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1 Introduction
Goat rearing is a low cost alternative for dairy production 

in underdeveloped and developing countries (Schwarz et al., 
2017). The increase in goat milk production and processing 
that has occurred in recent years is mainly due to new food 
trends (Barlowska  et  al., 2018). There is a demand from the 
consumer to buy cheese made by traditional methods. The 
sensory qualities of cheese produced by traditional methods 
are differentiated from cheese produced on an industrial scale 
(Kuźnicka & Łapinska, 2014).

An analytical sensory evaluation and consumer testing 
provide reliable, valuable and the most meaningful information 
on the quality and acceptability of food. During the development 
of an innovative product process, information is always urgent. 
A quantitative descriptive analysis (QDA) is one of the most 
sophisticated tools that provides a multidimensional sensory 
‘image’ of a product and could be useful during the comparison 
of samples (Mituniewicz-Malek et al., 2019)

Milk and products made from goat’s milk are appreciated 
by consumers because they bring health benefits (Popovic-
Vranjes et al., 2017). Fermented goat’s milk drinks are potentially 
beneficial to health, with acceptable sensory characteristics, and 
can contribute to increasing the diversity of functional dairy 
products and, especially, can be considered a good alternative to 
cow’s milk products for people with poor digestion (Mituniewicz-
Malek et al., 2019). Consumers want products that have food 
quality and safety, sensory attractiveness and nutritional value 

(Linares et al., 2017). Products made from goat’s milk, for example 
fermented goat’s milk (Mituniewicz-Malek et al., 2019; Santos et al., 
2019), goat’s milk yogurt (Beltran et al., 2018; El-Shafei et al., 
2020; Hadjimbei et al., 2020), goat’s cheese (Barlowska et al., 
2018; Moraes et al., 2018), meet consumer needs.

Goat’s milk production depends on the animal’s fitness, the 
nutritional value of the food, the level of dry matter intake by the 
animal, among others. Goat’s milk has essential characteristics 
such as small fat globules which provide higher digestibility 
(Fangmeier et al., 2019) presence of iron insignificant amount 
(Idamokoro  et  al., 2017). For milk production to meet the 
growing demand for milk, it is necessary to use foods of high 
nutritional value such as corn and soybean meal and high-quality 
ingredients that increase the cost of production.

So replacing part of these ingredients with others is 
alternative that can improve the final price of the product and 
make the activity competitive (Freitas et al., 2009). The guava 
agro-industrial waste (GAW) has the potential to be used in 
animal feed (Costa et al., 2018, 2019), reducing feed cost and/
or providing bioactive substances enabling beneficial effects on 
product quality and consumer health. Thus industry waste as 
a component of the diet has been the target of much research. 
GAW is mainly pulp seeds, which also have significant amounts of 
unsaturated fatty acid and fibrous matter (Uchôa-Thomaz et al., 
2014). The protein content of GAW is about 7.9-9.6%, 10.5-16% 
fat and 53.6-67.7% crude fiber (Chang et al., 2014).
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Abstract
The objective of this study was carried out to evaluating the productive performance, the physical-chemical quality of the milk, 
the physical-chemical and sensorial quality of rennet cheeses obtained from the milk of goats submitted to diets with diferente 
levels of guava agroindustrial waste (GAW). The goats were randomly distributed in a Latin square (4x4) according to the 
substitution levels (0, 14, 28, and 42%) of inclusion GAW in the diet. The consumption of natural and dry matter increased with 
the increase in hay substitution. However, the physical-chemical requirements of milk and cheese were not altered.
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Practical Application: The guava agro-industrial waste (GAW) has the potential to be used in animal feed.
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Given the above, the objective of this research was to 
evaluate the productive performance, the physicochemical 
quality of milk, and the physicochemical and sensory quality 
of curd type cheese obtained from goat milk submitted to diets 
with different levels of substitution tifton grass hay by guava 
agroindustrial waste (GAW).

2 Materials and methods
2.1 Experiment site and animals

The experiment was conducted at the Goat and Sheep 
Production Sector of the Federal University of Paraíba (Universidade 
Federal da Paraíba – UFPB), located in Bananeiras, Paraíba State, 
Brazil, microregion of Brejo Paraibano, 6°45’00” S latitude and 
35°38’00” W longitude, at an altitude of 520 m above sea level.

