processes, e.g. labelling and marketing. The first study investigated
the nutritional profile of South African lamb, while the second study investigated the nutritional profile of older
aged sheep, i.e. South African mutton. As the nutrient data obtained from these two studies were the first to
determine the nutritional profile of locally produced sheep meat, values are compared to nutrient data
generated for lamb and mutton produced and consumed in other parts of the world. The third research study
reported in this article investigated the nutritional profile of South African beef, and compares the information
obtained from current produce, to previous data generated on the composition of South African beef
produced prior to the implementation of the current classification system.

The composition studies on sheep meat were commissioned between 2006 and 2010 in collaboration
with the University of Pretoria, the Agricultural Research Council, Irene (ARC) and Meat and Livestock
Australia (MLA). The studies included South African lamb from the current age A, fat code 2 class, and
mutton from age C, fat code 2 class. Even though lamb is more commonly available on the market (>80%)
(Van der Westhuizen, SAMIC, Personal communication, June 2014) than mutton, the nutrient content data
for sheep meat previously referenced in the national food composition databank (Wolmarans et al., 2010)
were values for mutton meat borrowed from the United States Department of Agriculture’s (USDA) Food
Composition Database (USDA, 1998). These borrowed values report that mutton has the highest fat content
of all animal products at 25 g fat per 100 g edible product, probably explaining the negative health image
associated with sheep meat.

The study on the composition of South African beef was commissioned in 2010 by the University of
Pretoria in collaboration with the ARC, Irene. The composition of South African beef was last determined in
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the 1990s, and the new data enable comparison with the previous beef data in order to report changes over
time. This article thus presents a summary of the physical and nutrient composition of South Africa lamb,
mutton and beef as recently determined, to serve as a background document for the investigation of the
current South African carcass classification system.

Material and Methods

The sampling plans for each of the projects included in this article were developed so that the nutrient
data generated are representative and accurate, while considering financial constraints related to nutritional
analyses. The sampling plans were designed in collaboration with the South African Red Meat Industry,
experts from the University of Pretoria and scientists at the ARC, Irene.

Fatness code according to the South African carcass classification system (Government Notice No. R.
342 of 19 March, 1999) was used as a controllable factor when lamb, mutton and beef carcasses were
selected for analyses. Fatness codes are determined by physical evaluation of the subcutaneous fat layer on
the beef carcass after slaughter prior to further division into retail cuts. Measurements were taken visually by
trained professionals between the 3rd and 4th lumbar vertebrae of lamb and mutton, and the 10th and 11th
rib of beef. All carcasses selected fell within fatness code 2, meaning they had to contain between 1 and 3
mm subcutaneous fat for beef, and 1 mm and 4 mm subcutaneous fat covering for lamb and mutton
(Department of Agriculture, 1990).

For lamb and mutton analyses, similar sampling plans were followed. Dorper and Merino carcasses
were selected from two different abattoirs, representing the three main production regions in South Africa
(Karoo, Kalahari and Ermelo districts). For each age group (lamb (age A; 0 incisors) and mutton (age C;
more than 6 incisors)), three Mutton Merino carcasses and three Dorper carcasses were pooled from each
production region. A total of 18 carcasses was obtained per age group.

Slaughtering took place in commercial abattoirs within each region following standard slaughtering
procedures. Age was determined by the number of incisors, and fat codes of the carcasses were assessed
according to South African legislation and protocol, based on visual assessment of carcass fat content and
fat distribution by a trained qualified meat inspector (Department of Agriculture, 1990). The sheep carcasses
were transported to the Agricultural Research Council (ARC), Irene for further sampling procedures within 24
hours after slaughter.

For beef analyses, nine Bonsmara carcasses from fat code 2 from each of the four age groups were
selected for the study (age A (0 incisors), age AB (1 - 2 incisors), age B (2 - 6 incisors), and age C (>6
incisors)) and slaughtered at the Agricultural Research Council registered abattoir in Irene. A total of 36 beef
carcasses was included in the study. Animal breed was identified as a controllable factor.

