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Abstract. Milk obtained from cows on 2 subtropical dairy feeding systems were compared for their suitability for
Cheddar cheese manufacture. Cheeses were made in a small-scale cheesemaking plant capable of making 2 blocks
(about 2 kg each) of Cheddar cheese concurrently. Its repeatability was tested over 10 separate cheesemaking days
with no signiﬁcant differences being found between the 2 vats in cheesemaking parameters or cheese characteristics.
In the feeding trial, 16 pairs of Holstein–Friesian cows were used in 2 feeding systems (M1, rain-grown tropical
grass pastures and oats; and M5, a feedlot, based on maize/barley silage and lucerne hay) over 2 seasons (spring
and autumn corresponding to early and late lactation, respectively). Total dry matter, crude protein (kg/cow.day)
and metabolisable energy (MJ/cow.day) intakes were 17, 2.7, and 187 for M1 and 24, 4, 260 for M5, respectively.
M5 cows produced higher milk yields and milk with higher protein and casein levels than the M1 cows, but the
total solids and fat levels were similar (P>0.05) for both M1 and M5 cows. The yield and yield efﬁciency of cheese
produced from the 2 feeding systems were also not signiﬁcantly different. The results suggest that intensive tropical
pasture systems can produce milk suitable for Cheddar cheese manufacture when cows are supplemented with
a high energy concentrate. Season and stage of lactation had a much greater effect than feeding system on milk and
cheesemaking characteristics with autumn (late lactation) milk having higher protein and fat contents and producing
higher cheese yields.
Additional keywords: Cheddar cheese yield, feeding systems, milk composition, season, stage of lactation.

Introduction
A combination of several factors is known to affect milk
composition, in particular milk protein concentration, which
is a major determinant of the processing quality of milk
for the manufacture of cheese. Other factors include the
breed of cow, the environment, herd management practices,
disease status, the stage of lactation, parity, the season and
feeding system (White 2001). The highest incidence of low
milk protein is observed in south-east Queensland during the
spring and summer months when forage quality is poorest
(Barber et al. 2001). This results in reduced income for
producers and also processors due to the impact on cheese
yield efﬁciency. For instance, on average, an 0.1% reduction
in the total casein concentration reduces Cheddar cheese
yield potential by 0.5 kg/100 kg milk (Guinee et al. 2001),
which means an economic loss of AU$6 million to a cheese
manufacturer processing 200 ML of milk a year.
Relationships between milk composition and milk
processability in terms of cheese yield have been documented
© CSIRO 2006

