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Abstract

Feeding systems, slaughter age and other production techniques notably influence the nutrient
content of red meat. The modernization of the different South African production systems since the previous
nutrient composition studies, justifies the necessity to update existing knowledge on the nutritional profile of
South African produced beef. In addition, a need was identified to extrapolate the effect of the two different
feeding systems (extensive and intensive) on this nutritional profile. Results indicate that the total lipid
content of marketable young carcasses (age A, fat code 2) has decreased over time, in line with global
health and nutrition trends for leaner foods. With the majority of beef from these young carcasses being
produced on intensive grain-based feeding systems, South Africa has a unique advantage in terms of total
lipid content of such grain-fed produce. Internationally, grain-fed red meat is in most cases higher in total and
saturated fat content compared to grass-fed counterparts, while in South African the opposite was observed.
In addition to total fat content, the role of various lipid fractions in human health has often been associated
with specific produce positioning and marketing. South African grass-fed beef is significantly higher in
healthy omega 3 fatty acids and conjugated linoleic acid, irrespective of degree of fat trimming. From a
human nutrition perspective, it should be kept in mind that the total amount of omega 3 fatty acids per edible
portion of beef produced in either production system is low in comparison to human dietary
recommendations.
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Introduction

Nutrient composition data (or the nutritional profile) of a food commodity is considered an essential
resource for the positioning of the food within healthy, sustainable diets (Greenfield & Southgate, 2003).
Composition data also give valuable insights into the justification of specific food product attributes, e.g. fat
content or marbling related to the juiciness of red meat cuts (Jeremiah, 1996).

Red meat is considered to be a non-homogenous, ever changing food commodity (Higgs, 2000).
International and national studies have reflected the effect of breeding, feeding and other production factors
on the nutrient composition of the end product (Schonfeldt & Hall, 2008; McNeill et al., 2012; Van Elswyk &
McNeill, 2014). In South Africa, in the period following when previous studies on the composition of South
African beef were performed (Naude, 1972; Schonfeldt et al., 2010), various breeding and feeding
technologies have progressed towards producing a consistent end product with a particular fat content.

In addition, as reported by Pollard et al. (2002), health factors are among the main drivers in food
choice and consumption. More and more consumers are aware of the health benefits of balanced diets and
good nutrition, and are willing to make lifestyle changes to reduce the risk associated with unhealthy food
choices (Peng, 2004). This has led to a paradigm shift focusing on the science of food (e.g. composition,
function, interaction and the complete food matrix) and an increased interest in food labelling. In South
Africa, new labelling legislation came into effect in 2010, governing specific food labelling and advertising
claims. To date, fresh red meat was excluded from certain regulations and the red meat trade has moreover
not utilized labelling effectively. However, a new draft, “Regulations Relating to the Labelling and Advertising
of Foods: Amendment (R. 429 of 2014)” (Department of Health, 2014), provides an opportunity for the red
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meat industry to market and label fresh meat products as sources of certain beneficial nutrients, and
emphasizes that they are low in nutrients such as fat and sodium based on updated nutritional quality.
Labelling fresh red meat in such a way could play a beneficial persuasive role at point of purchase. However,
to adhere to the regulations, updated scientific data on the nutritional composition of food products to be
labelled, need to be available. The variation in nutritional content of meat as influenced by age, feeding
system and degree of trimming can also be communicated in this manner to the consumer.

It was thus considered timely for the red meat industry of South Africa to support a project on the
composition of South African beef as currently produced and consumed. A project by Red Meat Research
and Development South Africa (RMRDSA), and supported by the National Research Foundation, was
therefore initiated in 2010. The project included the determination of the nutrient content (including fatty acid
profile) of South African beef over the four age groups as described in the current carcass classification
system, and including the two different production systems (intensive and extensive). The effect of trimming
(an activity often carried out by the trade and health conscious consumers) on the nutrient composition was
also included.

Materials and Methods

The South African market classification for beef, sheep and goats classifies carcasses into four age
groups depending on the number of erupted incisors. Nine carcasses for each of the four age groups of beef
were included in the study. It included carcasses from age A (0 incisors), age AB (1 - 2 incisors), age B (3- 6
incisors), and age C (>6 incisors) (Department of Agriculture, 1990). In South Africa, more than 85% of age
A-carcasses is produced in feedlots with grain-based feeding systems, whereas age AB- and age B-
carcasses are mainly produced on grass-based feeding systems. Age C-carcasses found on the market are
normally culled cows, mainly produced on the veld (grass-based feeding system), but rounded off to optimal
fatness in a feedlot (grain-based feeding system) (Van der Westhuizen, SAMIC, Personal communication,
2014).

