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Abstract: 

Panting frequency and score are indicative of cattle well-being in intensive finishing feedlots. 

A six-week-long descriptive observational study was done of intensive finishing beef cattle 

during summer in the dry tropics in northwest Mexico. Data were collected on pen type, 

observation time (0800, 1200 and 1600 hours), panting frequency and score, environmental 

temperature, relative humidity and animal phenotypic predominance (i.e. Bos taurus or Bos 

indicus). The temperature and humidity index (THI) was calculated. Panting frequency was 

recorded as the number of animals exhibiting this behavior per pen, and panting scored on a 

five-point scale. Three categories of phenotype were assigned (no hump, medium hump and 

large hump), greater hump size being indicative of greater B. indicus influence. Panting 

frequency was highest at 1200 and 1600 h (P<0.01), when THI values consistently exceeded 

84 units. Panting score tended to be higher (P<0.01) in pens with less space for individual 

animals, at later observation times, and in animals with no hump. Panting frequency and 
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score in beef cattle in intensive feedlots was influenced by time of day, pen design and a 

predominantly B. taurus phenotype. 
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Industrial beef production focuses on efficiency and production unit profitability which 

depend on reproductive management strategies, genetic improvement technologies, 

exogenous growth promoters, vaccines and antibiotics, processed feed, and ration 

formulation(1). In Mexico, beef production is the main livestock activity, contributing 29.8 % 

of the value of national livestock production in 2018, equivalent to 134.4 billion Mexican 

pesos(2). 

In intensive beef cattle finishing pens, several common factors concur which affect animal 

thermal balance. These include animal genotype, body condition, fat cover, coat color and 

degree of adaptation to the environment(3). This concurrence needs to be considered when 

assessing animal welfare indicators and their relationship to beef productive parameters in 

intensive finishing(4). For example, animal production indicators can decline sharply in warm 

regions due mainly to animal stress caused by high temperatures coupled with high relative 

humidity(5). In cattle, heat stress occurs when environmental temperature exceeds animals’ 

thermoneutral zone, preventing them from dissipating excess heat(6). Optimum cattle 

performance occurs in a thermoneutral zone of 20 °C, which can vary from 10 to 26 °C; for 

example, in young animals the comfort zone ranges from 7 to 26 °C while the range for 

mature cows and heavy cattle is from -17 °C in winter to 23 °C in summer. Most cattle types 

have difficulty tolerating temperatures above 27 °C, especially if relative humidity (RH) 

exceeds 40 %(7). 

Ruminants are homeothermic animals. Maintaining homeostasis in temperatures outside a 

species’ thermoneutral zone requires physiological and behavioral changes. When 

environmental temperature rises, the immediate physiological response in cattle manifests as 

increased respiratory rate, decreased feed intake and greater water intake(6). Under extreme 

conditions, cattle can die from heat stress(8). Both respiratory rate and panting are appropriate 

indicators for measuring heat stress intensity in cattle(8,9). In addition, highly productive cattle 

have a high metabolic rate, making them more susceptible to heat stress(6). The present study 

objective was to quantify panting frequencies and scores in beef cattle in intensive finishing 

during summer in the dry tropics. 
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This descriptive observational study was done in a Livestock Production Unit (LPU), in Los 

Becos, south of the city of Culiacán, Sinaloa, Mexico (24° 38’ 58” N; 107° 17’ 10” W; 

average altitude= 70 m amsl). According to the Köppen classification, climate in the Culiacán 

Valley is classified as BS1(h')w(w)e. The “B” refers to dry climates, and the “BS1” 

classification indicates a type of dry steppe climate with moderate precipitation; this 

classification is between very arid climates (BW) and humid ones (A or C). The symbol “(h')” 

indicates a warm climate with an average annual temperature above 22 °C and an average 

temperature of 18 °C in the coldest month. The “w(w)” means rainfall occurs during the 

summer months; indeed, in the wettest month of the warmest season rainfall is 10 times 

greater than in the driest month, and only 5 % of annual rainfall occurs in the winter. Finally, 

the symbol “e” indicates the presence of extreme thermal oscillation, from 7 to 14 °C, 

between average annual monthly temperatures. In summary, BS1(h')w(w)e means the study 

area is in a very hot semi-dry climate with extreme summer rains, and winter precipitation 

representing less than 5 % than the annual total(10,11). 

