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Abstract Dental classification of carcasses is used as a parameter of cattle maturity at
slaughter, and it can influence carcass and meat quality traits. Brazilian beef-packing
companies use the number of permanent incisor (PI) teeth as a parameter for bonus and
certification of carcasses with superior quality. However, when non-castrated male such
as F1 Angus-Nellore (Bos taurus×Bos indicus) are slaughtered, only animals without PI
teeth are subsidized by the breed association. We evaluated these animals finished in
feedlot for 180 days with zero versus two PI teeth on the carcass and meat quality traits.
At the time of slaughter, 88 carcasses were selected, forming two treatments according to
dental carcass maturity (0 versus 2 PI teeth; 44 animals per category). It was demonstrated
that the number of PI teeth (0 versus 2 PI) did not influence (p>0.05) carcass (weights,
yield, cooling loss, ribeye area and the backfat thickness) and meat quality traits
(Longissimus thoracis chemical composition, color, cooking losses, shear force and pH).
Thus, dental carcass maturity (zero versus two PI teeth) does not influence non-castrated
male F1 Angus-Nellore finished in feedlot for 180 days. This is the first study to
demonstrate that carcasses of non-castrated male F1 Angus-Nellore with two PI teeth
should be subsidized in a similar way to those with zero PI teeth. Moreover, Brazilian
beef-packing companies could produce heavier and leaner carcasses of acceptable quality
though the use of crossbred cattle such as non-castrated F1 Angus Nellore.
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Introduction
In beef cattle, there are differences between Bos indicus (e.g., Brahman and Nellore)
and Bos taurus (e.g., Simental and Charolais) breeds in the eruption age of permanent
incisor (PI) teeth. The loss of primary teeth in taurine occurs earlier than in zebu. Thus,
changes from primary incisor to PI teeth may occur between 18 and 28 months in
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taurine, while in zebu it occurs between 20 and 24 months (Gomide et al., 2009). The chronological age and dentition effects
on carcass and meat quality have been studied by researchers in South Africa (Moholisa et al., 2017), Australia (Wythes and
Shorthose, 1991), United States (Lawrence et al., 2001) and Brazil (Duarte et al., 2011).
Approximately 80% of the beef cattle herd in Brazil belongs to Bos indicus, and the Nellore breed is the most adopted due
to its adaptability to the tropical climate (Ferraz and Felício, 2010). However, the need for increased productivity and the
demand for improved meat quality by consumers has led beef cattle producers to adopt cross-breeding with European breeds
(Bos taurus), mainly Aberdeen Angus, generating F1 Angus-Nellore to obtain better performance, carcass traits and meat
quality when compared to pure zebu animals (Miguel et al., 2014). In the tropical regions of Brazil, it is common to use noncastrated animals (bulls) of advanced maturity in the finishing farms. It can compromise the meat quality, affecting
characteristics such as color, marbling and tenderness. As indicated by a survey, 95% of the animals finished in Brazilian
feedlots are males, 73% from these are Nellore, followed by 22% of crossbred animals and 5% of other genotypes (Costa
Junior et al., 2013).
Only two studies have evaluated the dental classification of carcasses of Nellore at slaughter and its relation to the meat
quality of animals finished in tropical pastures, whereby carcass and meat traits of bulls (Duarte et al., 2011) and steers (Pflanzer
and Felício, 2009) were described. However, animals with zero versus two PI teeth were not compared in these two studies.
Some cattle breeding associations recommended that carcasses of non-castrated male animals should have only primary teeth
to be subsidized, i.e., without PI teeth. However, it is considered that the age difference assessed by dental carcass maturity
between zero and two PI teeth is small and not enough to affect the meat quality of animals, especially when finished in feedlot
for more than 160 days. In the literature, there are no studies that have evaluated this hypothesis using this biological model.
In this context, the aim of this study is to evaluate the effect of dental maturity (zero and two PI teeth) on the carcass traits
and meat quality of non-castrated male F1 Angus-Nellore cattle finished in feedlot.

