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Longitudinal retrospective study on the effect of season on milk
production and composition in Rio Grande do Sul, Brazil

Estudo retrospectivo longitudinal sobre o efeito da estacao na
producao e composicao do leite no Rio Grande do Sul, Brasil
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Highlights:

Variation in milk composition can be reduced by effective planning and training.
Integrative approaches can maintain milk quality and generate extra revenue.
Seasons affect milk production but supplemental feeding can minimize this effect.
A systemic and integrated approach can increase efficiency of milk production.

Abstract

This longitudinal retrospective study evaluated production and composition of milk from dairy cows
according to season on a rural property in Palmeira das Missdes, Rio Grande do Sul, Brazil, between
January 2009 and December 2016. Milk yield per hectare per month was the primary variable measured,
along with chemical composition (total dry extract, defatted dry extract, fat, protein, and lactose),
somatic cell count, and total bacterial count of milk. Production in summer (513.53 kg/ha/month)
did not differ (p > 0.05) from that in fall (504.69 kg/ha/month) or spring (564.63 kg/ha/month), but
production in winter (639.20 kg/ha/month) was significantly higher than in summer (p < 0.0057). The
real price of milk did not differ (p > 0.05) among seasons. The total dry extract content differed (p <
0.0059) between seasons. However, the cooler fall and winter seasons favored the production of total
solids. The defatted dry extract content was higher (p < 0.0001) in winter (8.65%), compared to the
other seasons of the year. Fat content did not differ (» > 0.05) among seasons. Protein content differed
(p < 0.0200) between summer (3.01%) and winter (3.16%), but both seasons did not differ (»p > 0.05)
from fall (3.13%) or spring (3.05%). Winter lactose levels (4.52%) were higher (p < 0.0011) than during
other seasons. The somatic cell count did not differ (p > 0.05) among seasons, demonstrating that the
evaluated herd possesses standard mammary gland health. The total bacterial count did not differ (p >
0.05) among the seasons, demonstrating that the hygiene of the facilities remains constant. As expected,
the temperature and humidity index varied (p < 0.0001) with the seasons, and the deleterious effects
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were more pronounced in summer and spring, as they are the hottest seasons in humid subtropical
environments. The results emphasize that the organized management of milk production reduces the
variation in milk composition, making it easier to maintain a consistent high milk quality and also
generating extra revenue.

Key words: Dairy farms. Lactose. Milk prices. Production system. Temperature-humidity index.

Resumo

Este estudo retrospectivo longitudinal avaliou a produgdo ¢ a composigdo do leite de vacas leiteiras de
acordo com a estagdo em uma propriedade rural em Palmeira das Missdes, Rio Grande do Sul, Brasil,
entre janeiro de 2009 e dezembro de 2016. A producdo de leite por hectare por més foi a principal variavel
mensurada, juntamente com a composi¢gdo quimica (extrato seco total, extrato seco desengordurado,
gordura, proteina e lactose), contagem de células somaticas ¢ contagem bacteriana total de leite. A
producdo no verdo (513,53 kg/ha/més) nao diferiu (p > 0,05) daquela no outono (504,69 kg/ha/més) ou
primavera (564,63 kg/ha/més), mas a producdo no inverno (639,20 kg/ha/més) foi significativamente
maior que no verdo (p < 0,0057). O prego real do leite ndo diferiu (p > 0,05) entre as estagdes. O teor
total de extrato seco diferiu (p < 0,0059) entre as estagdes. No entanto, as estagdes mais frias do outono
¢ inverno favoreceram a produgdo de solidos totais. O teor de extrato seco desengordurado foi maior
(p < 0,0001) no inverno (8,65%), em relagdo as demais estagdes do ano. O conteudo de gordura ndo
diferiu (p > 0,05) entre as estagdes. O conteudo de proteina diferiu (p < 0,0200) entre o verdo (3,01%)
e o inverno (3,16%), mas as duas estagdes ndo diferiram (p > 0,05) do outono (3,13%) ou da primavera
(3,05%). Os niveis de lactose no inverno (4,52%) foram maiores (p <0,0011) do que nas demais estagdes
do ano. A contagem de células somaticas ndo diferiu (p > 0,05) entre as estagdes, demonstrando que o
rebanho avaliado possui satide padrdo das glandulas mamarias. A contagem bacteriana total nao diferiu
(p > 0,05) entre as esta¢des, demonstrando que a higiene das instalagdes permanece constante. Como
esperado, o indice de temperatura ¢ umidade variou (p < 0,0001) com as estagdes do ano ¢ os efeitos
deletérios foram mais pronunciados no verdo e na primavera, por serem as estagdes mais quentes em
ambientes subtropicais umidos. Os resultados enfatizam que o manejo organizado da produgao de leite
reduz a variagdo na composigdo do leite, facilitando a manutengdo de uma alta qualidade consistente do
leite e também gerando receita extra.

