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Performance and financial efficiency of three dairy production 
systems in southern Brazil
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Abstract

Background: Factors such as herd composition, productivity, milk quality and technology level influence the costs and 
profitability of milk production. Objective: To evaluate indicators that could predict production performance and financial 
efficiency in three dairy production systems in southern Brazil. Methods: Monthly records of milk quality, production 
performance and costs from fifty dairy farms were collected. The farms were classified into grazing, semi-feedlot, or feedlot 
systems. Total revenues, effective operational cost, total operational cost, total cost, gross margin, net income, total cost 
leveling point, profitability and final milk price were calculated. Results: The feedlot system resulted in greater herd size and 
milk production per lactating cow (p<0.05), but greater variable costs compared to semi-feedlot and grazing systems. On the 
other hand, the grazing system achieved greater profitability per year. Factor II (fat and protein rates), and Factor III (herd 
size and productivity per area) were associated with milk price per liter paid to the farmer (p<0.05), together accounting for 
approximately 13% of this price. Conclusion: Dairy production systems are influenced by area, lactating cows, productive 
performance, productivity per area, milk quality, and use of artificial insemination as well as supplementation (concentrate and 
minerals). Nearly 13% of milk price can be attributed to its fat and protein content as well as herd size and productivity per area.
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costs; profitability; technology adoption.
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Resumen

Antecedentes: Factores tales como composición del rebaño, productividad, calidad de la leche y nivel tecnológico pueden 
afectar los costos y rentabilidad de la producción lechera. Objetivo: Evaluar indicadores que puedan predecir el rendimiento 
productivo y eficiencia financiera en tres sistemas de producción lechera en el sur de Brasil. Métodos: Se recolectaron y 
analizaron registros mensuales de calidad de la leche, rendimiento productivo y costos de cincuenta granjas lecheras. Las 
granjas se clasificaron en tres sistemas: pastoreo, semi-confinamiento, y confinamiento. Se calcularon los ingresos totales, el 
costo operativo efectivo, el costo operativo total, el costo total, el margen bruto, el beneficio neto, el punto de nivelación del 
costo total, la rentabilidad, y el precio final de la leche. Resultados: El sistema de confinamiento presentó mayor densidad 
animal y producción de leche por vaca lactante (p<0,05), pero mayores costos variables en comparación con los sistemas de 
semi-confinamiento y pastoreo. Por otro lado, el sistema de pastoreo tuvo mayor rentabilidad por año. El Factor II (tasas de 
grasa y proteína) y el Factor III (tasa de ganancia y productividad por área) se asociaron al precio por litro de leche pagado al 
productor (p<0,05), representando juntos aproximadamente el 13% de ese precio. Conclusión: Los sistemas de producción 
lechera están influenciados por el área, las vacas lactantes, el rendimiento productivo, la productividad por unidad de área, la 
calidad de la leche y el uso de inseminación artificial, así como por la suplementación (concentrado y minerales). Casi 13% del 
precio de la leche se puede atribuir a su contenido de grasa y proteína, así como al tamaño de la granja y productividad por área.

Palabras clave: adopción de tecnología; calidad de la leche; costos de producción; ganado lechero; gestión financiera; 
ingreso; producción de leche; productividad del ganado; rentabilidad.

