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Proteolysis, Texture and Microstructure of Goat
Cheese

Burgos L., Pece N., Maldonado S.

Abstract— Changes in the structure of cheese are mostly due
to changes in the protein matrix, mainly because of the
degradation of a- and B- and k-casein. Therefore, the objective
of this work was to study the effect of proteolysis on the
microstructure and texture of goat cheese during ripening. The
cheeses were made using Creole goat milk from the Quebrada de
Humahuaca in Jujuy and ripened at 10 °C and 90% RH.
Samples were taken after 5 hours of preparation and after 10, 20,
30, 40, 60 and 80 days of ripening. Proteolysis was studied by the
evolution of the major fractions of casein (o, f and para-x)
determined by HPLC and soluble nitrogen, allowing the
calculation of the rate of maturation. The texture profile was
determined using a texture analyzer QTS 25. The changes in the
protein matrix of the cheese were observed by scanning electron
microscopy using a JEOL JSM-6480 LV. We found that the
a-casein was hydrolyzed at a low speed at the beginning and
until 30 days, between 30 and 40 days of ripening, a-casein was
hydrolyzed faster. After this time, this fraction content became
stable until the end of the ripening. The rate of hydrolysis of
para-k-casein increased starting from 30 days up to 60 days of
ripening, when it became stable. It was observed that the initial
matrix of cheese protein was formed by free large cavities with a
heterogeneous dispersion of casein particles. During ripening,
the size of the cavities decreased and the cheese protein matrix
became more compact. The size of the holes was reduced and the
globular characteristic of the micelles was lost after 40 days of
maturation, coinciding with accentuated hydrolysis a-caseins.
The soluble nitrogen at pH 4.6, increased significantly until 30
days. After that, it remained statistically unchanged for 80 days.
The velocity of maturation determined as soluble nitrogen in
TCA, rose steadily until 60 days of ripening. Hardness,
gumminess, adhesiveness and chewiness increased sharply at 40
days of maturation. After this time, these parameters increased
slowly until the end of the sampling period, when the changes in
the microstructure of the cheeses revealed the highest
compaction of the matrix. This may be related to the formation
of soluble nitrogen and degradation of a-caseins during
ripening.

Index Terms— Casein, ripening, structure.

I. INTRODUCTION

The ripening of cheese involves a complex series of
biochemical events which lead to the flavor, aroma and
texture characteristic of each variety. One of the main
biochemical reactions is proteolysis [1]. It is characterized by
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the solubilization of the caseins, and results in an increase of
soluble nitrogen. The first effect of proteolysis is the
enzymatic breakdown of k-casein and continues with the
degradation of para-k-casein. This process is mediated by the
residual rennet and plasmin. Polypeptides resulting from
enzymatic breakdown are degraded by proteases of lactic acid
bacteria and secondary microflora [2]. Since the k-casein and
the colloidal calcium phosphate are functions of the
dimensions of the micelles of casein, a larger size of the
micelle produces a higher retention of solids particles, thus,
improves the firmness of the clot and influences the greater
conversion yield of milk into curds [3].

During proteolysis, amino acids and peptides are produced,
these products form part of the soluble nitrogen fraction and
which have an influence on the flavour and texture of the end
product [1]. A part of the casein is converted into soluble
nitrogenous compounds, such as peptides and amino acids.
These peptides have different solubilities in water and other
solvents. Therefore, extractions with different solvents and
subsequent quantification of nitrogenous compounds in the
cheese extract are used to study the extent of proteolysis in
cheese [4]. The soluble nitrogen at pH 4.6 is the most
common fraction. The extract contains whey proteins,
medium and small-sized peptides, amino acids and other low
molecular weight compounds. Different precipitants can be
used to obtain sub-fractions of this extract, e.g.,
trichloroacetic acid (TCA) and phosphotungstic acid (PTA).
The protein network of cheese is formed by a and B-caseins,
which form helical chains of cells. These cells retain fat
globules, causing the ratio fat:protein in milk to become
critical [5]. The electrostatic stability of the casein matrix is
related to the mineral content of the curd. Changes in the
structure of cheese are due mostly to modifications in the
protein matrix, caused mainly by the degradation of a and f
casein [6].

The composition of the cheese, the structure of the matrix and
the changes during ripening are distinctive to each type of
cheese. The characterization of a cheese involves determining
its composition and the variation thereof during ripening, but
also the knowledge of the spatial organization of the
constituents in the matrix and thus its microstructure [7]. The
microstructure is a determining factor of the texture and
sensory characteristics that define the final quality of the
product. The interactions between the components of the
finished product, such as the protein bonds and fat globules
bonded to the casein micelles, determine the texture perceived
by consumers [8].

