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Abstract: The aim is to elucidate other key aspects of these dual-purpose systems in wetland areas, including labor, 
markets, the conditions of facilities, machinery and equipment indices, and zootechnical indicators. The health 
management values determined for production units (PU) PU2, 3, and 4 were similar (50%) but higher at PU1 (75%). 
Three scheduled milkings once a day (1x), but PU3 performed it twice a day (2x). Most workers are permanent, but PU1 
and PU2 hire temporary laborers. The average workday was 7.69 ± 2.84 hours/animal unit at a mean wage of $11.43 ± 
$1.27. Unit prices per kg of meat from fattening animals and liter of milk were $1.83 ± $0.03 and $0.51 ± $0.08, 
respectively. Production variables showed an average calving interval of 371.25 ± 7.50 days, a mean parturition index of 
89% ± 1%, and mean mortality of 1.8% ± 0.5% and 0.6% ± 0.8% for young and adult animals, respectively. Milk 
production per lactation was 1240 ± 211.66 liters. The mean daily production for sale was 5.17 ± 0.88 liters. Individual 
calves consumed 2.13 ± 0.63 liters of milk per day on average. Mean productive life was 17 ± 2.45 years. Average 
scores on the facilities conditions and machinery and equipment indices were 68% ± 14% and 57% ± 26%, respectively. 
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INTRODUCTION  

This article complements an earlier text entitled 
“Description of four dual-purpose river buffalo farms in 
Mexico’s tropical wetlands. Part 1: social aspects, herd 
distribution, feeding, reproduction, and genetic 
management” [1]. Our objective in this part is to 
complete the characterization of these DPBPS by 
focusing on other key dimensions: health and sanitary 
management, milking, labor, market prices, 
zootechnical indicators, facilities, and machinery and 
equipment.  

Two activities often blamed for environmental 
deterioration are agriculture and livestock-raising, so 
new strategies are being devised to achieve multiple 
objectives, especially producing food of the quality and 
in the quantities that humanity demands in the short  
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term using the fewest resources possible during 
minimizing environmental impact [1, 2]. Adopting 
sustainable production models and efficient 
technological practices and evaluating elements that 
interact symbiotically with the environment have been 
proposed for their potential benefits in configuring or 
redesigning agricultural production systems, especially 
in relation to direct interaction with ecosystems as 
occurs DPBPS in Mexico’s tropical wetlands [3-6].  

The river buffalo (Bubalus bubalis) is a species well-
adapted to humid tropical environments due to key 
anatomical, physiological, and behavioral attributes that 
provide efficiency and resistance in these production 
systems. This species allows sustainable exploitation 
of natural resources [7] with low or null dependence on 
external inputs, a capacity for efficient production, and 
a fundamental principle of agroecology [5, 8].  

Despite the recent expansion of river buffalo 
production in Mexico’s tropical wetlands, few studies 
have characterized and evaluated DPBPS in detail, so 
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Table 1: Qualitative and Quantitative Variables Analyzed 

Dimension Variable Dimension Variable 

Sanitary management 

Tick baths (frequency) 

Facilities 

Warehouse 

Clostridium Vaccination (frequency) Corrals 

Brucella Vaccination (frequency) Roof or cellar 

De-worming (frequency) Gallery 

Milking management 

Milking system Feeding troughs 

Milkings per day Milking parlor 

Stimulus used for milk ejection Handling chute  

 Labor 

Types of workers 

Zootechnical 
indicators  

Age at first service (months) 

Permanent day workers Weight at first service (kg) 

Temporary workdays Age at first calving (months) 

Wages paid per day Birth weight, males (kg) 

Daily wage  Birth weight, females (kg) 

Days/AU Weaning days (days) 

Market prices  

Buffalo cow (all prices in USD) Male weaning weight (kg) 

Pregnant buffalo heifer  Female weaning weight (kg) 

Buffalo heifer  Weight of males at 1 year (kg) 

Female buffalo calves (heads) Weight of females per year (kg) 

Bulls  Days of lactation 

Buffalo steers  Daily milk production (liters) 

Male buffalo calves  Milk production per lactation 
(liters) 

Price of milk per liter  Milk destined for calves (liters) 

Per kg price of live animal  Milk for sale (%) 

Machinery and 
equipment 

Agricultural tractor 1 Milk for buffalo calves (%) 

Agricultural tractor 2 Parturition rate (%) 

Disc harrow Mortality in adult animals 

Plow Mortality in young animals 

Trailer Productive life (years) 

Farm grader Days open 

Cultivator Cull rate, buffalo cows (%) 

Thresher Udder diseases (%) 

Harvester Leg and hoof diseases (%) 

Weigher Calving interval (CI) 

Cryogenic chamber 

Irrigation equipment  

Baler 

Milking equipment 

Feed mixer 

Mill 

Power plant  

Cooling tank  

Machinery and processing equipment  

Electric fencing 

Automobile 

Pick-up truck 

Truck  
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Table 2: Labor Force used in DPBPS 

PU Type of labor Permanent day 
labor 

Temporary 
workdays Wages per year Daily wage 

(USD) Wages/AU 

1 Temporary / permanent 5634 2400 8034  $ 11.95  11.17 

2 Temporary / permanent 313 90 403  $ 10.39  4.21 

3  Permanent 4695 0 4695  $ 10.39  7.92 

4  Permanent 3130 0 3130  $ 12.99  7.48 

 

Average 3443 622.5 4065.5  $ 11.43  7.69 

SD 2328.29 1185.76 3185.09 1.27 2.84 

 

it is important to gather primary information on diverse 
components of these systems in these regions. The 
variables and indicators examined may provide 
reference values for future studies of DPBPS to identify 
areas of opportunity and potentially beneficial 
reconfigurations that could be applied in countries with 
similar conditions.  

MATERIALS AND METHODS 

This is a retrospective analysis with data from 2019 
that characterize four DPBPS in the study area. The 
methodological strategy included six steps, described 
in Part 1. For part 2, we defined 70 qualitative and 
quantitative variables (Table 1) and indices to score 
health conditions, facilities, and machinery and 
equipment. The study is framed in the reproductive 
management index proposed in Part 1, “Description of 
four dual-purpose river buffalo farms…” [1]. 