for temperate regions (Banks 1990; Christian et al. 1999a,
1999b; Guinee et al. 2001; Phelan et al. 1982). In subtropical
Australia, the decline in milk protein during spring and
summer may be a result of reduced nutrient intake owing
to declines in the soluble carbohydrate, metabolisable
energy (ME) and protein content of forage available to the
dairy cow. Reduced forage quality may be related to lower
levels of milk protein (Beever et al. 2001; Murphy and
O’Mara 1993) and casein fractions (Christian et al. 1999b;
Mackle et al. 1999). There is also the direct effect of heat
on the cow, which causes reductions in milk protein content
(Barber et al. 2001).
In south-east Queensland, environmental modiﬁcations of
the dairy production system are needed to enable Holstein–
Friesian cows to express their genetic potential in milk
production and to also maintain their milk cheese yielding
performance. There is considerable interest in developing
strategies to increase milk solids, in particular milk protein,
while maintaining or possibly increasing milk output.
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One reason for developing such strategies is to improve
the suitability of the milk for cheesemaking. The study
reported in this paper was part of a broader research program
examining various strategies in intensive dairy production
systems with the objectives of increasing proﬁtability and
labour efﬁciency (Andrews et al. 2002). It compared the milk
produced by cows on 2 different subtropical dairy feeding
systems for composition, processability and Cheddar cheese
yield efﬁciency. A small-scale experimental cheesemaking
plant was developed for the cheese trials.
Materials and methods
Small-scale cheesemaking plant
A small-scale cheesemaking plant consisting of two 30-L capacity
cheese vats was built inside a 225-L capacity stainless steel cheese vat.
Electric motor driven agitators equipped with stainless steel blades were
positioned on each side of the main vat to provide continuous agitation
of the cheesemilk during cheesemaking. Temperature was controlled by
directly injecting steam or cold water as required into water contained
in the main vat.
Cheesemaking
Milk standardisation
On arrival in the laboratory, milk for cheesemaking was subsampled
and analysed for fat and protein to enable standardisation of the milk.
On each cheesemaking day, 10 L of the bulk whole milk was warmed
to 50◦ C and skimmed with a cream separator, for use in standardising
the cheesemilk. Cheesemilk was standardised to a casein : fat ratio of
0.7 by altering the fat content through addition of cream or skim milk
as required. Following standardisation, the milk was batch-pasteurised
at 63◦ C for 30 min, cooled to 32◦ C and weighed into the 2 vats (20 kg
in each).
Starter preparation
A commercial freeze-dried DVS starter (O-Culture R-704
pHage Control, Mesophilic Homofermentative Culture, type O.
CHR Hansen A/S, Denmark) was inoculated into the sterile skim milk
according to the manufacturer’s speciﬁcation at a rate of 0.7 g per
200 mL sterile skim milk for the ﬁrst dilution (mother culture). Ten mL
of the diluted culture was inoculated into 1 L of sterile skim milk
(bulk culture) and incubated at 22◦ C for 16 h. For consistency within
each cheesemaking day, a single container of mother culture made from
the same frozen starter concentrate and similar sterile skim milk were
used. Bulk culture (400 mL) was added to the cheesemilk in each vat.
After agitation for 5 min, rennet was added.
Rennet addition and curd formation time
Commercial rennet (Naturen, CHR Hansen; Hørsholm, Denmark)
consisting of 80% (w/w) bovine chymosin and 20% pepsin with
a rennet strength of 1200 international milk clotting units/g of
coagulant was used. Two mL of rennet mixed with 40 mL distilled
water was added to each vat containing 20 kg cheesemilk. Curd
formation time (CFT), the time from addition of rennet to cutting of
the curd, was determined by observation and was established as about
twice the gel formation or rennet coagulation time (RCT), the time
from rennet addition to the ﬁrst increase in viscosity of the rennetted
milk. Cheesemaking was performed as described by Mayes and
Sutherland (1984).
Sampling and analysis
Fat was analysed using the Babcock standard procedure and protein
by formol titration (Pearson 1991). Casein percentage was determined
by multiplying the total protein value with 0.833 (Scott 1986).
Milk samples for compositional analysis were preserved with
0.04% bronopol. They were analysed for total solids, fat, lactose,
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total nitrogen (N), non protein N, calcium, phosphorus, total ash,
total casein, αs1 -casein, αs2 -casein, β-casein and κ-casein. Gross
compositional analyses were performed according to the procedures
described in Standards Association of Australia (1998). Individual
casein components, αs1 -, αs2 -, β- and κ-casein, were determined using
reversed-phase high-performance liquid chromatography (HPLC)
(Visser et al. 1991). Nitrogen content was converted to protein
content using the factor 6.38 for total protein and casein (Karman and
van Boekel 1986).
Cheese and cheese whey sampling, sample preparation and