The texture of cheese is one of the characteristics that
determine its identity and quality. Different types of cheese
have a unique structure, which together with flavor
characteristics; determine its quality and consumer
acceptability [9] [10].

We have determined the effects of proteolysis on the texture
and microstructure variations during ripening of goat cheeses
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made of milk from the Quebrada of Humahuaca (Jujuy)
region, looking for a correlation for future prediction.

Il. MATERIALS AND METHODS

Cheese manufacture

Submit your manuscript electronically for review.

We worked with milk from a flock comprised of native goats
belonging to a goat dairy farm located in the Quebrada de
Humahuaca, with pasture feeding without supplementation.
The milk was brought to the laboratory in chilled plastic
drums immediately after milking.

For making cheese, raw milk was pasteurized (65°C, 30
minutes). It was cooled to 38°C and lactic ferment CHR
HANSEN 743 RST was added. Simultaneously CaCl, was
incorporated 0.02% (w / v). The CHYMAX commercial
rennet (Chr. Hansen, Horsholm, Denmark), 100% chymosin,
with a coagulating force of IMCU 77.93000 (50 ml/100 I) was
added and left to act for about 30 min. The curd was cut into
1.5 cm cubes with a lyre and was separated from the whey.
The cheeses were salted during the molding stage by adding
2% of CINa (common salt), i.e., 2 g of salt per 100 g of curd,
in two layers, directly to the curd and during molding. The
cheeses were pressed in a hydraulic press, subjecting them to
a pressure of 4 bar for 3 hours. After that, the salty product
was stored in the refrigeration chamber at 10 °C and 90%
relative moisture. A minimum of three samples were taken of
the ripening batch for studying proteolysis and observation of
the microstructure, at the following times were extracted: t;: 5
hours, t,: 10 days, t5: 20 days, t4: 30 days, ts: 40 days, ts: 60
days and t;: 80 days.

Physicochemical analysis

The total protein content was determined by Kjeldahl
method [11] (955.04 c¢) and the moisture content [11] ( 935.29)
in a vacuum oven (Shel Lab, model 1410) at 60 £ 1 °C and 25
in Hg vacuum.

Proteolysis

The evolution of the nitrogenous fractions was studied. The
soluble nitrogen fractions were determined, as described by
Bernal et al. [12]: soluble nitrogen at pH 4.6 (SN pH4.6);
trichloroacetic acid (12% wi/v) soluble nitrogen (TCA-soluble
nitrogen) and phosphotungstic acid (5% w/v) soluble nitrogen
(PTA-soluble nitrogen). Total nitrogen of cheese and above
fractions was determined by the Kjeldahl method [11]
(955.04 c). The relationship between the fraction of soluble
nitrogen and total nitrogen was expressed as the ripeness
index (% of total nitrogen).

The variation of major fractions a, B and para-x casein
using HPLC ion exchange was studied, following the
methodology described by Veloso et al. [13].

Texture profile analysis (TPA)

The texture analysis was performed in a texturometer
Brookfield QTS-25. Samples were diced (2 cmx2cmx 2 cm)
until texture profile analyses (TPA). The texture was
measured at constant temperature (7 °C). A cylinder probe
was used (Acrylic cylinder probe, 26 mm diameter). The test
was performed by two successive axial compression ramps to
a value of 25% of the unloaded specimen height. The
following texture parameters were measured from
force—deformation  curve: hardness, adhesiveness,
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cohesiveness, gumminess, springiness and chewiness.

Microstructure

Samples microstructure were observed by SEM. Small
pieces taken from the inner parts of the cheeses were fixed,
fractured using liquid N,, gold coated and analyzed in high
vacuum using a scanning electron microscope JEOL
JSM-6480 LV (Japan).

Statistical analysis

Minitab statistic software version 16.1.0 was used for all
statistical analysis. Analysis of variance (ANOVA) and the
Tukey HSD mean comparison test were used to determine
differences between samples. The significance level used was
0.05. Each treatment was evaluated using at least three
determinations and each test by triplicate.

I11. RESULTS AND DISCUSSION

Physicochemical characteristics

The changes in protein content and moisture of the samples
are presented in Table 1.

Table 1. Protein content (g / 100 g dry matter) and
moisture (g / 100g) of ripened cheese.