Palavras-chave: Produtores de leite. Lactose. Prego do leite. Sistema de produgio. indice de temperatura

e umidade.

Introduction

The production of animal products, such as meat,
milk, and their derivatives, is intensifying globally
to meet increasing market demand. However, this
growing demand mustbe met in a sustainable manner
(i.e., following the three pillars of sustainability:
economically viable, environmentally correct, and
socially just) (Tedeschi, Muir, Riley, & Fox, 2015).
Sustainability is especially important because the
global population is expected to exceed eight billion
people in 2030 (Samir & Lutz, 2017) and nine billion
people in 2050 (Alexandratos & Bruinsma, 2012).
At the same time, life expectancy is increasing due
to social changes related to culture and health care
(Salomon et al., 2012), increased income (Valin et

al., 2014), and increased urbanization (Smith, 2017)
all necessitating improved food security (Seto &
Ramankutty, 2016). It is thus crucial to understand
the impacts of food production on human health
(Patz, Campbell-Lendrum, Holloway, & Foley,
2005; Liu et al., 2015; Tedeschi et al., 2017). For
example, by naturally altering the fatty acid profile
of milk and its derivatives, it is possible to create
healthier foods that have improved nutraceutical
characteristics (D. C. Silva et al., 2007; Ferlay,
Doreau, Martin, & Chilliard, 2013; Oeffner et al.,
2013; Puppel, Kuczynska, Nalecz-Tarwacka, &
Grodzki, 2013).

Owing to the socioeconomic and nutritional
importance of the Productive Milk Chain, the
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Ministério da Agricultura, Pecudria e Abastecimento
of Brazil has issued normative instruction Nos.
76, 77, and 78 (Instrucdo Normativa n° 76,
77, 78, 2018a,b,c), which aim to improve the
composition and quality of the milk produced in
Brazil. However, milk production is the result of
interactions between multiple factors, such as soil
availability and soil fertility (Mueller, Baan, &
Koellner, 2014; Gerssen-Gondelach et al., 2017);
waste management, nutrients, and the mitigation of
greenhouse gases (Asselin-Balencon et al., 2013;
Holly, Larsona, Powell, Ruark & Aguirre-Villegas,
2017; Veltman et al., 2017); the availability, quality,
and use of water (Coimbra, Machado, & Hotzel,
2012; Willers, Ferraz, Carvalho, & Rodrigues,
2014; Kraub, Kraatz, Drastig, & Prochnow, 2015;
Palhares & Pezzopane, 2015); pasture production
(Henz et al., 2016; Roche et al., 2017; Tambara et
al., 2017); silage production (Hentz et al., 2017,
N. C. Silva et al., 2018; Velho et al., 2020); cow
genetics (R. P. A. Silva et al., 2015; Hardie et al.,
2017; Rangel et al., 2018); feeding systems (Larsen
etal., 2010; Fajardo et al., 2015; Virbat et al., 2017);
and mammary health (Busanello, Rossi, Cassoli,
Pantoja, & Machado, 2017; Gongalves et al., 2018),
among several other parameters.

Thus, milk production is truly dynamic in nature,
and a systematic and integrated approach to the
industry that manages these factors could increase
production efficiency. However, implementing
this holistic and integrated approach is challenging
because of the many interactive factors involved.
Therefore, rural dairy producers in developing
countries require technical assistance in the short,
medium, and long term to streamline a dynamic
approach to milk production that will increase

profitability.

Stiirmer, Busanello, Velho, Heck and Haygert-
Velho (2018) revealed that milk production, milk
pricing, and composition in the municipality of
Chapada in the northwest region of Rio Grande do
Sul are closely associated with climatic variables.
Specifically, ~10.2% of the variation in milk
composition, monthly production, and pricing

was explained by a set of climatic variables, such
as temperature, solar radiation, rainfall, and the
index (THI).
climatic variables have an indirect influence on
milk composition and quality, primarily as a result
of the effect of heat stress on cows (Gantner et al.,

temperature-humidity However,

2017), which causes substantial metabolic changes
(e.g., reduction in lipolysis, increased glycolysis,
increased catabolism of amino acids). Long-
term heat stress also interferes with immune and
inflammatory functions (Min et al., 2017).

The objective of the present study was to evaluate
the milk production and chemical composition,
somatic cell count (SCC), and total bacterial count
(TBC) of milk in relation to season on a rural
property in Palmeira das Missoes, Rio Grande do
Sul, Brazil, between January 2009 and December
2016. The study was delineated as a longitudinal
retrospective according to the recommendations of
Sargeant and O’Connor (2014).

Material and Methods

The data used in the present study (January 2009
to December 2016) originated from the Escola
Estadual Técnica Celeste Gobbato (EETCG),
Palmeira das Missoes, Rio Grande do Sul, Brazil,
which performs secondary vocational training
of Técnicos em Agropecuaria. The results were
generated in the Unidade Educativa Bovinocultura
de Leite (UEBL). Management of the Holstein herd
and production conditions between January 2009
and December 2012 were described by Haygert-
Velho et al. (2018). The production system between
January 2013 and December 2016 was the same.

