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During the past 15 years, slick-haired dairy cattle have received considerable atten-
tion from the scientific community as a possible alternative to counteract the negative 
effects of heat stress and climate change on milk production. Cattle presenting a short 
and sleek hair coat can better withstand heat stress than wild type-haired cattle under 
tropical and sub-tropical conditions (Sánchez-Rodríguez, 2019). Even though the slick 
and wild type-haired phenotypes present considerable differences in hair coats that can 
be visualized, most researchers working with these animals prefer to use genomic tests 
to classify their experimental groups. However, such tests require trained personnel, 
expensive materials, and appropriate facilities. Thus, we raise the question about the 
accuracy of visually determined hair coat classification. If such visual assessment ac-
curately coincides with the genomic classifications, then trained evaluators could do the 
classifications on farm, without the necessity of costly and time-consuming procedures. 
Our study aimed to evaluate the accuracy of visually determined hair coat classifications 
(slick or wild type) when compared to the corresponding genomic categories.

A total of 94 lactating Holstein cows (32 heterozygous slick and 62 wild type-haired) 
from the dairy herd at University of Puerto Rico Agricultural Experiment Substation 
at Lajas were evaluated on July 7, 2022. At the time of the study, slick-haired cows 
averaged 21.11±4.84 kg/d of milk yield, 2.35±1.05 lactations, 151.10±95.04 days in 
milk, and 562.49±72.58 kg of body weight. In wild type-haired cows, respective values 

1Manuscript submitted to Editorial Board 16 September 2022.
2This research was partially supported by funds from the United States Department 

of Agriculture, National Institute of Food and Agriculture Hatch Program.
3Associate Professor, Department of Animal Sciences, University of Puerto Rico, Ma-

yagüez Campus, PR 00680.
4Undergraduate student, Department of Animal Sciences, University of Puerto Rico, 

Mayagüez, PR 00680.
5Undergraduate student, Department of Biology, University of Puerto Rico, Ma-

yagüez, PR 00680.
6Ex-Graduate Student, Department of Animal Sciences, University of Puerto Rico, 

Mayagüez, PR 00680.
7Postdoctoral Associate, Department of Animal and Dairy Sciences, Mississippi State 

University, Starkville, MS 39762.
8Assistant Professor, Department of Animal Sciences, University of Puerto Rico, Ma-

yagüez, PR 00680.
9Ex-Graduate Student, Department of Horticulture, University of Puerto Rico, Ma-

yagüez, PR 00680.



64  Sánchez-RodRíguez et al./Slick haiRed holSteinS

of 19.93±3.44 kg/d of milk yield, 2.42±1.33 lactations, 165.15±77.96 days in milk, and 
557.16±52.52 kg of body weight were observed. Descriptive statistics are reported as 
means ± standard deviations. A coccygeal blood sample was collected from each cow in a 
2.7 mL buffered sodium citrate blood collection tube (BD Vacutainer; Becton, Dickinson 
and Company, Franklin Lakes, NJ)10. The blood was processed and analyzed for the pres-
ence of the first discovered prolactin receptor mutation (the SLICK1 allele mutation, by 
Real Time PCR using TaqMan assay) at the Animal Molecular Biotechnology Laboratory 
of the University of Puerto Rico at Mayagüez. The procedure previously described by 
Sosa et al. (2021) was followed. No homozygous slick-haired Holstein cows were present 
in the population evaluated. Genomic results (heterozygous slick or wild type-haired) 
were used as reference points for the evaluation of the hair coat categories determined 
visually. Six independent evaluators (i.e., blinded to the genomic classifications) were 
trained to differentiate visually between slick and wild type-haired cows by means of the 
comparisons presented in Table 1 and Figure 1. Evaluators’ experiences with cattle (and 
hair coat classification) ranged from none to considerable. Two days before the study, 
evaluators received a PDF document with pictures of slick and wild type-haired cows 
comparing each characteristic presented in Table 1 and Figure 1. On the day of the 
study, evaluators received a 30-minute training session immediately before sampling. In 
this training, evaluators were exposed to several pairs of cows (with a slick and a wild 
type-haired cow in each pair) and asked to discuss the phenotypic differences between 
hair coat types. Cows compared in this training section were not included in the current 
study. All evaluators were then asked to visually classify each remaining Holstein cow 
in the lactating herd as slick or wild type-haired, independently of other evaluators. If 
a definite hair coat determination could be made by analyzing the poll, head, and neck 
of the cow, no further examination was carried out. If not, secondary (loin and rump) 
or tertiary (tail base and switch) evaluations were performed until a classification was 
established. Genomic and visual classifications data were compared by means of the 
Proc FREQ in SAS. The sensitivities (the probability that the genomic classifications 
were successfully identified by visual classification) for each hair coat type, as well as the 
misclassification rates, were determined.