This study was certified by the Animal Ethics Committee of 
the Federal University of Paraiba (UFPB), Brazil (protocol no. 
0390/16). Twelve Saanen multiparous goats weighing 40 ± 6 kg and 
30 ± 5 days of lactation were used. The animals were identified, 
weighed and treated against ecto and endoparasites and then 
distributed in individual 1.46m2 pens with free access to feeders 
and drinkers, where they received diets.

2.2 Diets

The treatments comprised diets with a 55:45 forage to 
concentrate ratio, with diferente levels of Tifton grass hay being 
replaced with GAW. That is, the forage feeds contained 0, 14, 28 
e 42% of GAW on a dry matter basis (Table 1).

The GAW was weighed and placed on canvas in the sun for the 
drying procedure. The diets were adjusted to meet the requirements 
recommended by the National Research Council (2007) for lactating 
goats with production of 2.0 kg milk/day and 4% fat. The diets were 
offered ad libitum at 7:30 am and 4:30 pm, in the form of complete 
mixture, in two daily meals immediately after the milkings.

The animals underwent four 17-day periods, fourteen for 
diet adaptation, and three for data collection, totaling 68 days of 
confinement. During the adaptation and collection periods, daily 
offer and leftover food weighing were performed to calculate 
voluntary consumption and adjust the offered food, in order to 
guarantee 10% leftovers based on dry matter (DM).

Water was offered to each goat daily using 5 L (liter) buckets 
placed next to feeding troughs. Average daily water intake (ADWI) 
was measured to the nearest 10 mL. Loss of water due to evaporation 
was assessed by measuring the volume of water lost from a similar 
bucket placed beyond the reach of sheep (Mdletshe et al., 2017).

2.3 Milk production and physicochemical analysis of milk

Milking was performed manually, throughout the experiment, 
occurring twice a day at the times of (6:00 a.m. and 3:00 p.m.), 
including adaptation periods and data collection, and the dairy 
control was performed by weighing. Milk (kg/day) during the three 
days of collection of each period (all experimental period). Before 
milking, the goats’ udders were washed with chlorinated water 
and dried with paper towels and then tested for mastitis (black 
bottom mug test). After each milking was done post-dipping, the 
goats’ roofs were dipped in a 2% iodine solution. Milk samples 
from each animal were collected twice a day, at regular times, 
during the three days of data collection of each period respecting 
the proportion of milk milked (morning/afternoon).

Vials and glassware were sanitized at 105 °C for one h, to avoid 
contamination by milk residues from the previous milking. The 
samples of the morning production were conditioned in a refrigerated 
environment (4 °C) to be later mixed to the milk samples of the 
afternoon, forming a sample composed of goat per day. From the 
whole milk milked per animal (kg day-1), an aliquot of 200 mL was 
taken (with the participation of the samples proportional to the 
morning and afternoon milking), for analysis of the physicochemical 
characteristics. After being placed in identified plastic bottles, the 
samples were slowly pasteurized at 65 °C for 30 minutes (Brasil, 
2001) and finally frozen at -4 °C (in a freezer) for further analysis.

Physicochemical requirements for fat (%), non-fat solids 
(%), protein (%), lactose (%), salts (%), relative density at 
15/15 °C (g mL-1), cryoscopic index (°C), electrical conductivity 
(mS cm-1) and pH were evaluated according to the Master 
Complete® Milk Analyzer (AKSO®, São Leopoldo, Rio Grande 
do Sul, Brasil), under specific technical conditions. The titratable 
acidity (g of lactic acid 100 mL-1) was performed by titration 
method, being analyzed the acidity in lactic acid by the protocol 
947.05 (Association of Analytical Chemists, 2010).

2.4 Formulation and the cheese-making process

The curd cheeses were prepared according to the technique 
developed by the cheese makers in the Milk and Derivatives 

Table 1. Percentage and bromatological composition of experimental diets.