Workers 

Two PUs hire only permanent staff; the others also 
use temporary laborers. Our data contrast to those in 
Arroniz [9], who reported family labor predominantly 43 
% in dual-purpose bovine systems, probably due to the 
smaller scale of the producers surveyed compared to 
the four PU analyzed herein. On average, we found 
4,065.5 ± 3,185.03 workdays/year. PU1 had the 
highest number at 11.17/AU, possibly reflecting the 
milking methods used (mixed and manual), more 
frequent health management activities, and continuous 
improvements of pastures. PU2 required fewer than 
half that amount of wages at just 4.2 wages/AU, the 
lowest value found. The average was 7.69 ± 2.84 
wages/animal unit (AU). The average labor cost was 
$11.43 ± $1.27. The highest value was at PU1, the 
lowest at PU2 and 3 (Table 2). The average daily wage 
was higher than that reported by Martínez-Castro [10], 
which presented $5.38-$6.15 values. This difference 

could be due to regional and/or seasonal factors, such 
as the dates on which field data were collected. 
Permanent workers are utilized mainly for routine with 
the animals, while temporary laborers are more often 
employed in rehabilitating pastures, depending on the 
growth of grasses, maintenance tasks, and herd 
rotation according to established programs. 
Significantly, the owners of these PUs continuously 
supervise and participate in activities necessary for the 
good functioning of their systems, so it is necessary to 
assign a value to their wages when evaluating 
production activities. 

The study detected that the owners of all four PUs 
are dedicated to their operations and that this could 
raise their profitability, aided by tight controls and high 
management capacity. Another common feature of 
these PUs is that producers perform various activities 
to obtain additional economic income [9, 11]. Analyses 
verified that the time producers spend with their herds 
is closely related to levels of productivity, efficiency, 
and profitability [12]. 

Health Management 

In the area of health management, only PU2 
routinely gave young animals tick baths but were not 
performed with adults at any PU (Table 3). The low 
frequency of this health measure could reflect the fact 
that the buffalo’s thick hide and characteristic behaviors 
of submerging in water and wallowing in swamps [13-
17] reduce insects’ ability to adhere its hypostomes to 
their skin. However, it is important to note that 
Obregón’s study [18] showed that, unlike adults, buffalo 
calves could suffer tick infestations, so it may be 
advisable to give young animals regular tick baths. 

Concerning the application of vaccines and 
bacterins, all four ranchers protected their herds from 
Clostridium sp, but only two vaccinated against 
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Brucella abortus. Three PUs did internal de-worming 
on all animals at least once a year. The average health 
management index was 56% ± 13% (Table 3).  

Although the river buffalo has a great capacity for 
environmental adaptation, we must remember that they 
are biological beings. While they may rarely show signs 
of disease, they can carry and transmit illnesses that 
could affect other cattle species [19, 20]. Before 
emitting recommendations in this regard, it is important 
to conduct diagnostic protocols to identify health and 
sanitary conditions by region and, where necessary, 
attend to affected species through zoosanitary 
campaigns as a control measure to prevent 
propagation [21]. Note that all four PUs test for 
Brucella. When positive cases are found, the sick 
animals are disposed of, and the pertinent authorities 
are informed. 

Milking Management 

Regarding milking management, we found that PU1 
uses mixed techniques (manual and mechanical) to 
ensure adequate supplies, depending on the ages of 
calves. Dams with calves with correct development 
(weight, body condition) are channeled to mechanical 
milking two months after parturition, but for the others, 
manual milking continues. PU2 does only manual 
milking, while PU3 and PU4 use exclusively 
mechanical equipment (Table 4). These three PUs 
employ the same milking system regardless of the age 
and condition of calves. This finding is similar to that of 
Granados-Rivera et al. [22], who found a high 
utilization of mechanical milking, but differs from those 
of two authors who observed that the predominant 
practice of DPBPS is manual [11, 23]. When working 
with buffalo species, it is necessary to consider 
behavioral, anatomical, and physiological features 
(capacity of the cistern in the udder, conical teats, 

narrow sphincter canals, rapid formation of keratin 
plugs) to establish adequate milking routines since 
dams are much more susceptible to stress factors 
during milking than bovines [19, 24-28] (Figure 1).  

Three PUs extract milk from the dams’ mammary 
gland once a day in relation to daily milking frequency. 
Only PU3 did milking twice a day, perhaps reflecting 
greater intensification and prioritization of milk than in 
the other PUs. While the greater number of milkings 
may increase total milk production [30], a disadvantage 
could be prolonging the period for developing calves for 
sale. Quiroga [31], however, reported that the increase 
in milking frequency from once to twice a day in 
lactating Murrah buffaloes in the final third of lactation 
could increase milk production without affecting the 
weight of calves at weaning, as long as nutrition is 
adjusted accordingly. Milking equipment tends to be 
similar to that used with conventional bovines, but the 
tubular structure in milking parlors is usually broader to 
accommodate the buffaloes’ greater body width [21]. 

All four PUs use oxytocin to promote milk ejection, 
especially with mechanical milking, but PU1 and PU2 
also apply sensory stimuli by presenting the calf to 
stimulate ejection. PU3 complements this stimulus with 
balanced feed during milking as a routine incentive 
(Table 4). The calf’s presence is important for milk 
ejection because, as mentioned above, the female 
buffalo stores only 5% of her milk in the cistern. The 
rest is in the alveolar portion [29, 32]. Alveolar milk only 
becomes available when it is ejected actively by 
contractions of the myoepithelial cells in response to a 
calf’s somatosensory stimulation [25, 26]. 

Market Prices  

Regarding estimates of market values, buffalo cows 
can reach a price (all figures in USD) of $1,168.83 ± 

Table 3: Health Management on the DPBPS 

PU 
Tick baths frequency Vaccination 

(Clostridium) frequency 
Vaccination (Brucella) 

frequency  De-worming frequency Health 
management 

index  < 1 year > 1 year < 1 year > 1 year < 1 year > 1 year < 1 year > 1 year 

1 0 0 1 1 2 1 6 6 75% 

2 1 0 2 2 0 0 2 0 50% 

3 0 0 1 1 2 1 0 0 50% 

4 0 0 0 0 1 1 3 2 50% 

 

Average 56% 

SD 13% 

PU: production unit; SD: standard deviation. 
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Figure 1: Anatomical differences between the udders of female buffaloes and dairy cows. 

A. Lateral view of a buffalo dam’s udder. B. Lateral view of the cow’s udder. C. Importance of the buffalo calf in routine milking 
operations. In Italy, female buffaloes in intensive systems have an average lactation of 2,462 kg with a duration of 270 days. In 
contrast, Holstein cows can produce up to 9,690 kg in lactations of 305 days. Female buffaloes have less well-developed 
mammary tissue but can produce milk with better compositional characteristics than that Holstein cows. They are also less 
susceptible to suffering mastitis due to certain anatomical and physiological features of the udder. The buffalo calf is important 
for milk ejection since over 95% of the milk produced is in the alveolar fraction, so active myoepithelial contractions derived from 
oxytocin are fundamental for ejection [27-29]. 

