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ABSTRACT

The milk coagulation capacity of fourteen Holstein cows was analyzed in three different
periods of the year, using a low amplitude dynamic oscillatory rheological analysis. In
most of the samples analyzed, the modules G' and G" increased with the time of
coagulation and the gels were characterized as weak. However, the rheological results in
real time of the coagulation showed that the milks of two animals, one for presenting slow
coagulation (greater than 36 minutes) and the other for not coagulating are unsuitable for
cheese production by enzymatic coagulation. The values of the Temperature and
Humidity Index were less than 72 and did not influence the rheological properties.
Significant differences between fat and lactose contents and between pH and somatic cell
score values were found between the analysis periods. Evaluating the milk coagulation
capacity and the strength of the gel formed are essential to assess the appropriate
destination of milk, that is, milk for cheese production or milk for the production of
derivatives that do not depend on enzymatic coagulation.

Keywords: Milk Coagulation Properties, Rennet Coagulation, Rheology.

RESUMO

A capacidade de coagulacdo do leite de quatorze vacas da raca Holandesa foi analisada
em trés diferentes periodos do ano, utilizando andlise reoldgica oscilatoria dindmica de
baixa amplitude. Na maioria das amostras analisadas, os modulos G' e G" aumentaram
com o tempo de coagulacdo e os géis foram caracterizados como fracos. Porém, os
resultados reoldgicos em tempo real da coagulacdo mostraram que os leites de dois
animais, um por apresentar a coagulacdo lenta (maior que 36 minutos) e outro por ndo
haver coagulado foram considerados inadequadas para a producdo de queijo por
coagulacio enzimatica. Os valores do indice de Temperatura e Umidade foram menores
que 72 e ndo influenciaram nas propriedades reoldgicas. Diferencas significativas entre
os teores de gordura e lactose e entre os valores de pH e escore de células sométicas foram
encontrados entre os periodos de analise. A avaliacdo da capacidade de coagulacdo do
leite e da forga do gel formado é fundamental para avaliar o destino adequado do leite, ou
seja, leite para producdo de queijo ou leite para producéo de derivados que ndo dependem
da coagulacao enzimatica.

Palavras-Chave: Propriedades de Coagulacdo do Leite, Coagulacdo do Coalho,
Reologia.

1 INTRODUCTION

The transformation of milk into cheese involves physical, chemical, and
biochemical steps, and coagulation is fundamental. Enzymatic coagulation has a direct
influence on the curd firmness and consequently on the yield obtained (Frederiksen et al.,
2011). In recent years, several researches have been reported regarding milk coagulation
properties (MCP) (Cassandro et al., 2008; Manuelian et al., 2018; Poulsen et al., 2017).
Milk coagulation properties are parameters that define the ability of milk to react with an
enzymatic coagulant (chymosin) during cheesemaking, forming a curd with proper
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consistency between 11 and 18 minutes (Zannoni; Annibaldi, 1981; Cassandro et al.,
2008). Milk with desirable characteristics on MCP results in greater when compared to
milks with slow coagulation time or even that do not coagulate at the ideal time
(Frederiksen et al., 2011; Pretto et al., 2013). Several factors such as chemical
composition (protein and fat), mainly with respect to casein and its fractions,
concentration of the coagulant enzyme, temperature of coagulation, somatic cell content,
pH, and environmental factors may influence coagulation (O’Callaghan et al., 2001;
Politis; NG-Kwai-hang, 1988). The milk composition may change according to seasons.
In general, a higher concentration of fat in milk occurs in colder seasons (Fox,
Mcsweeney, 1998). Thermal stress, associated with high temperature and relative
humidity, has a negative impact on milk production and composition (Zimbelman et al.,
2013) and it may affect milk capacity of coagulation. Some physical and optical methods
have been used to monitor milk coagulation. The systems or devices used range from
traditional ones such as knife test (Del Prato, 2001) to others such as Berridge method
(Berridge, 1952), lactodinamographic parameters (Annibaldi et al., 1977), near
(Callaghan et al., 2000) and medium infrared (Dal Zotto et al., 2008) and rheometry
(Hussain et al., 2012). Rheological studies allow evaluating and monitoring curd
formation during the milk enzymatic coagulation through the formation of a gel type
system. The curd, formed by enzymatic coagulation, is rheologically characterized as a
gel and its rheological properties in small deformation can be determined by low-
amplitude dynamic oscillation, with the determination of the elastic modulus (G') and the
loss modulus (G") allowing to evaluate the formation of the gel and its stiffness (Lucey
et al., 1998; Schramm, 2000). Therefore, a direct way to measure gel formation is to
monitor the time evolution of rheological properties during coagulation. Esteves et al.
(2002) comparatively evaluated the rheological properties of coagulated milks by the
action of chymosin (animal curd) and vegetable coagulants. The last one presented a
slightly more proteolytic behavior than chymosin, which may have contributed to a lower
firmness of the curd gel obtained. Hussain et al. (2011) evaluated the curd obtained from
buffalo and cow's milk at different pH values. They observed that curd rheology was
adversely affected at lower pH (5.8 to 5.6) in both types of milk, which was attributed to
the solubilization of casein-bound calcium from the micelles. The maximum stiffness of
the curd was obtained at pH 6.0 in both types of milk. Hussain et al. (2012) have been
also investigated the effects of different temperatures (28, 34 and 39°C) on the rheological