Ingredient Levels of inclusion (%)
(g kg-1 DM) 0 14 28 42
Guava agro-industrial waste 
(GAW)1

0.00 140 280 420

Tifton hay 500 360 220 80
Ground corn 360 360 360 360
Soybean meal 120 120 120 120
Mineral supplement2 15.0 15.0 15.0 15.0
Calcitic limestone 5.0 5.0 5.0 5.0
Chemical composition (g kg -1 DM)
Dry matter. DM (g kg-1 as fed) 872 882 891 901
Crude protein. CP 132 133 134 135
Ethereal extract. EE 24.9 37.6 50.3 63.0
Neutral detergent fiber. NDF 496 492 489 486
Fiber in acid detergent. FAD 251 277 303 328
Calcium 6.6 6.0 5.4 4.9
Phosphorus 4.1 3.9 3.7 3.5
Total Carbohydrates. TC 817 804 791 778
Non-fibrous carbohydrates. NFC 321 311 301 292
Metabolizable energy. ME (Mcal/
kg DM)

2.09 2.41 2.32 2.23

1GAW composition; DM, 908; CP, 91.8; EE, 107; NDF, 730; ADF, 620; Ash, 21.3; TC, 779; 
NFC, 48.7; Tannin, 6.60; 2Composition of mineral supplement per kg; P, 70.0 g; Ca, 140 g; 
Na, 148 g; S, 12.0 g; Mg, 1.32 mg; F, 700 mg; Zn, 4.70 mg; Mn, 3.69 mg; Fe, 2.20 mg; Co, 
140 mg; I, 61.0 mg; Monensinasódica, 100.0 mg.

Original Article



Santos et al.

Food Sci. Technol, Campinas,      v42, e00521, 2022 3

sector, coming from Campus III, Bananeiras-PB. The following 
ingredients were used for cheese preparation: 10 liters of milk; 
10 mL of milk yeast; 5 mL of calcium chloride; 10 mL of liquid 
rennet and 30 grams of sodium chloride (Lima et al., 2020).

At the end of the cheese processing, they were kept in a 
suitable container and relocated to the cold room located in 
the same processing laboratory. These, in turn, underwent the 
maturation process for two to three days, at a temperature of 
10 ± 1 °C, as recommended by the Technical Regulation of rennet 
cheese identity and quality (Brasil, 2001). After this maturation 
period, the cheeses were vacuum packed and refrigerated until 
microbiological laboratory, physicochemical, and sensory analyzes.

2.5 Yield and physicochemical analysis of cheese

After processing, the yield of each type of cheese was 
expressed (in g of cheese/10 L of milk) as the weight of fresh 
cheese in grams obtained from 10 liters of milk used, according 
to the Equation 1: 

   10    /      Cheese yeld L of milk used weight in grams od cheese produced= 	 (1)

Water activity (aW) was determined by the Aqualab apparatus 
(model 4TE – Decagon Devices, Inc., Pullman, WA). The pH was 
measured with the aid of the brand pH meter. Tecnal (model Tec-2). 
The total acidity titratable (Association of Analytical Chemists, 
2010, method 947.05), humidity (Association of Analytical 
Chemists, 2010, method 925.09), ashes (Association of Analytical 
Chemists, 2010, method 923.03), protein (Association of Analytical 
Chemists, 2010, method 991.23), fat (Association of Analytical 
Chemists, 2010, method 920.39) and the total dry extract (TDE) 
(Association of Analytical Chemists, 2010, method 925.23).

2.6 Microbiological analysis of cheese

According to the recommendations of RDC Resolution No. 12 
of January 2, 2001 (Brasil, 2001), and the samples were analyzed 
according to the methodology described by the American Public 
Health Association (2001) for determination of total coliforms, 
thermotolerant coliforms, viable aerobic mesophilic bacteria, 
coagulase-positive Staphylococcus, and Salmonella sp. The analyses 
of total and thermotolerant coliforms were performed following 
the technique of the most probable number. The analysis of 
viable aerobic mesophilic bacteria was performed by the depth 
plate technique using Plate Count Agar and incubation at 35 
± 2 °C for a period of 48 hr. Coagulase positive Staphylococcal 
analyses were performed by direct plate counting. The plates 
were incubated in an oven at 36 °C for 48 hr, and then the plates 
were collected for counting the colonies. For the analysis of 
Salmonella sp. the procedure was as follows: a pre‐enrichment 
of the samples with lactose broth and incubation at 42 ± 2 °C 
for 24 hr was carried out, and then a selective enrichment with 
Tetrionate and Selenite cystine broth followed by incubation 
in xylose lysine deoxycholate Agar and Enteric Agar was done.