 

The experimental period was in the summer. Based on historical climatological records for 

the Culiacán Valley(12), a six-week-long period was selected spanning from the seventh to 

the twelfth week of summer, that is, 4 wk in August and 2 wk in September. These months 

have the highest average rainfall of the year (209.2 and 141.6 mm), high average RH (75 and 

75 %) and extreme average temperature (34.8 and 34.4 ° C). 

 

The cattle were housed in pens of three different dimensions used for beef production at the 

LPU. For study purposes these were labeled as type 1, 2 and 3 pens (Table 1). 

 

Table 1: Characteristics of intensive finishing pens at LPU in the dry tropics 

Characteristics 
Pen type 

1 2 3 

No. of pens 4 4 4 

Animals 67 71 89 

Dimensions, m  22.67 x 38.98 22.92 x 40.36 32.1 x 41.60 

Available surface, m2 883.67 925.03 1335.07 

Living space, m2/animal 13.14 13.13 15.16 

Available shade, m2 134.75 137.57 192.32 

Available shade, % 15.29 14.87 14.40 

Shade area, m2/animal 2.01 1.95 2.18 

Shade orientation N - S N - S E - W 

Feeder length, m 22.39 22.90 32.05 

Feeder availability, cm/head 33.4 32.2 36.0 

Water trough length, m 6.0 6.0 6.0 

Water trough availability, cm/head 8.9 8.5 6.7 

LPU= Livestock production unit. 
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Temperature and RH were measured using two digital thermohygrometers (Model No. VA-

EDT- 1-55ª, Avaly Taylor, Mexico City, Mexico) placed in the feeding area of each pen type. 

The temperature and humidity index (THI) was calculated using the formula: THI =

[0.8 × T] + [(RH ÷ 100) × (T − 14.4)] + 46.4, where T is environmental temperature in 

degreees Celsius and RH is relative humidity expressed as a percentage(13). 

 

All the documented pens contained only uncastrated males (average LW= 450 kg). The 

animals were fed the finishing program diet utilized at this LPU. Four pens of each of the 

three sizes (n= 12) were included in the study. Observation visits were made to the pens from 

Monday to Friday throughout the study period. Observations were randomized within each 

pen type such that six pens were observed daily (two per type). All observations were made 

by a single previously-trained person. Environmental temperature and RH were recorded at 

0800, 1200 and 1600 h. Panting frequency was recorded as the number of panting animals in 

a pen at the time of observation. An established methodology using a 0-4 scale was applied 

to score panting severity in individual animals (Table 2, Figure 1)(13,14). 

 

Table 2: Scale for scoring panting in beef cattle in intensive finishing pens 

Score RR/min Description 

0 Max 40 Normal respiration, no panting 

1 
41 - 70 Light panting, mouth closed, no saliva; chest movement 

easily observed 

2 
71 - 120 Panting, open-mouth, some salivation. Neck extended and 

head generally up 

3 
121 - 160 Panting, open-mouth, some salivation. Neck extended and 

head generally up 

4 
>160 Mouth open, tongue completely extended, long periods of 

salivation 

Source: Mader et al (2002) and Mader et al (2006). 

RR= respiration rate. 
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Figure 1: Panting  score in beef  cattle in intensive finishing pens. A) 0; B) 1; C) 2; D) 3; 

E) 4.  

 

Photo credit: Ana Mireya Romo Valdez. 

 

Animals were assigned to one of three estimated phenotypic predominance categories 

generally suggestive of their predominant species (Bos taurus or Bos indicus). Classifications 

were made based on the presence of a hump and its size: no hump, medium hump (8-14 cm) 

and large hump (>15 cm)(15). Based on the number of animals in each phenotype category, 

panting was recorded in six animals per pen, divided proportionally among the categories 

present at the time of observation in each pen. 