 

Table 4: Milking Management 

PU Milking system Milkings per day Type of stimulus used for milk ejection 

1 Manual/mechanical 1 Buffalo calf/oxytocin 

2 Manual 1 Buffalo calf/oxytocin 

3 Mechanical 2 Oxytocin/balanced feed 

4 Mechanical 1 Oxytocin 

PU: production unit. 

$108.14.67, pregnant heifers, $987.01 ± $59.98, 
heifers, $896.10 ± $88.72, female calves, $766.23 ± 
$107.09, bulls, $1,350.65 ± $59.98, steers, $681.82 ± 
$23.76, and male calves, $478.05 ± $57.89 (Table 5). 
We would emphasize that females are sold as breeding 
animals, so their price is not calculated in kilograms. 
Instead, they receive added value depending on their 
genetic load, specifically for projections of their 
potential for milk production. Prices for male steers and 
calves are based on the weight in kilograms when sold, 
but bulls are evaluated as breeding animals using 
criteria similar to those applied to females.  

For the prices of a kg of meat and liter of milk, we 
found values of $1.83 ± $0.03 and $0.51 ± $0.08, 
respectively (Table 5). When visiting local sources, we 
verified that buffalo milk costs more than cow’s milk 
($0.51 vs. $0.36) because it is sold to local processors 
who have found that it gives higher yields when 
converted into dairy products and derivatives. This 
contrasts with sales of fattening animals, as local 
intermediaries pay less for buffaloes, perhaps because 
buffalo carcasses have lower yields due to the greater 
weight of their hide and bones compared to bovines 
[33]. The latter can go for prices as high as $2.02/kg of 
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live weight for animals weighing 200-300kg and 
$1.97/kg for those in the 300-500kg range. Buffaloes, 
in contrast, had a fixed price of $1.83/kg for steers and 
male calves weighing 200-500kg. 

In summary, price differences favor buffalo milk but 
not buffalo meat, so it is logical that PUs orient their 
operations towards milk production. This indicates the 
importance of establishing commercialization channels 
for differentiated products so they reach consumers 
directly with labels that describe their nutritional 
characteristics. This would foment the consumption of 
buffalo products and their gradual incorporation into 
healthier diets [34]. Forging cohesive, competitive 
agribusiness chains would stabilize the 
commercialization of buffalo products and increase 
profitability. A first step would be for producers and 
industrialists to work with the authorities to elaborate 
norms for this species that would help establish fair 
prices for all participants and to formulate effective 
recall procedures to ensure that consumers receive 
products that are safe and clearly differentiated [12]. 

Zootechnical Indicators 

Turning to productive variables, the DPBPS 
registered an average calving interval (CI) of 371.25 ± 
7.50 days, similar to the figure reported by Cassiano et 
al. [35], of 380 ± 31 days (Table 6) for Carabao, 
Jaffarabadi, Mediterranean, and Murrah buffaloes, 
though Barreto-Hernández et al. [36] reported a CI of 
441.10 ± 163.23 days for F1 swamp buffaloes crossed 
with river buffaloes. Bedoya et al. [37] evaluated the 
performance of female mestiza buffaloes, determining 
a CI of 13.83 ± 1.04 months, or 444 ± 31.2 days. These 
latter studies found longer intervals than our work. This 
difference may be due to the specific breed studied, the 
number of births, duration of lactation, level of 

management, and various types of stress that can 
produce prolonged periods of anestrus [35, 38].  

Another explanation of the advantages found in our 
work could involve the type and number of samples 
selected for analysis. While several authors sustain 
that female buffaloes are physiologically capable of 
producing one calf per year [35, 39, 40], others 
propose that this species’ natural calving interval (with 
no application of biotechnological reproductive 
measures) should show values just below 400 days to 
be deemed efficient [40]. The PUs that utilized assisted 
reproduction techniques had CIs within the optimum 
range. 

For the calving rate, we determined an average of 
89% ± 1%, which is within the range reported by 
Vázquez et al. (80-90%) [41], but higher than the 84% 
observed in the water buffalo study by Motta-Girando 
et al. [42]. Interestingly, all these values clearly exceed 
the 54.49% reported in Valenzuela-Hernández et al.’s 
[43] work on dual-purpose cattle production systems. 
These data indicate that, pragmatically, cattle raised in 
dual-purpose systems give birth once every two years, 
but female buffaloes can produce a calf practically 
once a year. Understanding the physiology, behavior, 
and birth signs in buffalo dams during eutocic and 
dystocic births will facilitate effective interventions to 
ensure the welfare of newborns, the health of dams, 
and future reproductive and productive performance 
[44]. This means a higher number of replacement 
animals and/or animals available for sale. In synthesis, 
the female buffalo’s reproductive efficiency favors 
system autonomy by limiting the entrance of individuals 
but promoting the exit of animals for sale. We consider 
this a benefit of DPBPS from both the health and 
economic perspectives.  

Table 5: Market Prices of Animals and Milk* 

PU Buffalo 
cow (USD) 

Pregnant 
heifer 
(USD) 

Heifer 
(USD) 

Female 
calves 
(USD) 

Bulls (USD) Steers 
(USD) 

Male 
calves 
(USD) 

Liter of 
milk (USD) 

Price per 
kg of live 

animal 
(USD) 

1  $ 1,298.70   $ 935.06   $ 883.12   $ 883.12   $ 1,402.60   $ 670.13   $ 492.21   $ 0.44   $ 1.82  

2  $ 1,038.96   $ 935.06   $ 779.22   $ 675.32   $ 1,402.60   $ 696.10   $ 509.09   $ 0.62   $ 1.82  

3  $ 1,194.81   $ 1,038.96   $ 987.01   $ 831.17   $ 1,298.70   $ 654.55   $ 392.73   $ 0.47   $ 1.87  

4  $ 1,142.86   $ 1,038.96   $ 935.06   $ 675.32   $ 1,298.70   $ 706.49   $ 518.18   $ 0.52   $ 1.82  

Average  $ 1,168.83   $ 987.01   $ 896.10   $ 766.23   $ 1,350.65   $ 681.82   $ 478.05   $ 0.51   $ 1.83  

SD  $ 108.14   $ 59.98   $ 88.72   $ 107.09   $ 59.98   $ 23.76   $ 57.89   $ 0.08   $ 0.03  

PU: Production Unit; SD: Standard Deviation; USD: United States dollar. 
Prices found in the last quarter of 2019. 
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We determined a mean age at first service of 19.75 
months ± 0.50 at a weight of 328.75 ± 15.48 kg. The 
latter value is similar (340 kg) to the report by Crudeli 
[45], though the females in that work required 22-24 
months to reach it. Bedoya et al. [37] reported similar 
ages at first service: 27.27 ± 1.97 months. In synthesis, 
our DPBPS showed higher values than those in other 
studies. Thanks to their precocity, these females may 
be viable for reproduction sooner, though other 
important indicators –such as overall body condition– 
must be considered as well because of their strong 
correlation with the index of reproductive success and 
the optimal expression of the animals’ biological 
potential [40, 45]. Giving calves access to a 
silvopastoral system at the time of weaning benefits the 
live weight change of calves and dams, while 
supplementing calves’ diets during weaning provides 
additional advantages. Broader knowledge of specific 
weaning methods could enhance the welfare of the 
offspring and improve the reproductive efficiency of 
buffalo dams [46]. 