2.7 Instrumental color of cheese

For color analyzes, the samples were defrosted overnight 
at 4 °C and readings were taken after 50 min at room 

temperature. The determination of the color was obtained 
through the Colorimeter (Minolta, Model CR-400, Japan), 
using the CIE system L*, a*, b*, determining the coordinates 
L* (luminosity), a*) and b* (yellow index), illuminant C, 
observer angle 0 ° (Miltenburg et al., 1992). Measurements 
were made in triplicate with the previously calibrated apparatus 
using the outside and inside of the cheese piece immediately 
after unpacking.

2.8 Cheese sensory analysis

It was performed at the Laboratory of Product Performance 
and Sensory Analysis at the UFPB. In all tests, samples were 
randomly placed in trays with randomized three-digit codes. 
The samples were split into equal portions of 5 g into polystyrene 
plates, marked with a random 3 digit code. In order to avoid the 
possible effects of the order of presentation, the samples were 
presented to panel members following different orders (Macfie et al., 
1989). Sensory analysis was performed in individual booths 
having controlled environmental conditions, at a temperature 
around 23 °C (International Stardards Organisation, 1988). 
The evaluation was conducted with 9 consumers, men and 
women, including untrained students, being selected based on 
the interest and habits of consuming goat dairy products. The 
age range of the consumers was 18 to 25 years. The tests took 
place in 2 sessions and nine trained tasters.

Consumers evaluated the cheese samples and were asked 
to mark the option that best suited the product in relation to 
overall acceptance using a 9-point unstructured hedonic scale 
(Barbosa et al., 2016; Cardello, 2017). The tasters described how 
much they liked or disliked the attributes: odor, appearance, 
taste, texture, and overall impression. A scale of 5 points 
recommended by Meilgaard et al. (2007) was used to evaluate 
the intention of purchasing: 1 (Certainly I would buy it); 2 
(Probably I would buy it); 3 (Maybe I would buy it/Maybe I 
wouldn’t buy it); 4 (Probably I wouldn’t buy it) and 5 (Certainly 
I wouldn’t buy it).

2.9 Statistic analysis

Data were subjected to analysis of variance (ANOVA), and 
the mean was compared by the Tukey test at 5% probability 
using GLM of the SAS® program. For sensorial analysis, the 
mathematical model was: Yijk = μ + Ti + eijk, where Yijk is the 
dependent variable, μ is the mean, Ti is the fixed effect of the 
treatment at i levels from 1 to 4, and eijk is the error. The Ryan-
Einot-Gabriel-Welsch test at a significance level of 5% was used 
for sensory analysis. Data were submitted to regression analysis, 
at a 5% error probability, performed with REG procedure of the 
software SAS (Statistical Analyses System, 2001).

3 Results
Performance variables had no significant effect (P>0.05) for 

the inclusion of GAW (Table 2). The average milk yield of goats 
evaluated in this research was 2.77 kg day-1. There was a linear 
increase (P<.0001) in natural matter intake with increased levels 
of Tifton hay replacement by GAW. Natural matter intake values 
increased from 2.32 to 3.09 kg/day with the inclusion of GAW. 
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Dry matter intake was influenced by diets containing different 
GAW inclusion levels, and the values were better adjusted to 
the linear regression model (P<.0001).

A decreasing linear effect (P = 0.0003) was observed with 
increasing GAW levels for food efficiency. The physicochemical 
variables of milk had no significant effect (P>0.05) for the 
inclusion of GAW in the diet of goats (Table 3).

Microbiological analysis of curd-type cheese produced from 
GAW fed goats is of adequate microbiological quality for the 
investigated microorganisms (Table 4).

The physicochemical variables of rennet cheese had no 
significant effect (P>0.05) for the inclusion of GAW in the diet 
(Table 5).

Sensory attributes had no significant effect (P> 0.05) on 
the inclusion of GAW in the goat diet (Table 6). The attributes 
texture, flavor, and overall evaluation were the ones that got 
the highest grades.

4 Discussion
The fact that all diets were made for lactating goats with 2.0 

kg of milk production day-1 and with equal amounts of protein 
and NDF may have contributed to the goats producing the 
same amount of milk in all diets. The DM intake values ranged 
from 2.02 (0% GAW) to 2.90 kg/day (42% GAW), representing 
a 43.56% increase in consumption. Even though diets with 
higher levels of GAW inclusion have high levels of EE, this did 
not increase milk fat content.