 

The panting frequency observation unit was the pen and recorded values were converted to 

rates using the formula(16): 

(
𝑎

𝑎 + 𝑏
)𝑘 

 

Where 𝑎 = frequency of the event during a specific period; 𝑎 + 𝑏 = number of animals 

exposed to risk of the event during the same period; 𝑘 = 100. 
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The transformed rates did not meet normality criteria. The technique of Herrera and 

Barreras(17), using the RANK procedure(18), was applied to calculate ranges and an ANOVA 

applied to these with the GLM procedure, stated in this general linear model: 

 

𝑌𝑖𝑗𝑘 = 𝜇 + 𝐶𝑖 + 𝐻𝑗 + 𝐶𝐻𝑖𝑗 + 𝜀𝑖𝑗𝑘 

 

Where: 

𝐘𝐢𝐣𝐤= Rate ranges for behavioral variable; 

𝛍= General mean; 

𝐂𝐢= Effect of i-th pen type; 

𝐇𝐣= Effect of j-th observation time; 

𝐂𝐇𝐢𝐣= Effect of i-th pen type and j-th observation time interaction; 

𝜺𝒊𝒋𝒌= Random error. 

 

Comparison of means for pen type and observation time was done with a Dunn test 

(Bonferroni)(18). Panting score was analyzed using a χ2 test, with 5x3 contingency tables: five 

panting score levels (0 to 4); three pen types (1, 2 and 3); three observation times (0800, 1200 

and 1600 h); and three phenotype categories (no hump, medium hump, and large hump). 

Highly significant statistical differences resulted, therefore, χ2 tests were run for each panting 

score and each factor. The results are expressed as the percentage of observations per column 

and the number of total observations in parentheses. 

 

During the experimental period, average temperature was 34.6 °C, average RH was 67.3 % 

and the average THI value was 87.3 units (Table 3). The latter indicates that throughout the 

experimental period the animals were in the Emergency category (THI > 84 units)(13). 

 

Table 3: Average temperature, relative humidity and temperature/humidity index values 

during experimental period (summer) 

 Temperature °C RH1, % THI2  

Week3 Min. Max. Mean Min. Max. Mean Min. Max. Mean Category 

1 25.0 40.6 33.4 50 85 66.8 75 98 85.4 Emergency 

2 27.6 41.2 34.5 51 81 66.0 79 96 87.1 Emergency 

3 26.6 43.1 35.2 48 81 64.6 77 99 87.6 Emergency 

4 23.9 45.8 33.9 52 85 66.3 74 101 86.1 Emergency 

5 24.4 43.1 35.2 54 93 71.6 75 100 89.0 Emergency 

6 27.1 46.3 35.3 60 81 69.3 78 103 88.9 Emergency 

Overall4 23.9 46.3 34.6 48 93 67.3 74 103 87.3 Emergency 
1 RH = Relative humidity; 2 THI= Temperature/humidity index; Min.= minimum; Max.= maximum. 

 3Per week, n=90. 4Overall, n=540. 
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Results for average temperature and THI per observation time in each pen type show that 

these parameters varied (P<0.01) in response to pen type and observation time (Table 4). The 

pen type/observation time interaction also affected temperature and THI values (P<0.01), 

indicating the presence of microclimates within pens that affect animal physiology. These 

values also highlight the persistently high temperatures and THI that constitute the 

Emergency category, and the consequent daily cumulative caloric load experienced by 

animals in the finishing pens. 

 

Table 4: Average environmental temperature and temperature/relative humidity index 

(THI) values per observation time and pen type 

Observation time Pen type Temperature, °C THI 

0800 

  

  

1 31.1 84.2 

2 31.4 84.7 

3 28.8 80.8 

1200 

  

  

1 37.9 90.9 

2 37.2 89.9 

3 35.2 87.0 

1600 

  

  

1 36.0 89.0 

2 35.6 88.4 

3 35.5 88.1 

SME    0.39 0.55 

Time    0.01 0.01 

Pen type    0.01 0.01 

Time x Pen type    0.01 0.01 

SME= Standard mean error (n= 60). 