Animal breed was identified as a controllable factor, as breed influences composition (Warren et al.,
2008). The South African Bonsmara breed was selected as it represents 27% of the national stud herd, with
nearly 50% of beef breeds for slaughtering purposes in feedlots being cross-bred Bonsmara breed types
(Van der Westhuizen, SAMIC, Personal communication, 2014).

Fatness code was used as the second controllable factor, and only carcasses with a fat code 2 were
included. Within the South African market, age and fat code determine the market price, with fat code 2
reaching the highest price. Consequently more than 75% of all meat sold on the market is classified as fat
code 2 (Van der Westhuizen, SAMIC, Personal communication, 2014). Fat code was identified by a qualified
meat inspector using visual assessment of carcass fat content and fat distribution. According to the
classification system, fat code 2 carcasses should contain 4.1% subcutaneous fat, and 1 to 3 mm of
subcutaneous fat on the prime rib area (Department of Agriculture, 1990).

All animals were slaughtered and dressed using standard commercial procedures at the experimental
facility at the Irene campus of the Agricultural Research Council. 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, where-after
carcasses were classified according to the official South African Carcass Classification System. In the
current study, carcass weight over all age groups ranged from 200 kg to 300 kg. Age A- and C-carcasses
had the lowest weight range (200 kg to 250 kg), while age B-carcasses had the heaviest average
slaughtered weight range (250 kg to 300 kg). It was observed that over time the weight of carcasses has
increased. In 1998, the average recorded carcass weight was 190 kg to 240 kg (Schonfeldt, 1998).

Nine carcasses with the correct age and fatness were identified for each age group, weighed and then
chilled at 0 - 3 °C before being processed on the day after slaughter. Carcasses were sectioned down the
vertebral column, and subdivided into the prime rib, rump and shoulder carcass cuts according to the London
and Home Counties cutting techniques, as described by Naudé (1974). Physical dissection took place in an
environmentally controlled de-boning room (10 °C). An experienced deboning team was responsible for the
removal of the cuts as well as the physical dissection of each of these cuts into visible meat, subcutaneous
fat (adipose tissue under the skin), intermuscular fat (adipose tissue between muscles) and bone. Three cuts
(prime rib, rump and shoulder) were selected for the study as they predict the composition of the carcass the
best when raw and cooked (Naude, 1972; Schonfeldt, 1998).

For chemical analysis, the muscle and fat fractions from three of the same cuts 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 sent for chemical analysis
(moisture, protein, ash and lipid) at the UP NutriLab of the University of Pretoria, South Africa. The physical
dissection weights and chemical analysis were used to calculate the composition of the various portions of
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the three cuts. These include the ‘as slaughtered’ portion constituting bone, muscle, intermuscular fat and
subcutaneous fat; the ‘edible’ portion constituting muscle, intermuscular fat and subcutaneous fat; the ‘lean
edible’ portion constituting muscle and intermuscular fat, and the ‘muscle only’ portion constituting only the
muscle fraction with all visible fat removed.

Analyses were performed on a double blind basis at UP Nutrilab, University of Pretoria. The laboratory
used 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. A control sample was used to monitor validity of all the analyses. The control sample was
analysed with every batch of samples. The results of the control sample were within control limits, therefore
the results of these analyses can be accepted as reliable. Intralaboratory comparisons were used to prove
accuracy.

The proximate analyses of the cuts were carried out to determine total moisture (Official method of
analysis 934.01, AOAC 2000), lipid (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). The
conversion factor of 6.25 was used in the calculation of the protein content (Jones et al., 1942; AOAC, 2005).

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, lipid and
ash) of the deboned tissues (meat and fat) from each cut. Analytically determined 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, the chemically determined physical composition
of muscle and fat was calculated, and together with dissected bone comprised the total cut. Data obtained
from the prime rib cut were used as a prediction of total carcass composition. Since an analysis of full
carcass composition is an expensive exercise, many studies have correlated the composition of specific cuts
to carcass composition. According to Naude (1972), and confirmed by Schonfeldt (1998), the prime rib cut
was found to predict the fat and muscle content of the carcass most accurately.

For fatty acid analyses, total lipid from meat sample was quantitatively extracted, according to the
method of Folch et al. (1957). Total extractable fat was determined gravimetrically from the extracted fat and
expressed as percentage fat (w/w) per 100 g of tissue. A lipid aliquot (20 mg) was converted to methyl esters
by base-catalysed transesterification, to avoid conjugated linoleic acid (CLA) isomerisation, as proposed by
Park et al. (2001), Kramer et al. (2002) and Alfaia et al. (2007). Fatty acid methyl esters (FAMEs) from fat
were quantified with a flame ionization gas chromatograph which was fitted with a fused silica capillary
column. Hydrogen was used as the carrier gas, while nitrogen was employed as the makeup gas. Fatty acid
methyl ester samples were identified by comparing the retention times of FAME peaks from samples with
those of standards.