properties of cows’ milk and buffalo milk. The maximum curd strength (G’) was obtained
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at a gelation temperature of 34 °C in both types of bovine milk. The curd coagulation time
was reduced with the increase of gelation temperature in both types of milk.

Milk is not a seasonal product and cheeses are been produced at all months of the
year. Thus, the objective of this study was to evaluate the enzymatic coagulation behavior
of fresh bovine milk from a herd of fourteen Holstein animals in three distinct periods of
the year by low amplitude dynamic oscillatory rheological analysis. The chemical
composition of fresh bovine milk and somatic cells of the animals are been also

determined.

2 MATERIALS AND METHODS
2.1 SAMPLES, DATA COLLECTION

Samples were collected from 14 Holstein-Friesian animals belonging to dairy
herds of Fazenda Escola Capdo da Onca, State University of Ponta Grossa, Ponta Grossa
- Paran4, Brazil (990 m altitude under the geographic coordinates 25°05'26 "LS and 50°
03'37" LW). The milk was collected in three distinct periods during the year (2016), and
all the collections were performed during milking. The first collection in May (P1), the
second in August (P2) and the third in December (P3). The animals were identified with
numbers from 1 to 14. The animals 1, 3, 11 and 14 were collected in two periods, because
in one of the periods the animals were in pre-partum period. Samples were collected in
sterile vials containing bronopol (2-bromo-2-nitropropane-1,3-diol) preservative in the
form of tablets giving a final milk concentration of 0.02 to 0.05%. The vials were

identified and maintained at 6 to 7°C until the moment of analysis.

2.2 RHEOLOGICAL MEASUREMENTS

The rheological analyses were conducted on a Haake Mars 1l rheometer (Thermo
Electron GmbH, Germany) coupled to a Haake K15 thermostatic bath, Haake DC5B3
water thermocouple, and a Peltier temperature controller (TC 81, Haake). The sensor used
was a cone-plate type with a diameter of 60 mm and a cone angle of 2.0° (C60 2.0°/TiL).
In order to identify the rennet coagulation time (RCT, min) of milk samples, dynamic
oscillatory measurements were performed at a fixed frequency of 0.1 Hz, and 1%
deformation. The elastic modulus (G”) and the loss modulus (G’”) were determined over
time for 45 minutes at a fixed temperature of 35°C (Hussain et al., 2011). The RCT was
defined as the time where the storage module G’ reached a value of 1.0 Pa (Lucey et al.,

2000). After the 45 minutes of the time scanning, a frequency sweep between 0.1 Hz and
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10 Hz (in CD mode, 1.0% constant deformation at 35 °C) was performed to evaluate the
viscoelastic behavior of curds formed after enzymatic coagulation. The experiments were
performed at least in duplicates. Before starting the experiments, each (fresh) milk sample
was heated to 35°C. Then it was added 100.0 ul of the liquid (bovine) coagulant composed
of 20.0% chymosin and 80.0% pepsin with 320 IMCU/ml previously diluted in distilled
water in order to obtain a final concentration of 0.053 IMCU/mI of milk, to 3.0 ml of
milk. The sample was thoroughly stirred for 30 seconds and the mixture was immediately

transferred to the rheometer plate (Esteves et al., 2002).

2.3 COMPONENT ANALYSIS, PH, AND SOMATIC CELL COUNT

Fat contents, total protein (TP) and casein (CN) were determined from fresh milk
samples (preheated at 40°C for 15 minutes in thermostated bath) using medium infrared
in Bentley 2000 equipment (Bentley Instruments- USA), according to International Dairy
Federation standards - IDF Standard: 141C: 2000 (ISO/IDF, 2000). Somatic cell count
(SCC) was performed by flow cytometry on Somacount 300 equipment (Bentley
Instruments-USA) according to International Dairy Federation Standard, IDF Standard
148-2: 2006 (ISO/IDF, 2006). The SCC values were transformed, on a logarithmic scale
for Somatic Cell Score [SCS = 3 + logz> (SCC /100)], to reach the normality and
homogeneity of the variances. The pH determinations of the fresh milk samples were

performed using QUIMIS® benchtop pH meter.