Resumo

Antecedentes: Fatores relacionados à composição do rebanho, produtividade, qualidade do leite e uso de tecnologias podem 
impactar os custos e a lucratividade da produção de leite. Objetivo: Avaliar indicadores que possam predizer a produtividade 
e a eficiência financeira em três sistemas de produção de leite no sul do Brasil. Métodos: Registros mensais de qualidade do 
leite, desempenho da produção e custos de cinquenta fazendas leiteiras foram coletados. As fazendas foram classificadas em 
sistemas de pastejo, semi-confinamento ou confinamento. As receitas totais, o custo operacional efetivo, o custo operacional 
total, o custo total, a margem bruta, o lucro líquido, o ponto de nivelamento total do custo, a lucratividade e o preço final do 
leite foram calculados. Resultados: O sistema de confinamento apresentou maior taxa de lotação e produção de leite por vaca 
lactante (p<0,05), porém maiores custos variáveis totais em relação aos sistemas de semi-confinamento e pastejo. Por outro 
lado, o sistema de pastejo alcançou maior rentabilidade por ano. O Fator II (taxas de gordura e proteína) e o Fator III (taxa de 
lotação e produtividade por área) foram associados ao preço do leite por litro pago ao produtor (p<0,05), representando juntos 
aproximadamente 13% desse preço. Conclusões: Os sistemas de produção leiteira foram influenciados pela área, vacas em 
lactação, desempenho produtivo, produtividade por área, qualidade do leite e uso de inseminação artificial, bem como pela 
suplementação (concentrado e minerais). Quase 13% do preço do leite pode ser atribuído ao seu teor de gordura e proteína, assim 
como a taxa de lotação e a produtividade por área.

Palavras-chave: adoção de tecnologia; bovinos de leite; custos de produção; gestão financeira; qualidade do leite; 
produção de leite; produtividade dos bovinos; renda; rentabilidade.
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Introduction

Brazil is the third largest dairy producer in the 
world after the United States and India (Embrapa, 
2019). Therefore, the milk production industry 
plays a vital role in the economic and social 
development of Brazil, presenting a great potential 
for expansion (Neves et al., 2010; Okano et al., 
2014). As in any specialized industry, the processes 
involved in milk production use equipment, 
management techniques and several inputs in 
multiple farming sectors (Lopes et al., 2004). 
Productivity and financial efficiency of dairy farms 
are usually determined by their characteristics, 
level of specialization, and especially by their 
management (Solano et al., 2006) and stocking 
rate (number of cows milked per hectare), which is 
often associated with higher levels of productivity 
and profitability (Ma et al., 2020).

Over the years, dairy farms have changed 
their approach, as additional bonuses are offered 
for high milk quality, becoming a substantial part 
of the financial revenues. In Brazil, legislation 
seeks to raise milk quality standards according to 
food safety requirements (Brasil, 2018). This has 
become a challenge for the farmers and a way to 
increase profitability.

Profitability is an essential factor for dairy 
farm sustainability (Calker et al., 2005) and 
is influenced primarily by milk price at the 
marketplace, feed cost, and average fixed cost 
per cow or milk sold. Although the scale of 
production influences profitability, small farms 
with less than 10 cows can be profitable due 
to unpaid family labor and low investment 
in facilities (Hemme and Otte, 2010). Feed 
represents the greatest cost for producing milk 
and it is well known that feed intensification is 
related to farm profitability. Although improving 
the level of technology increases milk solids and 
gross margin, it also leads to higher costs, and 
thus reduces operating profit, operating profit 
margin, and return on assets (Ma et al., 2018).

Considering the number of factors that can 
influence farm productivity and profitability, 
directly affecting the economy of the farmer, 

the objective of this study was to determine 
indicators that can predict profitability in three 
different dairy production systems in Paraná 
State, Southern Brazil.

Materials and Methods

Milk quality records, production performance, 
and costs were collected from fifty dairy farms 
from the database of an extensive cooperative 
industry system located at the center-eastern 
region of Paraná State, in southern Brazil 
(Latitude: 24º 47' 28" S; Longitude: 50º 00' 43" W). 
A retrospective assessment of monthly data from 
the period comprising years 2008 to 2010 was 
performed. The farms were classified into three 
major categories according to production system: 
grazing, semi-feedlot and feedlot.

The grazing system (12 farms) included 
farms that used perennial and annual winter 
and summer grasses. In addition to pasture, the 
animals were supplemented with corn silage 
and concentrate formulated according with milk 
production, ranging from 20 to 50% of the daily 
feed intake, according to forage supply. These 
farmers used family labor. Their herds consisted 
of mixed breed animals (5/8 Holstein, Jersey or 
Brown Swiss), and alternating crosses with the 
zebu Gir breed (ranging from 1/4 to 3/4).