The data was statistically 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

In Table 1 the mean weight (kg) of the physically dissected components (starting weight, bone,
muscle, visible subcutaneous and intermuscular fat) from the three cuts of beef over the four age groups is
presented.

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 (Government Notice No. 1548 of 16 October,
1936). This protocol was also followed when selecting the carcasses for this study. As expected, no
statistically significant difference was found for the dissected subcutaneous fat from the prime rib across the
four age groups, confirming that the fatness code determined by visual assessment in this study was correct.

Starting weight and muscle weight increased with age from age A to the AB- and B-age groups.
However, a significant decrease in muscle weight was noted from age AB to age C in the prime rib
(P = 0.23), and from age B to age C in the shoulder cuts (P = 0.014). As expected, bone content (kg)
increased with age in the prime rib (P = 0.003) and shoulder (P <0.001). It should be noted that the rump cut
as dissected in this study did not contain any bone.

Similar to previous studies (Jacobson & Fenton, 1956), subcutaneous and intermuscular fat generally
increased with age from young (age A) to older (ages AB and B) animals. 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 and age C than in the age A
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samples (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
than in the age A group. In the shoulder cut age AB had significantly more subcutaneous fat than both cuts
from age A and age C (P = 0.016), while ages AB and B had significantly more intermuscular fat than age A
(P =0.003).

As fat content increases, it accumulates in several locations simultaneously, initially as subcutaneous
and intermuscular fat, followed by accumulation in the muscle as intramuscular fat (marbling) (Wood et al.,
1999; 2008). Marbling is often positively associated with tenderness and juiciness. These positive
associations with fat content formed the basis for the development of the United States of America (USA)
classification system of beef, which is based on degree of marbling and animal maturity (United States
Department of Agriculture, 1997).

Table 1 Mean physical composition (kg = standard deviation) determined by dissection of Bonsmara beef
cuts (prime rib, rump and shoulder) over four age groups (fat code 2)

Stqrting Bone Meat Subcutaneous Intermuscular
Cut Age weight* fat fat
n=9 class kg kg kg kg kg
A 433°+0.07 0.75°+0.07 2.97°+0.02  0.23+0.003 0.39°+0.12
AB 425°+031 0.78°+0.08 2.65*°+0.28 0.26+0.08 0.55% +0.04
Primerib B 488"+0.18 0.89°+0.10 3.00°+0.12  0.28+0.05 0.70° £ 0.07
C 429°+025 0.90°+011 2.55°+0.13  0.22+0.05 0.68° +0.09
P-value 0.023 0.003 >0.05 >0.05 0.002
A 6.22+0.44 - 5.32+0.38 0.41°+0.04 0.52 +0.03
AB 6.33+0.43 - 5.11+0.22 0.55% + 0.09 0.65+0.14
Rump B 7.04+0.78 - 5.67 + 0.62 0.67° +0.08 0.66 +0.24
C 6.83+0.43 - 5.57+0.21 0.50° +0.11 0.75+0.12
P-value >0.05 - >0.05 0.035 >0.05
A 11.5°+0.60 0.80°+0.06 9.64°+0.45  0.43%+0.07 0.66°+0.12
AB 13.5°+058 1.11°+0.08 10.42°+0.62 0.73°+0.18 1.18°+0.10
Shoulder B 13.5°+153 1.24°+0.24 1058*+0.88 0.58% +0.05 1.14° +0.40
C 11.7°+1.08 1.23°+0.29 9.06°+0.76  0.43*+0.10 0.89%° + 0.09
P-value  0.003 <0.01 0.014 0.016 0.003

*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.

abC Means in the same column per cut, with different superscripts differ significantly (P <0.05).

As slaughtered, all cuts (prime rib P = 0.003), rump (P = 0.003) and shoulder (P = 0.009)) had
significantly more muscle at age A than at ages AB, B and C with no significant difference between ages AB,
B and C (Table 2). In contrast, lipid content increased with age, with significant increases observed from age
A to age B in the rump (P = 0.002) and shoulder cuts (P = 0.044). When determining the composition of the
untrimmed edible portion (bone removed but with all visible fat intact), similar observations were made.
Muscle content decreased significantly with age, while lipid content increased significantly with age in all
cuts.

