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ABSTRACT

The dual-purpose Normande breed is characterized for its good adaptation to different production 
systems. The objective of this study was to determine the milk quality of the first Normande cow 
herd in the Ñuble Region (Chile) compared with that of Holstein Friesian cows, and to develop 
dairy products. The study was carried out with Normande (N) and Holstein Friesian (HF) cows in the 
first lactation. Milk quality parameters included titratable acidity, pH, density, fat content, and milk 
composition; whereas product development included production of Chanco cheese and mozzarella 
sticks. Chanco cheese was made from N and HF milk, and yield and composition were determined. 
Mozzarella sticks were made using N milk and two different salting processes (pre-salting and 
brining); color, texture, melting capacity, proximal analysis, and sensory analysis were compared. 
Fat and protein content of HF cow’s milk was 3.35% and 2.87%, while values for the N were 3.35%, 
and 3.16%, respectively. Since there were no differences in fat content between breeds (P > 0.05), 
Chanco cheese yield was similar despite the fact that protein content of N milk was higher (P ≤ 0.05). 
Mozzarella sticks with a salting step at the end (brine at 25%) had greater firmness, melting capacity 
and acceptance (P ≤ 0.05). In conclusion, milk from N and HF breeds has different protein and lactose 
content but similar technological performance for the production of Chanco cheese. It is possible to 
produce mozzarella cheese sticks using milk from Normande cows and to recommend raising this 
dual-purpose breed in this Region. 

Key words: cheese yield, Chanco cheese, mozzarella cheese.

INTRODUCTION

The annual milk production in Chile reaches 
2,650 million liters and generates 130 and 100 
thousand tons of cheese, and powdered milk 
and derivatives, respectively. The consumption 
of dairy products in the country is close to 150 L 
per capita per year, and there is also an important 
foreign trade (ODEPA, 2019).

Milk quality is mainly determined by milk 
composition, which is affected by breed, 

nutrition, time of lactation, and animal health. 
Among dairy cows breeds, dual-purpose breeds 
are characterized by a lower milk production 
potential. However, other zootechnical 
characteristics, such as capacity to adapt to 
different production systems, are economically 
advantageous in systems based on grazing with 
low supplementation (Delaby et al., 2009). The 
Normande is an example of a dual-purpose breed 
with better reproductive performance (Dillon et 
al., 2003b; Heins et al., 2006a, b; Delaby et al., 
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2009) than milk production qualities, producing 
less milk than Holstein Friesian (Dillon et al., 
2003a). In Chile, the Normande breed has been 
present for approximately 20 years, in a genetic 
nucleus imported from France, located in the 
Araucanía Region. It has been recently established 
in the Ñuble Region, so assessments actions are 
recommended.

Different breeds can be selected for cheese 
production and developing other dairy products, 
according to the standards of the target market. 
It is important to note that high protein and fat 
content in the milk increases cheese yield (Katz et 
al., 2016). A traditional aged cheese produced in 
Chile, called Chanco cheese, is highly preferred 
among consumers (Aguilera, 2016). It is made 
from pasteurized cow’s milk, with the addition 
of lactic cultures and a ripening process of about 
21 days (INN, 1999). This typical Chilean product 
does not have a protected designation of origin 
(Lacoste et al., 2014). Another dairy product 
that is highly preferred among consumers is 
mozzarella cheese. This product is traditionally 
made from buffalo milk but it can also be 
produced using cow’s milk (Hussain et al., 2011). 
It is characterized by its soft texture, melting and 
stretching capacity; it is mainly used in pizza 
making (Zhang et al., 2014).

The objective of this study was to determine 
milk quality of a Normande cow herd in the 
Ñuble Region as compared with that of Holstein 
Fresian cows, and to develop dairy products. 

MATERIALS AND METHODS

The study was carried out between January 
and May 2016 with a herd comprised of 13 
Normande and 15 Holstein Friesian cows, all in 
the first lactation.