Material and Methods
Animals and diet
The animals originated from the experimental feedlot belonging to “Fazenda Turbilhão”, in the city of Estrela D’Oeste-SP,
Brazil. In the feedlot, 640 non-castrated male F1 Angus-Nellore cattle were submitted to a diet formulated (Table 1) to meet
the maintenance and weight gain requirements of 1.5 kg/day according to the NASEM (2016). The composition of the diets
was obtained by feed analysis (AOAC, 2005), followed by the procedures of determination of dry matter (DM; method
976.05), CP (method 976.05, N×6.25) and ash content (method 942.05). For neutral detergent fiber (NDF) analysis, samples
were treated with alpha amylase at a stable temperature without the addition of sodium sulfite and corrected for ash (Mertens,
2002). The ether extract (EE) analysis was conducted by the Soxhlet extraction (method 920.39). The animals were allocated
in collective pens, equipped with a bunk and an automatic drinking trough, for an experimental period of 180 days. The total
diet was provided twice a day at 08:30 AM and 03:30 PM.

Slaughter and carcasses selection
After the experimental period of 180 days and 16-hour fasting, all animals were slaughtered in a commercial slaughterhouse
(Estrela D'Oeste, SP, Brazil) on the same day following the normal procedures of federal inspection. At this moment, among
the 640 slaughtered animals, following head inspection, the number of permanent incisors (PI) was recorded for each animal.
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Table 1. Experimental diet composition
Ingredients

% Dry matter (DM)

Ground hay

13.98

Ground corn

68.76

Cotton seed cake

9.00

Peanut bran

2.05

Pre mixture (Mineral-vitamin supplement)

6.18

Chemical composition1)
Dry matter (DM)

68.00

Crude protein (CP)

13.50

Ether extract (EE)

3.83

Neutral detergent fiber (NDF)
NEg2)

21.28
1.30

1)

The composition of the diets was obtained by feed analysis (AOAC, 2005), followed by the procedures of determination of DM (method 976.05),
CP (method 976.05, N×6.25) and ash content (method 942.05). For NDF analysis, samples were treated with alpha amylase at a stable temperature
without the addition of sodium sulfite and corrected for ash (Mertens et al., 2002). The EE analysis was conducted by the Soxhlet extraction (method
920.39).
2)
Net energy for gain (Mcal/kg DM).

Subsequently, after the slaughter data had been collected, 44 carcasses were randomly selected per dentition group, totaling
88 carcasses grouped in two categories according to the number of PI (zero [n=44] and two [n=44] PI teeth). Due to the
random selection of animals (carcasses) at the slaughterhouse, the initial body weight was 282.24 kg for zero PI and 291.88
kg for two PI (p<0.001). Therefore, comparison of carcass and meat quality traits was made between animals of different
ages, which shows different dental carcass maturity at the slaughterhouse.

Carcass traits
The hot carcass weight (HCW) was recorded immediately after slaughter and used to calculate the carcass yield. The hot
carcass yield was obtained by the formula:
𝐻𝐶𝑌 = (𝐻𝐶𝑊/𝑓𝐵𝑊) × 100,
where fBW was the final body weight (before the slaughter).
After 24 hours of chilling (0℃–2℃) the cold carcass weight and cooling losses were recorded. In the right half carcass
between the 12th and 13th thoracic vertebrae, the ribeye area (REA) of the Longissimus thoracis (LT) muscle and the backfat
thickness (BFT) were evaluated. The REA of LT muscle, between the 12th and 13th thoracic vertebrae, was recorded in
transparent plastic before boning and subsequently digitalized and analyzed with the aid of Image J (National Institutes of
Health, Maryland, USA). The BFT was determined in the LT muscle using a digital caliper.
A portion of approximately 15 cm in length of the LT was removed from the left 13th rib in cranial direction which, after
being identified and individually vacuum packed, was transported to the laboratory. Subsequently, with the help of a band saw,
the samples of LT were sectioned into 3 standard steaks of 2.54 cm thickness for analysis of chemical composition, cooking
loss, shear force and instrumental evaluation of color. The steaks were again sealed in vacuum bags (polyamide/polyethylene
556
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bags) for high vacuum and low oxygen permeability and kept frozen at –20℃ until the time of analysis.

Meat color and pH
The beef samples were thawed at 4℃ for 24 hours and exposed to oxygen for 30 minutes at 4℃ (blooming time). First, the
meat pH was measured using a Hanna digital pH meter (Model HI 99163, Hanna Instruments, Woonsocket, RI, USA) with
penetration probe. The pH meter was calibrated using standard pH 4.0 and 7.0 buffers. In the same steak, meat color
(L*=luminosity, a*=red intensity, b*=yellow intensity) was measured using the CIELab system of the CR-400 colorimeter
(light source A, absorbance angle 10, Y, 0.01 at 160.00% reflectance, Konica Minolta Sensing, Tokyo, Japan), following the
procedures previously described (Baldassini et al., 2017). The colorimeter was calibrated using a standard black and white
plate and then three color readings were performed on the surface of the LT muscle sample. An average of the three
measurements was generated for each variable (L*, a*, and b*). Chroma colorimetric indexes (color saturation) were
calculated by the formula [(a*)2 + (b*)2]0,5 and the hue angle (Hº) [tang–1 (b* / a*)], as described by Cañeque et al. (2004).