When edible portions were trimmed of subcutaneous fat (Table 3), a significant increase in lipid
content was observed from age A and age B in the prime rib (P = 0.013), and between ages A and AB in the
rump (P = 0.017) and shoulder (P = 0.041) cuts. In all cuts there was significantly more muscle in age A cuts
compared to the other age groups with no statistically significant differences observed in the muscle content
between ages AB, B or C in all cuts.

When all visible fat was removed (subcutaneous and intermuscular fat), muscle content decreased
and fat lipid content increased with age. However, no significant difference was observed in the muscle and
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fat lipid content between ages A and AB for prime rib and rump, with no significant difference observed in the
muscle (P = 0.001) and fat (P = 0.009) content between ages A, AB or B for the shoulder cut. In all cuts, age
C had significantly less muscle and more fat lipids than age A, even when all visible fat was removed.
Trimming of visible fat thus had the least effect on total lipid content in the age C cuts, confirming the
increase in lipid deposition within muscle cells (intramuscular adipose tissue/marbling) as animals’ age
(Pflanzer & Eduardo de Felicio, 2011) (Figure 1).

Table 2 Physical composition (g + standard deviation) of 100 g portions of untrimmed South African beef
with and without bone (determined by physical dissection and chemical analyses) over four age groups (fat
code 2)

As slaughtered (with bone) Untrimmed (edible portion)

Cut Age class”
Bone Muscle Lipid Muscle Lipid
A 17.3+1.31 72.0°+1.18 11.0+2.15 87.1%+2.24 13.3%+2.35
brime rib AB 18.4+1.38 65.7° + 3.61 16.0 + 3.56 80.7%° + 4.33 19.6% +4.30
| |
18.3+1.08 64.6°+1.11 17.1+0.68 79.2°+0.59 21.0°+0.97
C 21.0+1.96 62.1°+1.79 16.2 +2.95 79.4°+3.41 20.6" +3.36
P-value - 0.003 >0.05 0.035 0.04
A - 89.8% + 0.56 10.8% +1.03 89.4% + 0.87 10.7%+0.96
AB - 83.7°+1.76 16.1°+ 1.65 84.0°+1.79 16.1°+ 1.65
Rump b b b b
B - 82.3°+0.29 17.3°+0.29 82.7°+0.27 17.4°+0.30
C - 85.1°+2.72 14.9° +2.03 84.9° +2.03 14.9°+2.12
P-value - 0.003 0.002 0.002 0.002
A 6.98 +0.15 86.8% +0.34 7.06% £ 0.21 93.0%+0.17 7.56% £ 0.21
AB 8.25 + 0.09 80.1°+2.16 11.6°+1.92 87.5°+2.17 12.7°+2.12
Shoulder b ab ab ab
9.13+0.43 80.4° + 2.67 10.6% +2.02 88.6% + 2.46 11.6% +2.29
C 10.4 + 0.56 79.3°+ 2,57 9.52% + 1.65 89.2%° + 1.85 10.7% +1.97
P-value - 0.009 0.044 0.034 0.04

* Age class was determined according the South African Carcass Classification System (Department of Agriculture,

1990).

ab,c

e e o S —

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

Figure 1 Photographic presentation of a horizontal cut through ages AB, B and C shoulder cuts (from left to

right) illustrating fat and muscle deposition as fat code 2 animals age.
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Table 3 Physical composition (g = standard deviation) of 100 g trimmed portions of South African beef
(determined by physical dissection and chemical analyses) over four age groups (fat code 2)

Trimmed of subcutaneous fat Trimmed of all visible fat

Cut Age class”
Muscle Lipid Muscle Lipid
A 90.4%+2.38 10.0%+2.49 97.1%+ 0.34 3.37%+0.33
o AB 84.9° +2.70 15.4% + 2. 66 96.5%+ 0.81 3.82% +0.77
Prime rib b b ab be
B 83.0° + 0.40 17.2° +0.05 95.3%+ 0.40 4.87° +0.52
C 82.2°+2.91 17.8°+2.86 94.4°+ 151 5.62°+ 1.44
P-value 0.01 0.013 0.024 0.049
A 93.0%+0.49 7.15%+0.66 98.3%+0.13 1.84%+0.25
AB 89.7°+1.22 10.4°+1.05 98.2%+ 0.42 1.93%+0.44
Rump b b be b
B 89.5° +1.63 105"+ 1.45 97.5" + 0.27 2.54°+0.18
C 89.0° + 1.33 10.9°+1.45 96.8°+ 0.36 3.01°+0.45
P-value 0.016 0.017 0.001 0.011
A 94.8% +0.15 5.72%+0.07 98.0% + 0.04 2.55%+0.08
AB 90.9° + 0.88 9.28"+0.78 97.2%+0.25 2.98%+0.29
Shoulder b b a a
91.2°+2.40 9.07° +2.25 97.1%+0.67 3.16%+0.52
C 91.0°+1.31 8.92%° + 1.44 95.5° + 0.61 4.46° + 0.81
P-value 0.026 0.041 0.001 0.009

* Age class was determined according the South African Carcass Classification System (Department of Agriculture,
1990).
ab< Means in the same column per cut, with different superscripts differ significantly (P <0.05).