Location and facilities. The dairy facility is 
located in the Animal Research Farm Marcelo 
Tima Péndola “Fundo El Alazán” (36°26´ S; 72°06´ 
W), University of Concepción (25 km northwest of 
Chillán, Chile). It is a mixed production system, 
which includes a fish-bone milking parlor with a 
low milk line and six milking units. In summer, 
dairy cows grazed permanent grasslands 
of ballica-white clover (Lolilum perennial L. - 
Trifolium repens L.), and were supplemented with 
red clover hay (T. pratense L.) and a commercial 
concentrate for high production cows. In winter 
(June to September), the diet included corn silage, 
clover hay, wet corn and rape bran.

Milk analysis
Sampling. Daily milk production (considering 

two milking) per cow was recorded every 15 days 

(The Coburn Company, Waikato MK V meters, 
Whitewater, Wisconsin, USA). Milk sampling 
was carried out from the first 15 days post partum, 
collecting 20 mL immediately after the first 
milking in the morning. Milk samples were kept 
in sterile sealed containers under refrigeration, 
identified with the registration number of each 
animal.

Milk samples were analyzed in the Laboratory 
of Animal Nutrition, University of Concepción, 
Faculty of Agronomy (Chillán, Chile) and in 
the Laboratory of the Institute of Agricultural 
Research (INIA) Carillanca (Temuco, Chile). All 
analyses were carried out in triplicate. 

Milk quality parameters
Titratable acidity. It was carried out 

according to the Chilean standard NCh 1738 Of. 
98 (INN, 1998). 10 mL of milk with 3 drops of 
phenolphthalein were titrated with NaOH (0.1N) 
until a pale pink color was obtained. The result 
was expressed as the percentage of lactic acid.

pH. The pH of milk samples was determined 
using a pH meter (Martini Instruments, Mi 150 
ATC, Dry Creek, SA, Australia), which was 
previously calibrated using buffer solutions of 
pH 4.0 and 7.0, according to the Chilean standard 
NCh 1671 Of. 79 (INN 1979 a). 

Density. The milk sample was homogenized 
and placed into the test tube. The density was 
determined using a lactodensimeter (Gamma 
RTM Dr. J. Ambrus, No. 3,129, Santiago, Chile), 
by direct reading at a temperature of 20°C, 
according to the Chilean standard NCh 1672 
Of.79 (INN 1979b).  

Fat content. It was determined by the 
Gerber method (INN, 1979c), using a calibrated 
butyrometer (Boeco, V1070, Hamburg, Germany), 
with 10 mL of H2SO4 (concentration 90–91% and 
density 1.818 ± 0.003 g mL-1 at 20ºC), 10.77 mL of 
the milk and 1 mL of isoamyl alcohol (2-methyl-
1-butanol). The butyrometer was stirred and 
centrifuged at 1100 ± 100 rpm (diameter 500 ± 
25 mm) for 4 - 5 min. Then, the butyrometer was 
subjected to 65°C for 5 min in a thermoregulated 
bath. The fat content was directly read via a 
calibrated butyrometer (Boeco, V1070, Hamburg, 
Germany).

Milk composition. Fat, protein, total solids 
and lactose contents as well as acidity, density, 
pH, urea and somatic cells were determined 
using MilkoScanTM equipment (FOSS Denmark) 
by the Infrared Method, ISO 9622: 2013 Standard 
(ISO, 2013). All milk analyses were carried out in 
triplicate.

Chanco cheese development
Product development was carried out in 
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the Laboratory of Dairy Products, University 
of Concepción, Faculty of Agronomy (Chillán, 
Chile), while cheese analyses were carried out 
in the Laboratory of Research, Control and Food 
Quality Certification (LECYCA), University of 
Bío Bío (Chillán, Chile).