The Bonsmara breed was selected as it represents 27% of the national stud herd, with nearly 50% of
beef-breeds for slaughtering purposes being Bonsmara cross-bred within feedlots (Van der Westhuizen,
SAMIC, Personal Communication, May 2014). All animals were slaughtered and dressed using standard
commercial procedures. Carcasses were electrically stimulated for 15 seconds (400 V peak, 5 ms pulses at
15 pulses/s) after exsanguination and entered the cold rooms (1 — 4 °C) 45 minutes after exsanguination.
Warm and cold carcass weights were recorded. Carcasses were classified according to the official South
African Carcass Classification System for age (by dentition) and fatness (visual appraisal) (Department of
Agriculture, 1990). Carcasses with the correct age and fatness were identified for each age group, weighed
and then chilled at 0 — 3 °C before being processed the day after slaughter.

All carcasses (sheep and beef) were sectioned down the vertebral column. Cuts from the left side of
each carcass were kept raw for nutritional analysis, while the cuts from the right sides were cooked prior to
nutritional analysis. The sides were subdivided into the primal carcass cuts according to the London and
Home Counties cutting techniques as described by Naudé (1974). For sheep meat, the shoulder, loin and
leg, and for beef, the shoulder, prime-rib and rump, were analysed for physical and nutritional composition.
These cuts were selected as they represent the composition of the carcass the best (Naudé, 1974). An
experienced deboning team was responsible for the physical dissection of the cuts. Dissection took place in
an environmentally controlled de-boning room (10 °C). The cuts were weighed and dissected into visible
meat, subcutaneous fat (adipose tissue under the skin), intermuscular fat (adipose tissue between muscles)
and bone. Each fraction was weighed and recorded, in order to estimate carcass composition. After nutrient
analysis, the estimate of carcass composition was used to calculate nutrient content.

Cuts (prime rib, rump and shoulder) from the right sides of each carcass (lamb, mutton and beef) were
cooked according to standardized moist or dry heat cooking methods in identical ovens at 163 °C to an
internal temperature of 73 °C at the ARC Meat Industry Centre. Internal temperature was measured in the
geometrical centre of each cut. After cooking the cuts were physically dissected into visible meat,
subcutaneous fat (adipose tissue under the skin), intermuscular fat (adipose tissue between muscles) and



328 Hall et al., 2015. S. Afr. J. Anim. Sci. vol. 45

bone. Each fraction was weighed, minced and frozen until nutritional analyses were performed. The
dissection procedure replicated the procedure followed for the raw cuts.

For nutritional analysis, the muscle and fat fractions from three of the same cuts from each species
were grouped together as composite samples of muscle and composite samples of fat. These fractions were
cubed, minced twice (5 mm, then 3 mm mesh plates), vacuum sealed and frozen. The samples were freeze
dried and sent for nutritional analysis to be performed on a double blind basis at the ARC Analytical
Laboratory (a South African National Accreditation Service (SANAS) accredited laboratory) for lamb and
mutton, and the UP NutriLab, University of Pretoria, South Africa for beef samples. The UP NutriLab uses
official methods of the Association of Official Analytical Chemists (AOAC). The laboratory is an Agri-
Laboratory Association of Southern Africa (AgriLASA) certified laboratory participating in their quality control
programme. In-house control samples were included to monitor the validity of all the analyses.

The proximate analyses of the cuts were carried out to determine total moisture (Official method of
analysis 934.01, AOAC, 2000), fat (ethanol extracted) (Official method of analysis 954.02, AOAC, 2000),
nitrogen (Official method of analysis 968.06, AOAC, 2000.) and ash (Official method of analysis 942.05,
AOAC, 2000; AOAC, 2005). The conversion factor of 6.25 was used in the calculation of the protein content
(Jones et al. 1942). Minerals were determined by Inductively Coupled Plasma- Optical Emission
Spectrometry - ICP-OES (Varian Liberty 2000).

As an analysis of full carcass composition is an expensive exercise, many studies have correlated the
composition of specific cuts to carcass composition. In the current study, three cuts were identified from the
front and hind quarters, which represents the composition of the carcass of each species the best. For lamb
and mutton, data from whole carcass dissection are included in this paper as found by Van Heerden et al.
(2011). For beef, Naudé (1972) and Schonfeldt (1998) found that the prime rib cut predicted the fat and
muscle content of the beef carcass the best. Data from the prime rib were used as a prediction of total
carcass values for beef. For comparison, the same calculations used by Naudé (1972) (namely the method
of Carroll & Conniffe (1967) to calculate analytically determined physical composition from chemically
analysed moisture, protein, ash and lipids), were used. The analytically determined physical composition
(muscle and fat) was calculated using dissection results (weight of bone, meat and fat), as well as the
chemically determined composition (moisture, protein, fat and ash) of the deboned tissues (meat and fat)
from each cut. Muscle content was calculated by adding moisture, protein and ash together for each portion.
The mass of ether extractable lipid was regarded as chemical fat. By means of this calculation, chemically
determined physical composition of muscle and fat was calculated.