In 1981 the South African Department of Agriculture and Fisheries published a technical
communication on the characteristics of the cuts of a beef carcass as determined by Naudé (1972)
(Department of Agriculture and Fisheries, 1981). According to this technical guideline, the average starting
weight of a prime rib cut was 5 kg, compromising 3.5% of the whole carcass, with 780 g bone. The average
starting weight of the prime rib in this study conducted 30 years later indicate comparable, but slightly
decreased, prime rib starting weights (range between 4.25 kg and 4.88 kg, Table 1).

In 1981 untrimmed prime rib contained 61.5% muscle, 23.9% lipid and 14.1% bone (Department of
Agriculture and Fisheries, 1981). In the current study, the percentage muscle was higher for marketable age
A carcasses (72%), decreasing with age to 62.1% muscle in age C prime rib. Lipid content was notable less
(ranging from 11% in age A to 17.1% in age B) in the current study (Table 2) compared to 23.9% fat
recorded for marketable South African beef in 1981. For shoulder with bone, the contribution of muscle to the
cut was between 79.3% (age C) and 86.8% (age A). This is a notable increase when compared to the
average muscle content in 1981 of 77.8%. Lipid content was notably lower than the previously reported
14.2% in 1981 (Department of Agriculture and Fisheries, 1981), currently ranging from 7.1% (age A) to
11.6% (age AB). The previous contribution of shoulder bone to the cut was recorded as 7.2% (Department of
Agriculture and Fisheries, 1981), in the current study the bone content was found to range between 7% (age
A) and 21% (age C).

In Table 4 the physical composition of South African beef as published over time is presented and
compared to the results of the prime rib cut from the current study. In the 1990s the lipid content of
marketable South African beef carcasses, fat code 2, was 19.8 g/100 g for age A-carcasses, 19.9 g/100 g for
age AB-carcasses and 20.1 g/100 g for age C-carcasses (Schonfeldt et al., 2010). These values show a
decrease in the lipid content of marketable beef from the 23% value obtained in the 1970s (Naudé, 1974).
Results from the current study indicate a further decrease in lipid percentage of marketable age A beef to
11%, while the lipid percentage of age C carcasses has remained relatively constant at 16%.

In Table 5 the macro- and micronutrient concentrations of South African beef cuts (raw, per edible
portion) are reported. To make any nutrient concentration claim in marketing or consumer education,
analytical data needs to be verified at least every 10 years according to the Regulations Relating
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Table 4 Physical composition (bone, muscle, lipid) (determined by physical dissection and chemical
analysis) of marketable South African beef* recorded over time

1972 19842 2010° Current study
Tissue Age class (fat code 2)*
na A AB C A AB C A AB B C
Bone (%) 13.7 - - - 17.7 179 204 173 184 183 21.0
Muscle (%) 63.5 - - - 678 649 641 720 657 64.6 62.13
Fat (%) 228 140 165 16.1 151 170 16.2 11.0 16.0 17.1 16.2

* Physical composition of the whole carcass was predicted from the chemical composition of the

prime rib cut (Naudé, 1972).

na: age class not available.

! Naudé (1972); ? Klingbiel (1984); ° Schonfeldt et al. (2010).

* Age class and fat codes were determined according to classification according to the South African
Carcass Classification System at the time of each study (Government Notice No. 992 of 20 May, 1949;
Department of Agriculture, 1990).

to the Labelling and Advertising of Foods: Amendment (R. 429 of 2014). When considering these regulations
certain portions of South African beef can be labelled as ‘a source of iron, phosphorus and selenium’, while
being ‘high in protein, zinc and copper’, and ‘low in sodium’ (providing less than 120 mg sodium per 100 g
product). When trimmed of all visible fat, the fat content of South African beef from ages A, AB and B contain
less than 5% fat (Table 5), and can thus be classified as ‘extra lean’ according to the Regulations (R. 429 of
2014).