Chanco cheese production. Milk from 
Holstein Friesian and Normande breeds was 
used for making Chanco cheese, according to the 
methodology proposed by Brito et al. (2003), with 
slight modifications. Milk was pasteurized (65°C 
for 20 min) and cooled (to 35 ± 2°C). Calcium 
chloride (0.15 g L-1), selected cultures CHN-
22 (CHR Hansen, 0.02 g L-1) and liquid rennet 
(Dilaco Ltda., CHYMAX, Santiago, Chile) (0.2 
mL L-1) were added. The incubation was carried 
out at 37 ± 2°C for 40 min in order to achieve the 
precipitation of proteins and separation of whey. 
Salt was added (3.4 g L-1 dissolved in 10 mL of 
whey) and the curd was placed into 500 g molds, 
and pressed using a compressed air piston press 
(0.4 and 0.5 bar for 30 min). Then, after 12 h the 
cheeses were immersed in brine (1 kg of salt per 10 
L water) for 1 h. At that point, they were weighed 
and a natural color cheese coating was applied 
(Diplast Ltda., Diplast NA-00, Santiago, Chile). 
The ripening process was 15 days, at 12°C and 
80% relative humidity. A total of 3 production 
batches were made, with milk standardization at 
3% fat content (FC).

Chanco cheese analysis
Chanco cheese yield. It was determined as 

kilograms of cheese obtained per 100 kg of milk 
at the beginning and after the ripening period.

Composition of Chanco cheese. Moisture 
(Method 926.08), protein (Method 990.03), lipid 
(Method 933.05), ash (Method 923.03) (AOAC, 
2005), and sodium (by dry emission spectroscopy) 
contents as well as kilocalories were determined. 
All analyses were carried out in triplicate. 

Mozzarella sticks development
Milk from the Normande breed was used in 

two different processes: Treatment 1 with 25% 
brine (P1) and Treatment 2 with a pre-salting 
at 0.34% NaCl per volume of milk (P2), both in 
triplicate.

Procedure 1. Salty (P1): Milk was standardized 
to 2.5% fat, pasteurized (65°C for 20 min) and 
cooled (35 ± 2°C). A lactic culture of Streptococcus 
thermophilus (CHR HANSEN, Streptococcus 
thermophilus TH-4®, Hoersholm Denmark) was 
added (0.04 g L-1) (Jana and Mandal, 2011) to the 
milk, and then incubated for 15 min in order to 
reduce pH in 0.1 units (Moynihan et al., 2016). 

Subsequently, rennet (0.2 mL L-1) was added, and 
the coagulation was carried out during 40 min. 
The temperature was increased from 37 to 42°C 
at a rate of 0.1°C per min for approximately 40 
min. Most whey was drained, and pH reached 
5.3-5.6 (Jana and Mandal, 2011). After that, it 
was kneaded in hot water (0.33 L water L-1 milk) 
at 80-85°C for 2-3 min (Jana and Mandal, 2011; 
Liu et al., 2015), obtaining the elastic texture of 
mozzarella cheese. The mozzarella sticks were 
formed when the curd reached 54-66°C (Liu et 
al., 2015; Moynihan et al., 2016). Then, the sticks 
were immersed in a 25% NaCl brine at 10°C for 
135 min (Moynihan et al., 2016). Finally, the sticks 
were vacuum-packed and refrigerated at 4°C.

Procedure 2. Pre-salting (P2): Milk was 
standardized to 2.5% fat. The procedure explained 
above was followed until whey drainage. 
Then, a pre-salted solution of whey, containing 
0.34% NaCl per volume of milk, was prepared 
and allowed to stand for 7 min. After that, the 
kneading and molding steps were carried out as 
explained above. Then, the mozzarella sticks were 
immersed in water at 10°C by 135 min (Moynihan 
et al., 2016), vacuum-packed and refrigerated at 
4°C.

Mozzarella cheese yield: It was determined as 
kilograms of cheese obtained per 100 kg of milk 
for both treatments.