The semi-feedlot system (26 farms) included 
farms that used perennial and annual winter and 
summer grasses. In addition to pasture, the animals 
received supplementation with corn silage, pre-
dried oats or ryegrass and concentrate formulated 
according to milk production, ranging from 50 to 
80% of the daily feed intake. Grazing occurred 
during the winter period (April to October), 
when temperate species predominated. Pre-dried 
silage was used during the summer (November to 
March), when the land was used with other crops. 
Such farms used both family and hired labor. The 
herds were mainly composed of Holstein, Jersey 
and Brown Swiss breeds.

The feedlot system (12 farms) was 
characterized, not exclusively, by farms that 
had totally confined herds. Feedlot systems 
were considered those with a free stall, tie stall 
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or compost barn structure and a structure for 
housing the animals in production, as well as 
100% of the dry matter being provided in the 
trough. If facilities and equipment were used 
exclusively for the dairy farm, their capital value 
was fixed, depreciation was calculated, as well 
as maintenance and fuel expenses that make up 
operational costs and appropriately allocated to 
the activity. When the farm performed more than 
one activity, such as livestock and agriculture, 
apportionment criteria were used to immobilize 
the capital value and operational costs were 
allocated to the activity that used the asset in the 
corresponding period (fuel, maintenance and 
hours/employee during planting and harvesting 
allocated to agriculture). It also had capital 
immobilized in assets such as robotic milking, 
carousel milking system, milk storage silos and 
chiller, as well as technical assistance and hiring 
employees to carry out the activities. Animals 
received preserved forage, generally constituted 
by pre-dried silage, corn silage, concentrate 
and minerals offered in a total mixed diet 
formulated according with milk production. 
The herd predominantly consisted of Holstein 
cattle, registered by the Brazilian Association of 
Holstein Breeders, with monthly milk control.

Monthly cash-flow data were collected for 
each farm to generate indicators of financial 
performance, as described by Alves et al. (2009) 
and Oliveira et al. (2007). The total revenues 
included milk sales, dividends of the industry, 
sale of disposal animals, animal sales (lactating 
cows or dry cows), sale of genetics (embryo and 
young animals), sale of manure, machines and 
equipment.

The effective operational cost (EOC) 
considered the following items: concentrate and 
minerals, production and purchase of forage, 
milking services and general management, herd 
health, artificial insemination, energy, fuels 
and lubricants, social charges, rent of pastures, 
repair improvements in facilities, repair of 
machines, engines, equipment, tools and utensils, 
other expenses, payment of working capital, 
management and consulting services, bank fees, 
and interest. The total operational cost (TOC) was 

calculated by adding the EOC plus payments. 
The total cost (TC) considered the TOC plus 
depreciation.

Gross margin was obtained by discounting 
the EOC from the total revenues. The net income 
was obtained as the difference between total 
revenues and TC. The total cost leveling point 
for the period was obtained by the following 
formula: total cost per liter * (daily production/
total revenue per liter).

The value of fixed capital was used to calculate 
the profitability of the invested capital: (gross 
margin * (milk sold per day * 365 days) / total 
fixed capital).

The final milk price paid to the farmers 
(USD$/L) considered the results of somatic cell 
count (SCC - Cells/mL), total bacteria cell count 
(TBC - CFU/mL), and the percent of fat and 
protein content.

Financial variables were corrected according 
to economic indicators generated by the General 
Price Index – Internal Availability of the Fundação 
Getúlio Vargas (IGP-DI, 2012), using January 
31 of 2012 as base day. Thus, dollar monetary 
values were obtained excluding the effect of the 
variation caused by the inflation corresponding to 
the previous years of the period of interest (2008, 
2009 and 2010), allowing comparison between 
variables at the end of the established period.

Statistical analysis

Descriptive statistics were generated for all 
variables. Since none of the variables presented 
normality according to the Shapiro-Wilk test, 
they were compared across the three systems 
using the Kruskal-Wallis analysis of variance 
for non-parametric data. Multivariate analyses 
were conducted by grouping variables according 
to existing inter-relations and identifying factors 
related to the production. Factorial analysis results 
were used for simple liner regression analysis to 
identify a set of factors able to predict the price of 
milk paid to the farmer, stratifying by production. 
Statistical analyses were performed using SPSS® 
software (2007). 
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Results

Feedlot herds had larger cattle inventory and 
milk production than herds in the other systems 
(p<0.05). They also achieved higher milk yield 
per lactating cow and annual productivity per 
area (Table 1).