handling followed the procedures described in AOAC (1990) and
Kosikowski (1977). Cheese fat was analysed by the Babcock procedure,
total N was analysed by the Kjeldahl method and peptides soluble in
12% trichloroacetic acid (TCA) in cheese were analysed by the method
of Everett and Jameson (1993) using HPLC. Total solids in cheese
whey and cheese samples were determined from the moisture content
obtained using a HR73 Halogen Moisture Analyzer Meter (Toledo
GmbH 1999, Switzerland). Cheese pH was determined according to
Broome et al. (1998) in a slurry made from a 1 : 1 mixture of grated
cheese and water (40◦ C) by inserting pH meter electrode (85 ion
analyzer; Radiometer Paciﬁc, Burwood 3125, Australia). Samples
were tested in duplicate. Acidity was determined by titration of 10 mL
of slurry with 0.1 mol/L NaOH solutions; the acidity, expressed as
percent lactic acid, was calculated as the number of mL of alkali used
divided by 10.
Cheese yield
Cheese yield for each vat was determined as the weight of cheese after
pressing, expressed on the basis of 100 kg of milk. The percentage
recoveries of fat and protein in cheese and whey were calculated. Total
weights of whey collected during draining, cheddaring, salting and
pressing were used in the mass balance calculations. Theoretical and
adjusted cheese yields were calculated using the modiﬁed Van Slyke
and Publow formula (Mistry et al. 2002):
Theoretical Cheddar cheese yield = [(F × Rf + C − 0.1) × 1.016]/
1 − SC − M/(1 − WS)
where F is percent fat in milk, Rf is percent of fat in milk recovered in
cheese/100, C is percent casein in milk, SC is percent salt in cheese/100,
M is percent moisture in cheese/100, WS is percent solids in whey/100.
Targeted cheese composition for this calculation is indicated below.
Cheese yield was adjusted for moisture and salt, casein and fat, and fat
recovery as follows:
Yadj = Yact × TYadj /TYact
where Yadj is adjusted yield, Yact is actual yield, TYact is theoretical
yield where actual values are used, and TYadj is theoretical yield where
only the components to be adjusted are changed to target values. Target
values were experimental means: 4.4% fat in milk, 2.7% casein in milk,
36.7% moisture in cheese, 1.7% salt in cheese, 88% fat recovery, and
6.8% whey solids.
Repeatability of cheesemaking
A trial was carried out to determine the repeatability of cheesemaking
in the 2 vats of the experimental plant. In order for the plant to
be used successfully for comparing milk produced under different
conditions, it was imperative that differences between the vats were
minimal. Cheese was made on 10 separate days from different milk.
On each day, 2 vats of cheese were made simultaneously in the
experimental plant from the same milk. The cheesemaking parameters
and characteristics of the cheeses made in the 2 vats during the trial were
compared statistically.
Feeding trial
Sixteen pairs of Holstein–Friesian cows were used in a 2 × 2 factorial
experiment (2 feeding systems and 2 seasons, autumn and spring) with
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4 replicates at Mutdapilly Research Station, south-east Queensland.
The tropical pastures system (M1) consisted of 10.24 ha (2.11 ha oats
and 8.13 ha Rhodes grass) with a stocking rate of 1.95 cows/ha. Tropical
pasture hay and silage were fed as required. The feedlot (M5) consisted
of 4.65 ha (2 ha maize/barley and 2.65 ha lucerne), with an estimated
stocking rate of 4.12 cows/ha though these cows were not grazing on
paddocks. In addition, cows in both systems received concentrate at
about 3 t/cow.year. Concentrate was about 70% barley or sorghum grain,
with the balance being molasses, whole cotton seed and cottonseed
meal. At the time of milk sampling, green pasture in M1 supplied
only about 1 kg dry matter (DM)/cow.day as a consequence of drought
conditions. The dominant forages used during the trial were silages
of forage sorghum and oats for M1 and of maize and lucerne for M5.
Total DM, crude protein [(CP) kg/cow.day] and ME (MJ/cow.day)
intakes were 17, 2.7, and 187, for M1 and 24, 4, 260 for M5, respectively
(Table 1). Cows were blocked on milk yield and protein content, and
paired to minimize differences between cows within a pair. Pairs
of cows were then blocked on milk yield and protein content into
blocks of 4, and randomly allocated to treatments. All cows calved in
early spring.
Milk samples were collected in spring and autumn from M1 and
M5 paired cows on 4 occasions (runs). Milk collected from each cow
within a pair were composited daily and thoroughly mixed, then sampled.
Milk sampling and analysis, cheesemaking, and cheese and whey
sampling and analysis were performed as described above.
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Experimental design and statistical analysis
The repeatability trial results were analysed as a randomised block with
2 treatments (vats) and 10 replicates (cheesemaking days). Statistical
analysis was performed using the 2-way analysis of variance (ANOVA)
procedure of SAS Institute (1996). The feeding trial was analysed
as a 2 × 2 factorial experiment (2 feeding systems and 2 seasons,
autumn and spring) with 4 replicates. Data analysis was performed using
SAS version 6.12, using the PROC GLM procedure of SAS Institute
(1996).