Mortality rates were 1.8% ± 0.5% and 0.6% ± 0.8% 
for young and adult animals, respectively. These 
figures are lower than those in Vázquez-Luna et al. 
[41], so we must clarify that the mortalities reported 
were attributed to accidents like births that occurred in 

deep water, snake bites, and parasitosis. These factors 
must be weighed when implementing preventive health 
programs. A key finding in this regard is that these PUs 
have not registered deaths due to predation, though 
this is a recurrent problem in conventional bovine (Bos) 
agroecosystems. River buffaloes are gregarious 
animals with group defense systems that effectively 
scare off many threats, as Hoogesteijn and Hoogesteijn 
[47] mentioned when reporting that buffalo production 
systems have a 25-fold lower probability of predation 
by large felines than the cattle-only system. This favors 
the production system and the entire ecosystem by 
reducing the need to hunt predators that may be 
species in danger of extinction to prevent future losses. 

Regarding problems of hooves and mastitis, none of 
these DPBPS reported affectations. Important 
anatomical and physiological features of the river 
buffalo include narrower teat canals, stronger 
sphincters, greater production of bactericidal 
substances, stronger, wider, more flexible hooves, and 
a more robust immunological system. These help 
explain the species’ low –even null– mortality rates and 
incidences of problems in their hooves and udders [25]. 
It also means that they require fewer veterinary 
services and/or medications, which reduces costs for 
services and inputs. It may be important to consider 

Table 6: Zootechnical Indicators of the DPBPS 

Zootechnical indicator 
PU 

Average SD 
1 2 3 4 

Calving interval (CI) 380 365 365 375 371.25 7.50 

Parturition rate (%) 88% 90% 88% 90% 89% 1% 

Age at first service (months) 20 19 20 20 19.75 0.50 

Weight at first service (kg) 350 330 320 315 328.75 15.48 

Weaning (days) 240 240 240 240 240.00 0.00 

Weaning weight, males (kg) 230 260 160 220 217.50 41.93 

 Weaning weight, females (kg) 220 240 140 200 200.00 43.20 

Weight of males at 1 year (kg) 260 280 210 285 258.75 34.25 

Weight of females per year (kg) 250 270 200 270 247.50 33.04 

Milk production per lactation (liter) 1360 1200 1440 960 1240.00 211.66 

Milk for sale (liter) 5.67 5.00 6 4 5.17 0.88 

Milk destined for calves (liter) 3 2 1.5 2 2.13 0.63 

Mortality in adult animals (%) 1.0% 0.0% 1.5% 0.0% 0.6% 0.8% 

Mortality in young animals (%) 2.0% 2.0% 2.0% 1.0% 1.8% 0.5% 

Productive life of buffaloes (years) 20 18 15 15 17.00 2.45 

Cull rate of buffalo cows (%) 15% 10% 12% 5% 11% 4% 

PU: production unit; SD: standard deviation; kg: kilogram. 
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this rubric as it relates to the substantial economic 
losses caused by diseases that frequently affect cattle 
[8, 48]. 

The figure we recorded for milk production per 
lactation was1240 ± 211.66 liters (Table 6), below the 
report in Brazil by Silva et al. [49], who calculated a 
broad range of 1500-4500 liters. In the production 
systems studied, milk was measured in units of 
volume, but using units of weight –pounds or 
kilograms– could highlight certain values, such as total 
solids, that can impact the selling price of buffalo milk 
due to its higher solids content. This means that it 
weighs more per liter than dairy cow milk. It is 
important to standardize the units of measure to ensure 
fairer prices for buffalo milk producers. It is also 
necessary to measure milk production in kilograms, a 
common practice in semi-intensive systems in Brazil, 
where cultivated grasses in the Eastern Amazonia 
include Brachiaria and Panicum. There, female Murrah 
and Mediterranean buffaloes and crossbreeds 
produced 1,806 kg of milk during lactations that lasted 
262 days [39]. In Italy, female Mediterranean buffaloes 
in intensive production systems registered a production 
of 2,462 kg in lactations of 270 days [50]. Overall, the 
more intensive the production system, the higher the 
productivity, though it is necessary to analyze cost-
benefit ratios from two key perspectives: economic and 
environmental, including indicators of animal welfare. 

Mean daily milk production for sale in our study was 
5.17 ± 0.88 liters, below (5.5-6.5 liters) the amount 
reported by Vázquez-Luna et al. [41]. PU3 had higher 
daily milk production, perhaps reflecting (i) the females’ 
diet complemented with balanced feed; (ii) two milkings 
a day; and (iii) the percentage of milk consumed by 
calves (Table 6). The average length of lactation was 
estimated at 240 days, similar to the value in Vázquez-
Luna et al. [41] of 240-270 days, but below those 
reported by Marques et al. [39] and the Associazione 
Italiana Allevatori (AIA) [50]. In contrast, conventional 
bovine (genus Bos) production systems in Mexico’s 
tropical wetlands register 148.83-255 days of lactation, 
with figures for daily milk production that range from 2-
9 liters [22, 43, 51]. The river buffalo may not compete 
in terms of volume, but it certainly does in 
compositional values like fat, protein, and other 
nutrients that are important for the dairy industry and 
derivative products. 

Regarding the criterion of the volume of milk 
consumed by calves, the average was 2.13 ± 0.63 
liters. PU1 had the highest rate (3 liters) of the four 

PUs. This could explain why the weaning weight of 
calves there was greater than that at PU3 and PU4, 
though lower than at PU2. The average weaning 
weight for males was 210 ± 43.97, while for females, it 
was 195 ± 44.35. Calves were weaned at 240 days in 
all four PUs (Table 6). Our figure for the days to 
weaning coincides with Vázquez-Luna et al. [41], but 
those authors mention higher values for the weaning 
weight of calves, possibly because they evaluated both 
dual-purpose production systems and systems 
exclusively for fattening animals. In the latter, all the 
milk that buffalo dams produced was consumed by 
calves, while in dual-purpose systems, a certain 
percentage is produced for sale. 

