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INTRODUCTION AND OBJECTIVE | ‘ "é RESULTS

ood composition studies and tables use the proximate 5 :f; Effect of age and fat code on amino acid content of different cuts

system of measuring protein as total nitrogen (deter- Dry heat ' For the carcass, prime rib, loin and topside the total amino acid content differed significantly between the age groups (p < 0.05).
mined by Kjedahl or Dumas method) multiplied by a Carcasses from younger animals (Age A) had a significantly lower total amino acid count than the carcasses from older animals (Age
specific factor. This factor has originally been 6.25 based | 15 = Hind shin 14 B and Age C). There Was a signiﬁcar)t diﬁerenFe (p < 0.05) observed in the total amino acid content between the six fat codes for
on the assumption that all proteins contained 16 % three of the 15 cuts (prime rib, topside and thick flank) (Table 3).

14 = Topside : : :
nitrogen. However, it has been known for some time that plant P Table 3: Effect of age and fat code on amino acid content of different beef cuts

proteins (and gelatin) contain more nitrogen, and thus requirea | 1 = Silverside “ Cut A [ 0 Fatcde
lower factor. Different factors, originally determined by Joneset | 12 = Thick flank P-value | AgeA | AgeB | AgeC |p-value| FC(1 | FQ2 | F3 | F(4 | F(5 | FG6

al. (1942)}, are currently used to calculate proximate protein | 14 _ rijjat Prime rib 0.0470 16.642 1839 17.26ab 0.0470 18.69° 17.34ab 18.80°  15.992 16.532 17.24%
amounts based on nitrogen content in different foods (Table 1). 0 <R Wing rib >005 1727 1979 1922 >0.05 2003 1831 1842 1989 1817 17.73
= Rump

Table 1: Factors for the conversion of nitrogen values to Loin 0.0400 1593 17.05® 17.99® >0.05 1639 17.67 1756 1745 1645 16.45
protein (per g N)2 = Thin flank Silverside >005 1520 1636 1736 >0.05 1807 1622 1714 1447 17.69 1424

Rump >005 1631 1724 1749 >005 1805 1717 1723 1770 1647 15.46
P P Topside 0.0030 13.44* 16.79* 15.77° 0.0080 18.61° 14.84a 15220 1541* 14.75% 13.18

9

8

7 = Wing rib illet >005 1437 1623 1691 >005 1911 1510 1648 1419 1615 13.99
Meat and fish 6.25 Wholewheat  5.83 &6 = Prime rib ~ Thickflank  >005 1542 1770 1611 0.0080 20.72* 16.94b 16.51% 1582 15132 20.72¢
Gelatin 5.55  Riceandrice flour 5.95 _ Chuck >005 1674 1780 1646 >005 1734 1624 1788 1686 1837 15.30
Milk and milk products 6.38  Ryeand ryeflour  5.83 5 = Brisket Brisket >005 1647 1706 1628 >005 1751 1556 1635 1656 1642 17.23
Casein 6.40 Qats 5.83 4
3
2
1

= Loin

= Chuck \ Neck >0.05 1635 1738 1699 >005 1756 1610 1789 1621 1694 16.74
Human milk 637 Maize 6.25 - Shoulder , S1pulder > (.05 | 6.50 | 8.39 | 8.04 >0.05 | 8.5 | 8.03 | 8.10 | 7.02 | 6.78 | 7.40
Fgas (whole) =5 e 6.5 Thin flank >0.05 17.51 8.44 848 >0.05 19.48 8.05 7.03 7.90 7.62 18.77
: ' ' = Fore shin Hind shin >0.05 1754 1758 1690 >0.05 1660 16.60 1843  17.15 1755 17.72
Eggs (albumin) 6.32 Soya 571
Eggs (Vitellin) 6.12  Almonds 5.18

Fore shin >005 1/91 1974 1990 >0.05 2143 1921 2017 1749 16.80 20.00
(arcass® 0.0050 14.822 18.05* 17.79* >0.05 1833 1533 1643 1642 1658 18.23

*(arcass values were calculated according to cut contribution

Effect of age and fat code on protein content (N x 6.25) of different cuts

Protein content differed in two of the 15 cuts with age (topside, shoulder), and in five of the 15 cuts with fat code (prime rib, silverside,
topside, thick flank and chuck), along with the carcass value. The protein content in the carcass decreased significantly with an
increase in fat code (p < 0.05) (Table 4).

= Neck

It is considered more scientifically correct, although more ex-
pensive, to base estimates of protein content on amino acid
data.’ In order to ensure accuracy of this approach certain
concerns such as free amino acids and soundness of analytical
data need to be taken into account.

Figure 1: The 15 cuts of the beef carcass

proximate protein composition. As age of the animal, the fat-
ness of the animal and a particular cut may have an effect; it
was decided to include all these variables in the study. A study

A study conducted on the nutrient composition of South African
beef analyzed the full amino-acid profile (HPLC) of specific
cuts, as well as determined total nitrogen content to calculate

METHODOLOGY
Sampling

Beef carcasses (190 - 240 kqg) were selected to represent the
commercial market and the South African classification system
(based on age and carcass fatness regardless of genotype).’ The
three age groups were A) < 18 months, B) 18 to 24 months,
and ) > 36 months. Carcasses representing the fatness spectrum
(6 fat classes) within each age group were selected (Table 2).