For milk analysis, two to four samples from
the cooling tank were collected monthly by the
company that buys the milk from the EETCG. The
samples were analyzed by the Servigo de Analise
de Rebanhos Leiteiros of the Universidade de
Passo Fundo, which is certified by the Ministério
da Agricultura, Pecuéria e Abastecimento of Brazil.
To determine the amounts of total dry extract
(TDE), defatted dry extract (DDE), lactose, fat, and
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protein, the samples were analyzed by near-infrared
spectroscopy. The SCC and TBC were determined
using flow cytometry.

The THI was calculated according to official
data from the meteorological database of the
Instituto Nacional de Meteorologia for the Estacdo
Meteorologica Automatica de Palmeira das Missoes
(longitude: O 53 19 4.976; latitude: S 27 55 13.364;
altitude: 614 m), which is nearly 2 km from the
UEBL-EETCG management center. The climate of
the region is characterized as Cfa (subtropical humid
with hot summers and without a defined dry season),
according to the K&ppen classification system, with
an average annual rainfall of 1,029 mm (Alvares,
Stape, Sentelhas, Gongalves, & Sparovek, 2013).
The formula used to determine the THI, according
to Kibler (1964), is

THI= 1.8 x Ta - (1 - RH) x (Ta - 14.3) + 32

where Ta = mean daily temperature (°C) and RH =
mean daily relative air humidity as a fraction of the
unit (MeanRH/100).

Oliveira, Moura, Neiva and Guilhermino (2001)
established three categories of heat stress due to
THI: THI posing mild stress = 72—79, THI posing

moderate stress = 80-89, and THI posing severe
stress = 90—98. However, we used only two THI
classes: smaller than 72 (THI < 72) and greater than
72 (THI > 72).

The Indice Geral de Pregos-Disponibilidade
Interna, published by the Instituto Brasileiro de
Economia [IBRE] in association with the Fundagao
Getulio Vargas [FGV] (2016), was used to calculate
the milk values, according to changing prices in
the Brazilian economy. The IGP-DI is a weighted
arithmetic average between the Indice de Pregos
no Atacado, which measures the variation in the
wholesale prices; and the Indice de Pregos ao
Consumidor, which measures the price oscillation
by the retail sector and consumer services (IBRE-
FGV, 2016). The Real Price of Milk (RPM) was
determined as follows:

RPM * 100

~IGP—DI
where NPM = Nominal Price of Milk. The base date
used was 12/2016. Figure 1 shows the nominal and
real prices of milk, considering the evaluation period
of the EETCG herd (January 2009 to December
2016).

Milk price (BRL/L)
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Figure 1. Nominal and real prices of milk (BRL/L), between January 2009 and December 2016, in Palmeira das Missdes,

Rio Grande do Sul, Brazil.

The exchange rate is a relation between the
currencies of two countries that measures the price

of one of them in relation to the other. This variable
has great importance in an open economy and exerts
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a strong influence on other macroeconomic variables
(Grijo, 2005).
(2012), a competitive exchange rate stimulates

According to Bresser-Pereira
export-oriented investments and correspondingly
increases domestic savings. Almeida and Bacha
(1999) distinguished the real exchange rate from
the effective exchange rate; the former refers to the

deflated value of the price in the national currency of
a unit of foreign currency taken as a reference. The
real effective exchange rate is the deflated value of
the domestic currency price of a weighted average
of foreign currencies (Figure 2). Figure 3 shows the
real price of milk (USD/L) received by the EETCG
during the longitudinal retrospective study period.
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Figure 2. Exchange rate and real exchange rate (BRL/USD) between January 2009 and December 2016.
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Figure 3. Real price of milk (USD/L) between January 2009 and December 2016, in Palmeira das Missdes, Rio

Grande do Sul, Brazil.

The statistical analyses (Table 1) and the non-
parametric Kendall (Table 2) method PROC CORR
SAS Institute, (2012) were used to assess the
following variables in the database: milk production
per hectare per month, milk price in USD, TDE,

DDE, fat, protein, lactose, SCC, TBC, and hours each
month during which THI was below and above 72.
These methods were used to reveal trends in the data
because variables such as SCC and TBC presented
extreme values and were not normally distributed.

Semina: Ciéncias Agrdrias, Londrina, v. 41, n. 4, p. 1355-1372, jul./ago. 2020

1359



Sicheski, S. J. et al.