On the issue of productive life, Vázquez-Luna et al. 
[41] reported a range of 20-25 years for female 
buffaloes, a value higher than ours (17 ± 2.45 years). 
Considering the calving interval and the estimated birth 
rates estimated in this evaluation, such as a long 
productive life could allow an index above 15 births per 
female (Table 4). That result also reveals an 
outstanding performance compared to Holstein dairy 
cattle that, when raised in intensive systems, average 
only 2.7 births during their productive life [52]. The 
productive life of the buffalo dam’s uterus is 15 years in 
all types of the production unit, so buffaloes are 
substantially longer-lived than conventional bovines. 
This is one advantage that buffaloes offer to increase 
production efficiency and lower costs [14]. As we 
mentioned in the description of social aspects, the 
producers studied have not completed a complete 
cycle of female buffaloes, so the value obtained is 
based on their perceptions but does coincide with 
reports in the specialized literature [40, 53].  

Facility Condition Index, Machinery, and Equipment 

The facility condition index generated medium-to-
high values, but all four PUs scored above 50%. PU1 
and PU2 coincided with scores of 57%, followed by 
PU4 at 71%. PU3 had the highest score at 83% (Table 
7).  

The average facility condition index for the PUs was 
68% ± 14% (Table 7). A study of dual-purpose 
conventional bovines by Cuevas-Reyes et al. [56] in 
northwest Mexico presented significantly lower data for 
this index, as the stratum with the greatest 
technological advance tecnológico scored only 15% ± 
20%, perhaps attributable to a low-level of 
capitalization in those PU. All four of the PUs in the 
present study have warehouses, corrals, milking 
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parlors, and handling chutes, but significantly, only PU3 
has an area specifically set aside as an eating station 
because this producer complements his animals’ diet 
with balanced feed. At the other PUs, corrals have 
been used to complement pasture-based diets with 
minerals. All four PUs have cement floors, tubular 
structures, and laminated roofs in some areas –like the 
milking parlor– and sites for health and reproductive 
management. The females that are being milked enter 
those areas routinely during much of the year but 
spend most of the day in the pasture. Males, in 
contrast, spend the vast majority of their productive life 
outside, only entering the installations for de-worming, 
vaccinations, or preparation for sale (Figure 2). 

It is important to emphasize that it is rare to find 
eating areas in pasture-based production systems that 
provide little or no alimentary supplementation as this 

lowers investment for feed. A key aspect is that 
designing facilities for operations that produce female 
buffaloes must consider certain characteristics of this 
species, such as wider bodies and thermoregulation 
mechanisms. The aim is to provide conditions that 
enhance animal welfare [48, 54, 55]. 

Regarding the machinery and equipment index, the 
lowest value was for PU2 at 26%. The score for PU1 
was 43%. PU3 and PU4 tied for the highest score at 
78%. The mean environmental machinery and 
equipment index was 57% ± 26%. PU2 is the only one 
that does not have a tractor with implements like a 
harrow, plow, trailer, or cooling tank. All four PUs have 
scales, cryogenic thermos, cooling tanks (except PU2), 
mechanical milking equipment, water pumps, electric 
fences, and motorized vehicles like pick-up trucks. PU1 
and PU3 also have cargo trucks (Figure 3). Therefore, 

Table 7: Facility Condition and Machinery and Equipment Indices at the four DPBPS 

PU Facility condition index Machinery and equipment index 

1 57% 43% 

2 57% 26% 

3 86% 78% 

4 71% 78% 

Average 68% 57% 

SD 14% 26% 

 
Figure 2. Example of the facilities at one DPBPS. 

A: holding area; B: milking parlor; C: handling chute. 
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all four PUs had higher indices than those in the study 
by Cuevas-Reyes et al. [56], who estimated máximum 
values of 25% ± 27%that indicate moderate levels of 
capitalization. 

These PUs have ample equipment and machinery 
that accords with their dimensions and reflects their 
owners’ many years of experience in agricultural 
endeavors. However, most of that experience has 
involved conventional cattle, which have specific 
requirements due to their limited capacity to digest 
fibrous forage that requires selecting certain species of 
vegetation. The river buffalo, in contrast, does not 
require exotic, high-yield forage but readily consumes 
vegetation endemic to tropical wetlands, including 
plants considered weeds. They can also thrive in zones 
prone to flooding, which reduces the need for 
equipment and machinery.  

We can suggest that the need for specialized 
equipment and machinery to maintain pasturelands, 
fertilization and weed control, and prepare land for 
planting introduced grass species can all be reduced 
substantially by breeding buffaloes under adequate 
management conditions in wetland regions. The only 
requirements are areas for conducting basic 
zootechnical handling that facilitate routine activities.  

CONCLUSION  

In the systems analyzed, the demand for labor was 
restricted and focused on animal care, milking, and 
maintenance of pastures. The direct supervisión of 
owners stood out at all four operations. Our 
comparison of river buffalo meat prices and fattening 
animals to cattle products show an advantage for 
buffalo milk but an unfavorable differential for animals 
destined for meat production. Significantly, no official 
tabulators establish prices for river buffaloes and their 
products. This absence is critical because it impedes 
generating clearly differentiated commercialization and 
distribution channels for buffalo products. 

Concerning the sanitary dimensión, the priority must 
be to elaborate specific protocols for buffaloes and 
cease the use of routines designed for bovine cattle. 
These four production systems scored only medium 
marks for the facilities, machinery, and equipment 
utilized to tend to their animals and even lower ranges 
for their care of pasture áreas. 

The productive and reproductive indicators 
evaluated herein reveal operations with healthy 
animals that can endure productively for long periods 
thanks to the precocity of female buffaloes and their 
ability to reproduce with an appreciable periodicity. 

 
Figure 3: Illustrations of the equipment at the DPBPS. 

A: milking equipment; B: artificial insemination equipment; C: milk cooling tank. 
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These factors produce a high number of replacement 
animals per buffalo dam with low cull rates due to 
biological causes that generate positive results for most 
of the economic and zootechnical indicators assessed. 

REFERENCES 

[1] Bertoni A, Álvarez-Macías A, Morales DA, Dávalos JL, Mota-
Rojas D. Description of Four Dual-Purpose River Buffalo 
(Bubalus bubalis) Farms in Tropical Wetlands in Mexico . 
Part 1  : Social Aspects, Herd Distribution, Feeding, Repro-
ductive and Genetic Management. J Buffalo Sci 2022; 8-18. 
https://doi.org/10.6000/1927-520X.2022.11.02 

[2] Antoni C, Huber-Sannwald E, Reyes Hernández H, can't 
Hooft A, Schoon M. Socio-ecological dynamics of a tropical 
agricultural region: Historical analysis of system change and 
opportunities. Land use Policy 2019; 81: 346-59.  
https://doi.org/10.1016/j.landusepol.2018.10.028 

[3] Altieri M, Nicholls C, Nicholls C. Agroecología: única 
esperanza para la soberanía alimentaria y la resiliencia 
socioecológica. Agroecología 2012; 7(2): 65-83.  