2.4 TEMPERATURE AND HUMIDITY INDEX (THI)
The temperature and humidity index (THI) were calculated according to equation
(1) of the National Research Council (NRC, 1971):

THI = (1,8 x T +32) — (0,55 — 0,0055 x RH) x (1,8 x T —26) (1)

Where: T (temperature, °C) and RH (relative humidity, %). The temperature and
relative humidity data were provided by the Parana Meteorological System (SIMEPAR).
The THI was calculated with the average values of environmental temperature and
relative humidity. The average was obtained with the values of these parameters regarding

the week of sampling.
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2.5 STATISTICAL ANALYSIS

The influence of the fresh milk collection period on the fat, total protein, casein,
pH, and somatic cell count was evaluated by generalized equation estimation (GEE)
analysis. The dependent variables that presented normal distribution were analyzed using
the identity binding function. The periods (months of collection) were considered as a
factor, and the analyses were performed with the mean values of each period (P): May
(P1), August (P2) and December (P3). GEE analyses were performed in SPSS Software

version 22.

3 RESULTS AND DISCUSSION

Figure 1 shows the G' and G’ moduli of milk samples collected from animals 5,
10, 13 and 14. A pronounced increase in the values of G’ and G’ which expresses the
RCT was observed and the time at which this increase occurs was different among the

samples evaluated (Table 1).

Figure. 1 - Dynamic oscillatory rheological analysis. The elastic modulus (G’, full symbols) and viscous
modulus (G”°, open symbols) as a function of the time (45 minutes) of the samples collected from animals
5 (A), 10 (B), 13 (C) and 14 (D) after the addition of coagulant, evaluated in three different collection
periods: P1-May; P2-august; P3-December; fixed frequency of 0.1 Hz; deformation of 1% (35°C).
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According to the classification of Frederiksen et al. (2011) the coagulation profiles

obtained were considered as: adequate with RCT <15 min (milk samples from animal 5;
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Figure 1-A); intermediate with RCT > 15 min (milk samples from animal 10; Figure 1-
B) and non-coagulable (NC) with RCT > 40 min (milk samples from animal 14; Figure
1-D). The milk that presented RCT > 36 min (milk samples of animal 13 - Figure 1-C)
was considered as NC sample because after 45 min incubation with the coagulant, it was
presented in a liquid state. The rheological parameters determined for the other

investigated milk samples are also presented in Table 1.

Table 1 - Results of the analyses from milk samples in the three periods May (P1), August (P2) and
December (P3) and the corresponding THI.
Animal Period RCT*, min G™* Pa G"** Pa GY/G™* Fat% PT*% CN*% SCS* pH THI*
33.07 957+ 311+

1x** P1  9.92+0.59 0.42 0.15 0.26 409 363 290 214 7.09 58.37
2582 + 16.40 = 5.07 = 313+

P2 3.41 8.33 2.51 0.57 3.71 373 299 549 7.07 589
18.73 + 4.88 + 3.66 +

2 P1L 9.92+1.08 2.13 121 0.49 443 298 229 044 7.01 58.37
12.48 + 15.07 + 3.68 +

P2 0.02 62.66+ 7.84 2.00 0.31 3.87 348 274 006 6.99 58.90
43.53 + 10.72 £ 3.48 +

P3  9.92+0.01 8.07 191 0.49 393 352 276 470 6.75 66.62
11.46 + 29.70 £ 747+ 3.02+

Kialale P1 1.08 5.34 1.02 0.28 479 395 317 344 6.93 58.37
18.12 + 28.30 £ 7.90 + 3.24 £