Results
Repeatability trial
Over the 10 manufacturing days, there were no signiﬁcant
differences between vats on the same day in cheese yield,
cheesemaking parameters (e.g. CFT, cooking and cheddaring
temperature, curd pH and acidity) and cheese characteristics,
however, there were signiﬁcant differences in CFT, curd pH,
acidity and cheese yield among the days of manufacture.
Table 2 summarises the key data from the repeatability trial.
Feeding trial
Milk yield was greater for M5 than M1 cows, and the
difference was greater in autumn than spring (Fig. 1). Yield

Table 1. The daily dry matter (DM), crude protein (CP) and metabolisable energy (ME)
intakes of cows in tropical pastures (M1) and feedlot (M5) systems of production
Feeding
system

Season

Lactation
stage

M1
M1
M5
M5

Spring
Autumn
Spring
Autumn

Early
Late
Early
Late

No. of
cow pairs

DM intake
(kg/cow.day)

CP intake
kg/cow.day)

ME intake
(MJ/cow.day)

4
4
4
4

14.0
20.0
24.0
24.0

2.4
3.0
4.0
4.0

154
220
271
250

2.36

0.40

25.5

s.e.

Table 2. Percentage of milk components recovered and cheese yield (kg/100 kg milk) for Cheddar cheese made in duplicate vats in the
repeatability trial
Values for vat 1 and vat 2 are the means of 10 trials conducted over 10 cheesemaking days. The mean of vats 1 and 2 values (n = 20) is presented
and signiﬁcant differences between means for cheesemaking days is indicated. n.s., not signiﬁcant
Curd
formation
time (min)

Milk components
recovered (%)A
Cheese

Fat
Whey

Total

Cheese

Protein
Whey

Total

Cheese yield
(kg/100 kg milk)
Actual
Moisture
adjustedC

MassB

Vat 1
Vat 2

33.50
33.40

99.25
99.25

84.01
84.02

9.22
9.11

93.23
93.13

75.70
75.53

22.56
22.47

98.26
98.00

10.44
10.40

11.11
11.16

s.e.
Signif.

0.165
n.s.

0.057
n.s.

0.109
n.s.

0.085
n.s.

0.171
n.s.

0.175
n.s.

0.176
n.s.

0.189
n.s.

0.030
n.s.

0.114
n.s.

Mean
s.e.
Signif.

33.45
0.369
P<0.01

99.25
0.127
P<0.01

84.02
0.243
P<0.01

9.17
0.189
P<0.01

93.18
0.381
P<0.01

75.61
0.391
P<0.01

22.50
0.219
P<0.01

98.12
0.423
P<0.01

10.42
0.067
P<0.01

11.13
0.081
P<0.01

A

Component recovered per kg milk.
Weight of cheese + weight of whey as a percent of the total weight of milk.
C
Moisture was adjusted to 370 g/kg for cheese yield.
B
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cheese yields were similar (P>0.05) for the 2 feeding
systems, but different for the 2 seasons (P<0.01).
Cheese yield was linearly related to the fat plus casein
content of milk by the following equation:

40
c

Milk yield (L/cow.day)

35
30

b

b

25

Cheese yield = 1.53 ± 0.638 milk fat % + 2.18
± 0.921 milk casein % − 0.977 ± 1.183
(R2 = 0.66).

a

20
15
10
5
0
Spring

Autumn

Fig. 1. Mean milk yield (L/cow.day) during spring and autumn for
spring calving dairy cows in the M1 feeding system (black bars) and
the M5 feeding system (white bars). Vertical bars indicate s.e. Columns
with different letters are signiﬁcantly different (P<0.05).

differences between seasons can be largely attributed to the
stage of lactation.
The milk composition data are shown in Table 3. Although
there were several signiﬁcant differences between seasons,
only the protein and casein contents differed signiﬁcantly
(P<0.01) between the feeding systems. Total solids for
autumn milk were higher than for spring milk.
Autumn milk contained more casein than spring milk
and this was reﬂected in all casein components (Table 4).
Cows on the feedlot (M5) had higher (P<0.05) casein and
casein component concentrations than those on the tropical
pastures (M1). All casein fractions were reduced during
spring. The proportions of casein fractions in total casein
were not affected by either feeding system or season.
Cheddar cheese yield was higher in autumn. Theoretical
yield was very consistent with the actual yield. Feeding
system had no signiﬁcant effect on the actual or theoretical
Cheddar cheese yield, or yield efﬁciency (Table 5). Adjusted