Generally, variable costs were greater for 
herds in feedlot systems (p<0.05) than in the 
other systems (Table 2). The combined feed 
expenses (concentrate and minerals; and pro-
duction and forage purchase) represented the 
greatest variable costs in all three systems and 
were greater for the feedlot system (p<0.05). 
However, costs related to milking services and 
general management, which had the third great-
est contribution for variable costs, were both 
greater in the grazing system than in the other 
systems (p<0.05).

The fixed costs in the semi-feedlot system 
did not differ (p>0.05) from those of grazing 
and feedlot systems (Table 3). The feedlot 
system presented greater fixed costs than the 
grazing system (p<0.05). However, costs with 
depreciation and payment were greater in the 

grazing system than in the other two systems 
(p<0.05).

Operational costs (both effective and total) 
were the greatest for the feedlot system than for 
the semi-feedlot and grazing systems (p<0.05). 
The same scenario was observed for the total 
costs (Table 4). The total revenue of farms in 
the feedlot system was greater (p<0.05) than for 
farms in the other systems, but it was similar 
(p>0.05) for the grazing and semi-feedlot sys-
tems (Table 4). Nevertheless, since the gross 
margin and net income were greater and the to-
tal cost leveling point was lower (p<0.05) the 
grazing system presented greater profitability 
(p<0.05) than the other systems (Table 4).

The mean price paid per liter of milk was 
lower for the grazing system (p<0.05) than for 
the other systems (Table 5). The lowest total 
bacteria cell count (TBC) values were observed 
in milk of the semi-feedlot system (p<0.05), 
whereas the greatest somatic cell count (SCC) 
were observed in milk produced in the grazing 
systems (p<0.05). Milk produced in the feedlot 
system presented the lowest concentration of 
both fat and protein (p<0.05).

Table 1. Characterization and production performance of three dairy systems in southern Brazil.

Production parameter
Grazing Semi-feedlot Feedlot

(farms = 12) (farms = 26) (farms = 12)
Herd size (number of cows) 63.5 ± 2.0a 137.0 ± 3.1b 441.1 ± 11.9c

Area destined for milk production1 (ha) 23.5 ± 1.1a 44.8 ± 1.4b 126.1 ± 3.3c

Lactating cows (cow/d) 40.9 ± 1.3a 85.4 ± 1.8b 280.2 ± 8.0c

Lactating cows/total cows (%) 87.4 ± 0.4a 85.9 ± 0.2b 86.6 ± 0.2a

Concentrate (kg/cow/d) 7.0 ± 0.1a 9.5 ± 0.1b 11.3 ± 0.1c

Mineral supplement (g/cow/d) 96.9 ± 5.8a 188.3 ± 4.6b 229.3 ± 8.2c

Milk production (L/d) 866.1 ± 40.8a 2,061.1 ± 49.1b 8,612.5 ± 308.6c

Milk sales (L/d) 844.2 ± 40.0a 2,011.6 ± 48.6b 8,520.6 ± 308.9c

Milk/cow (L/cow) 17.4 ± 0.2a 20.5 ± 0.1b 25.7 ± 0.2c

Milk/concentrate (L/kg) 2.9 ± 0.05a 2.6 ± 0.03b 2.7 ± 0.02a

Milk/total labor (L/labor) 322,0 ± 7,6a 563,6± 7,1b 868,3 ± 13,4c

Milk/lactating cow (L/cow/d) 20.0 ± 0.3a 23.8 ± 0.1b 29.5 ± 0.2c

Productivity/area (L/ha/yr) 15.847 ± 477,8a 19.901 ± 269,8b 24.127 ± 454,9c

1Area destined for milk production, including silage and pasture production areas. Means ± standard errors with different letters within 
the same row differ by Kruskal-Wallis test (p<0.05); n: number of animals; AU: animal unit; d: day; L: liter; ha: hectares; yr: year.
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Table 2. Variable costs of three dairy systems in southern Brazil.