P3 0.03 0.03 0.06 0.38 340 271 215 568 6.95 66.62
1249 + 37.62 + 8.62 3.75+

4 P1 0.01 0.90 0.50 0.47 388 356 284 026 6.90 58.37
1146 + 23.29 5.88 4.00 +

P2 0.03 0.47 0.14 1.52 422 355 282 121 7.14 58.90
13.50 * 31.49 + 8.27 351+

P3 0.69 0.05 0.14 0.27 414 383 3.02 171 6.87 66.62
14.57 + 12.53 + 3.33+ 3.46 £

5 P1 2.52 0.09 0.08 0.38 3.85 241 180 328 7.04 58.37
14.53 + 224 + 3.95+

P2 1.56 8.49+0.84 0.22 1.55 3.48 256 193 346 7.12 58.90
13.6 0 1529+ 422 + 4.00 +

P3 0.70 0.63 0.04 1.43 325 324 251 235 6.78 66.62

1454 + 3155+ 8.95+ 3.22

6 P1 0.10 6.10 1.79 +0.24 212 324 259 188 6.95 58.37
2121+ 290 = 3.77 +

P2 0.73 9.62 +0.83 0.14 3.03 144 322 256 258 7.08 58.90
2223 % 14.89 + 484 2.89+

P3 1.80 1.06 0.37 0.25 295 329 258 380 6.86 66.62
18.13 + 34.56 £ 9.15+ 337+

7 P1 0.88 1.69 0.37 0.33 354 327 260 253 7.02 58.37
12.48 + 1991+ 5.08 + 3.70 £

P2 1.03 6.53 1.74 0.49 210 316 248 3.73 6.93 58.90
1249 + 71.43 20.25 + 3.23+

P3 0.74 23.33 8.03 0.21 342 268 202 044 6.77 66.62
1459 + 16.25 4.66 + 329+

8 P1 0.72 0.12 0.083 0.49 6.50 258 190 358 7.00 58.37
21.20 20.61 544 + 343+

P2 +1.56 1.86 0.63 0.37 263 303 237 111 6.95 58.90
1148 + 17.02 = 473 % 357+

P3 0.02 0.53 0.05 0.54 332 330 260 307 6.81 66.62
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18.13 + 16.88 447 + 3.59 +

9 P1 0.01 1.03 0.30 0.50 3.05 258 198 428 6.94 58.37
18.13 + 14.42 + 3.96+ 3.33+%

P2 1.28 0.30 0.08 0.40 409 268 202 419 7.06 58.90
13.50 + 29.44 + 7.80 = 3.40 +

P3 0.74 3.34 1.24 0.30 300 311 246 3.78 6.86 66.62
18.13 1243 + 3.55+ 3.38

10 P1 1.29 1.05 0.25 0.63 265 265 206 132 7.08 58.37
2475+ 161+ 3.35+

P2 1.02 5.51+0.33 0.05 1.56 287 298 236 -164 6.99 58.90
19.15+ 15.26 + 457 + 3.13+

P3 0.02 1.72 0.68 0.35 295 305 237 -0,06 6.82 66.62
2240 5.07+ 424

114+ P2 9.92+0.59 6.21 1.37 1.39 3.4 271 209 -2,06 6.93 58.90
12.48 + 67.00 £ 16.88 + 3.60 £

P3 0.01 1.78 0.51 0.29 306 286 220 026 6.73 66.62
20.18 + 21.04 + 587+ 271 %

12 P1 1.02 0.55 0.15 0.49 137 284 224 -047 6.94 58.37
18.13 21.30 + 6.40 = 3.18 +

P2 0.72 4.39 1.20 0.41 154 302 238 126 7.05 58.90
1453 + 1594 + 3.87* 3.75+

P3 0.73 0.88 0.05 0.48 234 315 246 214 6.80 66.62
36.09 = 1.83 + 271+

13 P1 2.35 5.48 +0.88 0.38 1.06 3.76 326 259 6.57 7.02 58.37
4481 + 0.76 + 244 +

P2 1.45 2.19+£0.69 0.25 1.01 226 351 283 581 7.16 58.90
36.08 + 10.38 = 342+ 3.20 +

P3 1.29 1.62 0.55 1.11 292 332 264 492 6.95 66.62

0.27
14*** Pl n.c 0.54+0.15 0.04 n.c 279 337 268 501 7.12 58.37
0.05+
P2 n.c 0.19+0.03 0.02 n.c 279 344 274 512 7.34 58.90

Among the milk samples of the animals evaluated in this study, the majority
presented increase of both moduli (G’, G’”) during the time sweep, after the addition of
the coagulant. This behavior is consistent with changing from a liquid to a more
viscoelastic gel system (Hussain et al., 2012). The same behavior was evidenced by other
authors as described by Esteves et al. (2002); Hussain et al. (2011) and Hussain et al.
(2012). The exception among the samples evaluated was the milk sample collected from
animal 14. The moduli values (G’, G’’) stable throughout the time scanning, after the
addition of the coagulant (Figure 1 D), characterize a liquid behavior, where the
coagulation did not occurred. The rheological results in a real-time of coagulation showed
that the milk collected from the animals 13 (Figure 1 C) because of slow coagulation and
14 (Figure 1 D) are not suitable for cheese production through enzymatic coagulation.
According to Cecchinato et al. (2011) in slow-coagulating milks curd formation has less
time to stiffen, and it is, therefore, more fragile, resulting in protein and fat losses to the

serum at the cutting and press stages, reflecting yield reduction.
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Besides, the dynamic oscillatory analysis presented at Figure 1 and Table 1 by the
analyzed samples collected from animals 5 (Fig 1A), 10 (Fig 1B), 13 (Fig 1C) and 14
(Fig 1D) show similar behavior when compared individually in relation to the collected
samples at different periods of the year (May - P1; August - P2; December - P3).
According to (Beux et al., 2017) the influence of the milk collection in different periods
of the year on milk coagulation capacity can be affected by changes in temperature and
humidity throughout the year. However, these authors reported that for values of
temperature and humidity (THI) below 75, milk does not present significant changes
regarding this characteristic. As it can be observed in Table 1, the THI in the three
collection periods was less than 70, a factor that may have contributed to the fact that the
milks presented the same coagulation profile in the different collection periods.