Mozzarella sticks analysis
Color. The coordinates of the CIELab space 

were determined using a colorimeter (Hunter 
Lab 45/0 Color Quest, Hunter Associates 
Laboratory, Inc. Reston, Virginia, USA): a* 
(greeness-redness), b* (blueness-yellowness) 
and L* (luminosity 0-100). The chroma value 
(C*) was calculated by the equation: C*= 
(a ∗) + (b ∗)

∆E= 

(∆) + (∆a∗) + (∆b∗)

C* = (a ∗) + (b ∗)

∆E = (∆) + (∆∗) + (∆∗) 

, and the color difference respect 
to the commercial sample by the equation: ∆E= 
 

(a ∗) + (b ∗)

∆E= 

(∆) + (∆a∗) + (∆b∗)

C* = (a ∗) + (b ∗)

∆E = (∆) + (∆∗) + (∆∗) 

 (X-Rite, 2002). 
Texture. It was determined on a 7 × 5 × 

1 cm piece of mozzarella cheese using the 
universal texturometer (Instron-4467, Instron 
Corporation, Coronation Road High Wycombe, 
Buckinghamshire HP12 3SY, UK) with Kramer cell 
and piston speed set to 2 cm min-1, determining 
the elasticity and firmness of the product.

Melting capacity. It was determined by 
the Schreiber test, in which a cheese cylinder 
(diameter 1.7 mm and height 2 cm) was placed 
into a Petri dish with a filter paper and heated 
in an oven at 100°C for 1 h. After standing at 
room temperature for 30 minutes, the maximum 
diameter of the oil halo in the filter paper was 
measured. The results were expressed in area 
(Ma et al., 2011; Zhang et al., 2014).
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Proximal analysis. Moisture (Method 926.08), 
protein (Method 990.03), lipid (Method 933.05), 
ash (Method 923.03) (AOAC, 2005) and sodium 
(by dry emission spectroscopy) contents as well 
as kilocalories were determined.

All analyses were carried out in triplicate and 
compared with commercial mozzarella cheese.

Sensory analysis. Three samples of mozzarella 
cheese were analyzed: with 25% brine salting 
process (P1), with a pre-salting process at 0.34% 
(P2), and a commercial mozzarella cheese. 
The samples were conditioned at refrigeration 
temperature 4°C. Water and unsalted crackers 
were available for sample tasting and water to 
neutralize between samples. An untrained panel 
consisting of 30 judges evaluated each sample 
using a 7-point hedonic scale (Anzaldúa-Morales, 
1994).

Statistical analysis
The t-Student for comparison of two samples 

(Normande and Holstein Friesan breeds) was 
used for the statistical analysis of milk quality and 
Chanco cheese parameters with a significance 
level of 0.05. A randomized complete design 
was used for the mozzarella assay (P1: 25% 
brine immersion; P2: pre-salting at 0.34% NaCl; 
Control: commercial mozzarella cheese), and an 
ANOVA was carried out with a significance level 
of 0.05. The Tukey test was used as a comparison 
test (P ≤ 0.05) (Balzarini et al., 2008). In the sensory 
analysis, a non-parametric analysis of variance, 
Kruskal-Wallis test, was used with the contrast 
test proposed by Conover, both with 95% of 
confidence (Balzarini et al., 2008). All analyses 
were performed with the statistical program 
INFOSTAT version 2008 (Di Rienzo., 2008).

RESULTS AND DISCUSSION

Milk quality. Fat and protein content was 
3.35% and 2.87% for the Holstein Friesian, and 
3.35% and 3.16% for the Normande, respectively 
(Table 1). Values for HF cow‘s milk are similar to 
those reported by Delaby et al. (2009), but only 
partially agree with those for the Normande 
as protein content is similar but fat content is 
lower (3.6% reference value). The milk from 
the Normande breed had a higher density (P 
≤ 0.05), which could be due to a higher protein 
and lactose content than that of Holstein Friesian. 
The pH of milk was within the range required by 
Chilean regulations (DS Nº 977/96). If the pH is 
lower than the values required by the regulations, 
coagulation is faster due to the reduction of the 
charge repulsion between micelles and a higher 
rennet activity (Lucey et al., 2003).