Table 5 Content of selected nutrients (/100 g) found in South African untrimmed and trimmed, raw boneless
beef cuts

Untrimmed Trimmed of Trimmed of
) subcutaneous fat all visible fat

Nutrient
/100 g Age class (fat code 2)

A AB B C A AB B C A AB B C
Protein (g) 200 184 185 17.7 207 194 195 183 223 221 224 210
Fat () 13.3 196 210 206 100 154 172 178 337 382 487 5.62
Calcium (mg) 51.2 52 447 521 548 562 482 553 618 680 594 695
Phosphorus (mg) 180 140 140 140 195 149 148 147 220 180 182 185
Magnesium (mg) 217 193 258 173 232 208 278 184 262 252 343 232
Copper (mg) 045 024 033 039 048 026 036 041 055 031 044 052
Iron (mg) 1.31 1.71 1.77 1.69 1.41 1.84 19 1.8 1.59 2.23 2.35 2.27
Zinc (mg) 265 297 3.00 285 284 322 324 304 32 3.89 399 3.82
Sodium (mg) 48 53 48 52 52 58 52 55 58 70 64 69
Potassium (mg) 324 273 255 271 346 295 275 288 391 356 339 362
Selenium (ug) 575 828 7.67 407 6.14 895 827 433 694 108 102 5.47

In Tables 6, 7 and 8 the fatty acid contents of cooked edible portions of South African beef (over the
four age groups and two production systems) are presented.

Grain-fed beef from age A-carcasses had the least amount of total fat per edible portion (Table 6),
although no statistical difference was observed. This is in contrast to the findings from a review of four
studies on the composition of beef in the United States which found that grass- or forage-feeding significantly
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lowers total fat content (Van Elswyk & McNeill, 2014). These differences can probably be attributed to
different production systems.

Table 6 Fatty acid content of 100 g cooked, untrimmed, South African beef

) ) Age class (fat code 2) E-
Fat/fatty acid Unit SE
Age A Age AB  AgeB Age C value

Total fat g 17.5 20.4 20.6 21.6 0.06  0.91
Lauric C12:0 g 0.005° 0.01% 0.01° 0.005° 0.03  0.001
Myristic C14.0 g 0.34 0.42 0.51 0.40 0.23 0.05
Myristoleic C14:1c9 g 0.04? 0.05% 0.07° 0.04? 0.04 0.01
Pentadecylic C15:0 g 0.06° 0.11° 0.11° 0.05° 0.01 0.01
Palmitic C16:0 g 2.6 3.43 3.75 3.33 0.16  0.32
Palmitoleic C16:1c9 g 0.21 0.27 0.39 0.27 0.06 0.04
Margaric C17:0 g 0.15 0.18 0.18 0.12 0.08 0.02
Stearic acid C18:.0 g 2.13 2.67 2.62 2.74 0.27 0.22
Elaidic C18:1t9 g 0.04° 0.03" 0.02° 0.03% 0.02  0.003
Oleic C18:1c9 g 3.12 3.6 3.81 3.51 0.65 0.39
Vaccenic C18:1c7 g 0.24 0.17 0.11 0.14 0.08 0.03
Linoleic C18:2c9 g 0.21° 0.04° 0.05° 0.13% 0.01  0.03
Arachidic C20:0 g 0.01% 0.07° 0.07° 0.03% 0.002 0.01
Eicosenoic C20:1cl11 g 0.01 0.01 0.01 0.01 0.93 0.002
CLA C18:2c9,t11 g 0.02° 0.06° 0.06° 0.04* 0.01 0.01
a-Linolenic C18:3c9 g 0.01° 0.05" 0.05" 0.02° 0.001 0.01
Total SFA g 5.31 6.88 7.24 6.66 020 0.61
Total MUFA g 3.66 4.12 4.42 3.99 0.67 0.43
Total PUFA g 0.23 0.15 0.16 0.19 020 0.03
Total Omega- 6 g 0.23 0.10 0.11 0.17 0.05 0.03
Total Omega- 3 g 0.01° 0.05° 0.05° 0.02° 0.005 0.01

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

* Age class and fat codes were determined according to classification according to the South African Carcass
Classification system at the time of each study (Government Notice No. 992 of 20 May, 1949; Department of
Agriculture, 1990).

CLA: conjugated linoleic acid; SFA: saturated fatty acid; MUFA: monounsaturated fatty acid;

PUFA: polyunsaturated fatty acid; Omega 6: n-6; Omega 3: n-3.

When trimmed of the subcutaneous (outside) fat cover after cooking, culled, grain-finished, age C
animals had significantly more fat than young grain-finished age A animals (Table 7). When trimmed of all
visible fat, i.e. trimmed of subcutaneous and intermuscular fat with only marbling (intramuscular fat)
remaining, young animals from feedlots (age A) contained significantly less fat (P = 0.007) than the other
groups (Table 8). Translated to human consumption, a 100 g portion of trimmed beef from young age A
animals from grain-based feeding systems would contain between 3 g and 4 g less fat per 100 g than beef
from grass- or forage-based feeding systems.