The sensitivities and misclassification rates for the visually determined hair coat 
classifications are presented in Table 2. When the determinations of the six evaluators 
were taken together, visual classification successfully identified the genomic categories 
96.45 and 98.14% of the time for the slick and wild type-haired cows, respectively. Sen-
sitivity ranges of 91.43 to 98.36% and 96.12 to 98.36% were observed for evaluators 
with none and moderate previous experience identifying hair coat type in similar cattle, 
respectively. For evaluators with considerable experience, sensitivity values of 100% 
were observed in both hair coat type groups. In 2004, Janse et al. published an article 
categorizing different sensitivity ranges on a scale of very poor to excellent, in terms of 
the observed agreement between the two variables compared. These categories have 
been accepted and employed by others, including Paquet et al. (2008) and Lake et al. 
(2012). According to those researchers, sensitivity values above 90% (as those observed 
in this study) indicate an excellent agreement between the genomic and the visual clas-
sifications. It is worth mentioning that the current study was carried out in summer 
(July 2022). During the hot season, cattle shed their hair exhibiting shorter coats, while 
during the cooler months, their coats are longer (Hayman and Nay, 1961; Williams et 

10Company or trade names in this publication are used only to provide specific infor-
mation. Mention of a company or trade name does not constitute an endorsement by the 
Agricultural Experiment Station of the University of Puerto Rico, nor is this mention a 
statement of preference over other equipment or materials.
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al., 2013). These changes are especially notable in wild type-haired Bos taurus cattle 
(Yeates, 1954). Under Puerto Rico’s tropical conditions, winter coats in slick-haired cattle 
still look sleek. Thus, the current study was performed in summer when phenotypic dif-
ferences between hair coat groups are considerably diminished. Evaluations performed 
during cooler months of the year may allow for an easier visual classification, probably 
resulting in even greater sensitivity values. Moreover, most cows were successfully vi-
sually classified by evaluating the poll, face, and neck, averaging less than one minute 
per cow. Only an average of five cows (about 5% of the cows evaluated) required further 
evaluation of the loin, rump, and tail. This suggests the convenience and feasibility of as-
sessing hair coat type when cows are restricted in the headlocks as part of their regular 
management. Also, the evaluators in this study received minimal training prior to con-
ducting the visual assessment, which logically suggests the possibility of achieving fast-
er and more accurate classification by providing additional training / practice sessions.

FiguRe 1. Phenotypic differences between slick (left side image) and wild type-
haired (right side image) Puerto Rican Holstein cows. Pictures taken in August, when 
wild type-haired cows present summer hair coats, decreasing the hair coat differences 
between phenotypes. In slick-haired cows, hair coats are considerably shorter, resulting 
in: (Panel A) polls and front faces that seem to have been hair clipped, with wrinkles 
above the eyes and veins in the nose bridge clearly observed; (Panel B) loins and tail 
bases sleeker with smaller hair swirls and a cleaner appearance; (Panel C) face sides 
and necks with easily observed wrinkles; and frequently (Panel D) smaller tail switches.
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In our study, visual assessment of hair coat type in the lactating Puerto Rican Hol-
stein cows at the University of Puerto Rico resulted in a feasible, accurate, fast, and 
inexpensive predictor of the respective genomic classifications that can be successfully 
performed on farm and after minimal training. Thus, visual classification of hair coat 
types should be considered an alternative when genomic testing is limited or not pos-
sible. Future studies should evaluate the sensitivity of this technique in younger cattle, 
including dairy calves.

ACKNOWLEDGEMENTS

Authors appreciate the valuable assistance of Joan M. Patiño-Chaparro and Wil-
liam D. Feliciano-Figueroa (Animal Molecular Biotechnology Laboratory, University of 
Puerto Rico at Mayagüez) for the genomic evaluation of blood samples. The authors 
also acknowledge Katherine Domenech-Pérez, Ph.D.; Esbal Jiménez-Cabán, Ph.D.; and 
Melvin Pagán-Morales, Ph.D., principal investigators of the USDA Hatch projects that 
provided the funding for the genomic tests.

LITERATURE CITED

Hayman, R.H. and T. Nay, 1961. Observations on hair growth and shedding in cattle. 
Aust. J. Agric. Res. 12: 513-527. (Abstr.)

Janse, A.J., R.J. B.J. Gemke, and C.S.P.M. Uiterwaal, 2004. Quality of life: patients and 
doctors don’t always agree: a meta-analysis. J. Clin. Epidemiol. 57: 653-661.

Lake, A., T. Burgoine, E. Stamp, and R. Grieve, 2012. The foodscape: Classification and 
field validation of secondary data sources across urban/rural and socio-economic 
classifications in England. Intern. J. Behav. Nut. Phys. Activity. 9:37: 1-12.

Paquet, C., M. Daniel, Y. Kestens, K. Leger, and L. Gauvin, 2008. Field validation of list-
ings of food stores and commercial physical activity establishments from secondary 
data. Int. J. Behav. Nutr. Phys. Act. 5:58: 1-7. doi:10.1186/1479-5868-5-58

Sánchez-Rodríguez, H.L., 2019. Thermoregulatory and productive-related comparisons 
between wild type and slick-haired Puerto Rican Holstein cows. J. Agric. Univ. P.R. 
103(1): 69-86. doi.org/10.46429/jaupr.v103i1.17902

Sosa, F., A.T. Carmickle, E. Jiménez-Cabán, M.S. Ortega, S. Dikmen, V. Negrón-Pérez, 
E.A. Jannaman, A. Baktula, G. Rincon, C.C. Larson, M. Pagán-Morales, A.C. Den-
icol, T.S. Sonstegard, and P.J. Hansen, 2021. Short Communication: Inheritance 
of the SLICK1 allele of PRLR in cattle. Anim. Genet. 52(6): 887-890. doi:10.1111/
age.13145

Williams, A.L., A.H. Brown, Jr., J.G. Powell, C.M. Turner, K.S. Anschutz, B.R. Lindsey, 
R.W. Shofner, and C.F. Rosenkrans, Jr., 2013. Evaluation of hair shedding scores in 
relation to maternal traits and productivity in beef cattle. Arkansas Animal Science 
Department Report. Arkansas Agricultural Experiment Station. Research Series 
612: 93-98.

Yeates, N.T.M., 1954. Environmental control of coat changes in cattle. Nature 174(4430): 
609-610.