"(9%) 7L uey) 1918213 Xopul Arpruny-aamjerodwa] = (%) 7/ ueyl 103ea18 [H 1, (%) 7L ey ssof xopul Aypruuny-armjeroduwa],
= (%) TL uey) sso] [HLg (TW/0001X) 1Unod [eL210eq [EI0L = (TW/0001%) DEL, "(TW/0001X) 3UN0d [[9 dpewos = (TW/0001X) DS, (%) 10enxd L1p papejo(q =
(%) 4Ads (%) 10enxd A1p [e1o], = (%) AL, ‘(T/asn) A jo g = (T/ASN) Nd (3% wuow 1ad drejoay 12d uononpoid A = NHAWe 21YdsIus] uiayynos ayj o)
SuIpI100JL SUOSELAS "IOqUIANR(] ‘TOqUIAAON ‘1990300 = Jundg 4 oquoydeg 9sn3ny ‘A[nf = 1ojurpy ¢ oung ‘Aejq ‘[udy = [[e] 17 YoIeJN ‘A1eniqo, ‘Alenue[ — JoWWNG | = UOSEIS,

oLor LS 143 8 09°L9 91 L 0 ILerr oS 01 0 9I'LT 69 Ly 61 (%) 7L uey) 1oyead [HL
LS0T 6 99 134 66'v 001 €6 78 LO€T 001 06 0s SS¥C 18 €5 53 (%) TL ueyy ssof [H.L
L1'TEL  86F 96 L LOE8T 118 48! 8 L9l 11T 33 I 86'€ST 0¢€L 1€l 8 [(Tw/0001%) DAL
S9cy  86S r0€ il 68SE  I9p 09¢ €6 86T  ¥9¥ ¥8¢ 8ST  LL'SY 969 1403 44! o(TW/0001%) DS
96’1 09v &y 8Ty 6l'C WY TSY  8¢v  9¥1 09y wwy vy 991 LSY Wy  LTY (%) osope]
9y pee so’c  08C 6T €ee oI'c  66C LIV L¥VE ere L6t  Lo6'C  ¥TE 10°€ LLT (%) urro1g
99  TS¢ 1453 S6C  9¢’¢ 19°¢ €ee 8T V9L 9LE Sve €8¢ 8¢e  9E  LTE  Pv0¢€ (%) 124
(4% 7Y S8 S0'8 e 968 978 8¢ 08T 606 81’8 LT LTT 18°8 Pe8 LO8 (%) dada
ST 81T eLIl €Il P91 LSTL L6TIL 9L'IT 6€T  0STL €611 €Il T 17Tl 1911 6T11 /(%) 4AL
LT9T 00870 €96£0 10¥C0 8691 €91S°0 6LIF'O ¥CPCT0 TLYL L9TSO 06CF0 9¥0€0 1881 L90S0 066€0 619C0 (T1/$SN) IWd
861 €8 S9¢ ¥8¢ 9091 €88 6¢£9 s S981 889 S0s ¢€le  LSTC 989 1459 ¥9¢ 1) WHdIN

‘AD  Xe]N  UBS UL ‘AD XeN  UBS UL ‘AD  XeN  UBSA UL ‘AD  XeJN  UBQN UL
Sundg IOJUIA red Jowng o]qeLIBA

RN (1N

[1Zeag ‘[nS Op dPUR.IL) ONY ‘SIOSSITA] SEP BAWRJ UI SISeq [BUOSEIS & uo uondnpoad Y Sunddfje sa[qeLieA jo sisA[eue [eansne)s aandrsaq

1 91q&L

1360

Semina: Ciéncias Agrdrias, Londrina, v. 41, n. 4, p. 1355-1372, jul./ago. 2020



Longitudinal retrospective study on the effect of season on milk production and composition in Rio Grande do Sul, Brazil

*(94) 7L ueyy 1938013 xopur Aypruny-ainerodwa] = (%) 7L
e} 101818 TH L (%) TL Uey sso| xoput Aypruny-armerdduid], = (%) gL uey ssof [H.L, "(TW/000[X) unod [eLaideq [e10], = (TW/0001X) D€Ly “(TW/000 1X) IUN0d [[99 djewog = (Tut
/0001%) DOSs (%) 10enxe K1p panejad = (%) A, (%) 10enxd A1p [e10], = (%) AL “(T/$SN) 1w Jo 99Ld = (T/$SN) Nd, (33) yruowr 1od areoay 1od uononpoid Y1 = WHAIN,