When evaluating specific fatty acids, no statistically significant differences are seen for either total
saturated fatty acids, monounsaturated fatty acids or polyunsaturated fatty acid (PUFA) content between
untrimmed edible portions of South African beef from different production systems or age groups (Table 6).
However, when fully timmed (Table 8) significantly differences were noted. Not only is total fat content
lower, but the total saturated fat content is significantly lower in fully trimmed age A, grain-fed animals (P =
0.003) compared to animals from the other groups (Table 8). A 100 g fully trimmed serving of South African
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age A beef from grain-based feeding will deliver at least 1 g less saturated fat than the same serving of
grass-fed beef.

Beef is known to be a primary source of healthy monounsaturated fatty acids in Western diets, with
the most common source being oleic acid (C18:1). No statistically significant difference is seen in the
monounsaturated fat content between the different age groups or production systems (Tables 6, 7 and 8).
This observation is most probably due to the fact that the South African classification does not promote
marbling, and young, target grade beef is produced to be as lean as possible, and in fact contains somewhat
less (although not statistically significant) monounsaturated fats than the slightly fattier grass-fed beef.

Little difference is seen in the PUFA content of untrimmed beef produced with the different production
systems, although statistically significant differences are seen between the individual PUFA, particularly as
related to omega 6 and omega 3 fatty acids (Table 6). The omega 6 fatty acid, linoleic acid (C18:2), is the
primary PUFA found in beef. In South African untrimmed beef, linoleic acid (C18:2c9) (omega 6) was
significantly more prevalent in grain-finished produce, whereas alpha-linolenic acid (C18:3c9) (omega 3) was
significantly higher in the grass-finished red meat (ages AB and B) (Table 6). This is similar to results found
by Warren et al., (2008), who reported that omega 3 fatty acid (C18:3n-3) concentrations in muscles from
cattle fed grass-based diets were higher than those fed grain-based diets, and that the concentration of
omega 6 fatty acids (C18:2n-6) in muscle from cattle on grain-based concentrate diets was higher than in
muscles of beef fed grass silage diets. This finding was not influenced by trimming (Tables 7 and 8).

Table 7 Fatty acid composition of 100 g cooked South African beef trimmed of subcutaneous fat

Age class (fat code 2)

Fat/fatty acid Unit P-value SE
Age A Age AB Age B Age C

Total fat g 14.5% 16.3% 19.6%° 19.7° 0.02 0.90
Lauric C12:0 g 0.004? 0.007% 0.009" 0.004? 0.02 0.001
Myristic C14.0 g 0.28 0.34 0.43 0.37 0.13 0.04
Myristoleic C14:1c9 g 0.03? 0.04* 0.06° 0.04° 0.04 0.01
Pentadecylic C15:0 g 0.05° 0.09° 0.09° 0.04° 0.01 0.01
Palmitic C16:0 g 2.15 2.74 3.19 3.03 0.08 0.25
Palmitoleic C16:1c9 g 0.17° 0.21% 0.33" 0.24* 0.03 0.03
Margaric C17:0 g 0.12 0.14 0.15 0.11 0.17 0.01
Stearic acid C18:.0 g 1.76 2.14 2.23 2.49 0.11 0.18
Elaidic C18:1t9 g 0.03? 0.02%° 0.02° 0.03% 0.04 0.00
Oleic C18:1c9 g 2.58 2.89 3.25 3.20 0.49 0.33
Vaccenic C18:1c7 g 0.20 0.14 0.10 0.13 0.14 0.03
Linoleic C18:2c9 g 0.17° 0.03" 0.04° 0.12% 0.01 0.02
Arachidic C20:0 g 0.01% 0.05" 0.06" 0.03% 0.003 0.01
Eicosenoic C20:1c11 g 0.01 0.01 0.01 0.01 0.95 0.002
CLA C18:2cot11 g 0.02° 0.05° 0.05° 0.04° 0.005 0.01
a-Linolenic C18:3c9 g 0.01° 0.04° 0.04° 0.02% 0.002 0.00
Total SFA g 4.39 5.51 6.16 6.07 0.10 0.48
Total MUFA g 3.02 3.31 3.77 3.65 0.52 0.37
Total PUFA g 0.19 0.12 0.14 0.18 0.17 0.02
Total Omega 6 g 0.19 0.08 0.10 0.16 0.06 0.03
Total Omega 3 g 0.01° 0.04° 0.04° 0.02° 0.002 0.004

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

* Age class and fat codes were determined according to classification according to the South African Carcass
Classification System at the time of each study (Government Notice No. 992 of 20 May, 1949; Department of Agriculture,
1990).