Each of the sides of the carcasses was subdivided into 15 whole-
sale cuts (including the fillet) according to Figure 1. Each cut was
then accurately weighed and dissected (at 10°Cambient tempe-
rature) into subcutaneous fat, meat (muscle and inter- and intra-
muscular fat) and bone, in order to determine the physical com-
position of each cut and, by summation, the entire carcass.
A composite sample of each group of three similar cuts from the
carcasses was used in the analysis (3 age groups x 6 fatness
levels x 15 cuts = 270 samples raw (left sides)). The use of com-
posite samples for analysis rather than individual samples was
justified due to budget constraints and it is an accepted approach
in food composition studies.?

Table 2: Classification system of beef carcasses in South
Africa

Classification according Classification according
to fatness of carcass to age
Average fat percentage| Age | Age of animal at

of carcass group slaughter
(9g/100q) (months)

10.14 A <8
13.61
14.86 B
19.00
18.57 C > 36

22.87

18t0 24

The subcutaneous fat plus meat obtained from each of the
identical cuts of the three right sides of each age and fatness
group was cubed, thoroughly mixed and then minced first
through a 5 mm and then through a 2 mm mesh plate. Each
composite sample was then divided into the amounts required
for the various analyses. The samples were stored at -40°C after
coding and packaging and distributed to the laboratories

L responsible for the determinations of the raw meat at reqular

intervals. All the cuts were analysed on a double blind basis over

& aperiod of three years.

Proximate analyses

& The proximate analyses of the cuts were carried out to determine

the percentages of total moisture, fat (ether extracted), nitrogen
| (Nx6.25 = protein) and ash. The protein analysis was based on

| the Dumas Combustion method.5 The samples were combusted

I at+1100°C—-1350°Cand 10 cm? of the sample gas was analyzed.
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was commissioned in which 15 cuts from carcasses of 3 age
groups and 6 fatness classes were analyzed for total N as well
as complete amino acid profiles.

The conversion factor of 6.25 was used in the calculation of the
protein content.’

Amino acid profile

Amino acid determination was carried out by high-performance
liquid chromatography (HPLC), following the method of
Einarsson, Josefsson and Lagerkvist (1983)°. Amino acid deter-
mination was performed during three separate hydrolyses.
The amount of amino acid was expressed on a wet mass basis
following each analysis.

Hydrolysis 1: 17 amino acids comprising arginine, hydroxypro-
line, serine, aspartic acid, glutamic acid, threonine, glycine,
alanine, tyrosine, proline, methionine, valine, phenylalanine,
isoleucine, leucine, histidine and lysine were determined. An
amount of ground, freeze-dried meat was weighed accurately
and hydrolysed with 6 N hydrochloric acid. Internal standard
(a-amino and B-quandino propionic acid) was added to the hy-
drolysate, after which the hydrolysate was filtered. An aliquot of
the hydrolysate was dried under nitrogen-flow. The hydrolysate
was derivatized with FMOC reagent (9-fluorenylmethyl chloro-
fomate), after which the amino acid content was determined by
means of an HPLC (using an AminoTag column) and, as the
eluent, atertiary gradient of pH, methanol and acetonitrile. Peak
detection was carried out by means of a fluorescent detector.

Hydrolysis 2: (ystine determination. The procedure followed
wasidentical tothe above exceptthat, priorto hydrolysis, cysteine
was oxidised to cystine by the addition of a peroxide-formic acid
blend. The addition and subsequent evaporation of hydrobromic
acid reduced excess oxidising agent.

Hydrolysis 3: For tryptophan determination, an amount of
ground, freeze dried meat was hydrolysed enzymatically using
protease. After filtration through a 0,45 pum filter, tryptophan
was determined by means of HPLC, using an AminoTag column
and, as the eluent, a blend of buffer methanol and acetonitrile.
Peak detection was carried out by means of a fluorescence
detection.

Statistical analysis

Data was statistically analysed using the GenStat for Windows
(2003)- statistical computer programme. Fat class and age were
used as the variable for each cut and tested at a significance
level of 95 % (p < 0.05). The significance of the variables
measured (protein (N x 6.25), total amino acids, and individual
amino acids) for each cut and fat code, and cut and age, was
analysed using analysis of variance (ANOVA). Interactions were
tested at the 5 % level of significance (p < 0.05). If a main
effect was significant, the Fishers’ protected t-test Least

Significant Difference (LSD) was applied, to determine the |

direction of the differences between mean values (Snedecor &
Cochran, 1980).

calculated as nitrogen (N) multiplied by 6.25.
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Table 4. Effect of age and fat code on protein content (N X 6.25) of different beef cuts