Variable costs (USD$/L)
Grazing Semi-feedlot Feedlot
(n = 288) (n = 624) (n = 288)

Concentrate and minerals 0.1064 ± 0.002a 0.1219 ± 0.001b 0.1299 ± 0.001c

Production and forage purchase 0.0506 ± 0.005a 0.0552 ± 0.002b 0.0518 ± 0.002b

Services/general management 0.0369 ± 0,001a 0.0265 ± 0.000b 0.0291 ± 0.000b

Herd health 0.0159 ± 0.000a 0.0203 ± 0.000b 0.0259 ± 0.000c

Artificial insemination 0.0059 ± 0.000a 0.0060 ± 0.000b 0.0076 ± 0.000c

Energy, fuel and lubricant 0.0106 ± 0.000a 0.0135 ± 0.000b 0.0128 ± 0.000b

Installation repairs 0.0027 ± 0.000a 0.0039 ± 0.000b 0.0074 ± 0.000c

Equipment repairs 0.0056 ± 0.000a 0.0084 ± 0.000b 0.0102 ± 0.000c

Diverse tools and utensils 0.0020 ± 0.000ab 0.0022 ± 0.000a 0.0030 ± 0.000b

Social charges 0.0083 ± 0.000a 0.0109± 0.000b 0.0123 ± 0.000c

Other expenses 0.0029 ± 0.000a 0.0020 ± 0.000b 0.0021 ± 0.000a

Payment of working capital 0.0011 ± 0.000a 0.0016 ± 0.000b 0.0013 ± 0.000c

Productivity/area (L/ha/yr) 15.847 ± 477,8a 19.901 ± 269,8b 24.127 ± 454,9c

Total variable costs 0.2502 ± 0.006a 0.2750 ± 0.003b 0.2958 ± 0.003c

Means ± standard errors with different letters within the same row differ by Kruskal-Wallis test (p<0.05); n: number of animals.

Table 3. Fixed costs of three dairy systems in southern Brazil.

Fixed costs (USD$/L)
Grazing Semi-feedlot Feedlot
(n = 288) (n = 624) (n = 288)

Management/marketing services 0.0148 ± 0.000a 0.0194 ± 0.000b 0.0267 ± 0.000c

Taxes and interest 0.0047 ± 0.000ª 0.0065 ± 0.000b 0.0080 ± 0.000c

Depreciation 0.0113 ± 0.000a 0.0086 ± 0.000b 0.0056 ± 0.000c

Payment 0.0265 ± 0.000a 0.0239 ± 0.000b 0.0218 ± 0.000b

Total fixed costs 0.0574 ± 0.001a 0.0585 ± 0.000ab 0.0623 ± 0.001b

Means ± standard errors with different letters within the same row differ by Kruskal-Wallis test (p<0.05); n: number of animals.

Table 4. Financial performance indicators of three dairy systems in southern Brazil.

Parameter 
Grazing Semi-feedlot Feedlot
(n = 288) (n = 624) (n = 288)

Effective operational cost (USD$/L) 0.2697 ± 0.006a 0.3010 ± 0.003b 0.3302 ± 0.003c

Total operational cost (USD$/L) 0.2811 ± 0.006a 0.3096 ± 0.003b 0.3362 ± 0.003c

Total cost (USD$/L) 0.3076 ± 0.006a 0.3336 ± 0.003b 0.3581 ± 0.003c

Gross margin (USD$/L) 0.1109 ± 0.0109a 0.0805 ± 0.004b 0.0680 ± 0.004b

Net income (USD$/L) 0.0730 ± 0.0109a 0.0479 ± 0.004b 0.0404 ± 0.004b

Total cost leveling point (L/d) 487.63 ± 90.61a 1,064,85 ± 30.05b 4,436.92 ± 158,95c

Total revenue (USD$/L) 0.3807 ± 0.009a 0.3815 ± 0.003a 0.3986 ± 0.004b

Profitability per year (%) 26.2 ± 0.20a 18.9 ± 0.12b 16.8 ± 0.13b

Means ± standard errors with different letters within the same row differ by Kruskal-Wallis test (p<0.05); n: number of animals; 
L: liter; d: day.
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After running the factorial analysis model, the 
KMO data adequacy was 0.691, and the BST was 
significant for the null hypothesis that the original 
matrix is an identity matrix (p<0.05), allowing 
17 major components to be obtained (Table 6). 
However, to compose 70.0% of accumulated 
variance, only six main components were used. 
The first major component explained 30.3% of 
the total variance.