[4] Bover-Felices K, Suárez-Hernández J. Contribution of the 
agroecology approach in the functioning and structure of 
integrated agroecosystems. Pastos y Forrajes 2020; 43(2): 
102-11.  

[5] Bertoni A, Álvarez‐Macías A, Mota‐Rojas D, Dávalos JL, 
Minervino Hamad AH. Dual‐purpose water buffalo production 
systems in tropical Latin America: Bases for a sustainable 
model. Animals 2021; 11(10): 1-16. 
https://doi.org/10.3390/ani11102910 

[6] Rodríguez-González D, Minervino AHH, Orihuela A, Bertoni 
A, Morales-Canela DA, Álvarez-Macías A, et al. Handling 
and Physiological Aspects of the Dual-Purpose Water Buffalo 
Production System in the Mexican Humid Tropics. Animals 
2022; 12(5): 608. 
https://doi.org/10.3390/ani12050608 

[7] Bertoni A, Álvarez A, Mota-Rojas D. Desempeño productivo 
de los búfalos y sus opciones de desarrollo en las regiones 
tropicales. Soc Rural Prod y Medio Ambient 2019; 19(38): 
59-80. https://sociedadesruralesojs.xoc.uam.mx/index.php/ 
srpma/article/view/449 

[8] Bonaudo T, Bendahan AB, Sabatier R, Ryschawy J, Bellon 
S, Leger F, et al. Agroecological principles for the redesign of 
integrated crop-livestock systems. Eur J Agron 2014; 57: 43-
51. 
https://doi.org/10.1016/j.eja.2013.09.010 

[9] Arroniz JV, Rivera PD. Socioeconomic and technological 
characterization of livestock systems in seven municipalities 
of the state of Veracruz, Mexico. Zootec Trop 2010; 27(4): 
427-36.  

[10] Martínez-Castro C, Cotera-Rivera J, Zavaleta JA. Redalyc 
Characteristics of the production and marketing of bovine 
milk in double purpose systems in Dobladero , Veracruz. Rev 
Mex Agronegocios 2012; 16(30): 816-24.  

[11] Juárez-Barrientos JM, Herman-Lara E, Soto-Estrada A, 
Ávalos-de la Cruz DA, Vilaboa-Arroniz J, Díaz-Rivera P. 
Tipificación de sistemas de doble propósito para producción 
de leche en el distrito de desarrollo rural 008, Veracruz, 
México. Rev Cient la Fac Ciencias Vet la Univ del Zulia 2015; 
25(4): 317-23.  

[12] Cortés Mora J, Cotes Torres A, Cotes Torres J. Revista 
Colombiana de Ciencias Pecuarias Structural features of 
dual-purpose cattle production system. Rev Colomb Ciencias 
Pecu 2012; 25(2): 229-39.  

[13] Marai IFM, Haeeb AAM. Buffalo’s biological functions as 
affected by heat stress - A review. Livest Sci [Internet] 2010; 
127(2-3): 89-109. 
https://doi.org/10.1016/j.livsci.2009.08.001 

[14] Napolitano F, Mota-Rojas D, Álvarez-Macías A, Braghieri A, 
Mora-Medina P, Bertoni A, et al. Factores productivos y su 
incidencia en el bienestar de la búfala lechera en sistemas 
de producción extensivos e intensivos. Soc Rur Prod Med 
Amb [Internet] 2020; 20: 155-73. Available from: 
https://www.researchgate.net/publication/349704511_Factor
es_productivos_y_su_incidencia_en_el_bienestar_de_la_buf
ala_lechera_en_sistemas_de_produccion_extensivos_e_inte
nsivos_Soc_Rurales_Prod_Med_Ambiente_2020_20_40155
-173 

[15] Das SK, Upadhyay RC, Madan ML. Heat stress in Murrah 
buffalo calves. Livest Prod Sci. 1999; 61(1): 71-8. 
https://doi.org/10.1016/S0301-6226(99)00040-8 

[16] Mota-Rojas D, Napolitano F, Bradhieri A, Guerrero-Legarreta 
I, Bertoni A, Martínez-Burnes J, et al. Thermal biology in river 
buffalo in the humid tropics  : neurophysiological and 
behavioral responses assessed by infrared thermographic. J 
Anim Behav Biometeorol 2020; 9(2103): 1-11. 
https://doi.org/10.31893/jabb.21003 

[17] Galloso-Hernández MA, Rodríguez-Estévez V, Alvarez-Díaz 
CA, Soca-Pérez M, Dublin D, Iglesias-Gómez J, et al. Effect 
of Silvopastoral Systems in the Thermoregulatory and 
Feeding Behaviors of Water Buffaloes Under Different 
Conditions of Heat Stress. Front Vet Sci 2020; 7(July): 1-8. 
https://doi.org/10.3389/fvets.2020.00393 

[18] Obregón D, Corona-González B, Díaz-Sánchez AA, Armas 
Y, Roque E, Oliveira MC de S, et al. Efficient transovarial 
transmission of Babesia spp. in Rhipicephalus microplus 
ticks fed on water buffalo (Bubalus bubalis). Pathogens 
2020; 9(4): 1-8.  
https://doi.org/10.3390/pathogens9040280 

[19] Barrios-García H, Alva-Pérez J, Corona-Gonzalez B, 
Obregón-Alvarez D, Martínez-Burnes J. Chapter 20. 
"Hallazgos recientes del proceso salud-enfermedad en 
búfalo de agua (Bubalus bubalis)” Enfermedades 
bacterianas y parasitarias. In: Napolitano F, Mota-Rojas D, 
Guerrero-Legarreta I, Orihuela A, editors. El búfalo de agua 
en latinomerica: Hallazgos recientes. Tercera Ed. Ciudad de 
México; 2020. p. 862-90.  

[20] Martínez-Burnes J, Barrios-García H, Alva-Pérez J, Corona-
Gonzalez B, Obregón-Alvarez D. Hallazgos recientes del 
proceso salud-enfermedad en búfalo de agua (Bubalus 
bubalis), enfermedades virales. In: Napolitano F, Mota-Rojas 
D, Guerrero-legarreta I, Orihuela A, editors. El búfalo de 
agua en latinomerica: Hallazgos recientes. Tercera ed. 
México; 2020. p. 809-61.  