In the same experiment, following the analysis of the dynamic moduli (G’, G”) as
a function of time, frequency sweep (elastic (G’) and viscous (G’”) moduli as a function
of frequency) were performed (Figure 2) to evaluate the viscoelastic properties of the
milk samples collected from animals 5, 10, 13 and 14, in the three periods of the year,
formed after adding the coagulant. For the samples of animals 5 and 10 (Figure 2A and
2B) both moduli had a slight frequency dependence, with G” higher than G’ at all the
frequencies analyzed (0.1-10 Hz) in all of the 3 collection periods evaluated. The values
of G’ higher than G”* characterize the milk samples of animals 5 and 10 as a material
with gel behavior (Steffe, 1996; Chamberlain, Rao, 2000). The milk sample of animal 13
showed itself as a weaker gel behavior (Figure 2C) when compared with the samples of
animals 5 and 10, but both moduli had also a slight frequency dependence, with G’ higher
than G’ at all the frequencies analyzed. At high frequencies (7 Hz) a crossover of the
modules occurred. This behavior can be attributed to the lower consistency and stability
of these samples. Else more, it is in agreement with the behavior demonstrated at figure
1 C which shows milk samples coagulated at high RTC (> 36 min). This behavior was
reflected in the visual appearance of the samples after the 45 min of incubation, which

became more fluid.
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Figure. 2 - G' and G" modules as a function of frequency (0.1-10 Hz with deformation of 1%) in the
collection periods for the milk of animals 5 (A); 10 (B); 13 (C) and 14
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Figure 2D shows the frequency sweep of milk samples collected from animal 14
(non-coagulable, NC, with RCT > 40 min). For P1 sample a crossover can be observed
between the G' and G" modules at 2 Hz and for P2 at 0.12 Hz. This behavior is
characteristic of a viscoelastic system or concentrated solution without gel formation.
Cassandro et al. (2008) and Cecchinato et al. (2011) also found NC milks from Holstein
and Brown Swiss cows. However, the authors used latodinamography as a technique to
evaluate coagulation. The other milk samples collected from animals 1, 2, 3, 4, 6,7, 8, 9,
11 and 12 were also subjected to frequency sweeps. The values of G’, G’ and the ratio
G’/G”’ at 1 Hz are shown in Table 1. The profiles obtained for all the above-mentioned
samples presented a viscoelastic behavior similar to the samples shown in Figure 2A and
2B. G’ values greater than G’ in every frequency range analyzed, the slight frequency
dependence, and the G’/G’’ ratio less than 10 (Table 1) allows them to be characterized
as weak gels (Steffe, 1996). The lowest value for the G’/G’’ ratio was 2.44, obtained for
the sample in animal 13 in December (P3) is justified by the its highest RCT (44.81 £
1.45 min). On the other hand, the highest ratio found was for animal sample 11 in August
(P2), which was 4.24 and with RCT 9.92 £ 0.59 min being one of the shortest coagulation
time.

The ability of milk coagulation plays an essential role in the production of hard

cheeses, such as Grana Padano and Parmigiano-Reggiano (Pretto, et al., 2013). The
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literature demonstrate that milk coagulation in a shorter time presents a greater firmness
of the curd, producing higher yield with lower losses of milk components in the serum
compared to the milk that presents late coagulation and with low firmness of curds
(Aleandri, et al., 1989; Wedholm, et al., 2006).

Milk composition and temperature and humidity index

The results obtained for the analysis of components of the milk samples evaluated
are presented in Table 1. The minimum and maximum values for fat were between 1.37%
and 6.50%; for total protein (PT) between 2.41% and 3.95% and for casein (CN) 1.80%
and 3.17%. The literature reports that the average fat, total protein and casein in Holstein
cow milks is about 3.00%, 3.20% and 2.65%, respectively (Botaro, et al., 2009;
Cassandro, et al., 2008; Ribas, et al., 2004). However, variations in the chemical
composition of milk, considering the same breed or different breeds, are quite common
due to factors such as management, nutrition, genetics, and environmental conditions (Del
Prato, 2001; Goddard, 2001). Frederiksen et al. (2011) reported indexes of 4.12% for fat,
3.47% for total protein and 2.69% for casein in Holstein cow milks. The month of milk
collection is a factor associated with the quality (chemical composition) and quantity of
the milk produced, and this is related to the nutrition of the animals, more specifically
with the pasture, that undergoes variations throughout the year (Heck, et al., 2009).