ﬂ (%) 7L uey) 1018318 THL

1000" >

- . (%) TL ueyy ss9[ [HL
VLLTO PLLTO
. ) o(TW/0001%) DAL
8€60°0 8€60°0 — I
SSH0 SSH0 IL1€0
) {(TW/0001%) OIS
..... BIS00 8IS0 90000
S010°0 S010°0 66810 #0000
(o) 9s0108e]
€181°0— €181°0 1€60°0  6TST0— I
1000° > 1000°>  THLI0 LSETO 1S%0°0
(%) urar01g
TIzE0- TITEO  €S60°0— #7800 1€V1°0 I
£000°0 £000°0 v121°0 88€€°0 78S1°0 1000 > (00) g
68770 68¥T0  9801°0— 69900  LOOI'0—  €8LT0 I ’
1000° > 1000°>  LOSLO 8€L0 1000°>  1000°>  9L£0°0 (%) 9ad
65S0€°0— 6S0€°0 WT0'0  SETO0—  6S0S0 9€6S°0  OLVI0 I e
1000 > 1000°>  9LI¥°0 6€1L°0 2000°0 1000°>  1000"> 1000 > (%) 0L
6L1E 0~ 6LIE0  69S0°0—  LSTOO 94970 GESS0 S8TSO 69790 I o
¥810°0 ¥810°0 Y8570 €6v1°0 LS10°0 STE0'0 16V7°0  SLSL'O  6¥01°0
. . . . i . . . . AT1/asn) Wd
SE9T°0— SE9T'0  98L0°0—  $TSO0—  ¥991°0—  +6¥1'0  6TSO0— 9I1Z00— €£€850°0— I
#0070 #1000 26650 ¥SLEO 1200°0 TTTI0 €TST'0 €I1190 940970 LTST°0 (1) AN
SL61°0— SL61'0  S9E0°0—  SI900—  6LIT0  0801'0— 000I°0— 9S€0°0  T9€00—  €760°0 I :
0 0 w w
] mew ] Mm@z \%%3 aﬁé %) (%) @) ) () L1asn) (D
950108 U190l e
oweid [HL S50 [HL o e 1 19101 d adaa 4d.L Nd INHdIN

[1Zeag ‘[nS op dpueRIL) Oy ‘SIOSSIJA] SEP BAWRJ Ul PIUTWIEXI SI[QRLIBA Y[IW Y} UM SINI[Iqeqo.d pue sJUIIYJI0) UONB[ILIOD [[EPUID
791qeL

1361

Semina: Ciéncias Agrdrias, Londrina, v. 41, n. 4, p. 1355-1372, jul./ago. 2020




1362

Sicheski, S. J. et al.

The variables were also compared among
seasons and years. To verify the influence of climatic
southern-hemisphere seasons on the results, years
were segmented into seasons as follows: summer
(January, February, and March), fall (April, May,
and June), winter (July, August, and September),
and spring (October, November, and December).
First, the distribution of data was determined for all
the variables by means of histograms (SAS PROC
UNIVARIATE). Subsequently, a generalized linear
mixed model (PROC GLIMMIX in SAS) was
applied to the variables that presented a normal
distribution: milk yield per hectare, milk price in
USD, TDE, DDE, fat, protein, and lactose, using
month as a random effect and a variance-covariance
matrix of the unstructured type to model the repeated
measurements. This matrix resulted in the best fit of
the model. A normal distribution was used to model
these variables as follows:

Yljk: o+ ﬁi+ Vj+ 5k+ gijk

where

Yijr = value of the response variable within the i
season, jM year, and &A™ month;

a = value of intercept, common to all observations;

B; = fixed effect of the i™ season of the year with i

y; = fixed effect of the j* year with j = 8;
&y = random effect of the A" month with £ = 12;
&;jx = random error associated with observation.

For the other variables that did not present a
normal distribution (SCC, TBC, hours each month
during which THI was below and above 72), a
model similar to the previous one was used with the
same variance-covariance structure and the same
fixed and random effects. However, a log-normal
distribution was used, which allowed the best
adjustment of the data. The model used was

log (Yijk) =oa+p+ yj+ Okt &k

where

log (Yiik) =value of the response variable transformed
into a natural logarithm within the /" season, /" year,
and k" month;

a = intercept value, common to all observations;

Bi = fixed effect of the i™ season of the year with i
— 4'

y; = fixed effect of /" year with j = 8;
6; = random effect of the A" month with k= 12;
&;jx = random error associated with observation.

The averages obtained as a result of this second
modeling were retransformed and presented in
the original scale of each variable. In addition,
the residuals for both models were checked
for normality by means of histograms (PROC
UNIVARIATE of SAS), and when the p-value was
significant, the Tukey-Kramer comparison test was
used to differentiate among the seasons and years.
Statistical differences were considered significant at

the 0.05 (5%) level of probability.

Results and Discussion

Table 1 demonstrates the amplitude of the
variables (minimum, maximum, and the coefficient
of wvariation) in relation to the average of the
evaluated parameters. Our analyses showed that the
production of milk per hectare exhibited monthly
amplitudes of 322, 375, 381, and 439 L of milk
per hectare for summer, fall, winter, and spring,
respectively. These amplitudes are considered
normal and a result of the multifactorial nature of
this variable and of differences in seasonal decisions
(i.e. the number of lactating cows that can be
altered by alimentary, nutritional, and reproductive
management, and also by the commercialization of
animals).