Chanco cheese yield. The results of the initial 
cheese yield (IY) and final cheese yield (FY) after 
15 days of maturation are shown in Table 2. Cheese 
yield is mainly affected by fat and casein contents 
(Chitchyan and Grigoryan, 2016). In the present 
study, as there were no differences in terms of fat 
content between breeds, cheese yield was similar 
(P > 0.05) despite of the higher protein content of 
the Normande milk. According to Wedholm et 
al. (2006), a higher content of κ-casein results in a 
higher cheese yield. However, the content of the 
different caseins in milk was not determined in the 
present study. The results show that both breeds 
have a similar technological performance for 
the production of Chanco cheese. A mixed herd 
comprised by Holstein Friesian and Normande 
breeds would be a viable option for small and 
medium-sized farmers in order to improve milk 

Table 1. Milk quality parameters of the Holstein Friesian and Normande breeds. 
Tabla 1. Parámetros de calidad de leche en razas Holstein Friesian y Normando.

Variable	                         Average value per breed
	 Holstein	 Normande	 Valor p*
Fat (%)	 3.35	 3.35	 0.9941
Proteins (%)	 2.87	 3.16	 0.0034
Total solids (%)	 12.00	 12.44	 0.2050
Lactose (%)	 4.58	 4.74	 0.0049
Acidity (%)	 0.14	 0.14	 0.2440
Density (g mL-1)	 1026	 1028	 0.0164
pH	 6.59	 6.65	 0.5680
Urea (g 100 mL-1)	 0.03	 0.03	 0.2155
Somatic cells (cell mL-1)	 163000	 111500	 0.3622

* Comparison by t-Student for two samples with a significance level of 0.05.
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quality and allow for high production levels and 
suitable for production of Chanco cheese. 

Composition of Chanco cheese. The 
composition of Chanco cheese is shown in Table 2. 
Both cheeses had a moisture content that ranged 
from 54.34 to 57.21%, being higher than the value 
stated in the Chilean regulation NCh. 2090 Of. 99 
(INN, 1999). This could be due to the ripening 
period of 15 days, resulting in lower water lost. 
A longer ripening period of 21 days could cause 
a higher water loss in this cheese (Arteaga et al., 
2009). There were no significant differences in 
the other parameters of cheese composition (P 
> 0.05), which could be attributed to the initial 
milk composition. Arteaga et al. (2009) reported 
higher protein and lipid contents (22.9% and 
27.2%, respectively), and similar water content 
(54.3%) in commercial Chanco cheese at 14 days 
of ripening.   

The salt content (NaCl) was between 0.976 and 
1.0%. Arteaga et al. (2009) associated alterations in 
microbial growth, cheese firmness, fermentation, 
and the presence of unpleasant odor with salt 
contents that differ with the optimal content 
of 0.9%. However, those alterations were not 
observed in this study.  

Mozzarella cheese stick yield. The mozzarella 
cheese yield was 11.60 and 12.21%, for procedure 
1 (Salted) and 2 (Pre-salted), respectively, without 
significant differences (P > 0.05). This can be 
attributed to the brine stage, which was done for a 
short time of 135 minutes. The brining stage could 
last up to 2 days, causing a greater salt absorption 
and moisture loss. During the salting process, the 
cheese can lose between 2 and 4.5% of its weight, 
which affects yield (Keating y Gaona, 1999).