[21] Napolitano F, Mota-Rojas D, Guerrero-Legarreta I, Orihuela 
A. The Latin American River Buffalo, Recent Findings [In 
spanish] [Internet]. 3rd ed. Mexico City: BM editores; 2020. 
1544 p. Available from: https://www.lifescienceglobal.com/ 
journals/journal-of-buffalo-science/97-abstract/jbs/4550-el-
bufalo-de-agua-en-latinoamerica-hallazgos- 

[22] Granados-Rivera LD, Quiroz-Valiente J, Maldonado-Jáquez 
JA, Granados-Zurita L, Díaz-Rivera P, Oliva Hernandez J. 
Caracterización y tipificación del sistema doble propósito en 
la ganadería bovina del Distrito de Desarrollo Rural 151, 
Tabasco, México. Acta Univ 2019; 28(6): 47-57. 
https://doi.org/10.15174/au.2018.1916 

[23] Magaña-Monforte J, Rios-Arjona G, Martínez-González J. 
Los sistemas de doble propósito y los desafíos en los climas 
tropicales de México. Arch Latinoam Prod Anim 2006; 14(3): 
105-14.  

[24] Alejandro M, Romero G, Sabater JM, Díaz JR. Infrared 
thermography as a tool to determine teat tissue changes 
caused by machine milking in murciano-granadina goats. 
Livest Sci 2014; 160(1): 178-85. 
https://doi.org/10.1016/j.livsci.2013.11.029 

[25] Bertoni A, Napolitano F, Mota-Rojas D, Sabia E, Álvarez-
Macías A, Mora-Medina P, et al. Similarities and Differences 
between River Buffaloes and Cattle  : Health, Physiological, 



Description of Four Dual-Purpose River Buffalo (Bubalis bubalis) Production Systems Journal of Buffalo Science, 2022, Vol. 11     43 

Behavioral and Productivity Aspects. J Buffalo Sci 2020; 9: 
92-109. 
https://doi.org/10.6000/1927-520X.2020.09.12 

[26] Espinosa Y, Ponde P, Capdevila J. Efecto de la estimulación 
con bucerro, oxitocina y manual sobre los indicadores de 
ordeño en búfalas. Rev Salud Anim 2011; 33(2): 90-6.  

[27] Mota-Rojas D, Orihuela A, Napolitano F, Hufana-Duran D, 
Serrapica F, Martinez-Burnes J, et al. Chapter 12: El parto y 
el ordeño de la búfala de agua: respuestas fisiológicas y 
conductuales. In: Napolitano F, Mota-Rojas D, Guerrero-
Legarreta I, Orihuela A, editors. El búfalo de agua en 
Latinoamérica: hallazgos recientes. 3rd ed. Ciudad de 
México: BM editores; 2020. p. 535-60. 
https://www.lifescienceglobal.com/journals/journal-ofbuffalo-
science/97-abstract/jbs/4550-el-bufalo-de-agua-en-
latinoamerica-hallazgos-recientes 

[28] Mota-Rojas D. Dairy buffalo behaviour and welfare from 
calving to milking. CAB Rev Perspect Agric Vet Sci Nutr Nat 
Resour 2019 Apr 1; 14(035): 1-9.  
https://doi.org/10.1079/PAVSNNR201914035 

[29] Olmos-Hernández A, Ghezzi MD, Napolitano F, Cuibus A, 
Álvarez-Macías A, Braghieri A, et al. Chapter 18: 
Anatomofisiología de la glándula mamaria: 
neutroendocrinología de la eyección láctea en la búfala de 
agua. In: Napolitano F, Mota-Rojas D, Guerrero-Legarreta I, 
Orihuela A, editors. El búfalo de agua en Latinoamérica: 
hallazgos recientes. 3rd ed. Ciudad de México: BM editores; 
2020. p. 720-36. https://www.lifescienceglobal.com/journals/ 
journal-ofbuffalo-science/97-abstract/jbs/4550-el-bufalo-de-
agua-en-latinoamerica-hallazgos-recientes 

[30] Faugno S, Pindozzi S, Okello C, Sannino M. Testing the 
application of an automatic milking system on buffalo 
(Bubalus bubalis). J Agric Eng 2015; 46(1): 13-8. 
https://doi.org/10.4081/jae.2015.437 

[31] Quiroga Jiménez D. Análisis comparativo en la producción 
de leche y peso al destete en búfalas lecheras Bubalus 
bubalis bajo uno o dos ordeños diarios en el ultimo tercio de 
lactancia en una bufalera en el municipio de Pelaya Cesar. 
Univ La Salle, Bogota [Internet] 2015; Available from: 
https://ciencia.lasalle.edu.co/medicina_veterinaria/213 

[32] Bertoni A, Mota-Rojas D, Napolitano F, Sabia E, Álvarez-
Macías A, Braghieri A, et al. Chapter 6: Aspectos zootécnico 
y morfológicos: Estudio comparativo entre búfalos de agua y 
ganado convencional. In: Napolitano F, Mota-Rojas D, 
Guerrero-Legarreta I, Orihuela A, editors. El búfalo de agua 
en Latinoamérica: hallazgos recientes. 3rd ed. México: BM 
Editores; 2020. p 209-55. https://www.lifescienceglobal.com/ 
journals/journal-ofbuffalo-science/97-abstract/jbs/4550-el-
bufalo-de-agua-en-latinoamerica-hallazgos-recientes 

[33] Fundora O, Fernández D, Sarduy L, González M. Productive 
performance and carcass yield of grazing water buffaloes 
(Bubalus bubalis) and bovine cattle in the growing-fattening 
stage. Cuba J Agric Sci 2016; 50(4): 579-85.  

[34] Guerrero-Legarreta I, Napolitano F, Cruz-Monterrosa R, 
Mota-Rojas D, Mora-Medina P, Ramírez-Bribiesca E, et al. 
River buffalo meat production and quality: Sustainability, 
productivity, nutritional and sensory properties. J Buffalo Sci 
2020; 9: 159-69. 
https://doi.org/10.6000/1927-520X.2020.09.17 

[35] Cassiano LAP, Mariante A da S, McManus C, Marques JRF, 
Costa NA da. Caracterização fenotípica de raças bubalinas 
nacionais e do tipo Baio. Pesqui Agropecuária Bras 2003; 
38(11): 1337-42. 
https://doi.org/10.1590/S0100-204X2003001100013 

[36] Barreto-Hernández MA, Ramírez-Linares H, Dulzaides-Jove 
M, Machado-Ordetx A, Rodríguez-Guerra J, SIlveria-Prado 
EA, et al. Estudio de algunos indicadores reproductivos en 
búfalas F1 Río x Pantano en la Región Central de Cuba - 
Study of some reproductive index in F1 River x Swamp 
buffalos in the Central Region of Cuba. Redvet 2010; 11(11): 
209-29.  