The price of milk in US dollars was highly
variable, with minimum and maximum values as
follows: summer = 0.2619 USD and 0.5067 USD,
fall = 0.3046 USD and 0.5267 USD, winter =
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0.2424 USD and 0.5163 USD, and spring = 0.2401
USD and 0.4800/L USD. This is likely the result of
fluctuations in the free market driven by supply and
demand during the eight years of the study. In Brazil,
milk prices are usually set by the company, with
little room for negotiation. The changes in the value
per L of milk were affected by bonuses received
for the quantity produced and by the composition
of the milk, which despite the differences between
seasons (detailed below), still met the standards of
the buyers.

The variables TDE, DDE, fat, protein, and lactose
(Table 1) exhibited reduced coefficients of variation
over the years and seasons. The composition of
milk is largely dependent on herd genetics (Hardie
et al., 2017; Knob, Alessio, Thaler, & Mozzaquatro,
2018). However, feed and nutritional management
contributed to the observed increases in these
variables, since the milk bonus is paid in accordance
with the fat and protein contents of the milk, in
addition to the SCC and TBC values. Our data
showed that the SCC and TBC data varied widely
and were not normally distributed. Although some
values were considered high, the average values
demonstrated the potential for standardization in the
production system. These trends are normal under
the given production conditions and over the eight
consecutive years of evaluation (2,920 d).

As expected, the THI also exhibited high
coefficients of variation, owing to the meteorological
conditions of Palmeira das Missdes, Rio Grande
do Sul, which experiences large fluctuations in
temperature and humidity on both a daily and
monthly basis.

As shown in Table 2, TDE is highly correlated
with DDE, and fat content is weakly and moderately
correlated with DDE and TDE, respectively. Protein
content is weakly correlated with the price of milk
(in USD) and fat content and is consistent with DDE
and TDE. Lactose is weakly correlated with milk
yield per hectare, the price of milk (in USD), TDE,
and protein content, and is consistent with DDE.

The THI < 72 was weakly correlated with milk
yield per hectare, the price of milk (in USD), fat
and lactose, and is consistent with DDE, TDE, and
protein. In contrast, THI > 72 exhibited the same
Kendall correlations as THI < 72, but showed the
opposite relationships.

Milk production per hectare per month varied
(p < 0.0057) depending on the season (Table 3).
It was higher in winter than in fall and summer,
but did not significantly differ (p > 0.05) between
winter and spring. There were no significant
differences noted among summer, fall, and spring
(p > 0.05). The milk production and total solids per
hectare per year were 6,893 and 800 (2009); 8,336
and 972 (2010); 6,886 and 806 (2011); 6,104 and
722 (2012); 6,853 and 822 (2013); 5,598 and 667
(2014); 6,107 and 731 (2015); and 6,500 and 774
(2016), demonstrating a constant annual production
despite THI variation and the effects of several other
factors on pasture quantity and quality. Evaluating
data between 2013 and 2017 from the “Programa de
Produccion Competitiva de CONAPROLE” (Farifia
& Chilibroste, 2019) revealed that the average total
solids production per hectare in Uruguay was 411
for a large drop in productivity; 539 for a medium
drop; 621 for medium growth; and 627 for high
growth. These results were obtained from cows fed
dry matter composed of pasture, conserved forage,
and concentrates.

Empresa de Assisténcia Técnica e Extensao Rural
[EMATER] (2017), which evaluated the Productive
Milk Chain of nearly all the municipalities in the
State of Rio Grande do Sul, provided a standard
value for milk production per hectare per year (3.324
L); however, this amount should be interpreted with
caution and may not apply to semi-confinement or
total confinement systems. The semi-confinement
systems in the present study produced an average
6,666 L of milk per hectare per year over the course
of eight years. Therefore, the average production in
Rio Grande do Sul, Brazil, was ~50% lower than

that of the property investigated in the current study.
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It should be noted that the value of 6,666 L per
hectare per year refers only to milk production.
converting the monetary amounts
received from the marketing of heifers and surplus
cows into the milk that would have been produced,
would add another 1,481 L per hectare per year,
resulting in an increase of 22% (8,147 L of milk per
hectare per year).

However,

The land used for milk production could be
converted to other uses, such as soybean cultivation.
If we transform the value of milk production into the
value of 60-kg bags of soybeans produced over the
same eight-year period and region, we can verify
that this land would produce 100.6 bags of soybeans
per hectare per year, which is double the average
soybean yield of the state (50.1 bags per hectare
in 2015) (Fundacdo de Economia e Estatistica
[FEEDADOS], 2015). This analysis of production
and area indices suggests that the study area was
more efficient than the average property in Rio
Grande do Sul. However, this conclusion should
not be based only on these two indicators, as they
do not allow us to conclude whether production is
sustainable.

There were no differences (p > 0.05) in milk
prices, fat content, SCC, or TBC per season. Fat
content, SCC, and TBC are the main parameters
evaluated in subsidies, as they affect the price

Table 3

received for milk (Botaro, Gameiro, & Santos,
2013).