Sensory analysis of mozzarella cheese sticks. 
In the sensory analysis (Table 3), flavor scores 
show significant differences between treatments 
P1 and P2 and commercial mozzarella cheese (P 
≤ 0.05). According to the judges’ observations, the 
difference was the salty taste in P2 “tasteless” and 
the control had “a plastic taste”. Guinee and Fox 
(2004) suggested that the use of 0.8% w/w NaCl 
is probably enough to overcome a low taste. 
Regarding texture, the control showed significant 
differences with respect to P1 and P2, since the 
judges indicated that the control was “hard” (P ≤ 
0.05). The commercial mozzarella cheese (control) 
and the P1 (salted) had greater acceptability and 
did not differ in general appearance. Mozzarella 
P1 cheese sticks (salted) was the treatment with 
the best results regarding the acceptance of the 
judges; as the percentage of moisture reached 
by the sticks provided a smooth but consistent 
texture with a higher punctuation. The percentage 
of salt highlighted the taste of the mozzarella 
sticks, contributing to enhance acceptability. In 
addition, P1 had the best melting capacity.

Composition of mozzarella cheese sticks. 
Significant differences were found in moisture, 
ash and sodium contents between P1 and P2 (P 
≤ 0.05) (Table 4). According to Jana and Manchal 
(2011), moisture content should not exceed 
50%. A high concentration of salt increases the 
osmotic pressure, releasing a significant amount 
of water from the casein network, decreasing 
the moisture in the cheese (Pinho et al., 2004). In 
this sense, the significant differences in moisture 
content observed between the treatments can be 
explained by the amount of salt added (0.34% 
NaCl weight/volume of milk to the pre-salting 
(P2) and 25% brine (P1) for the immersion of 

Table 2. Chanco cheese yield (%) and composition. 
Tabla 2. Composición y rendimiento de queso Chanco.

Variable	                  Standardized milk (3% FC)
	 Holstein average       Normande average	 Valor p*
IY (%)	 15.13	 14.19	 0.5695
FY (%)	 12.13	 11.13	 0.5534
Calories (Kcal)	 243.03	 254.01	 0.5171
Moisture (%)	 57.21	 54.34	 0.3832
Proteins (%)	 17.66	 19.13	 0.4162
Lipids (%)	 17.04	 16.92	 0.9497
NNE (%)	 4.78	 6.31	 0.4205
Ash (%)	 3.32	 3.31	 0.9490
NaCl (mg 100 g-1)	 975.70	 1003.71	 0.7904

FC: Fat content; IY: Initial yield; FY: Final yield; NNE: Non-nitrogenous extract.
* Comparison using t-Student for two samples with a significance level of 0.05.
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the sticks). However, salt addition did not affect 
protein or lipid content (Zhang et al., 2014).

Color and texture of mozzarella cheese sticks. 
P1 and P2 treatments had a higher luminosity (L*) 
than the commercial mozzarella cheese (Table 4). 
The decrease in moisture, and consequently, in 
the concentration of solids caused the reduction 

of L*. No significant differences were found 
between treatments P1 and P2 in the parameter 
a* (greeness-redness), but both treatments 
had significant differences with respect to the 
commercial cheese (P ≤ 0.05), probably because 
the latter included dyes. The parameters b* 
(blueness-yellowness) and C* (chroma) were 
significantly higher in the commercial cheese (P ≤ 

Table 3. 	Panel responses of judges in sensory evaluation of mozzarella cheeses from brining (P1), 
pre-salting (P2), and commercial (Control) procedures.

Tabla 3. 	Respuestas de panel de jueces en evaluación sensorial de quesos mozzarella de 
procedimientos de salado (P1), pre–salado (P2) y comercial (Control).

Variables	              Average value for treatments *
	 Control	 Brine (P1)	 Pre-salted (P2)
Odor	 5 a	 6 a	 6 a
Flavor	 5 a	 6 b	 3 c
Texture	 5 a	 6 b	 4 b
General aspect	 5 a	 6 a	 4 b

* Comparison of medians through Kruskal-Wallis test (P > 0.05). Medians with a common letter are 
not significantly different (P > 0.05).