Days Protein Moisture

Initial 37.3+0.5® 50.1+0.7®
10 36.9+0.7® 42.3+0.7®
20 34.740.1® 38.1+0.7©
30 31.6+0.5© 31.1+0.89
40 32.4+0.4© 30.2+0.89
60 32.5+0.6 26.6+0.8®
80 31.4+0.6 21.2+0.50

Means within the same column without a common superscript are
significantly different (P<0.05).

Moisture content decreases significantly during ripening
due to the conditions of the camera. Cheeses turn since soft to
hard during maturation time, according to the Argentine Food
Code (Art. 605) There was a rapid loss of water demonstrated
by the low moisture content, coinciding with reports of
Delgado et al. [14], Ferrandini et al. [15] and Pino et al. [16].

The total protein decreased significantly to 30 days of
ripening, after that it become stable, coinciding with the
evolution of cheese samples to hard type, similar to that
reported by Ferrandini et al. [15]. This could be related to
microbial catabolism of amino acids which may be degraded
by four groups of enzymes: decarboxylase, transaminase,
deaminase and lyases. This catabolic process continues
degrading molecules to volatile compounds such as ammonia,
ketones, aldehydes, acids or sulfur-containing compounds
that are part of aroma most cheeses [17].

Changes on proteolysis of goat milk cheese

Figure 1 shows the evolution of soluble nitrogenous fraction
(SN) at pH 4.6; trichloroacetic acid fraction (TCA) and
phosphotungstic acid fraction (PTA).
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Figure 1. Nitrogenous fractions of goat cheese.

The extent of proteolysis, determined by the soluble
nitrogen fraction at pH 4.6 increased significantly until 30
days. After this time the SN fraction keeps statistically
constant to the end of the study. After 30 days, the values
found were lower than those reported by Tejada et al. [18],
Pino et al. [16], Delgado et al. [14] and Oliszewski et al. [19].
This showed that a low proteolysis occurs in 30 days of
ripening.

The TCA-soluble nitrogen fraction increased continuously
from the beginning up to 60 days of ripening; between 60 and
80 days ripening there was no significant differences in TCA
values. The PTA-soluble nitrogen showed no significant
differences.

According Bustamante et al. [20] soluble nitrogen (pH 4.6)
fraction increases during the early stages of maturation,
caused by endogenous protease activity, by the residual
coagulant and to a lesser extent by the residual protease
activity of the yeast.

The Soluble Nitrogen (pH 4.6) showed no changes from 30
days until the end of the study, which could be because of the
small peptides produced by the degradation of caseins, which
coincides with the continued increase of TCA-soluble
nitrogen fraction to 60 days of ripening. This fraction is
considered an index of the depth of ripening, as it is composed
mainly of ammonium nitrogen, small peptides of 2 to 20
residues and free amino acids produced by microbial enzymes
acting on large peptides released by chymosin and on a-casein
[21]. Increasing the fraction of TCA-soluble nitrogen with the
ripening time was also found by Tejada et al. [18], who
reported proteolysis of intermediate depth up to 60 days in
ripened goat cheeses.

The PTA-soluble nitrogen fraction showed no significant
differences during the study, in similarity to those reported by
Delgado et al. [15] and Pino et al. [16]. This fraction provides
an index of the production of free amino acids during cheese
ripening and is related to the ammoniacal nitrogen, reflecting
the ability of deamination exerted on the free amino acids by
microbial biota [21]. At present no changes during the 80 days
of ripening could assume a low capacity deamination lactic
culture used.

Figure 2 presents the evolution of the peak areas of the
caseins fractions, determined by HPLC.
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Figure 2. Evolution of fractions a,  and para-k caseins
during ripening of goat cheese.

The o-caseins were hydrolyzed at a low speed at the
beginning of the study until 30 days, then it was accentuated
until 40 days when it became stable to the end of the study.
The para-x-caseins did not hydrolyze until 30 days; between
30 and 40 days were hydrolyzed to the highest speed and after
40 days the rate of hydrolysis continued decreasing till 60
days of ripening. No significant differences were found
between the values of 60 and 80 days so we assume that the
hydrolysis of the para-x-casein becomes stable at 60 days of
ripening, under the study conditions. The B-caseins were
hydrolyzed slowly in the whole study period.