TDE content differed on a seasonal basis (p <
0.05) and was significantly lower in summer than
in fall and winter, although the amounts did not
differ significantly (p > 0.05) from the amount in
spring. There were no significant differences in
the TDE among fall, winter, and spring (p < 0.05).
Our analyses also showed that the DDE content
was significantly higher in winter than in other
seasons (p < 0.05), while there were no significant
differences in the DDE among summer, fall, and
spring (p > 0.05). The protein content of milk
significantly differed between summer and winter
(p < 0.05), but did not differ between the other
seasons (p > 0.05). In a recent study of Holstein
cows on proteomics, Maity and Ambatipudi (2019)
reported that a significant part of the variation in
milk protein content is a function of the seasons.
Milk contained a higher percentage of lactose in the
winter (p < 0.05) than in the other seasons, which
did not significantly differ from one another (p >
0.05). Despite the economic relevance of lactose, its
heritability in milk, and its significance as a nutrient
in the dairy and pharmaceutical industries, in a few
countries this carbohydrate has been used in milk
bonus systems and has not been used in breeding
programs (Costa et al., 2018, 2019).

Statistical analysis of seasonal milk production in Escola Estadual Técnica Celeste Gobbato, Palmeira das

Missoes, Rio Grande do Sul, Brazil

Variable Season! Adjusted mean Lower CI Upper CI p-value
Summer 513.53B 459.14 567.93

Milk production per hectare per Fall 504.69 B 450.30 559.08 0.0057
month (kg) Winter 639.20 A 584.81 693.60
Spring 564.63 AB 510.23 619.02
Summer 0.3990 0.3838 0.4520
) ) Fall 0.4290 0.3949 0.4631

Price of milk (USD/L) ) 0.4533
Winter 0.4179 0.3622 0.4303
Spring 0.3963 0.3649 0.4331

- continue
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continuation
Summer 11.61B 11.46 11.75
Fall 11.93A 11.78 12.07
Total dry extract (%) . 0.0059
Winter 11.97A 11.83 12.12
Spring 11.79AB 11.64 11.93
Summer 8.34B 8.26 8.42
Fall 8.48B 8.40 8.56
Defatted dry extract (%) ) 0.0001
Winter 8.65A 8.57 8.73
Spring 8.45B 8.37 8.52
Summer 3.27 3.16 3.38
Fall 3.45 3.34 3.55
Fat (%) . 0.1457
Winter 3.33 3.23 3.44
Spring 3.34 3.23 3.45
Summer 3.01 B 2.94 3.08
. Fall 3.13AB 3.06 3.20
Protein (%) . 0.0200
Winter 3.16 A 3.09 3.23
Spring 3.05AB 2.98 3.12
Summer 441 B 4.37 445
Fall 441 B 4.37 4.45
Lactose (%) . 0.0011
Winter 452 A 4.48 4.56
Spring 443 B 4.39 4.47
Summer 278 221 349
. Fall 272 216 342
Somatic cell count (x1000/mL) ) 0.7761
Winter 242 193 304
Spring 279 222 351
Summer 50 34 75
Total bacterial count (x1000/ Fall 26 17 39
. 0.0675
mL) Winter 44 29 66
Spring 51 34 77
Summer 51C 47 55
Temperature-humidity index less Fall 89A 82 97
0 ) <0.0001
than 72 (%) Winter 93 A 86 101
Spring 65B 60 70
Summer 46 A 33 63
Temperature-humidity index Fall 6B 4 9 <0.0001
greater than 72 (%) Winter 6B 4 8 .
Spring 30A 22 42

'Season = 1: Summer = January, February, March; 2: Fall = April, May, June; 3: Winter = July, August, September; 4: Spring =
October, November, December. Seasons according to the Southern Hemisphere. Different uppercase letters after averages in the
same line indicate significant differences (Tukey-Kramer test, p < 0.05).
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The variable THI < 72 was highest in the
fall and winter seasons but the values were not
significantly different (p > 0.05) from each other.
However, THI < 72 values in fall and winter were
significantly higher than in spring and summer
(p < 0.0001). The percentage of THI > 72 values
was significantly greater in the spring and summer
than in fall and winter (p < 0.0001), while there
was no significant difference between spring and
summer or fall and winter (p > 0.05). The effect of
heat stress is accentuated when cows are exposed
to stressful conditions for two to four consecutive
days, and multiparous cows suffer more and may
reduce production of milk by one kilogram per day
(Bernabucci et al., 2014).

Our findings highlighted the importance of
season on the composition of milk; however,
because the variations in the fat, protein, and
lactose content are correlated with TDE and DDE,
and are influenced by the THI, we have discussed
these findings together. This combined discussion
is justified by the concepts of homeostasis and
homeorhesis according to Bauman and Currie
(1980), in which the final composition of the milk
in the expansion tank is the result of the interactions
among all the metabolic functions of the cows,
as well as the characteristics of the herd (e.g., the
lactation phase). The relatively small variation in
the constituents of milk is largely attributed to the
consistency of the nutritional management strategy
(i.e. semi-confinement), as more than 50% of the
diet is consumed from the trough and nutrition has
less variation than in the pastures, which are affected
by photosynthetic conditions, soil fertility, etc.