[37] Bedoya C, Mira T, Guarin JF, Berdugo J. Parámetros 
reproductivos del búfalo de agua (Bubalus bubalis) en el sur 
de Córdoba, Costa norte Colombiana. buffalo an Altern Anim 
Agric Third Millenium 2001; (June 2015): 271-5.  

[38] El-Wishy AB. The postpartum buffalo. II. Acyclicity and 
anestrus. Anim Reprod Sci 2007; 97(3-4): 216-36. 
https://doi.org/10.1016/j.anireprosci.2006.03.003 

[39] Marques LC, Matos AS, Costa JS, Silva CS, Camargo RNC, 
McManus C, et al. Productive characteristics in dairy buffalo 
(Bubalus bubalis) in the Eastern Amazon. Arq Bras Med Vet 
e Zootec 2020; 72(3): 947-54. 
https://doi.org/10.1590/1678-4162-11288 

[40] Zicarelli L. Ciclo estral. In: Crudeli G, Konrad JL, María-
Patiño E, editors. Reproducción en búfalas. Primera ed. 
Argentina: Moglia ediciones; 2016. p. 57-69.  

[41] Vázquez-Luna D, Hernandéz-Herrera G de J, Lara-
Rodríguez DA, Ácar-Martinéz NB. Búfalo de agua: 
Parámetros zootécnicos en el sur de Veracruz, México. 
Entorno Ganadero 2018; (92): 42-9.  

[42] Motta-Giraldo JL, Waltero-García I, Abeledo-García MA, 
Miranda I, Campos-Pipaon R. Main reproductive disorders in 
buffaloes and cows in mixed herds and of one species in the 
department of Caqueta, Colombia. Rev la Fac Med Vet y 
Zootec 2014; 61, n: 228-40. 
https://doi.org/10.15446/rfmvz.v61n3.46870 

[43] Valenzuela-Hernández D, Herrera-Haro JM, Pérez-Pérez J, 
Vázquez-Agustín S. Índice de sustentabilidad para el 
sistema bovino de doble propósito , en Guerrero , México ( 
Index of sustainability for the dual purpose bovine system , in 
Guerrero , México. REDVET Rev Electrónica Vet [Internet] 
2006; VII: 1-11. Available from: http://www.veterinaria.org/ 
revistas/redvet%0AVol. 

[44] González-Lozano M, Mota-Rojas D, Orihuela A, Martínez-
Burnes J, Di Francia A, Braghieri A, et al. REVIEW: 
Behavioral, physiological, and reproductive performance of 
buffalo cows during eutocic and dystocic parturitions. Appl 
Anim Sci 2020; 36(3): 407-22. 
https://doi.org/10.15232/aas.2019-01946 

[45] Crudeli GA. Fisiología reproductiva del búfalo . Tecnol en 
Marcha 2011; 24: 74-81.  

[46] Orihuela A, Mota-Rojas D, Napolitano F. Weaning strategies 
to improve productivity and animal welfare in zebu (Bos 
indicus) and water buffaloes (Bubalus bubalis). J Anim 
Behav Biometeorol 2020; 8(4): 257-65. 
https://doi.org/10.31893/jabb.20036 

[47] Hoogesteijn R, Hoogesteijn A. Conflicts between cattle 
ranching and large predators in Venezuela: Could use of 
water buffalo facilitate felid conservation? Oryx 2008; 42(1): 
132-8. 
https://doi.org/10.1017/S0030605308001105 

[48] Napolitano F, Pacelli C, Grasso F, Braghieri A, De Rosa G. 
The behaviour and welfare of buffaloes (Bubalus bubalis) in 
modern dairy enterprises. Animal 2013; 7(10): 1704-13.  
https://doi.org/10.1017/S1751731113001109 

[49] Silva JAR, Garcia AR, de Almeida AM, Bezerra AS, de Brito 
Lourenço Junior J. Water buffalo production in the Brazilian 
Amazon Basin: a review. Trop Anim Health Prod 2021 Jul; 
53(3).  
https://doi.org/10.1007/s11250-021-02744-w 

[50] AIA. Controlli sulla Produttività del Latte [Internet]. 
Associazione Italiana Allevatori BollettinoOnLine 2020. 
Available from: http://bollettino.aia.it/Contenuti.aspx? 
CD_GruppoStampe=TB &CD_Specie=C4%0A[19] 

[51] Recinos CA, Ibáñez EMA, Arce MMO, Garduño RG, Díaz 
Rivera P, Cuellar JAH. Productive and reproductive 
parameters in dual-purpose Zebu x Holstein cattle in 
Tabasco, Mexico. Rev Mex Ciencias Pecu 2017; 8(1): 83-91. 
https://doi.org/10.22319/rmcp.v8i1.4347 

 



44     Journal of Buffalo Science, 2022, Vol. 11 Bertoni et al. 

[52] VanRadem PM, Wiggans GR. Council on Dairy Cattle 
Breeding [Internet]. Productive Life 2018 [cited 2020 Nov 5]. 
Available from: https://queries.uscdcb.com/publish/dhi.cfm 

[53] Crudeli GA, Patiño EM, Maldonado Vargas P, Konrad JL. 
Pasado, presente y futuro del búfalo en Argentina. Rev Vet 
2014; 25(2): 140-5.  
https://doi.org/10.30972/vet.252513 

[54] De Rosa G, Napolitano F, Saltalamacchia F, Bilancione A, 
Sabia E, Grasso F, et al. The effect of rearing system on 
behavioural and immune responses of buffalo heifers. Ital J 
Anim Sci 2007; 6 (Suppl. 2): 1260-3. 
https://doi.org/10.4081/ijas.2007.s2.1260 

[55] Nava-Trujillo H, Valeris-Chacin R, Zambrano-Salas S, 
Morgado Osorio A, Hernandéz J, Caamaño J, et al. Chapter 
11: Factores extrínsecos que afectan el desempeño 
reproductivo de la búfala de agua. In: Napolitano F, Mota-
Rojas D, Guerrero-Legarreta I, Orihuela A, editors. El búfalo 
de agua en latinomerica: Hallazgos recientes. Tercera Ed. 
México: BM editores; 2020. p. 449-91.  

[56] Cuevas-Reyes V, Rosales-Nieto C. Characterization of the 
dual-purpose bovine system in northwest Mexico: Producers, 
resources and problematic. Rev MVZ Cordoba 2018; 23(1): 
6448-60. 
https://doi.org/10.21897/rmvz.1240 

 

Received on 11-04-2022 Accepted on 16-09-2022 Published on 01-11-2022 
 

https://doi.org/10.6000/1927-520X.2022.11.04 

© 2022 Bertoni et al.; Licensee Lifescience Global. 
This is an open access article licensed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution and reproduction in any medium, 
provided the work is properly cited. 
 