Data for lamb and mutton were statistically analysed using Genstat Software 2003. The significance of
variables measured for each sample was tested by means of a one-way factorial analysis of variance
(ANOVA). In this paper, only mean values are reported. The data for beef were analysed with Genstat
Software 2013 with Linear mixed models, using the Residual Maximum Likelihood (REML) procedure of
GenStat(R), the analysis was used to test for differences between the effects of age per cut. The fixed effect
was specified as age and the random effect as the composite sample by age interaction. The residuals were
normally distributed and heterogeneity of age variances was accounted for. Fisher's protected least
significant differences (FPLSD) test at the 1% level was used to separate means (Payne et al., 2013).

Results and Discussion
Physical and nutritional composition of South African lamb and mutton

In Table 1, the physical composition of South African lamb and mutton is summarized as determined
by Van Heerden (2007) and Van Heerden et al. (2011). For the carcass values, muscle content decreased
with animal age, while fat content increased with animal age. Bone content remained relatively constant from
age A to age C sheep carcasses. No statistics are reported as the datasets from the two different research
studies varied.

In Table 2 the nutrient content of 100 g raw edible portion of South African lamb and mutton shoulder,
loin and leg cuts are presented (Schonfeldt et al., 2012). As the first of its kind of study in South Africa, no
local and nationally representative nutrient content data were available for sheep meat. The nutrient values
recorded in the national reference tables for food composition, report on the nutrient content of mutton (raw)
and selected mutton cuts (cooked) (Wolmarans et al., 2010). The data presented in the national food
composition reference tables represent the most accurate and comparative values which were available at
the time. These values were borrowed from the United States Department of Agriculture (USDA) Nutrient
Database for Standard Reference (USDA, 1998). Although lamb dominates the South African sheep meat
market with a market share of 85%, no values for lamb have ever been included in the national reference
tables. The new data which have been generated through the research studies, provide own South African
nutrient data for both lamb and mutton to be used in the national tables and food intake studies for future
reference.
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Table 1 Percentage contribution of meat, fat (subcutaneous and intermuscular) and bone to composition of
lamb (A2) and mutton (C2) cuts (Van Heerden, 2007; Van Heerden et al., 2011; Schonfeldt et al., 2012)

Meat (muscle + Fat Bone
Cut Age intramuscular fat) Subcutaneous Intermuscular
% % % %
Shoulder A 73.1 5.48 4.22 17.21
C 70.7 5.73 6.63 16.95
Loin A 63.9 9.09 9.06 17.93
C 65.0 10.14 6.89 17.96
Leg A 76.3 6.23 2.54 14.96
C 76.3 6.37 3.89 13.44
Carcass A 66.2 7.4 5.8 20.2
C 62.7 9.3 7.7 20.3

Age: age classification.

Table 2 Nutrient content of 100 g raw edible portion of South African lamb and mutton shoulder, loin and leg
cuts

H.0 Energy Prot Chol Fats Fe Mg K Na Zn
Cut Age

g kJ g mg g mg mg mg mg mg
Lamb 67.9 777 17.4 65.2 13 1.12 16.2 187 63.4 1.86
Shoulder Mutton 67.2 813 18.7 51.2 13.4 2.18 18.6 227 74.0 3.93
) Lamb 65.2 905 16.8 64.0 16.7 1.0 16.6 287 66.1 1.31
Loin Mutton 62.5 998 17.7 50.1 18.8 2.32 18.1 224 67.9 2.56
Lamb 70.2 682 18.0 64.1 10.2 1.59 20.1 325 64.6 251
Leg Mutton 69.7 730 19.0 49.6 11.0 2.8 20.5 253 67.2 3.15

H»O: water; Prot: protein; Chol: cholesterol.