Cheddar cheese moisture and protein contents were higher
in autumn than spring (P<0.01), whereas the ratio of moisture
to protein was similar for both seasons. Fat contents were
similar, whereas MFFS was higher (P<0.01) in autumn than
in spring (Table 6). The salt content was higher and pH lower
in spring (P<0.01). The 12% TCA-soluble N in 1-day-old
Cheddar cheese as a percentage of total N in the cheese
was higher (P<0.05) in spring than autumn. However, after
a 90-day ripening period, the 12% TCA-soluble N in Cheddar
cheese was not signiﬁcantly different between the 2 seasons.
The feeding system used had no signiﬁcant effect on cheese
composition.
Discussion
The repeatability trial demonstrated the reliability (the
coefﬁcient of the multiple correlation value for vats 1 and 2
cheese yields was 0.98) of the experimental cheesemaking
methodology and thereby validated its use in the subsequent
feeding systems trial. The yields of Cheddar cheese obtained
were similar to those reported by Houlihan et al. (2001) for
milk from the same region. However, the moisture-adjusted
yield (calculated on 370 g moisture/kg) of 11.13 kg/100 L was
higher than that reported by Auldist et al. (2001), for cheese
made from Friesian milk (10.7 kg/100 L) and lower than the
value for Jersey milk (11.9 kg/100 L). Fat recovery in the
cheese (84%) was slightly lower than previously reported for
several kinds of cheese including Cheddar (85–93%) (Banks
and Tamime 1987; Phelan 1981; Posthumus et al. 1964),

Table 3. Effects of feeding system (FS) and season (S) on gross milk composition (%)
Total solids

Fat

Spring
Autumn

12.2
13.9

3.9
4.7

Spring
Autumn

12.7
14.1

s.e.

0.32

S
FS
S × FS

Protein

Ca

Pi

Total ash

Tropical pastures (M1) feeding system
2.7
2.6
2.1
3.7
3.5
2.9

0.11
0.12

0.08
0.10

0.70
0.76

3.8
4.7

Feedlot (M5) feeding system
3.3
3.1
2.5
3.9
3.7
3.0

0.12
0.12

0.09
0.10

0.74
0.74

0.31

0.10

0.07

0.004

0.004

0.016

P<0.01
P<0.01

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.

n.s.

n.s.

n.s.

P<0.01
n.s.

P<0.05
n.s.

P<0.01
P<0.01

n.s.

n.s.

n.s.

n.s., not signiﬁcant.

True protein

0.11
Signiﬁcance
P<0.01
P<0.01
n.s.

Total casein

Impacts of feeding system and season on cheese manufacture

Australian Journal of Experimental Agriculture

303

Table 4. Effects of feeding system (FS) and season (S) on casein and casein fractions

Casein

Concentration in milk (%)
αs1 -casein
αs2 -casein
β-casein

κ-casein

αs1 -casein

Spring
Autumn

2.10
2.90

0.69
0.89

Tropical pastures (M1) feeding system
0.16
0.95
0.27
0.23
1.25
0.48

Spring
Autumn

2.50
3.04

0.82
0.95

0.21
0.23

s.e.

0.07

0.03

0.01

S
FS

P<0.01
P<0.01

P<0.01
P<0.05

P<0.01
P<0.01

n.s.

n.s.

P<0.05

S × FS

Feedlot (M5) feeding system
1.18
0.32
1.36
0.50
0.04

0.02

Signiﬁcance
P<0.01
P<0.01
P<0.01
n.s.
n.s.

n.s.

Proportion of total casein (%)
αs2 -casein
β-casein
κ-casein

33.3
31.3

7.60
7.90

45.8
43.9

13.2
16.8

32.4
31.3

8.30
7.70

46.5
44.7

12.7
16.3

0.55

0.22

0.58

0.89

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.

n.s.

n.s.

n.s.

n.s., not signiﬁcant.

Table 5. Effects of feeding system (FS) and season (S) on cheese yield, fat and protein recovery
M, moisture in cheese; SC, salt in cheese; C, casein in milk; F, fat in milk; Rf , fat recovery in cheese; n.s. not signiﬁcant
Cheese yield
(kg cheese/100 kg milk)
ActualA TheoreticalB

M, SC

Adjusted yieldC
(%)
M, SC, C, F M, SC, C, F, Rf

Yield efﬁciency
(%)E
AdjustedD

Milk components
recovered (%)F
MassG
Fat
Protein

Spring
Autumn

10.00
12.74

10.00
12.75

10.35
12.16

Tropical pastures (M1) feeding system
11.37
11.44
11.44
11.53
11.54
11.55

100.0
99.92

96.63
98.53

86.45
88.52

70.35
77.27

Spring
Autumn

10.50
12.75

10.49
12.88

10.80
12.48

Feedlot (M5) feeding system
11.68
11.47
11.48
11.29
11.36
11.32

100.09
99.00

96.87
98.99

87.25
89.85

71.60
77.70

0.323
P<0.05
n.s.

0.475
P<0.05
n.s.

0.334
P<0.01
n.s.

0.407
n.s.
n.s.