These results allow us to affirm that he initial hydrolysis of
caseins was catalyzed first by the residual rennet and to a
lesser extent by plasmin. The residual rennet is one of the
main proteolytic agents in soft or semihard cheese paste. This
is due to the relatively high proportion of residual coagulant in
the protein matrix in these varieties of cheeses (to 30% of the
original amount added to milk) [22], which produces a
corresponding increase in the gel strength on proteolysis of
para-k- and a-caseins, since the rearrangement of the particles
form a more compact structure of degradation to smaller
peptides [23]. In this case the proteolysis of a-casein
increased between 30 and 40 days, coinciding with the
fraction of soluble nitrogen at pH 4.6 (Figure 2). So, the major
changes in the extent of proteolysis occur at 40 days of
maturation.

Degradation of B-caseins were moderate coinciding with
Holt and Roginski [24] and Prieto et al. [21], who reported
that the B-casein have a lower degree of hydrolysis that
a-casein during ripening, due to low activity of plasmin and
its resistance to chymosin. This behavior of B- and
para-kx-caseins matches the fraction TPA-soluble nitrogen,
which can be stated that proteolysis in the analyzed cheeses
occurs more deeply at 60 days of ripening.
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Table 2. Texture parameters ripened cheeses

Time Initial 10 20 30 40 60 80
(days) value
Hardness (N) 4.5+0.4® 5.3+0.6® 10.1+0.4® 34+5© 114+39 115+2@ 126+4©
Gumminess (N) 3.74¢0.2® 6.9+0.9¢0 5.1+0.9@ 1045® 8330 93+4@ 9442
Adhesiveness (N's)  -0.24+0.01® -0.25+0.01®  .0.1240.01®  -0.03+0.01@  -0.04+0.01©  -0.02+0.01@  -0.02+0.01©@
Cohesiveness -0.83+0.04® -1.53+0.02®  -0.57+0.02@  -0.77+0.03®  -0.75+0.02©  -0.76+0.02©  -0.75+0.02©
Chewiness (Ncm)  0.64+0.05® 1.2+0.3® 1.6+0.1®@ 3.2+0.9® 32+5@ 15+1© 14.85+0.05©
Springiness (cm) 0.16+0.01® 0.1620.03® 0.24+0.01©  0.16+0.01@" 0.3620.01@ 0.15+0.01®  0.155+0.005¢
Means within the same line without a common superscript are significantly different (P<0.05).

)%

LR ST

Figure 3. SEM images obtained from goat cheeses of different ripening times A) 5 hours B) 10 days C) 20 days D) 30 days E)

40 days F) 60 days G) 80 days.
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Texture evaluation of cheese

The changes in texture parameters during maturation were
shown in Table 2.

The hardness and gumminess increased during the study
period, both increased significantly in 40 days of ripening.
This may relate to the changes occurring in the matrix of
caseins, since the a-caseins presented significant changes in
the same period of maturation. These results show a positive
correlation between hardness and a-caseins.

Chewiness increased significantly, reaching a maximum at
the 40 days of ripening. After 60 days, chewiness decrease
without presenting changes to the end of the study. The
decrease observed is influenced by changes in elasticity, since
more matured the cheese more energy is required to chew
because both, the hardness and the cohesion, increased in the
same proportion.

As shown in Table 2 adhesiveness and cohesiveness
showed a net increase at the end of ripening, which can be
related to the formation of soluble nitrogen and casein
degradation, coinciding as described by Alvarez et al. [25]
and Osorio et al. [26]. Adhesiveness showed no significant
changes from 30 days of ripening, coinciding with results
obtained for B and para-k- caseins and the fraction of
TCA-soluble nitrogen effect.

Cohesiveness presented a maximum (1.53) at 10 days of
ripening and the springiness at 40 days (0.358 cm), due to the
increase in elasticity and consequently in the resistance of the
matrix to deformation because of the flexibility of internal
links, so also increased the cohesiveness. VVan Hekken et al.
[27] and Delgado et al. [28] reported similar behavior in goat
cheese soft paste.

Microstructure

In Figure 3 are presented the micrographs obtained for each
ripening time.

It was noted that the initial protein matrix of cheese had
free large cavities with a heterogeneous dispersion of casein
particles. Cavities size decreased during the progress of
ripening, the protein matrix was compacted, the size of the
holes appeared visibly reduced and native globular nature of
the micelles was lost after 40 days of ripening, coinciding
with the accentuated hydrolysis a- caseins (Figure 1). Similar
differences were reported by Fallico et al. [7] and Buffa et al.
[29] for the microstructure of a goat’s milk cheese produced
from raw and pasteurized milk. The more open structure
observed in nontraditional cheeses might have been
determined by increased hydration of the protein matrix
resulting from milk pasteurization. This effect is known to be
a consequence of the decreased fusion of casein micelles
caused by the formation of a complex between denatured
B-lactoglobuline and para-k-caseins and to the lower level of
soluble Ca in cheese produced by heat treatment of milk.