In Table 3, the nutrient content of selected critical nutrients found in cooked untrimmed lamb and
mutton leg cuts is compared between countries and with the previous reference values. In Table 4 trimmed
cooked lamb and mutton leg values are compared to international values. From the comparisons it can be
seen clearly that South African lamb and mutton, as slaughtered and consumed (untrimmed), contain less fat
and less saturated fatty acids (SFA) than those reported for lamb and mutton from the United States of
America (USDA 2013), or the most recent values reported by the Australians (NUTTAB, 2010). According to
the latest draft of the Regulations Relating to the Labelling and Advertising of Foods: Amendment (R. 429 of
2014) (Department of Health, 2014), a foodstuff can be marketed and labelled as a ‘source of’ a selected
micronutrient’ if it contains more than 15% of the Nutrient Reference Values (NRV) per portion, and can be
labelled as ‘high in’ if it contains more than 30% of the NRV of the specific nutrient in question. South African
lamb and mutton can thus be marketed as ‘a source of iron’, and ‘high in zinc’. Similarly, products which
have a protein content higher than 10% can be labelled and marketed as ‘high in protein’, and South African
lamb and mutton pass this criterion with flying colours, containing between 24% and 27% protein per portion.
In terms of negative nutrient claims, fresh South African untrimmed lamb and mutton can be marketed as
‘low in sodium’, containing less than 120 mg sodium per 100 g fresh, unsalted product as per the regulation.
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Table 3 Selected nutrients found in 100 g cooked edible portion of South African lamb and mutton leg
(untrimmed) compared to the national reference values in other countries

. ~ South African* MRC? USDA® Australia
Nutrient Unit NRV*
Lamb  Mutton Mutton Lamb  Lamb 1987° Lamb 2013°
Protein g 24.1 27.2 25.6 25.55 29.3 29.0 56
Fat g 11.7 10.1 16.5 16.48 11.8 13.0 -
SFA g 5.69 4.84 6.89 6.89 - 5.5 -
MUFA g 4.69 4.19 6.96 6.96 - 4.7 -
PUFA g 0.47 0.36 1.18 1.18 - 0.9 -
Cholesterol mg 91.3 61.4 93.0 93.0 110.0 83.0 -
Iron mg 2.87 3.56 2.00 1.98 2.4 2.3 13
Zinc mg 3.11 4,12 4.40 4.40 4.5 4.8 10
Sodium mg 56.8 63.5 66.0 66.0 67.0 52.0 <2000

L Schonfeldt et al., 2012; >Wolmarans et al., 2010; 3 USDA, 2013; * Greenfield, 1987; ° NUTTAB, 2010.

* NRV: Daily Nutrient Reference Values for the purpose of the Regulations Relating to the Labelling and Advertising of
Foods: Amendment (R. 429 of 2014), Department of Health, 2014.

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids.

When locally produced lamb and mutton are further trimmed of subcutaneous fat, the fat content
reduces to less than 10 g per 100 g product (Table 4), in line with dietary recommendations and comparable
to international values. According to the latest draft of the Regulations Relating to the Labelling and
Advertising of Foods: Amendment (R. 429 of 2014) (Department of Health, 2014), meat with a fat percentage
of between 5% and 10% can be labelled as lean or trimmed. South African lamb and mutton leg, when
trimmed of subcutaneous fat, can thus be marketed as a “lean meat”. It should be noted that according to
legislation that in order for any nutrient content claim to be made on a product label, the nutrient composition
values need to be displayed on the label of the product as well. These values need to be either a) analytical

Table 4 Selected nutrients found in 100 g cooked lean edible portion of South African lamb and mutton leg
(trimmed) compared to national reference values in other countries

. . South African* USDA? Australia® New Zealand*
Nutrient Unit NRV*
Lamb Mutton Lamb Lamb Lamb
Protein g 25.4 28.1 28.3 30.0 23.7 56
Fat g 7.67 7.20 7.74 9.0 5.3 -
SFA g 3.68 3.36 2.76 3.6 - -
MUFA g 2.97 2.94 3.39 3.3 - -
PUFA g 0.29 0.29 0.51 0.8 - -
Cholesterol mg 91.7 61.6 89.0 80.0 74.4 -
Iron mg 3.12 3.81 2.12 2.5 1.7 13
Zinc mg 3.38 4.41 4.94 5.0 3.2 10
Sodium mg 61.9 68.0 68.0 63.0 61.0 <2000

! Schonfeldt et al., 2012; > USDA, 2013; * NUTTAB, 2010; * Massey University, 2011.

* NRV: Daily Nutrient Reference Values for the purpose of the Regulations Relating to the Labelling and Advertising of
Foods: Amendment (R. 429 of 2014), Department of Health, 2014.