Shear force and cooking losses
The samples were placed in a grid over a glass refractory and weighed. Afterwards, a thermocouple was inserted into the
geometric center of the samples, coupled to a digital thermometer model DT-612 (ATP Instrumentation, Ashby-de-la-Zouch,
UK) to monitor the internal temperature of the samples. The steaks were grilled in a preheated oven (Feri90 Venâcio Aires,
Rio Grande do Sul, Brazil) equipped with a thermostat to avoid temperature variation. When the internal temperature of the
steak reached 40℃ the sample was turned and remained in the oven until reaching 71℃ internal temperature, according to
the methodology described by Wheeler et al. (1996). Then, the samples were kept at room temperature for 15 minutes,
weighed and refrigerated at 4℃ for 24 hours.
The cooking loss was determined by the weight difference before and after cooking. The cooking losses were measured
from drip and evaporation losses. After cooling, eight cylinders with 1.27 cm diameter were removed from the parallel
direction of the muscle fiber using a hollow punch coupled to an industrial drill. The cylinders were sectioned in Brookfield
CT-3 Texture Analyzer (AMETEK Brookfield, Middleborough, MA, USA) equipment. The results were presented in
kilograms (kg) and eight replicate measurements per steak were performed to increase results accuracy.

Chemical composition
The samples were thawed at 4℃ for 24 h and the subcutaneous fat was removed from the LT muscle with the aid of a
scalpel, then the steak was ground and homogenized for 5 minutes using a mixer, taking approximately 180 g of sample
(Anderson, 2007). Three readings per sample were carried out using a FoodScan LabTM (Foss NIRSystems, Laurel, MD,
USA). Samples were homogenized again and placed in the plate for the next reading. An average was obtained for the values
of moisture, protein, fat and ash and the values were expressed as percentage.

Statistical analysis
Data were tested for distribution and normality of errors and analyzed using the UNIVARIATE and GLM procedures of
SAS (2015) version 9.4. (SAS Institute, University Edition). The animal was considered an experimental unit and dental
carcass maturity (treatment) was used as a fixed effect, being tested by analysis of variance (ANOVA), with significance
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considered at p≤0.05. Due to the difference found in the initial body weight, this variable was adopted as covariable for the
variables of carcass traits, as follow:
𝑌

= µ+𝑝 +𝑡 + 𝜀

Where: 𝑌

= the observed value for the response variable obtained for the ith treatment on its jth repetition; µ=the mean

of all possible values of the response variable (initial body weight); 𝑡 =the effect of treatment (dental maturity) i on the
observed value 𝑌 ; 𝜀

=the experimental error associated with the observed value for the response variable 𝑌 .

For the variables of meat quality only the fixed effect of dental maturity was used, following statistical model:
𝑌

=µ+𝑡 + 𝜀

Where: 𝑌 =the observed value for the response variable obtained for the ith treatment on its jth repetition; µ=the mean of
all possible values of the response variable; 𝑡 =the effect of treatment (dental maturity) i on the observed value 𝑌 ;
=the experimental error associated with the observed value for the response variable 𝑌 .