The results for fat, somatic cell score (SCS) and pH in the milk samples were
statistically different (p < 0.05) due to the collection period which was not observed with
a protein (TP) and casein content (CN) (Table 2). Fat was significantly different (p <0.05)
between August (P2) and December (P3) as shown in Table 3. The lowest mean value of
2.99% was obtained for the milk samples collected in August (P2) and 3.55% for those
collected in December (P3). The pH values were higher in August (P2) than in December
(P3) (p < 0.05). The values of pH considered normal in milks of freshly milked animals
are between 6.4 and 6.8 (Del Prato, 2001). However, Cassandro et al. (2008) found pH
values for Holstein cow milks between 6.33 and 7.18. Somatic cells (SC) have a reference
value, according to IN-76 (BRASIL, 2018) which is at most 4.0 x 10° cells mL* which
corresponds to the somatic cell score (SCS) equal to 5.0. Out of the milk samples

analyzed, five presented values higher than the reference values.
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Table 2 - Test of the effects model for the dependent variables fat, TP, CN, SCS, and pH

Fat, % TP*,% CN*,% SCS* pH
Effects  Wald Sig. Wald Sig. Wald Sig. Wald Sig. Wald Sig.
ChiSq ChiSq ChiSq ChiSq ChiSq

Periods 15,11  <0,05 3,07 0,21 4,41 0,11 16,05 <0,05 21936 <0,05
*TP (total protein); CN (casein); SCS (somatic cell score)

Milk sample from animal 1 in August (P2) with SCS equal to 5.49; of animal 3 in
December (P3) with SCS equal to 5.69; of the animal 13 in May (P1) and August (P2)
with 6.57 and 5.81 respectively, and the sample of August (P2) with SCS equal to 5.12,
as it can be observed in Table 1. The mean results were statistically different (p < 0.05)
between August (P2) and December (P3) with values of 2.62 and 3.88, respectively
(Table 3).

Table 3 - Comparison between the variables analyzed between May (P1), August (P2), and December (P3)

Variables
Periods™ Fat,% TP" % CN"% SCS” pH
P1 3,262P 3,408 2,702 3,23%b 6,982
P2 2,99° 3,332 2,642 2,62° 7,082
P3 3,552 3,152 2,462 3,882 6,84°

b Means with different letters in the same column, considering separately the periods of the breeds, they
differ statistically (p < 0.05) according to the marginal means estimated by GEE. *TP (total protein), CN
(casein), SCS (somatic cell score).

August (P2) was characterized by the lowest mean value for SCS. According to
the literature, milks collected in winter are in fact characterized by a lower content of
somatic cells (Fonseca; Santos, 2000). The temperature-humidity index (THI) is widely
used to assess the impact of thermal stress on dairy cows, as this can affect productivity
and change milk composition (Bohmanova, et al., 2007; GAntner et al., 2011). The THI
values of milk samples collected in May (P1), August (P2) and December (P3) were
58.37; 58.90 and 66.62, respectively. The indexes obtained are below 72 which is the
characteristic index of an environment free of heat stress (Armstrong, 1994) and the
proven consequences such as the change in the chemical composition and the quantity of
milk produced (Zimbelman, et al., 2013). Beux et al. (2018) analyzed the milk clotting of
Italian Holstein-Friesian cows, collected in the summer and autumn and 56.6% of the
samples collected in the summer and 20.9% of the samples collected in the autumn did
not coagulate. In the summer, the mean was 73.24 + 6.74 (values between 64.66- 81.53)

and during the autumn was 57.43 + 4.99 (values between 50.04-70.40). However,
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according to the authors, more studies should be done to understand the real relationship

between THI and milk coagulation.

4 CONCLUSIONS

Among milks analyzed, it was possible to observe variations in rheological
parameters, chemical composition and somatic cells. During the three periods of year
samples analyzed, there was no significant variation of the temperature and humidity
index (THI), as values below 72 which is the characteristic index of an environment free
of heat stress and which affect milk clotting. However, the milk of two animals was
considered unsuitable for cheese production. The other milks presented weak gel
behavior. There were variations in the time of enzymatic coagulation as well as in the
storage modules between the samples of the animals in the different periods of analysis

but additional research in particular on non-coagulable milk is needed.

ACKNOWLEDGMENTS
The National Council for Scientific and Technological Development; Araucaria
Foundation, Nanoglicobiotec and Ministry of Science and Technology/CNPq; Federal
University of Parana. Joana L. M. Silveira is member of the CNPq Foundation
(n°476950/2013-9; 308296/2015-0; 309225/2018-3) and Federal University of
Technology — Parana (UTFPR).