Free spaces appear in the matrix of caseins after 60 days of
ripening, which occur as result of the solubilization of
calcium phosphate and spatial rearrangement of the casein
micelles, according Holt and Roginski [24]. Calcium
phosphate in fresh cheeses occupies small spaces in dense
regions of the casein micelles. As elapses maturation, calcium
phosphate solubilization increases the spacing between dense
regions. Micelles are assembled without a defined orientation,
which imparts an amorphous cheese texture [7].

According Buffa et al. [29] the open structure of the matrix
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to a higher degree was associated of primary proteolysis. This
is because the lower degree of curd fusion and the greater
surface area of the protein matrix, at the protein-void
interface, increased the accessibility of the paracasein to
proteases and thereby contributed to a higher level of primary
proteolysis in cheese.

IV. CONCLUSION

The proteolysis of casein occurred in the a-caseins from the
beginning to 40 days of ripening, coincident with the increase
and stabilization of soluble nitrogen to pH 4.6 fraction,
indicating that the proteolysis have a short extension.

Hardness, gumminess and chewiness increased sharply
after 40 days of ripening, coinciding with decrease in
moisture content and in the content of a-caseins. This
situation was reflected in the changes of microstructure of the
cheeses with different ripening times. The matrix presented a
reordering of casein micelles with a greater compactness of
the matrix after 40 days of ripening. The main changes can be
associated to the hydrolysis of a-casein, demonstrating the
influence of proteolysis on the microstructure and texture of
goat cheese.

REFERENCES

McSweeney, P. H. L., Fox, P. F. 2004 Cheese: Chemistry, Physics and
Microbiology, Vol. 1: General Aspects; Academic Press, Estados
Unidos. 9, 341-381.

Trujillo E., Noriega D. 2001. Deteccion genética de la kappa-caseina
en diferentes razas bovinas. Despertar Lechero. (18) 189-197.
Guevara Garay, L.A., Cuartas Castafio, D. A., Llano Naranjo, F. 2014.
Kappa caseina de la leche: aspectos bioquimicos, moleculares,
productivos y nutricionales. Revista Médica de Risaralda. 20(1),
29-33.

Sihufe, G. A, Zorrilla, S. E., & Rubiolo, A. C. (2005). The effect of
trichloroacetic acid on water-soluble fractions from Fynbo cheese.
Food chemistry, 93(2), 305-310.

Castafieda, R. 2002. La reologia en la tipificacion y la caracterizacion
de quesos. Tecnologia Léactea Latinoamericana, 20 (26), 48- 53.

Park, Y. W. 2001. Proteolysis and lipolysis of goat milk cheese.
Journal of Dairy Science. 84, 84-92.

Fallico, V., Tuminello, L., Pediliggieri, C., Horne, J., Carpino, S.,
Licitra, G. 2006. Proteolysis and microstructure of Piacentinu Ennese
cheese made using different farm technologies. Journal of dairy
science, 89(1), 37-48.

Rovira, S., Lopez, M. B., Ferrandini, E., Laencina, J. 2011. Hot topic:
microstructure quantification by scanning electron microscopy and
image analysis of goat cheese curd. Journal of dairy science, 94(3),
1091-1097.

Inocente, N., Pittia, P., Stefanuto, O., & Corradini, C. (2002).
Correlation among instrumental texture, chemical composition and
presence of characteristic holes in a semi-hard Italian cheese.
Milchwissenschaft, 57(4), 204-207.

Wium, H., Euston, S. R., & Quvist, K. B. (2002). Structure-texture
relationships in model cheeses. Australian journal of dairy technology,
57(2).

A.O0.A.C. 1995. Official Methods of Analysis of the Association of
Official Analytical Chemist.

Bernal SM; Palma S, Hynes ER, Perotti MC. (2001). Determinacién
de fracciones nitrogenadas para el seguimiento de la maduracién de
quesos. Revista Argentina de Lactologia, 20: 10-18.

Veloso, A. C., Teixeira, N., Ferreira, I. M. 2002. Separation and
quantification of the major casein fractions by reverse-phase
high-performance liquid chromatography and urea—polyacrylamide gel
electrophoresis:  Detection of milk adulterations. Journal of
Chromatography A, 967(2), 209-218.