𝜀

Results and Discussion
Animals with zero versus two PI were similar (p>0.05) on final body weight (fBW=578.84 versus 567.75±5.03 kg; 0 versus
2 PI teeth, respectively). Additionally, the number of incisor teeth did not influence (p>0.05) the carcass traits (Fig. 1A, B, and
C). Thus, no difference was observed for carcass weights, carcass yield, carcass cooling loss, REA and BFT. The experimental
groups were similar on meat quality traits (color, cooking loss, tenderness and pH) evaluated in the LT muscle (Table 2), as
well as no differences on chemical composition (p>0.05) of beef samples were observed among 0 versus 2 PI teeth.
Our study showed that the number of PI teeth did not influence (p>0.05) the carcass traits and meat quality (chemical
composition, color, cooling losses, tenderness and pH) of Angus-Nellore young bulls. The results indicated that the difference
in maturity at slaughter between zero and two PI teeth was not enough to affect the meat quality of animals finished in feedlot
for more than 160 days. In the literature, there are no studies that have tested this hypothesis using this biological model.
Using zebu animals, carcass dental maturity at slaughter and its relation to the meat quality of animals finished in tropical
pastures were described (Duarte et al., 2011; Pflanzer and Felício, 2009). As indicated, carcass and meat traits of non-castrated
(Duarte et al., 2011) and castrated male Nellore (Pflanzer and Felício, 2009) were evaluated. In the study by Pflanzer and
Felício (2009), the authors used 60 animals and reported that the differences in objective and sensory tenderness of castrated
Nellore cattle were an effect of the finishing degree of the carcasses and not due to chronological age or teeth maturity
(measured as number of 2, 4, or 6 PI teeth). Additionally, Duarte et al. (2011) used 63 non-castrated Nellore cattle and reported
that there were no differences in meat tenderness of animals with two (SF=4.52±0.60 kg) or four (SF=4.56±0.33 kg) PI teeth.
These results confirm the findings of our study and suggest that dental carcass maturity is not a reliable parameter to be
associated with carcass and meat quality, specifically tenderness, color and marbling. Similarly, a study confirmed that age
assessed by dentition could distinguish differences in tenderness between young grain-fed and older grass-fed carcasses, but
not between grass-fed carcasses of different age classes (2 versus 3-6 PI) (Moholisa et al., 2017). In literature, additional
studies have also shown that carcass classification or grading based on dentition is inadequate to describe variation in beef
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(A)

(B)

(C)

Fig. 1. Carcass traits of non-castrated male F1 Angus-Nellore cattle finished in feedlot and slaughtered with zero versus permanent incisor
(PI) teeth. Both groups of animals were kept in the feedlot for 180 days. At the time of slaughter, 88 carcasses were selected, forming two
treatments according to dental carcass maturity (0 versus 2 PI teeth; 44 animals per category). No difference (p>0.10) was observed for
carcass weights (A), carcass yield, ribeye area (B), carcass cooling loss, and backfat thickness (C) of the Longissimus thoracis muscle.

quality (Acheson et al., 2014; Strydom, 2011).
However, the classification of bovine carcasses in Brazil is mainly performed by the subjective evaluations of maturity
(dentition of animals), conformation and finishing, allied to the objective evaluations of gender and hot carcass weight (Sainz
and Araujo, 2001). This type of evaluation correlates the eruption of PI teeth with animal age, both for zebu and taurine
(Kirton, 1989). This classification, dated from approximately three decades, has its limitations as a parameter for the
discrimination and determination of superior carcasses in quality within the slaughterhouses, starting with the minimum
carcass weights currently required by the main domestic and export markets, which signal for larger animals and finishing,
with hot carcass weights above 250 kg (MAPA, 1989). The constant search for superior products in yield and carcass quality
has provided remarkable advances in the characterization of earlier animals in muscle growth and finishing, bringing together
the classification systems of traditionally exporter countries of better-quality products such as the United States and Australia
(Ferraz and Felício, 2010).
A classical study from United States evaluated 200 taurine carcasses and groups with different dental carcass maturity (0,
2, 4, 6, and 8 PI teeth; 40 animals per dentition group) and compared castrated male and female cattle (Lawrence et al., 2001).
The authors reported that no differences were found for SF, sensory tenderness (trained panel) and cooking losses among the
559
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Table 2. Meat quality traits of non-castrated male F1 Angus-Nellore cattle finished in feedlot with different numbers of permanent
incisor teeth
Variables (n=88)1)

Dental carcass maturity

SEM

p-value

5.72

0.03

0.557

29.62

29.67

0.32

0.881

a*

15.73

16.08

0.24

0.544

b*

7.03

6.95

0.13

0.735

Chroma

17.31

17.52

0.27

0.819

Hue

23.64

23.40

0.15

0.419

Shear force (kg)

5.43

5.44

0.11

0.969

Cooking loss (%)

24.47

24.48

0.28

0.978

Moisture (%)

73.00

73.18

0.11

0.434

Protein (%)

22.58

22.51

0.06

0.542

Fat (%)

3.31

3.21

0.11

0.664

Ash (%)

1.10

1.09

0.00

0.190

0

2

pH

5.75

L*

1)
Both groups of animals were kept in the feedlot for 180 days. At the time of slaughter, 88 carcasses were selected, forming two treatments according
to dental carcass maturity (0 versus 2 PI teeth; 44 animals per category).