After the rotation, the explanatory power 
of variance of the first component decreased to 
27.6%. However, the cumulative percent re-
mained unchanged, explaining 69.5% of the total 
variance with the first six components identified 
by the model (Table 6). Thereafter, the 17 major 
components initially included in the model were 
grouped according to their common variance. 
Variables with variance values closer to 1.0 were 
considered more relevant to be included in the 
subsequent factorial analysis.

In Factor I, six production-related variables 
were grouped (Table 7), including three with the 
greatest common variables: lactating cows, milk 
production, and area. In Factor II, the loads at-

tributed to fat and protein concentration were 
identical and equally high (Table 7). The vari-
ables included in Factor III were herd size and 
annual productivity. The SCC and health relat-
ed costs (USD$/L) were included in Factor IV, 
with the former having a more expressive load 
than the latter. In factor V, positive values were 
observed for investment in artificial insemina-
tion, and concentrate and mineral supplements, 
while negative values were observed for TBC 
(Table  7). In Factor VI, investment in mineral 
supplements and production and forage purchase 
were considered, presenting similar values (Ta-
ble 7). All such factors generated were evaluated 
in each production system using linear regres-
sion analysis, considering milk price (USD$/L) 
as the response of interest (Table 8). Factors I, 
II, III, IV and VI showed a positive association 
with milk price (p<0.05). Factor IV presented a 
negative association with milk price considering 
general data (without characterization by pro-
duction systems), and specifically considering 
the semi-feedlot system (p<0.05). However, in 
both cases, the coefficients of determination (R2) 
corresponding to those negative association pre-
sented extremely low values (Table 8).

Table 5. Quality, price and volume of marketed milk of three dairy systems in southern Brazil.

Parameter 
Grazing Semi-feedlot Feedlot
(n = 288) (n = 624) (n = 288)

Milk price (USD$/L) 0.3520± 0.002a 0.3640 ± 0.001b 0.3683± 0.002b

Volume (L/month) 20,841.2 ± 550.8a 61,041.2 ± 1.483.2b 259,167.0 ± 9,395.7c

SCC (Cells/mL) 389,350 ± 9.967a 297,300 ± 6.028b 316,350 ± 6,595b

TBC (CFU/mL) 12,945 ± 1.966a 7,507 ± 494.6b 8,467 ± 570.8a

Fat (%) 3.77 ± 0.01a 3.75 ± 0.01b 3.54 ± 0.01c

Protein (%) 3.21 ± 0.009a 3.24 ± 0.007a 3.10 ± 0.006b

Means ± standard errors with different letters within the same row differ by Kruskal-Wallis test (p<0.05); n: number of animals; L: 
liter; SCC: somatic cell count; TBC: total bacteria count; CFU: colony forming unit.

Discussion

The dairy bussiness involves a large amount of 
fixed assets, among which land (area) represents 
the largest capital value and has low liquidity. 
Thus, increasing productivity of herd and land 
becomes necessary to sustain this activity 

(Marques et al., 2002; Aleixoet al., 2007; Britt et 
al., 2018). The low annual productivity per area 
of grazing compared to the feedlot and semi-
feedlot systems does not necessarily indicates 
less use of the invested capital since the available 
area seems to be intensively used in the studied 
region. Despite reduced annual productivity of 



12 

https://doi.org/10.17533/udea.rccp.v34n1a01
Rev Colomb Cienc Pecu 2021; 34(1, Jan-Mar):5–17

Performance of dairy production systems

Table 6. Variance of economic performance of three dairy systems in southern Brazil.