 

Recording and interpretation of temperature and THI values are used as a way of quantifying 

the degree of heat stress experienced by cattle in a feedlot(19); this is logical since heat stress 

severity depends largely on diurnal fluctuations in environmental temperature(20). The 

maximum temperature values recorded throughout the day in the present study exceeded the 

high critical temperature limit for cattle (Table 4). In addition, observation time clearly 

affected panting frequency during the present study, with much higher frequencies (P<0.01) 

at 1200 and 1600 h than at 0800 h (Figure 5). This coincides with THI values in excess of 84 

units, the lower limit for the Emergency category. These results are vital to evaluating animal 

well-being because conditions outside the thermoneutral zone compromise cattle thermal 

comfort in intensive finishing systems(21). Cattle physically suffer from loss of thermal 

balance which can undermine productive function because an animal’s physiological 

response is restricted in unfavorable climatic conditions during intensive confinement(5,6,8). 

This negatively affects beef cattle well-being in intensive finishing environments. 
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Figure 5: Panting frequency in finisher beef cattle during summer in a dry tropical climate, 

by observation time.  

 
ab Different lowercase letters indicate significant difference (P≤0.01). 

 

Among domestic animals, cattle are particularly vulnerable to environment thermal 

conditions, a situation exacerbated under feedlot conditions(5). Tropical regions characterized 

by high temperature and high RH also pose considerable challenges to animal 

thermoregulation(22). The present results confirm previous reports of the relationship between 

environmental conditions and heat stress in cattle. In a study of native South African beef 

cattle in finishing feedlots during the summer months of February and March at temperatures 

ranging from 17 to 38 °C, panting frequency increased between 1200 and 1400 h, indicating 

that the cattle were under heat stress(23). 

 

Environmental temperature and RH can also affect respiratory rate in cattle, providing 

another indicator of heat stress. One study of Angus × Charolais cattle found fluctuating 

respiratory rates when average environmental temperature was reduced from 23.7 to 14.5 °C, 

and average RH increased from 57.5 to 60.5% in a feedlot between July and October(24). A 

study done in the tropics of Peru, with 34.1 °C maximum temperature and 81.2 % RH, 

reported that respiratory rate indicated heat stress in Nellore and Nellore x Swiss Brown 

cattle(25). In four breeds studied in Mexico (Criollo, Holstein, Jersey and Charolais x 

Brahman) during the warm months of May to September, respiratory rate increased when 

environmental temperature rose from 36.2 to 40.3 °C and RH from 70 to 85 %, and THI 

values were greater than or equal to 72 units(26). Increased panting has also been reported in 

Angus cattle in a feedlot as high temperature and RH humidity increased during the year(27). 
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Panting is an indicator of caloric load and is associated with heat stress and declining animal 

well-being in feedlots. Breeds derived from B. taurus can be more susceptible to thermal 

stress, while B. indicus breeds are more thermotolerant and therefore more adaptable to hot 

climates(28). Intensive beef cattle production in Mexico involves various breeds, resulting in 

the coexistence of a diversity of phenotypes in finishing pens. For this reason, data on 

phenotypic expressions (i.e. hump size) were included in the panting score (PS) evaluation 

(Table 5). 

 

Table 5: Panting score of beef cattle (n) in intensive finishing in summer by pen type, 

observation time and hump size 

 Panting score 
P 

 0 1 2 3 4 

Pen type 

1 
32.3ab 

(413) 
33.3 (545) 36.5a (62) 31.8 (27) 45.0a (36) 0.009 

2 31.0b (396) 33.0 (540) 39.4a (67) 30.6 (26) 33.7ab (27)  

3 36.7a (469) 33.7 (550) 24.1b (41) 37.6 (32) 21.3b (17)  

Observation time 

0800 63.1a (806) 17.0c (277) 2.9b (5) 5.9b (5) 8.7c (7) 0.0001 

1200 11.0c (141) 45.6a (746) 51.2a (87) 45.9a (39) 31.3b (25)  

1600 25.9b (331) 37.4b (612) 45.9a (78) 48.2a (41) 60.0a (48)  

Hump size  

No hump 24.8b (317) 29.7b (486) 55.9a (95) 49.4a (42) 62.5a (50) 0.0001 

Medium 48.8a (624) 51.4a (840) 40.0b (68) 42.4a (36) 32.5b (26)  

Large 26.4b (337) 18.9c (309) 4.1c (7) 8.2b (7) 5.0c (4)  
abc Different letter superscripts within pen type, observation time and hump size, and within each panting 

score column indicate significant difference (P<0.05). 