Gongalves et al. (2018) evaluated Brazilian
databases and found that a high SCC results in daily
losses, noticeable even at values of only 12,400
cells per mm. Therefore, the SCC needs to be
reduced in Brazilian commercial herds to increase

cow and per hectare performance, as investments
in genetics and land are already high. The TBC
must also be reduced, as it is a reflection of poor
hygiene practices during milking and the cooling
of the milk. The mean values of SCC and TBC
observed in the present study could be reduced;
however, considering that they are the averages of
eight consecutive years, and meet the standards of
normative instructions Nos. 76 and 77 (Instrugdo
Normativa n® 76, 77, 2018a,b), they are typical
values that farmers may be expected to reach, and
further reductions would require special efforts. The
Escola Estadual Técnica Celeste Gobbato may be
able to assist in reducing these values by serving as
a technology diffusion center for rural producers in
the region and providing training courses that could
substantially assist rural dairy operations.

Figures 4 and 5 show the milk production per
hectare and per month; however, in Figure 4, the
graph is continuous (January 2009 to December
2016) to emphasize that this parameter is quite
variable over the years because milk production is
an important factor in planning investments in the
operation. Figure 5 shows the same data from January
to December of each year to reveal similarities
in behaviors on a seasonal basis. Visualizing the
data in this way revealed that during the last two
months of fall (May and June), milk production
per hectare per month began to increase. Yields
were the highest in winter, when the pastures had
better nutritional quality and the lowest percentage
of THI > 72. Body temperatures rise rapidly as the
ambient temperatures increase, demonstrating the
need to manage heat stress in dairy environments,
but the relationship between ambient temperature
and reticulum-rumen temperature is nonlinear,
indicating that cows are very sensitive to changes in
ambient temperature (Liang et al., 2013).
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Figure 4. Visualization of milk production per hectare per month from January 2009 to December 2016 in Palmeira

das Missoes, Rio Grande do Sul, Brazil.
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Figure 5. Visualization of milk production per hectare per month in Palmeira das Missdes, Rio Grande do Sul,

Brazil between January and December for each year evaluated.

Most
and feeding have been conducted over short

studies on dairy cow management

experimental periods, using static statistical designs
(e.g., Latin square and crossover) that only allow

the modeling of specific empirical effects (Martin
& Sauvant, 2002). Despite these challenges, it is
well accepted that dairy cow nutrition should be
based on dynamic models, as the lactation curve
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reflects the interdependence of the different stages
of lactation. Martin and Sauvant (2002) selected 37
studies published between 1959 and 1999 to study
the effects on lactation of DMI (dry matter intake;
10.1-24.7 kg DM/day), RMP (raw milk production;
15.5-44.4 kg/cow/day), and LW (live weight; 320-
573 kg). Their meta-analysis confirmed that over
the course of this 40-year period, the variables had
increased by 6.6 kg for DMI, 15.3 kg for RMP, and
51 kg in LW as a result of genetic improvement and
better management conditions. These improvements
resulted in an annual increase of 165 kg in milk per
lactation at 44 weeks. They concluded that dairy
cow management should consider voluntary intake
and production, the mobilization of body reserves
in the initial phase of lactation, and a nutritional
plan that meets the energy requirements of the cows
in the initial phase of lactation, as this approach
prevents decreased milk production and decreased
fat in the subsequent stages of lactation.

Longitudinal retrospective studies allow for
evaluations that can be extrapolated to rural
properties (Sargeant & O’Connor, 2014). According
to Bello & Renter (2018), reproducible results
are the nucleus of scientific integrity in modern
research, which requires interdisciplinary work in
the animal sciences to maximize the reproducibility
of the research results.

Conclusions

This
study, covering eight years, emphasizes that the
execution of activities related to dairy farming in a
planned manner reduces the coefficients of variation
in the composition of milk. In other words, a more
holistic and integrative approach makes it easier
to maintain milk quality, as well as generate extra
revenue from the quality bonuses. The normative
instructions Nos. 76, 77, and 78 from the Ministério
da Agricultura, Pecuaria e Abastecimento can guide
dairy farmers to improve milk production systems
as a whole, bearing in mind that since the activity is

consecutive longitudinal retrospective

multifactorial by nature, improving only one or two
indexes will not yield optimal results. In addition,
milk production clearly varies by season; however,
with the use of bulk feeds throughout the year
and with an increased supply of concentrates, it is
possible to minimize or even nullify the effect of the
traditional fodder voids in fall and spring. Winter
is the most favorable season for milk production.
Furthermore, the temperature and humidity index
increases the frequency of heat stress in summer. The
management of milk production systems in the rural
areas investigated in the present study enabled an
average production that was twice the state average,
although it is possible to improve performance even
more with a fully integrated agricultural production
system that recycles more nutrients.
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