Component Total Variance 
(%)

Cumulative 
(%)

Extraction of sum of loads to 
square

Rotation of sum of loads to 
square Extraction

Total Variance 
(%)

Cumulative 
(%) Total Variance 

(%)
Cumulative 

(%)
Lactating cows 
(cow/d) 5.160 30.35 30.35 5.160 30.35 30.35 4.699 27.64 27.64 0.92

Milk production 
(L/d) 2.004 11.79 42.14 2.004 11.79 42.14 1.829 10.76 38.40 0.90

Area used for 
milk production 
(ha)

1.402 8.25 50.39 1.402 8.25 50.39 1.799 10.58 48.98 0.90

Productivity/area 
(L/ha/yr) 1.149 6.76 57.15 1.149 6.76 57.15 1.245 7.33 56.31 0.82

Fat (%) 1.088 6.40 63.55 1.088 6.40 63.55 1.165 6.85 63.16 0.82
Protein (%) 1.020 5.99 69.55 1.020 5.99 69.55 1.086 6.39 69.55 0.81
Milk/cow 
(L/cow) 0.947 5.57 75.11 0.80

Herd size 0.856 5.04 80.15 0.77
SSC (Cells/mL) 0.840 4.94 85.10 0.68
Milk/total labor 
(L/labor) 0.747 4.39 89.49 0.65

Artificial 
insemination 
(USD$/L)

0.617 3.63 93.11 0.59

Mineral 
supplement 
(g/cow/d)

0.410 2.41 95.53 0.57

Production and 
forage purchase 
(USD$/L)

0.288 1.69 97.22 0.56

TBC (CFU/mL) 0.267 1.57 98.79 0.55
Concentrate 
and minerals 
(USD$/L)

0.159 0.93 99.73 0.55

Concentrate 
(kg/cow/d) 0.038 0.22 99.95 0.50

Herd health 
(USD$/L) 0.008 0.05 100.00 0.43

the grazing system, it was higher compared with 
data from other Brazilian regions: 2,789; 895, 
and 1,854 liters/ha/year, according to Lopes 
et al. (2004), Oliveira et al. (2007), and Simões 
et al. (2009), respectively.

Milk production per kg of concentrate suggest 
that grazing farms were similar to feedlot farms in 

terms of using all available resources intensively. 
Thus, adjusting the amount of concentrate fed 
to low productive cows would be critical in 
feedlot herds. Such herds are probably unable to 
return the investments in genetic improvement. 
Therefore, costs of intensive milk production do 
not include less productive animals, even when 
diets are adjusted to production level.
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Table 7. Factors related to financial performance of three dairy systems in southern Brazil, grouped according 
to collinearity between variables.

Factors
Parameter I II III IV V VI
Lactating cows (cow/d) 0.95
Milk production (L/d) 0.94
Area (ha) 0.89
Milk/total labor (L/labor) 0.79
Milk/cow (L/cow) 0.74
Concentrate (kg/cow/d) 0.58
Fat (%) 0.82
Protein (%) 0.82
Herd size (cow number) 0.81
Productivity/area (L/ha/yr) 0.79
SCC (Cells/mL) 0.80
Herd health (USD$/L) 0.56
Artificial insemination (USD$/L) 0.74
Concentrate and minerals (USD$/L) 0.56
TBC (CFU/mL) -0.46
Mineral supplement (g/cow/d) 0.73
Production and forage purchase (USD$/L) 0.72

Milk volume/area/lactating cow and total 
labor are also important indicators of productivity 
(Britt et al., 2018) given that labor may account 
for 20% of the operational costs in a dairy 
system (Gomes, 2007). Commonly, family labor 
employed in dairy receives greater payment in 
grazing compared with the other systems (Lopes 
et al., 2004; Oliveira et al., 2007; Alves et al., 
2009; Simões et al., 2009; Lopes et al., 2010;). 
The greater labor cost per liter observed in the 
grazing system in the present study demonstrates 
that family labor could have as much impact on 
total cost as hired labor. Therefore, increasing 
labor costs requires intensification of the labor 
force to balance the financial performance of 
production systems (Gomes, 2007; Oliveira et 
al., 2007). Nonetheless, the grazing systems 
evaluated in the present study showed greater 
net income and profitability per year than the 
semi-feedlot and feedlot systems. However, 
all capital and expenses were paid at greater 
levels than fixed-income investments during 
the same period. Positive net income indicated 
that the production system might have long-

term sustainability (Gomes, 2006), becoming 
attractive to invest in intensifying production 
and reduce costs during the agricultural off-
season.