 

Of the total number of animals with a PS of 4, a higher proportion (P<0.01) were in type 1 

pens (45 %) than in type 3 pens (21.3 %). In contrast, most (P<0.01) of the animals with a 

PS of 2 were housed in type 1 (36.5 %) and 2 (39.4 %) pens, with fewer in in type 3 pens 

(24.1 %).  Finally, animals with a  PS of 0  were more frequent  (P<0.01)  in type 3 pens 

(36.7 %) than in type 2 pens (31.0 %). In terms of numbers of panting animals, there was no 

difference between pen types. However, THI values in type 3 pens were generally lower than 

in type 1 and 2 pens (Table 4). The slightly lower occurrence of high PS scores, and lower 

THI values, in type 3 pens suggest that these pens provide somewhat better microclimatic 

conditions than type 1 and 2 pens. This may be related to their greater shaded area (2.18 [type 

3] vs 2.01 [type 2] vs 1.95 [type 1] m2/animal), and greater living area (15.16 [type 3] vs 

13.14 [type 2] vs 13.13 [type 1] m2/animal), as well as their East-West orientation. 
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Cattle can withstand adverse weather conditions, but shading intensive finishing feedlots 

reduces the impact of heat stress, mitigating its negative physiological effects and improving 

cattle production performance(6,8). Previous reports have found panting rate can be reduced 

by providing adequate shade (3 - 5 m2/head for animals > 400 kg LW, in intensive finishing) 

and living space (15 - 19 m2/animal), consequently improving panting scores and well-being 

in feedlot cattle(24,27,29). This is especially the case in geographical areas with extreme weather 

conditions where heat is most intense from 1200 h onwards(9). 

 

In terms of observation time, the highest frequency (63.1 %) of animals with a PS of 0 was 

recorded at 0800 h, which was higher (P<0.01) that at 1600 h (25.9 %) and 1200 h (11.1 %). 

Animals with a PS of 1 were more frequent  (P<0.01) at 1200 h  (45.6%) than at 16:00 h 

(37.4 %) and 8:00 h (17.0 %). In the PS 2 and 3 categories no difference was observed in 

panting frequency between 1200 h and 1600 h, although it was lower (P<0.01) at 0800 h. 

Animals with a PS of 4 were more frequent  (P<0.01) at 1600 h  (60.0 %) than at 1200 h 

(31.3 %) and 0800 h (8.7 %). In the present results, higher THI values (which increase 

throughout the day) were clearly related to higher panting scores. Since exposure of beef 

cattle in intensive finishing systems to extreme heat and humidity can reduce animal 

productivity and well-being(26), the present results highlight the need for adequate shade and 

living space areas in feedlots. 

 

Phenotype, as a proxy for cattle species, did effect animal response to the evaluated 

environmental conditions. At low panting scores (PS 0 and 1), animals with a medium hump 

were more frequent (P<0.01) than those with no hump or a large hump. In the PS 2, 3 and 4 

categories, animals with a large hump were much less frequent (P<0.01) than those with a 

medium or no hump. Under the evaluated conditions animals with a substantial B. taurus 

genetic predominance (i.e. no hump or medium hump) exhibited physiological difficulties in 

adapting to the rainy summer conditions in the dry tropics with THI values far in excess of 

75 units. In contrast, the B. indicus animals (i.e. large hump) were more tolerant of these 

conditions, manifesting much lower panting scores. These results support reports that genetic 

differences between breeds influence heat tolerance and can notably modify animal behavior 

under adverse physiological parameters(30). 

 

Time of day, pen type and a phenotypic predominance of B. taurus affected panting 

frequency and panting score in beef cattle housed in intensive finishing pens. The persistently 

high THI values in the summer in the study region compromised physiological stability of 

the evaluated finisher cattle. Animals with a predominantly B. taurus phenotype were most 

strongly affected, but housing characteristics (e.g. living space, shaded area and drinker 

availability per animal) had a greater capacity to exacerbate the adverse conditions during 

summer, worsening the already negative impacts of extreme heat conditions on animal well-

being. 
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