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids.
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data from the supplier, b) chemical data from a reputable laboratory (as provided in this article), or c) data
from the latest edition of the national food composition tables (which in the case of lamb and mutton are
outdated). Another requirement for the data in the Regulations (R. 429 of 2014) is that the nutritional
information needs to be verified every 10 years by analysis and kept on record in order for any nutrient
content claims to be permitted.

Physical and nutritional composition of South African beef

In Table 5 the mean weight and percentage contribution of the physically dissected components
(meat, fat and bone) from the three cuts over the four age groups of beef are presented. As expected,
starting mass and physically determined meat content of the beef cuts varied with age, with a significant
decrease in meat from ages B to C for prime rib (P = 0.23) and in the shoulder cut (P = 0.014). Physically
dissected bone increased with age in prime rib (P = 0.003) and shoulder (P <0.001). Prime rib from age A
carcasses contained 17.32% bone, compared to C-age prime rib containing 20.98% bone on average.
Shoulder bone content increased from 6.96% from age A, to 10.51% in age C carcasses. Carcasses in the
current study had a mass range of 210 kg to 280 kg, whereas in the 1990s carcasses with a mass range of
between 190 kg to 240 kg were included (Schonfeldt, 1998). In 1981, the Department of Agriculture and
Fisheries (1981) reported carcass weight to be 142 kg. Such data predict that carcass weights have
increased over time.

In 1981 the South African Department of Agriculture and Fisheries published a technical
communication on the cuts of a beef carcass as determined by Naudé (1972). According to this technical
guideline, the average starting mass of a prime rib cut is 5 kg, comprising 3.5% of the whole carcass, with
780 g bone. The average starting mass of the prime rib in this study conducted 30 years later indicated
comparable, but slightly decreased, prime rib starting weights of between 4.33 kg (age A) and 4.88 kg (age
B), containing between 750 g (age A) and 900 g (age C) bone.

The average mass of a shoulder cut was reported in the technical communication of 1981 as 13.32 kg,
containing 1.95 kg bone. In the current study starting mass ranged from 11.5 kg (age A) to 13.5 kg (age AB
and B), containing between 800 g and 1.24 kg bone. It is assumed that the previous study included the arm
bone (humerus) in addition to the blade bone (scapula) during sampling. Only the scapula was dissected
with the shoulder cut from the carcass in the current study, possibly explaining the lower bone weight
recorded in the current study. No bone was included with the rump cut dissected from the carcass in the
current study, which differs from the rump cut reported by the Department of Agriculture and Fisheries (1981)
which contained 1.5 kg bone (Department of Agriculture and Fisheries, 1981).

As expected, because fat code was used as a controllable factor, no significant difference was found
for the dissected subcutaneous fat from the prime rib across the four age groups (Table 5), confirming that
the fatness code was correctly assessed. Similar to previous studies (Jacobson & Fenton, 1956), fat
generally increased with age from young to older animals.

In Table 5 it can be seen that no significant difference was found between the subcutaneous fat
content of the different age groups in the prime rib cut (P >0.05), but the intermuscular fat content was found
to be significantly higher in the age B (14.34%) and age C (15.85%) than in the age A samples (9.01%) (P =
0.002). Similarly, no significant difference was observed for intermuscular fat content between the age
groups (P >0.05) in the rump cut, but the subcutaneous fat content was significantly more in age B (9.52%)
than in the age A (6.59%). The shoulder cut, age AB (5.41%) had significantly more subcutaneous fat than
both cuts from age A (3.74%) and age C (3.68%) (P = 0.016), while age AB (8.74%) and B (8.44%) had
significantly more intermuscular fat than age A (5.74%) (P = 0.003).

In Table 6 the analytically determined physical composition (fat, muscle and bone) as derived from the
physical weights reported in Table 5 and chemically analysed proximate composition (moisture, protein, ash
and fat), is reported (Carroll & Conniffe, 1967). The values are compared to values for South African beef
recorded from the 1970s (Naudé 1972; Klingbiel, 1984; Schonfeldt et al., 2010). For this study, the values of
the prime rib cut were used to predict carcass composition. In the 1990s the fat range of marketable South
African beef carcasses was determined as 18.6 g/100 g for A-age carcasses, 19.9 g per 100 g for AB-age
carcasses and 20.5 g per 100 g for C-age carcasses (Schonfeldt, 1998). These values show a decrease in
the fat content of marketable beef of 23% from the 1970s (Naudé, 1972).