According to the multivariate analysis, 
productivity per area was among the six 
variables explaining the greatest percent of the 
economic performance variance. However, after 
load redistribution analysis, it formed Factor 
III along with herd size, maintaining high loads 
regardless of other variables. Considering 
the significant association of Factor III with 
milk price, annual productivity per area may 
be considered a relevant predictor of financial 
performance in dairy systems. Despite the low 
coefficient of determination, a preliminary 
regression analysis showed that the base milk 
price can predict 85 to 90% of the milk price 
paid. Solano et al. (2006) observed a strong 
association among pasture management, 
soil fertility and herd size, suggesting that 
tight management of such factors would 
improve productivity and margins per area. 
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Table 8. Linear regression analysis using six factors as predictors of milk price (USD$/L) for three dairy 
systems in southern Brazil.

Factor General (n=1.200) Grazing (n=288) Semi-feedlot (n=624) Feedlot (n=288)
Factor I (p-value) p<0.05 p>0.05 p>0.05 p>0.05
Coefficient of 
variation 0.01007 0.01411 0.01231 0.00517

R2 0.0142 0.0051 0.0035 0.0038
Equation y = 0.005(x) + 0.3800 - - -
Factor II (p-value) p<0.05 p<0.05 p<0.05 p<0.05
Coefficient of 
variation 0.02695 0.01909 0.02749 0.0670

R2 0.1016 0.0632 0.1334 0.1316
Equation y = 0.014(x) + 0.3800 y = 0.010(x) + 0.3703 y = 0.015(x) + 0.3806 y = 0.038(x) + 0.3921
Factor III (p-value) p<0.05 p<0.05 p<0.05 p<0.05
Coefficient of 
variation 0.01187 0.00883 0.01213 0.0100

R2 0.01970 0.01700 0.0209 0.0053
Equation y = 0.006(x) + 0.3800 y = 0.004(x) + 0.3709 y = 0.006(x) + 0.3812 y = 0.005(x) + 0.3869
Factor IV (p-value) p>0.05 p>0.05 p<0.05 p>0.05
Coefficient of 
variation -0.00181 0.00707 -0.00788 0.00536

R2 0.0005 0.0085 0.0092 0.0029
Equation - - y = -0.004(x) + 0.3817 -
Factor V (p-value) p>0.05 p>0.05 p>0.05 p>0.05
Coefficient of 
variation 0.00313 0.00556 -0.0022 -0.00142

R2 0.0014 0.0091 0.0005 0.0002
Equation - - - -
Factor VI (p-value) p<0.05 p<0.05 p<0.05 p>0.05
Coefficient of 
variation 0.0109 0.0069 0.02273 0.01605

R2 0.0166 0.02150 0.03200 0.00880
Equation y = 0.005(x) + 0.3800 y = 0.003(x) + 0.3697 y = 0.012(x) + 0.3823 -

An association between variables related to 
production was also described by Gomes (2006), 
observing that annual productivity per area 
synthesizes the number of lactating cows by the 
number of animals in the herd, production per 
lactating cow and herd size.

A negative effect of TBC was observed in the 
formation of Factor V. This indicates that loss 
of bonus due to high bacteria count impaires the 
benefits of artificial insemination, concentrate 

and mineral supplementation. This suggests 
a possible relationship between hygiene at 
milking and investments. However, after linear 
regression analysis, no effect of Factor V on 
milk price was observed.

The grazing, semi-feedlot, and feedlot 
systems resulted in SCC lower to those stipulated 
by Normative No. 77 currently effective in 
Brazil (Brasil, 2018), and also in compliance 
with the levels required in countries with greater 
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