Signiﬁcance
0.214
n.s.
n.s.

0.482
n.s.
n.s.

0.253
n.s.
n.s.

0.193
P<0.05
n.s.

2.464
n.s.
n.s.

3.615
n.s.
n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

s.e.
S
FS
S × FS

n.s.

Cheese yield (kg) per 20 kg milk × 5.
Calculated values using modiﬁed Van Slyke and Publow yield equation (Mistry et al. 2002): [(F × Rf + C – 0.1) × 1.016]/ 1 – SC – M/(1 – WS).
C
Yield was adjusted for following components using the target values speciﬁed: M, 36.7%; SC, 1.7%; C, 2.7%; F, 4.4%; Rf , 88%.
D
Actual yield × M, S, C, F, Kf /theoretical yield.
E
Actual yield/theoretical yield × 100.
F
Kilogram of component in cheese per kg in milk.
G
Weight of cheese + weight of whey as a percent of total weight of milk.
A
B

whereas protein recovery was 2.5% higher than the value
reported by Spreer (1998).
In the feeding trial, the average milk yield per cow per day
was greater for M5 cows than M1 cows. Casein concentration
in the M5 milk was also higher than in the M1 milk (by
2.7 g/kg), a result associated with higher energy (by 28%) and
protein intake (by 35%) by the M5 cows. This result suggests
an increase in ME intake through the use of high quality
forages contributes to an increase in the production of volatile
fatty acids (acetate and butyrate), ammonia and microbial CP,
whereas the grain supplement is likely to contribute to an

increase in propionate levels, microbial synthesis and the
level of rumen ammonia, which overall increase the supply
of precursors for milk protein synthesis (Gordon 1977).
Yousef et al. (1969) also reported an increase in milk protein
concentration with high-grain, low-ﬁbre rations, in which
milk protein and casein concentrations were increased by 0.14
and 0.27% units, respectively.
Previous studies have attributed improvement in the
characteristics of milk for cheesemaking to increased protein
or casein concentration (Grandison et al. 1984; O’Keeffe
et al. 1984; Vertes et al. 1989). Our results show a high
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Table 6. Effects of feeding system (FS) and season (S) on cheese composition
Cheese composition
Protein Moisture
(g/kg)
to protein
ratio

Moisture
(g/kg)

Fat
(g/kg)

Fat
(g/kg
DM)

Moisture
in fat free
solids
(g/kg)

Spring
Autumn

347
394

358
323

548
533

541
584

Spring
Autumn

346
380

331
334

507
540

517
572

11.58
P<0.01
n.s.

5.854
n.s.
n.s.

25.90
n.s.
n.s.

25.61
P<0.01
n.s.

14.36
P<0.05
n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

s.e.
S
FS
S × FS
A

Salt
(g/kg)

Salt
(g/kg
moisture)

Total
ash
(g/kg)

pH

40.1
44.2

5.10
5.40

7.80
5.20

17.0
17.7

52.4
45.1

39.1
47.2

5.10
5.40

9.80
5.40

16.8
16.8

2.446
P<0.01
n.s.

4.335
n.s.
n.s.

0.053
P<0.01
n.s.

1.140
P<0.05
n.s.

0.927
n.s.
n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

Tropical pastures (M1) feeding system
242
1.43
17.9
51.9
283
1.40
16.6
42.2
Feedlot (M5) feeding system
284
1.22
18.0
293
1.31
17.1
Signiﬁcance
0.089
0.313
n.s.
P<0.01
n.s.
n.s.
n.s.

n.s.

Soluble N (%)A
Day 1
Day 90

Soluble nitrogen was determined by 12% TCA and is presented as a percentage of total nitrogen.