CLA: conjugated linoleic acid; SFA: saturated fatty acid; MUFA: monounsaturated fatty acid;

PUFA: polyunsaturated fatty acid; Omega 6: n-6; Omega 3: n-3.



322 Schonfeldt & Hall, 2015. S. Afr. J. Anim. Sci. vol. 45

Research has suggested that conjugated trans fatty acids produced by ruminant animals, (mainly
CLA), have various beneficial health implications (Dilzer & Yeonhwa, 2012). CLA is predominantly found in
the milk and meat of ruminant animals, produced by a microbial process in the rumen of these animals.
South African beef contains between 10 mg and 60 mg per 100 g portion, depending on the production
system and degree of trimming, with untrimmed grass-fed beef providing the highest quantity of beneficial
CLA per edible portion at 60 mg per 100 g cooked portion (Table 6). From a human nutrition perspective, it
should be kept in mind that the total amount of omega 3 fatty acids per edible portion of beef produced in
either production system is relatively low in comparison to human dietary recommendations.

Table 8 Fatty acid composition of 100 g cooked South African beef trimmed of all visible fat

Age class (fat code 2)
Fat/fatty acid Unit P-value SE
Age A Age AB Age B Age C

Total fat g 6.96° 9.77° 10.3° 10.4° 0.01 0.55
Lauric C12:0 g 0.002? 0.004" 0.005" 0.002? 0.001 0.0004
Myristic C14:0 g 0.14° 0.20° 0.21° 0.19% 0.005 0.01
Myristoleic C14:1c9 g 0.02° 0.02° 0.04° 0.02° 0.004 0.003
Pentadecylic C15:0 g 0.02° 0.05° 0.05" 0.02° <0.001  0.003
Palmitic C16:0 g 1.04% 1.64° 1.83" 1.61° 0.002 0.09
Palmitoleic C16:1c9 g 0.08° 0.13° 0.19° 0.13° 0.003 0.01
Margaric C17:0 g 0.06° 0.09° 0.09° 0.06° 0.01 0.01
Stearic acid C18:0 g 0.86° 1.28" 1.27° 1.32° 0.01 0.08
Elaidic C18:1t9 g 0.02 0.01 0.01 0.01 0.21 0.002
Oleic C18:1c9 g 1.24 1.72 1.88 1.70 0.10 0.16
Vaccenic C18:1c7 g 0.10 0.08 0.06 0.07 0.43 0.02
Linoleic C18:2c9 g 0.08? 0.02° 0.02° 0.06% 0.02 0.01
Arachidic C20:0 g 0.01% 0.03" 0.03" 0.01° <0.001  0.002
Eicosenoic C20:1c11 g 0.004 0.004 0.004 0.004 1.00 0.001
CLA C18:2c9,t11 g 0.01% 0.04° 0.03° 0.02° <0.001  0.002
a-Linolenic C18:3c9 g 0.004? 0.02° 0.02° 0.01° <0.001  0.002
Total SFA g 2.16° 3.30° 3.52° 3.22° 0.003 0.18
Total MUFA g 1.45 1.97 2.18 1.94 0.11 0.18
Total PUFA g 0.09 0.07 0.08 0.09 0.47 0.01
Total Omega 6 g 0.09 0.05 0.05 0.08 0.13 0.01
Total Omega 3 g 0.004% 0.02° 0.02° 0.01° <0.001  0.002

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

* Age class and fat codes were determined according to classification according to the South African Carcass
Classification System at the time of each study (Government Notice No. 992 of 20 May, 1949; Department of Agriculture,
1990).

CLA: conjugated linoleic acid; SFA: saturated fatty acid; MUFA: monounsaturated fatty acid;

PUFA: polyunsaturated fatty acid; Omega 6: n-6; Omega 3: n-3.

Conclusions

A decrease in the fat content of marketable South African beef is reported when results are compared
to previous studies, especially in relation to age A, grain-fed beef. Furthermore, differences are seen
between beef from different age groups and production systems. South African beef from young, age A
animals fed on grain-based diets, contain less total fat per edible portion than older, grass-finished beef of
the same fat code. These young, grain-finished animals produce beef that, if trimmed of all visible fat,
contains less saturated fat than grass-fed beef, which is contradictory to most global findings. This tendency
for South African meat can most probably be linked to the current classification system being based on
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consumer research promoting the production of leaner beef carcasses for optimal market price. Beef from
grass-based feeding systems contained significantly more omega 3 fatty acids and more conjugated linoleic
acid per edible portion (when trimmed or untrimmed). These results can be translated in conjunction with the
new labelling regulations to market unique red meat produce to consumers. It is furthermore recommended
that such research be conducted every 10 years.
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