Brazilian Journal of Development, Curitiba, v.7, n.4, p. 38944-38959 apr 2021



Brazilian Journal of Development
ISSN: 2525-8761

38957

REFERENCES

Aleandri, R., J. C. Schneider, L. G. Buttazzoni. 1989. Evaluation of Milk for Cheese
Production

Based on Milk Characteristics and Formagraph Measures. J Dairy Sci. 72:1967-1975.

Annibaldi, S., G. Ferri, R. Mora. 1977. Nuovi orientamenti nella tipizzazione
lattodinamografica (2).pdf. Sci. Tec. Lattiero-Casearia. 28:115-126.

Armstrong, D. 1994. Heat Stress Interaction with Shade and Cooling. J Dairy Sci.
77:2044-2050.

Berridge, N. J. 1952. An improved method of observing the clotting of milk containing
rennin. J Dairy Res. 19:328-329.

Beux, S., M. Cassandro, A. Nogueira, N. Waszczynskyj. 2017. Effect of THI on milk
coagulation properties of Holstein-Friesian dairy cattle. Rev. Bras. de Zootec. 46:429-
432.

Beux, S., M. Cassandro, V. A. Lima, A. A. F. Zielinski, A. Nogueira, N. Waszczynskyj.
2018.

Seasonal effect on milk composition, somatic cell content and milk coagulation properties
of Italian Holstein-Friesian cows. Emir J Food Agr. 30:998-1005.

Bohmanova, J., I. Misztal, J. B. Cole. 2007. Temperature-Humidity Indices as Indicators
of Milk Production Losses due to Heat Stress. J Dairy Sci. 90:1947-1956.

Botaro, B. G., V. Y. Real de Lima, C. S. Cortinhas, F. L. Prada e Silva, F. P. Renno, V.
M. dos Santos. 2009. Effect of the kappa-casein gene polymorphism, breed and
seasonality on physicochemical characteristics, composition and stability of bovine milk.
Rev. Bras. de Zootec. 38:2447-2454.

BRASIL. Ministério da Agricultura, Pecuaria e Abastecimento. Instru¢cdo normativa n°
76, de 26 de novembro de 2018. Diério Oficial da Unido, Brasilia, 2018. Available from
<http://sistemasweb.agricultura.gov.br/sislegis/action/detalhaAto.do?method=consultar
LegislacaoFederal> Accessed: Nov. 30, 2018.

Callaghan, D. J. O., C. P. O. Donnell, F. A. Payne. 2000. On-line sensing techniques for
coagulum setting in renneted milks. J. Food Eng. 43:155-165.

Cassandro, M., A. Comin, M. Ojala, R. D. Zotto, M. De Marchi, L. Gallo, G. Bittante.
2008. Genetic Parameters of Milk Coagulation Properties and Their Relationships with
Milk Yield and Quality Traits in Italian Holstein Cows. J Dairy Sci. 91:371-376.

Cecchinato, A., M. Penasa, M. De Marchi, L. Gallo, G. Bittante, P. Carnier. 2011. Genetic
parameters of coagulation properties, milk yield, quality, and acidity estimated using
coagulating and noncoagulating milk information in Brown Swiss and Holstein-Friesian
cows. J Dairy Sci. 94:4205-4213.

Brazilian Journal of Development, Curitiba, v.7, n.4, p. 38944-38959 apr 2021



Brazilian Journal of Development | 38958
ISSN: 2525-8761

Chamberlain, E. K., M. A. Rao. 2000. Effect of concentration on rheological properties
of acid-hydrolyzed amylopectin solutions. Food Hydrocoll. 14:163-171.

Dal Zotto, R., M. De Marchi, A. Cecchinato, M. Penasa, M. Cassandro, P. Carnier, G.
Bittante. 2008. Reproducibility and Repeatability of Measures of Milk Coagulation
Properties and Predictive Ability of Mid-Infrared Reflectance Spectroscopy. J Dairy Sci.
91:4103-4112

Del Prato, O. S. 2001. Trattato di tecnologia casearia. Italy: Edagricole.

Esteves, C. L. C., J. A. Lucey, E. M. V. Pires. 2002. Rheological properties of milk gels
made with coagulants of plant origin and chymosin. Int. Dairy J. 12:427-434.

Fonseca, L. F. L., M. V. Santos. 2000. Qualidade do leite e controle de mastite. Sdo Paulo:
Lemos Editora.

FOX, P.F.,P. L. H. MCSWEENEY. 1998. Dairy Chemistry and Biochemistry. London:
Chapman.