correlation (r = 0.81) between milk fat plus casein and cheese
yields. On average, for a 0.1% increase in the total casein
concentration, moisture-salt adjusted Cheddar cheese yield
increased by 0.14 kg/100 kg milk. This increase in cheese
yield with casein level was less than that reported by Guinee
et al. (2001) in which an approximate increase in milk casein
of 0.1% resulted in an increase in moisture-salt adjusted
Cheddar cheese yield of 0.5 kg/100 kg milk. Differences in
casein levels among M1 and M5 milk, when proportions
of casein fractions in total casein were similar, were not
reﬂected in different cheese yields. Although the differences
in forage quality were reﬂected in milk and protein yields,
they have not resulted in reduced cheese yields with
current experiment.
Christian et al. (1999a) reported changes in the
concentrations of αs1 - and αs2 -caseins in milk from cows
fed different types of energy and protein supplements in
conjunction with a control diet of silage and pasture hay
(40% silage and 60% pasture hay). A signiﬁcant increase
in αs2 - and decline in αs1 -casein was seen when cows were
fed a lupin-wheat concentrate supplement, which increased
the energy concentration of the diet by 26% and total ME
intake by 54%. The proportions of casein fractions appeared
to be unaffected by changes in diet.
Mackle et al. (1999) demonstrated that cows fed pasture
plus maize grain and pasture silage produced milk with
signiﬁcantly higher β-casein levels than cows fed pasture
plus maize grain only, though the proportions did not
change. Similarly, Coulon et al. (2001) found no signiﬁcant
effects of feeding 3 levels of protein and energy on
proportions of casein fractions in total protein. Further
research is needed to determine if the effects of the cow’s
diet quality and its impact on cheese yield are mediated

through changes to the proportions of casein fractions in
total casein.
The similarity in cheesemaking properties observed in
milk from the 2 feeding systems may be due to similar
milk total solids and proportions (of the total casein)
of the different casein fractions. In particular, there was
no signiﬁcant difference in the percentages of κ-casein,
the casein that has a major inﬂuence on micelle stability
(Dalgleish 1993) and hence cheesemaking.
Cows in late lactation (autumn milk) in both treatments
gave milk yielding the most cheese (2.5 ± 0.457 kg more
cheese/100 kg milk) than cows in early lactation (spring
milk). Cows in late lactation produced lower yields of milk
with higher concentrations of fat, true protein and casein
(Table 3). This was governed by the stage of lactation trend
in milk protein and casein concentration. Generally, milk
protein and casein concentration are higher at the beginning
of lactation in the colostrums, which contains a large amount
of immunoglobulin, followed by a signiﬁcant decrease
over the ﬁrst week of lactation. Milk protein and casein
concentration decline further to a minimum after about
6 weeks of lactation and during the next 12 weeks, increase
until the end of lactation (Holmes et al. 2002). This ﬁnding
is consistent with results previously reported by Kefford
et al. (1995). Stage of lactation associated with season, also
had a signiﬁcant effect on cheese moisture. By contrast,
autumn milk in the present experiment was superior to
spring milk for cheese yield and quality, whereas autumn
milk was inferior to spring milk in temperate Australia
(Kefford et al. 1995).
The seasonal impact on cheese yield was related to
a consistent trend of higher fat and protein recovery. However,
the yield differences were eliminated when cheese yields were
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adjusted to targeted values for the experiment means. Actual
and adjusted cheese yields and composition were similar
for the 2 feeding systems, indicating that the processability
characteristics were similar. Furthermore, day 1 soluble N,
which is mainly owing to plasmin and possibly residual
or reactivated chymosin in cooked cheese (Candioti et al.
2002) and secondary proteolysis, was similar (P>0.05) for
M1 and M5 cheeses. There was a higher level of peptides
in 90-day-old cheeses, but no differences between cheeses
from the various treatments. All the cheeses had a moderate
aroma and ﬂavor, Cheddar characteristic color, appropriate
salty taste and smooth texture, and satisfactory overall
quality. This suggests that cows using tropical pasture feeding
systems with high-energy concentrate inputs can produce
milk suitable for Cheddar cheese manufacture.
Milk and Cheddar cheese yield and composition were
signiﬁcantly inﬂuenced by seasonality, which in this case
was very closely associated with the stage of lactation. Milk
from cows in autumn (late lactation) had higher levels of
fat and protein and produced signiﬁcantly more cheese per
volume of milk than that in spring (early lactation). The
2 feeding systems had a signiﬁcant effect on milk yields,
and protein and casein percentage; cows in the M5 system
(feedlot) produced higher yields and higher protein levels.
However, the milk from the 2 systems gave the same yields
of cheese per 100 kg milk. Thus, cows in a feeding system
using tropical pastures, with substantial concentrate input,
produced milk suitable for Cheddar cheese manufacture.
More information is needed to understand whether the
cheese-yielding performance is mediated through changes in
casein fractions as a proportion of total casein. Furthermore,
it was beyond the scope of the current work to make
a comparison on the basis of proﬁtability and labour
efﬁciency between the 2 feeding systems as the study reported
in this paper was only part of a broader research program
examining various strategies in intensive dairy production
systems.
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