Although a reduction in chemically determined fat composition is observed over all age groups in the
recent study, the fat percentage of South African age A beef has decreased from 19% since the 1990s to
11%. As age A carcasses are the most marketable carcasses in the consumer market, it is predicted that
consumer demands for lean and tender meat are contributing reasons for the reduction in total fat
percentage which is achieved through breeding and feeding practices.
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Table 5 The mean physical composition (kg and percentage (%) contribution to total cut) of beef cuts (prime rib, rump and shoulder) over four age groups
(A, AB,B and C)

, Starting mass* Meat (muscle + Fat Bone
Cut Age class intramuscular fat) Subcutaneous Intermuscular
kg + SD kg + SD % kg + SD % kg + SD % kg + SD %
A 4.33°+0.07 2.97%+0.02 68.6 0.23 +0.003 5.30 0.39°+0.12 9.01 0.75°+0.07 17.3
AB 4.25°+0.31 2.65% +0.28 62.4 0.26 +0.08 6.12 0.55% +0.04 13.0 0.78%+0.08 18.4
Prime rib B 4.88°+0.18 3.00%+0.12 61.5 0.28 +0.05 5.74 0.70° £ 0.07 14.3 0.89" +0.10 18.2
C 4.29%° +0.25 2.55°+0.13 59.4 0.22 +0.05 5.13 0.68° +0.09 15.9 0.90°+0.11 21.0
P-value 0.023 0.23 >0.05 0.002
A 6.22 + 0.44 5.32+0.38 85.5 0.41°+0.04 6.59 0.52 +0.03 8.36 - -
AB 6.33+0.43 5.11+0.22 80.7 0.55% + 0.09 8.69 0.65+0.14 10.3 - -
Rump B 7.04+0.78 5.67 + 0.62 80.5 0.67° +0.08 9.52 0.66 +0.24 9.38 - -
C 6.83 +0.43 5.57 +0.21 81.6 0.50° +0.11 7.32 0.75+0.12 11.0 - -
P-value >0.05 0.244 0.035 0.112
A 11.5%+0.60 9.64% +0.45 83.9 0.43%+0.07 3.74 0.66°+0.12 5.74 0.80% +0.06 6.96
AB 13.5°+0.58 10.42% + 0.62 77.2 0.73°+0.18 5.41 1.18°+0.10 8.74 1.11° +0.08 8.22
Shoulder B 13.5°+1.53 10.58%+ 0.88 78.4 0.58% +0.05 4.30 1.14° +0.40 8.44 1.24°+0.24 9.19
c 11.7%+1.08 9.06" +0.76 77.4 0.43%+0.10 3.68 0.89%° + 0.09 7.61 1.23"+0.29 10.5
P-value 0.003 0.014 0.016 0.003 <0.01

* Age class was determined according to the South African Carcass Classification System (Department of Agriculture, 1990).
*Starting weight refers to the mass of each cut prior to dissection.
SD: standard deviation.
2P Means in the same column per cut, with different superscripts differ significantly (P <0.05).
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Table 6 Comparison of analytically determined physical composition of marketable South African beef reported over time

r 1972* 19842 2010° Current study (2014)
Tissue Age class”
- A AB C A AB C A AB B C
Bone (%) 13.7 - - - 16.9 16.5 19.2 17.3 18.4 18.3 21.0
Muscle (%) 63.5 - - - 64.8 62.6 60.6 72.0 65.7 64.6 62.13
Fat (%) 22.8 14.0 16.5 16.1 18.6 19.9 20.5 11.0 16.0 17.1 16.2

! Naudé, 1972; *Klingbiel, 1984; * Schonfeldt,1998.

# Age class (A, AB, C) and fat codes were determined according to classification within the South African Carcass Classification System at the time of each study
(Government Notice No. 992 of 20 May, 1949; Department of Agriculture, 1990).
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Table 7 Nutrient content of 100 g edible portion of raw prime rib, rump and shoulder of South African beef (untrimmed) from four age groups