PI, permanent incisor.

experimental groups. Although they used another biological model, this study corroborates the results observed in the present
study, in which dental carcass maturity did not influence carcass traits (Fig. 1) or meat quality (Table 2).
The physiological age has been widely used by traditional meat-producing countries, considering the constant advances in
finishing precocity of beef cattle. Studying the estimation of the age of cattle by the measurement of thermal stability of
tendon collagen, Horgan (1991) concluded that, at slaughter, the animals appeared to be older than their real physiological
age when evaluated by their dentition. This has been confirmed for a long time, such as when Wythes and Shorthose (1991)
showed that, in cattle, the eighth teeth could erupt at any time between 39 and 57 months of age, depending only on the breed
and nutritional management, factors that are determinant in the physiological age of individuals. Duarte et al. (2011), Tulloh
(1962) and Wiener and Purser (1957) had already described that the better the nutrition conditions and selection process for
physiological maturity, the earlier is the eruption of PI teeth.
We demonstrated that maturity, when evaluated by dentition (zero and two PI teeth), does not influence carcass traits and
meat quality in non-castrated male F1 Angus-Nellore feedlot finished. Therefore, the carcasses of these animals should be
subsidized in a similar way. Overall, Brazilian beef-packing companies could produce heavier and leaner carcasses of
acceptable quality though the use of crossbred cattle such as non-castrated F1 Angus Nellore. Improvements in carcass weights
could be made through the production of young bulls with two PI, however, meat from bulls is commonly darker in color and
less tender than meat from steers at heavier weights and advanced age. Alternatively, producer may use a greater feedlot
finishing period (>160 days) in order to partially compensate the deficiencies in young bulls’ meat quality at heavier weights.

Conflicts of Interest
The authors declare no potential conflicts of interest.

560

Carcass and Meat Quality Traits of F1 Angus-Nellore Bulls

Acknowledgements
This research was granted by Cargill Animal Nutrition, Fazenda Turbilhão and Estrela Alimentos (Estrela d’Oeste, São
Paulo, Brazil). The authors also thank São Paulo Research Foundation (FAPESP) - Grant Numbers: 2019/11028-0 and
2018/00981-5. This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - Brasil
(CAPES) - Finance Code 001.

Author Contributions
Conceptualization: Baldassini WA, Chardulo LAL, Machado Neto OR. Data curation: Santiago BM, Tomaz LA, Rocha LC.
Formal analysis: Santiago BM, Baldassini WA. Methodology: Santiago BM, Baldassini WA, Tomaz LA, Rocha LC. Software:
Santiago BM, Baldassini WA, Santos WB, Curi RA. Validation: Santos WB, Curi RA, Chardulo LAL. Investigation: Santiago
BM, Baldassini WA, Tomaz LA, Rocha LC. Writing - original draft: Baldassini WA, Santiago BM, Machado Neto OR.
Writing - review & editing: Santiago BM, Baldassini WA, Tomaz LA, Rocha LC, Santos WB, Curi RA, Chardulo LAL,
Machado Neto OR.

Ethics Approval
All the procedures performed in the experiment were approved by the Ethics Committee on Animal Use of the College of
Veterinary Medicine and Animal Science - UNESP (CEUA protocol no. 07595/2019).

References
Acheson RJ, Woerner DR, Tatum JD. 2014. Effects of USDA carcass maturity on sensory attributes of beef produced by
grain-finished steers and heifers classified as less than 30 months old using dentition. J Anim Sci 92:1792-1799.
Anderson S. 2007. Determination of fat, moisture, and protein in meat and meat products by using the FOSS FoodScanTM
near-infrared spectrophotometer with FOSS artificial neural network calibration model and associated database:
Collaborative study. J AOAC Int 90:1073-1083.
AOAC. 2005. Official methods of analysis of AOAC international. AOAC International, Gaithersburg, MD, USA.
Baldassini WA, Chardulo LAL, Silva JAV, Malheiros JM, Dias VAD, Espigolan R, Baldi FS, Albuquerque LG, Fernandes
TT, Padilha PM. 2017. Meat quality traits of Nellore bulls according to different degrees of backfat thickness: A
multivariate approach. Anim Prod Sci 57:363-370.
Cañeque V, Pérez C, Velasco S, Díaz MT, Lauzurica S, Álvarez I, Ruiz De Huidobro F, Onega E, De La Fuente J. 2004.
Carcass and meat quality of light lambs using principal component analysis. Meat Sci 67:595-605.
Costa Junior C, Goulart RS, Albertini TZ, Feigl BJ, Cerri CEP, Vasconcelos JT, Bernoux M, Lanna DPD, Cerri CC. 2013.
Brazilian beef cattle feedlot manure management: A country survey. J Anim Sci 91:1811-1818.
Duarte MS, Paulino PVR, Fonseca MA, Diniz LL, Cavali J, Serão NVL, Gomide LAM, Reis SF, Cox RB. 2011. Influence of
dental carcass maturity on carcass traits and meat quality of Nellore bulls. Meat Sci 88:441-446.
Ferraz JBS, de Felício PE. 2010. Production systems: An example from Brazil. Meat Sci 84:238-243.
Gomide LAM, Ramos EM, Fontes PR. 2009. Tecnologia de Abate e Tipificação de Carcaças. Editora UFV, Viçosa, Brasil.
561