Frederiksen, P. D., K. K. Andersen, M. Hammershgj, H. D. Poulsen, J. Sgrensen, M.
Bakman, L. B. Larsen. 2011. Composition and effect of blending of noncoagulating,
poorly coagulating, and well-coagulating bovine milk from individual Danish Holstein
cows. J Dairy Sci. 94:4787-4799. https://doi.org/10.3168/jds.2011-4343

Gantner, V., P. Mjji¢, K. Kuterovac, D. Soli¢, R. Gantner. 2011. Temperature-humidity
index values and their significance on the daily production of dairy cattle. Mljekarstvo.
61:56-63.

GODDARD, M. 2001. Genetics to improve milk quality. Aust J Dairy Technol. 56:166-
170.

Heck, J. M. L., H. J. F. van Valenberg, J. Dijkstra, A. C. M. van Hooijdonk. 2009.
Seasonal variation in the Dutch bovine raw milk composition. J Dairy Sci. 92:4745-4755.
https://doi.org/10.3168/jds.2009-2146

Hussain, 1., A. E. Bell, A. S. Grandison. 2011. Comparison of the rheology of mozzarella-
type curd made from buffalo and cows’ milk. Food Chem. 128:500-504.

Hussain, I., A. S. Grandison, A. E. Bell. 2012. Effects of gelation temperature on

Mozzarella-type curd made from buffalo and cows’milk. 1: Rheology and microstructure.
Food Chem. 134:1500-1508.

ISO/IDF. Determination of milk fat, protein and lactose content. Guidance on the
operation of mid-infrared instruments. IDF n.141C. Brussels, Belgium: International
Dairy Federation, 2000.

ISO/IDF. Milk-Enumeration of somatic cells. Part 2: Guidance on the operation of fluoro-
opto-electronic counters. IDF n.148-2E., Brussels, Belgium: International Dairy
Federation, 2006.

Brazilian Journal of Development, Curitiba, v.7, n.4, p. 38944-38959 apr 2021



Brazilian Journal of Development
ISSN: 2525-8761

38959

Lucey, J. A., M. Tamehana, H. Singh, P. A. Munro. 1998. Effect of interactions between
denatured whey proteins and casein micelles on the formation and rheological properties
of acid skim milk gels. J Dairy Res. 65:555-567.

Lucey, J. A., M. Tamehana, H. Singh, A. P. Munro. 2000. Rheological properties of milk
gels formed by a combination of rennet and glucono-o-lactone. J dairy Res. 67:415-427.
Manuelian, C. L., M. Penasa, G. Visentin, M. Cassandro, M. De Marchi. 2018.
Phenotypic analysis of milk coagulation properties and mineral content of Pinzgauer
cattle breed. Arch Anim Breed 61:215-220.

O’Callaghan, D. J., E. P. Mulholland, A. P. Duffy, C. P. O’Donnell, F. A. Payne. 2001.
Evaluation of hot wire and optical sensors for online monitoring of curd firmness during
milk coagulation. Irish J Agr Food Res. 40:227-238.

Politis, 1., K. F. NG-KWAI-HANG. 1988. Effects of Somatic Cell Count and Milk
Composition on Cheese Composition and Cheese Making Efficiency. J Dairy Sci.
71:1711-1719.

Poulsen, N. A., V. R. Gregersen, G. M. Maciel, L. B. Madsen, B. Buitenhuis, M. S.
Hansen, L. B. Larsen. 2017. Novel genetic variation associated to CSN3 strongly affects
rennet-induced milk coagulation. Int. Dairy J. 71:122-130.

Pretto, D, M. De Marchi, M. Penasa, M. Cassandro. 2013. Effect of milk composition and
coagulation traits on Grana Padano cheese yield under field conditions. J Dairy Res. 80:1-
5.

Ribas, N. P., W. Hartmann, H. G. Monardes, U. Vinicius, C. De Andrade. 2004. Sélidos
Totais do Leite em Amostras de Tanque nos Estados do Parana. Rev. Bras. Zootecn.
33:2343-2350

Schramm, G. 2006. Reologia e reometria: fundamentos tedricos e praticos. SP: Artliber.
Steffe, J. F. 1996. Rheological Methods in Food Process Engineering. USA: East Lansing.
Wedholm, A., L. B. Larsen, H. Lindmark-Mansson, A. H. Karlsson, A. Andrén. 2006.

Effect of Protein Composition on the Cheese-Making Properties of Milk from Individual

Dairy Cows. J Dairy Sci. 89:3296-3305.

Zannoni, M., S. Annibaldi. 1981. Standardization of the renneting ability of milk by
Formagraph.

Sci. Tec. Lattiero-Casearia. 32:79-94, 1981.
Zimbelman, R. B., R. J. Collier, T. R. Bilby. 2013. Effects of utilizing rumen protected

niacin on core body temperature as well as milk production and composition in lactating
dairy cows during heat stress. Anim Feed Sci Tech.180:26-33.

Brazilian Journal of Development, Curitiba, v.7, n.4, p. 38944-38959 apr 2021