Age H,O Prot Fats Ca P Mg Cu Fe Zn Na K Se
Cut #
class g g g mg  mg mg mg mg mg mg mg Mg
A 66.1 20.0° 13.3% 51.2 1832 21.7 0.45% 1.317 2.65 48.2 3242 5.752
AB 61.3 18.4° 19.6% 52.0 138° 19.3 0.24° 1.71° 2.97 53.7 273° 8.28"
Prime rib B 59.7 18.5° 21.0° 44.7 137° 25.8 0.33" 1.77° 3.00 48.4 255° 7.67°
C 60.9 17.7° 20.6° 52.1 138° 17.3 0.39% 1.69° 2.85 51.6 271° 4.07°
P-value 0.08 0.01 0.04 0.70 <0.001 0.2 0.002 0.002 0.17 0.57 <0.001 <0.001
A 68.5° 19.9 10.7% 34.0 1972 23.4®  0.57 1.317 2.13 44.4%® 3382 6.30°
AB 63.7° 19.2 16.1° 31.3 167° 22.3% 056 2.73° 2.63 46.8% 326% 11.4°
Rump B 63.1° 18.5 17.4° 27.2 158° 37.7° 053 207 245 42.3° 297" 9.49"
C 65.0%° 19.0 14.9° 36.0 170° 25.1*  0.68 2.08% 2.75 55.6% 301° 5.79%
P-value 0.02 0.39 0.002 0.58 0.01 0.01 0.09 0.01 0.06 0.04 0.01 0.001
A 71.3 20.5° 7.562 40.9 1952 23.1 0.61 1.46% 3.01° 52.9° 3372 6.22°
AB 68.0 18.6° 12.7° 36.7 147° 19.1 0.57 1.81° 3.40% 62.5° 279° 10.8°
Shoulder B 68.8 18.9% 11.6% 34.9 150° 19.6 0.63 1.88° 3.20% 58.4% 277° 8.93"
C 68.8 19.5% 10.7%* 427 166° 23.1 0.72 1.90° 3.67° 69.8° 204 4.86°
P-value 0.06 0.04 0.04 0.46 0.006 0.22 0.1 0.001 0.05 <0.001 0.02 <0.001

ab< \eans in the same column per cut, with different superscripts differ significantly (P <0.05).

H»O: moisture; Prot: protein.
* Age class (A, AB, B, C) and fat codes were determined according to classification within the South African Carcass Classification System at the time of each study
(Government Notice No. 992 of 20 May, 1949; Department of Agriculture, 1990).
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Table 8 Selected nutrients per 100 g portion, found in South African untrimmed and trimmed, raw beef cuts (prime rib, rump and shoulder) compared to
carcass data determined in the 1990s and the current NRVs for the South African human population older than 37 months
Current study” 1990s*
Nutrient Unit Untrimmed Trimmed Lean muscle only Untrimmed NRV*
A AB B C A AB B C A AB B C A B C
Protein g 20.0 18.4 18.5 17.7 20.7 19.4 19.5 18.3 22.3 22.1 22.4 21.0 18.2 18.7 18.4 56
Fat g 13.3 19.6 21.0 20.6 10.0 15.4 17.2 17.8 3.37 3.82 4.87 5.62 19.8 19.9 20.1 -
Calcium mg 51.2 52.0 44.7 52.1 54.8 56.2 48.2 55.3 61.8 68.0 59.4 69.5 13.7 14.8 14.3 1300
Phosphorus mg 180 140 140 140 195 149 148 147 220 180 182 185 160 167 158 1250
Magnesium mg 21.7 19.3 25.8 17.3 23.2 20.8 27.8 18.4 26.2 25.2 34.3 23.2 18.2 19.0 20.0 365
Copper mg 0.45 0.24 0.33 0.39 0.48 0.26 0.36 0.41 0.55 0.31 0.44 0.52 0.23 0.17 0.14 0.90
Iron mg 1.31 1.71 1.77 1.69 1.41 1.84 1.90 1.80 1.59 2.23 2.35 2.27 0.94 1.08 1.94 13
Zinc mg 2.65 2.97 3.00 2.85 2.84 3.22 3.24 3.04 3.20 3.89 3.99 3.82 3.28 3.59 3.53 10
Sodium mg 48 53 48 52 52 58 52 55 58 70 64 69 88 100 95 <2000
Potassium mg 324 273 255 271 346 295 275 288 391 356 339 362 272 293 278 >4700
Selenium Vo] 5.75 8.28 7.67 4.07 6.14 8.95 8.27 4.33 6.94 10.8 10.2 5.47 - - - 55

! schonfeldt et al., 2010.
* NRV: Daily Nutrient Reference Values for the purpose of the Regulations Relating to the Labelling and Advertising of Foods: Amendment (R. 429 of 2014).