Food Science of Animal Resources

Vol. 41, No. 3, 2021

Horgan DJ. 1991. The estimation of the age of cattle by the measurement of thermal stability of tendon collagen. Meat Sci
29:243-249.
Kirton A. 1989. Meat production and processing. In Principles of classification and grading. Purchas RW, Butler-Hogg BW,
Davies AS (ed). New Zealand Society of Animal Production, Hamilton, New Zealand. pp 143-157.
Lawrence TE, Whatley JD, Montgomery TH, Perino LJ, Dikeman ME. 2001. Influence of dental carcass maturity classification
on carcass traits and tenderness of longissimus steaks from commercially fed cattle. J Anim Sci 79:2092-2096.
MAPA [Ministério da Agricultura, Pecuária e Abastecimento]. 1989. Sistema Nacional de Tipificação de Carcaças Bovinas.
MAPA, Brasilia, Brasil. Available from: http://www.cidasc.sc.gov.br/inspecao/files/2012/08/PORTARIA-MAPA-612DE-05-10-1989.pdf. Accessed at Jan 30. 2021.
Mertens DR. 2002. Gravimetric determination of amylase-treated neutral detergent fiber in feeds with refluxing in beakers or
crucibles: Collaborative study. J AOAC Int 85:1217-1240.
Miguel GZ, Faria MH, Roça RO, Santos CT, Suman SP, Faitarone ABG, Delbem NLC, Girao LVC, Homem JM, Barbosa
EK, Su LS, Resende FD, Siqueira GR, Moreira AD, Savian TV. 2014. Immunocastration improves carcass traits and beef
color attributes in Nellore and Nellore×Aberdeen Angus crossbred animals finished in feedlot. Meat Sci 96:884-891.
Moholisa E, Hugo A, Strydom PE, van Heerden I. 2017. The effects of animal age, feeding regime and a dietary beta-agonist
on tenderness of three beef muscles. J Sci Food Agric 97:2375-2381.
NASEM [National Academies of Sciences, Engineering, and Medicine]. 2016. Nutrient requirements of beef cattle. 8th ed.
The National Academies Press, Washington, DC, USA.
Pflanzer SB, de Felício PE. 2009. Effects of teeth maturity and fatness of Nellore (Bos indicus) steer carcasses on
instrumental and sensory tenderness. Meat Sci 83:697-701.
Sainz RD, Araujo FRC. 2001. Tipificação de carcaças de bovinos e suínos. Congresso brasileiro de ciencia e tecnologia de
carne (CBCTC 2001), São Pedro, Brasil. pp 26-52.
SAS Institute. 2015. Base SAS 9.4 procedures guide. SAS Institute, Cary, NC, USA.
Strydom PE. 2011. Quality related principles of the South African beef classification system in relation to grading and
classification systems of the world. S Afr J Anim Sci 41:178-194.
Tulloh NM. 1962. A study of the incisor teeth of beef cattle. Aust J Agric Res 13:350-361.
Wheeler TL, Shackelford SD, Koohmaraie M. 1996. Sampling, cooking, and coring effects on Warner-Bratzler shear force
values in beef. J Anim Sci 74:1553-1562.
Wiener G, Purser AF. 1957. The influence of four levels of feeding on the position and eruption of incisor teeth in sheep. J
Agric Sci 49:51-55.
Wythes JR, Shorthose WR. 1991. Chronological age and dentition effects on carcass and meat quality of cattle in northern
Australia. Aust J Exp Agric 31:145-152.

562