Table 4. 	Physicochemical characteristics of mozzarella cheese sticks from brine and pre salted 
procedure.

Tabla 4. 	Características fisicoquímicas de varitas de queso mozzarella de procesos de salado y pre 
salado.

Parameters 	                    Average value for treatments *
	 Commercial	 Brine (P1)          Pre salted (P2)

Nutritional composition
Moisture (%)	 -	 51.70 a	 54.68 b
Proteins (%)	 -	 23.89 a	 22.80 a
Lipids (%)	 -	 17.53 a	 17.85 a
Non-Nitrogenated Extract (%)	 -	 3.70 a	   2.96 a
Ashes (%)	 -	 3.13 a	   1.71 b
Calories (kcal)	 -	         268.13 a	          263.75 a
Sodium (mg/100g)	 -	         312.60 b	            44.99 a

Color1

L*	 80.02 a	 85.73 b	 89.89 c
a*	  0.57 a	   1.88 b	   1.95 b
b*	           31.68 a	            27.07 b	 24.05 c
C*	           31.68 a	 27.17 b	 24.15 c
∆E	 -	             7.39	            12.49

Texture
Firmness (N mm-1)	 381.99 b	 389.05 b	 273.66 a
Elasticity (N mm-1)	  33.86 a	 36.08 a	  25.08 a

Melting capacity
Area (mm2)	   4.04 a	  9.26 b	   3.06 a

1Color parameters: a* (green-red), b* (blue-yellow) and L* (luminosity 0-100), chroma (c *) C* = (a ∗) + (b ∗)

∆E= 

(∆) + (∆a∗) + (∆b∗)

C* = (a ∗) + (b ∗)

∆E = (∆) + (∆∗) + (∆∗) 

, and 
color difference (∆E) ∆E = 

(a ∗) + (b ∗)

∆E= 

(∆) + (∆a∗) + (∆b∗)

C* = (a ∗) + (b ∗)

∆E = (∆) + (∆∗) + (∆∗) 

. 
*Comparison of treatments through Tukey Test with a significance level of 0.05.
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0.05), indicating a more intense yellow color, and 
a greater saturation of the color, caused by the 
use of dyes in cheese making. This explains the 
high values of the color difference (∆E) between 
the samples and the commercial cheese. In terms 
of texture parameters, only firmness presented 
differences between the treatments. The pre-
salting treatment (P2), resulted in sticks with 
less firmness and greater moisture than those of 
the brining treatment (P1) and the commercial 
mozzarella cheese (control) (P ≤ 0.05). This could 
be due to salt absorption from the curd that 
causes turgidity and greater water absorption 
(Keating y Gaona, 1999; Ramirez-Navas et al., 
2017). Moreover, the addition of salt up to 1.4% 
(w/w) would improve protein hydration and 
the ability of the protein matrix to bind water 
(Guinee, 2004a). However, salt addition in high 
concentrations would decrease the proteolytic 
activity of the enzymes, increasing water loss 
from the protein network, resulting in lower 
moisture and, in turn, an increase in firmness of 
the cheese (Zhang et al., 2014). This agrees with 
Liu et al. (2015), who have indicated that the 
higher the moisture content in cheese, the lower 
the firmness. The melting capacity of mozzarella 
cheese in P1 was greater than that in the control 
and P2 (P ≤ 0.05). The increase in cheese melting 
capacity by increasing the salt content can be 
attributed to the release of calcium salts from the 
cheese, from the monocalcic paracaseinate and 
the formation of paracasein. 

CONCLUSIONS

Milk from the Normande and Holstein 
Friesian breeds has different protein and lactose 
content but similar technological performance for 
the production of Chanco cheese. It is possible 
to produce mozzarella cheese sticks using milk 
from Normande cows and to recommend this 
dual-purpose breed for the Ñuble Region, Chile. 
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