# Nutritional analysis of the prime rib cut has been used as it was determined that his cut predicts the composition of the carcass the best (Naudé, 1972; Schonfeldt, 1998).
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In Table 7 the nutrient content of a 100 g raw edible portion of South African beef prime rib, rump and
shoulder as slaughtered is presented. As animals age, a general tendency that is observed is a decline in
moisture content, along with a decline in protein content, while certain mineral concentrations increased
significantly, and others decreased. For prime rib, age A carcasses had significantly more protein than age
AB, B and C carcasses (P = 0.01), and significantly less fat than age B and C carcasses (P = 0.04). For
rump, age A had significantly more moisture (P = 0.02) and less fat (P = 0.002) than the other age groups,
with no significant difference noted for protein content between ages. Similar to the prime rib, protein content
decreased (P = 0.04) and fat content increased (P = 0.04) with age in the shoulder cut.

In age A prime rib cuts, significantly less iron (P = 0.002), but more phosphorus (<0.001) and
potassium (P <0.001) was found than in the other age groups. Similarly, age A shoulder cuts had
significantly more phosphorus, but less iron, than the other age groups. Age A rump cuts contained more
phosphorus than any of the other rump cuts from the other age groups, but no significant difference was
found in the iron content of rump between age A, age B or age C animals. Rump from age AB animals,
however, had more iron per edible portion than age A.

The selenium content in all cuts as significantly higher in age AB and age B carcasses which were
grass fed, compared to age A and age C animals which were rounded off on grain-based diets. Selenium is
a unique mineral currently receiving considerable global attention as research is uncovering its role in human
health related to immune function and reproduction (Rayman, 2012).

As previously mentioned, in order to make any nutrient content claim in marketing or consumer
education activities, analytical data need to be verified at least every 10 years according to the Regulations
Relating to the Labelling and Advertising of Foods: Amendment (R. 429 of 2014) (Department of Health,
2014). In this paper, selected nutrients of raw, target grade (age A and AB) South African beef are compared
with the nutrient content determined in target grade beef in the 1990s. When compared to the previous beef
data (Table 8) on the nutritional content of beef (Schonfeldt, 1998), it is clear that nutritional fat content
decreased notably in target grade beef (age A) from nearly 20 g per 100 g in the 1990s, to less than 13 g per
100 g in the current study. Fat content further varied between the different carcass cuts. Less notable
differences are observed in the fat content of beef within the other age groups, probably indicating the role
which industry has played in adjusting target class beef as dictated by price and demand.

When considering the Regulations Relating to the Labelling and Advertising of Foods: Amendment
(R. 429 of 2014), South African prime rib, rump and shoulder can be labelled as ‘a source of zinc, iron,
phosphorus and selenium’, while being ‘high in copper’, and ‘low in sodium’ (providing less than 120 mg
sodium per 100 g product). When trimmed of all visible fat, South African beef from age A, AB and B
contains less than 5% fat, and can thus be classified as extra lean according to these Regulations (R. 429 of
2014) (Department of Health, 2014).

Conclusions and Recommendations

This article presents data generated through three recent compositional studies on South African red
meat. The information on lamb and mutton provides the first set of own datasets on the nutritional and
compositional quality of South African lamb and mutton. Previously, data used by health professionals as
well as policy makers and academia were borrowed values from the USDA as reported in the South African
national food composition tables. Notable differences include that South African lamb and mutton contain
significantly less fat, and subsequently a higher profile of other essential nutrients such as protein, iron and
zinc. In the context of the current South African nutrition landscape, with high incidence of overweight and
obesity in the midst of nutritional deficiencies, locally produced lamb and mutton could thus have a beneficial
role in diets of the population, contrary to previous popular belief of this species to be too high in fat.

South African beef has also changed notably in the past centuries. Especially young carcasses, which
comprise the majority of product offering on the market, have decreased notably in total fat content when
untrimmed. Additional trimming (prior to consumption) furthermore decreases the fat content of South African
beef to as little as 3.4% fat, which can be positively compared to lean white meat product offerings. In
addition, the leaner the meat product consumed, the higher the nutrient density (amount of nutrients) per unit
of energy supplied.

The data reported in this paper thus enable the South African red meat industry to better position
locally produced red meat within the current global sustainable debate. Furthermore, the updated information
could assist in guiding industry processes, including carcass classification which is currently under
investigation.
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