Milk production did not accompany the increase in DM 
intake since the increase in milk intake generally increases milk 
production by increasing the intake of milk constituent nutrients 
in the diet. The level of intake of DM and energy during lactation 
is positively related to milk production, and any improvement 
in nutritional management, particularly in forage (roughage) 
and feed quality, leads to an increase in production (Linn et al., 
2007; Oliveira et al., 2014).

The reduction of NDF with the increase in the inclusion of 
GAW may have influenced the increase in DM intake, because 
in ruminants, one of the main characteristics of food linked to 
consumption control is the NDF content and quality, which will 
determine the potential of volume occupancy in the rumen per 
unit of food consumed (Van Soest, 1994). Another important 
fact that should be taken into consideration is the mechanism 
of controlling the intake of rumen-filled DM. The rumen has 
pressure sensors on its wall that activate when the compartment 
is at its maximum capacity to hold the food. The diet containing 
the maximum hay replacement level (42%) has a lower volume 
when compared to the Tifton hay-only diet (control, 0% GAW). 
Thus the animal fed diets containing higher levels of GAW 

Table 2. Average performance values of dairy goats fed diets containing guava agro-industrial waste (GAW).

Variable
Levels of inclusion (%)

SEM
P-value

0 14 28 42 Linear Quadratic
MP (kg day-1) 2.70 2.66 2.80 2.90 0.45 0.923 0.747

NMI (kg day-1) 2.32 2.57 2.88 3.09 0.25 <.00011 0.860
DMI (kg day-1) 2.02 2.26 2.56 2.90 0.23 <.00012 0.593
FE (MP/DMI) 1.33 1.17 1.08 0.99 0.16 0.00033 0.652

SEM = Standard error mean; MP = milk production; NMI = natural matter intake; DMI = dry matter intake; FE = feed efficiency. 1Y=2.32+0.02x (R2=0.99);  2Y=1.99+0.02x (R2=0.99); 
3Y=1.30-0.008 (R2=0.97).

Table 3. Average values of physiological characteristics of milk from dairy goats fed diets containing guava agro-industrial waste (GAW).

Variables
Levels of inclusion (%)

SEM
P-value

0 14 28 42 Linear Quadratic
Protein (%) 2.91 2.96 3.00 3.03 0.12 0.438 0.894
Fat (%) 2.75 2.80 2.74 2.63 0.33 0.628 0.450
NGS (%) 8.05 8.18 8.26 8.30 0.34 0.374 0.670
Lactose (%) 4.43 4.48 4.56 4.56 0.17 0.352 0.674
Salt (%) 0.67 0.68 0.69 0.70 0.02 0.356 0.705
Density (g cm-3) 1.02 1.03 1.03 1.04 0.02 0.594 0.319
CI (°C) -0.50 -.051 -0.52 -0.52 0.02 0.408 0.668
pH 6.31 6.37 6.38 6.31 0.08 0.130 0.116
Acidity (%) 0.14 0.14 0.15 0.15 0.01 0.977 0.663
Condutivity (mS cm-1) 5.43 5.40 5.39 5.38 0.05 0.277 0.612
SEM: Standard error mean; NGS = non greasy solids; CI = Crysoscopic index.

Table 4. Microbiological evaluation of milk curd cheese from goats fed 
diets containing guava agro-industrial waste (GAW).

Microorgnism
Levels of inclusion (%)

0 14 28 42
Coliform 35 °C (MPN g-1) <3.0 <3.0 <3.0 <3.0
Coliform 45 °C (MPN g-1) <3.0 <3.0 <3.0 <3.0
Mesophiles (UFC g-1) <400 <100 <100 <100
Staphylococcus spp. (UFC g-1) <100 <100 <100 <100
Salmonell spp (25 g) Absent Absent Absent Absent
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consumed a higher amount of DM to activate the mechanism of 
ingestion of MS and to cease ingestion. The results obtained in 
this research for DM consumption contradict the values found 
by Azevêdo et al. (2011), who did not observe an increase in dry 
matter intake as GAW inclusion levels increased in ruminant diets.