Ferrandini E., Lépez M. B., Castillo M., Laencina J. 2011. Influence of
an artisanal lamb rennet paste on proteolysis and textural properties of
Murcia al Vino cheese. Food chemistry, 124(2), 583-588.

Delgado, F., Gonzélez Crespo J., Cava R., Ramirez R. 2012. Changes
in microbiology, proteolysis, texture and sensory characteristics of raw

[1]

[2]

3]

(4]

[5]
6]
[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

WWWw.ijeas.org



[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Proteolysis, Texture and Microstructure of Goat Cheese

goat milk cheeses treated by high-pressure at different stages of
maturation. LWT-Food Science and Technology, 48(2), 268-275.
Pino A., Prados F., Galan E., Vivo R., Fernandez Salguero J. 2009.
Amino acids evolution during ripening of goats’ milk cheese
manufactured with different coagulants. International Journal of Food
Science and Technology 44, 2062—-2069.

Curtin, A.C., Mc Sweeney, P.L.H. 2004. Catabolism of amino acids in
cheese during ripening. En: Fox, P.; Mcsweeney, P.; Cogan, T.;
Guinee, T. Cheese Chemistry, physiscs and microbiology. 3ra. ed.,
vol.1. Maryland: Elsevier. p.435.

Tejada L, Abellan A, Cayuela JM, Martinez Cacha A, Fernandez
Salguero J. (2008). Proteolysis in goats’ milk cheese made with calf
rennet and plant coagulant. International Dairy Journal, 18(2),
139-146.

Oliszewski R, Van Nieuwenhove C, Gonzélez S, Chaia AP. (2008).
Influence of autochthonous Argentine goat lactobacillus in ripening of
slurry cheese models. International journal of dairy technology, 61(3),
256-264.

Bustamante MA, Virto M, Aramburu M, Barrén LIR, Pérez-Elortondo
FJ, Albisu M. (2003). Lamb rennet paste in ovine cheese (ldiazabal)
manufacture. Proteolysis and relationship between analytical and
sensory parameters. International Dairy Journal, 13(7), 547-557.
Prieto B., Franco I., Fresno J. M., Prieto J. G., Bernardo A., Carballo J.
2004. Effect of ripening time and type of rennet (farmhouse rennet
from kid or commercial calf) on proteolysis during the ripening of
Ledén cow milk cheese. Food Chemistry, 85(3), 389-398.

Vélez, M. A. 2013. Influencia de la actividad de las enzimas nativas de
la leche lipoproteina lipasa y plasmina en la lipélisis y la protedlisis de
quesos duros de pasta cocida. Tesis de posgrado de Doctor en Biologia.
Universidad Nacional del Litoral. Disponible en:
http://bibliotecavirtual.unl.edu.ar:8180/tesis/handle/1/577.

Figueroa Echeverria, J.A. 2006. Perfil textural de queso Chanco
comercial elaborado en tres regiones de Chile. Tesis de grado Lic. en
Cs. de los Alimentos. Universidad Austral de Chile. Disponible en:
http://www.cybertesis.uach.cl

Holt, C., Roginski, H. 2001. Milk proteins: Biological and food aspects
of structure and function. Chemical and Functional Properties of Food
Proteins, Technomic Publishing Co., Inc., Lancaster, 271-334.
Alvarez S; Rodriguez V; Ruiz ME; Fresno M. (2007). Correlaciones de
textura y color instrumental con la composicion quimica de quesos de
cabra canarios. Archivos de Zootecnia 56 (Sup. 1):663-666.

Osorio JP, Ciro HJ, Mejia LG. 2004. Caracterizacion textural y
fisicoquimica del queso EDAM. Revista Facultad Na cional de
Agronomia, Medellin 57(1): 2275-2286.

Van Hekken DL, Tunick MH, Park YW. (2002). Effect of frozen
storage on the proteolysis and rheology of soft goat milk cheese.
Journal of Animal Science 80/Journal of Dairy Science 85(1):254.
Delgado FJ, Gonzélez Crespo J, Cava R, Ramirez R. (2011). Formation
of the aroma of a raw goat milk cheese during maturation analysed by
SPME-GC-MS. Food Chemistry, 129(3), 1156-1163.

Buffa, M. N., Trujillo, A. J., Pavia, M., y Guamis, B. (2001). Changes
in textural, microstructural, and colour characteristics during ripening
of cheeses made from raw, pasteurized or high-pressure-treated goats’
milk. International Dairy Journal, 11(11), 927-934.

19

WWW.ijeas.org