Cut A | 000 Ftede 0
P-value | AgeA [ AgeB [ AgeC |pvalue] FC1 | FQ | FG | FC4 [ FG [ FG6

Prime rib
Wing rib
Loin
Silverside
Rump
Topside
Fillet

> (0.05
> (0.05
> (0.05
> (0.05
> (0.05
0.0030
> (0.05

19.23
19.03
17.64
18.33
17.74

13.69°

17.24

20.43
20.63
18.42
17.86
18.76
15.69°
16.49

17.170

19.33
22.05
19.55
17.62
16.4

17.47

0.0170
> (0.05
> (0.05
<0.001
> (0.05
0.0060
> (0.05

20.36™

20.76
18.77

20.83¢

19.48

19.08"

20.17

20.21b¢

19.33
20.08
19.35¢
18.83
14.91°
16.93

21.91°
22.65
19.01
18.26™
16.82
15.847
15.70

18.852
21.14
18.86
17.69"
17.82
15.01°
15.13

17.72°

18.84
17.47

16.48%

14.93

14.52°

20.27

18.932
20.70
17.00
15.009
17.94
13.74°
14.09

A correlation matrix was constructed to test =
the correlation between total amino acid content and protein, |

16.94 15,132
19.58  16.55°
17.60  16.53
19.56  19.45
20.22 18.61
20.17  19.90
22.75 2029
22.25 21.24
17.83® 17.07°

16.69®  17.58%
20.40¢  17.51%
18.57 13.99
20.21  17.85
2099  19.11
2041 19.98
2141 20.71
2199  21.92
18.98>  17.91%

18.44P
18.99"
16.41
18.52
20.14
20.86
19.22
21.50
18.48"

Thickflank ~ >0.05 1652 1888 17.92
Chuck >005 1875 1944 18.16
Brisket >005 1690  18.66 18.63
Neck >005 1928 1946  19.05
Shoulder 0.0240  18.9° 20.8>  20.34
Thin flank >005 1996 2035  20.80
Hind shin >0.05 2116  21.02  20.12
Fore shin >005 2100 2275 2205 >005 227

Carcass™® >0.05 1769 1882 18.68 0.0090 20.11¢
*Carcass values were calculated according to cut contribution

Correlation between total amino acids and protein (N x 6.25)
For all the 15 cuts the correlation coefficient of total amino acids to protein (N x 6.25) was only 0.635, indicating a poor correlation
for predicting actual protein content, as determined by total amino acid count, based on the nitrogen factor (6.25).

Forall 15 cuts, from the three age groups and 6 fat codes included in the study, on average, the sum of amino acids per cut amounted
to 91 % of total determined protein (N x 6.25). InTable 5 the correlations (percentage) of total amino acids to protein (N x 6.25) are
presented for each cut, age group and fat code.

Table 5: Relationship (%) of total amino acids to protein (N X 6.25)*

Cut

 Agel [ Age2 | Age3 [Average [ F(1 | FQ2 | FG | F4 [ FG5 | FC6 [Average
primerib 8653 9001 8929 8861 9180 8580 8531 8483 9328 9107 8376
Wingrib 9075 9593 8717 9128 9648 9472 8132 9409 9644 8565 9145
Loin 9031 9256 9202 9163 8732 8800 9237 9252 9416 9676  91.86
Siverside 8292 9160 9852 9102 8675 8382 9387 8180 10734 9493  91.42
Rump 9194 9190 10658 9681 9266 9118 10244 9933 11031 8618  97.02
Topside 9817 10701 9185 9901 9754 9953 9609 10266 10158 9592  98.89
Fille 8335 9842 9713 9297 9474 8919 10497 9379 7967 9929 9361
Thickflank 9334 9375 8990 9233 9487 9187 9892 8999 8932 13695 10032
Chuck 8928 9156 9064 9049 8820 8552 8765 9629 9382 9245  90.65
Brisket 0746 9143 8739 9209 8638 9482 8805 8720 9330 10423 9233
Neck 3480 8931 8919 8777 8789 8693 8852 9081 8661 8607  87.80
Shoulder 8730 8841 8869 8814 8302 8952 8623 8906 8299 9350  88.22
Thinflank 8773 9061 8885 8906  93.16 8653 8344 8959 8736 9432  89.07
findshin 8289 8363 8400 8351 814 8637 8608 8281 7714 8733 8365
oreshin - 8529 8677 9025 8743 9436 8935 9172 7979 7551 9416  87.48
Carcass 8378 9591 9524 9164 9115 8295 8656 9168 9299 10680  92.02
Average 8849 9243 9167 90.86 90.84 8913 9088 9039 9136 9660 91.53

*Relationship was determined as total amino acid - protein (N X 6.25) x 100

CONCLUSIONS AND RECOMMENDATIONS

Protein content of South African beef, as determined by nitrogen and multiplied by the conversion factor of 6.25, overestimates total
amino acid content by approximately 9 percent on average. To ensure accurate protein content values, it could thus be recommended to |
determine the full amino acid profile of beef, rather than to determine nitrogen content and multiplying this by the Jones factor of 6.25. [
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