The energetic and protein characteristics of the diet that 
the animal receives are those that exert the most significant 
influence on the protein level of the milk, above the genetic 
condition. The non-degradation of the protein ingested in the 
rumen is the factor that significantly changes the protein content 
expressed in the milk (Naumann et al., 2017). The average protein 
percentage observed in this study was 2.98%. This result is in 
line with current legislation for the chemical composition of 
goat milk, which limits the minimum protein content to 2.8% 
(Brasil, 2001).

Milk fat content, composition, and yield depend on 
several factors, including the composition of the diet it receives 
(Cannas et al., 2008). Diet is fundamental because it determines 
the changes in rumen fermentation, modifying the production 
of different fatty acids and, thus the fat content. With increased 
EE it was therefore expected to increase the percentage of milk 
fat, as it is considered that lipid synthesis in the mammary gland 
may be affected by the input of triglycerides provided by animal 
diet (Naumann et al., 2017).

Therefore, the explanation for not increasing the milk fat 
percentage would be the increase of the food passage rate, affected 
by some components of the GAW, decrease the utilization of 
the triglycerides present in the food, reducing the lipogenesis 
in the mammary gland (Naumann et al., 2017). The average fat 
produced in milk in this experiment was 2.72%, but for legislation, 
the minimum fat content is not fixed, and values below 2.9% 
are allowed by proving that the average fat content of a given 
herd does not reach this level (Brasil, 2001).

Acidity is correlated with pH. Thus, with no change in pH, 
the acidity also remained unchanged. However, other factors 
may influence the acidity of milk. The determination of acidity 
is of great importance in the control of technological processes 
during the elaboration of various dairy products (Thamer & 
Penna, 2006). Acidity values are advocated by legislation that 
limits the range from 0.13 to 0.18 (% lactic acid) (Brasil, 2001). 
Thus, the acidity values obtained in this research (0.15% lactic 
acid) are adequate, indicating good hygienic conditions of milk.

Teixeira (2016) observed values of 0.98 for aW, the latter 
evaluated goat cheeses seasoned with Cumaru. According to 
Teixeira (2016), high aW values make cheese more susceptible 
to the development of spoilage and pathogenic microorganisms. 
Already the average moisture content (55.18%) is above the 
classification according to the Technical Regulation of Identity 
and Quality of Curd Cheese (Brasil, 2001), which classifies the 
curd type cheese in high moisture content, when The moisture 

Table 5. Average physiochemical characteristics of goat’s milk curd cheese fed diets containing guava ago-industrial waste (GAW).

Variable
Levels of inclusion (%)

SEM
P-value

0 14 28 42 Linear Quadratic
aW 0.98 0.98 0.98 0.98 0.00 0.982 0.734
Moisture (%) 55.07 55.20 55.10 55.35 1.75 0.991 0.952
Protein (%) 20.43 20.73 21.95 21.33 1.34 0.343 0.523
Fat (%) 13.25 13.32 12.84 14.43 1.28 0.410 0.247
FDE (%) 29.33 29.72 28.58 32.43 2.38 0.335 0.152
TDE (%) 44.93 44.80 44.90 44.65 1.75 0.990 0.951
Ash (%) 4.77 4.61 4.87 4.72 0.30 0.993 0.975
pH 6.15 6.18 6.24 6.16 0.09 0.748 0.855
Acidity (%) 0.24 0.26 0.23 0.30 0.06 0.800 0.691
Yield 11.27 10.36 11.10 10.33 1.09 0.735 0.904
Instrumental colour
Lightness (L*) 83.33 83.64 83.15 83.48 1.11 0.993 0.996
Redness (a*) 0.05 -0.13 -0.03 0.43 0.82 0.567 0.421
Yellowness (b*) 14.28 14.49 14.23 13.42 0.68 0.380 0.151
SEM = Standard error mean; FDE = fat in the dry extract; TDE = total dry extract; Yield = Lmilk/kg cheese.

Table 6. Sensory evaluation of milk curd cheese from goat’s fed diets containing guava agro-industrial waste (GAW).

Attributes
Levels of inclusion (%)

SEM P-value
0 14 28 42

Colour 4.46 4.89 4.60 4.29 1.66 0.489
Odour 4.51 4.14 4.49 4.46 1.74 0.794
Tenderness 7.23 7.03 6.89 7.14 1.71 0.852
Flavour 6.69 6.26 6.46 6.31 1.70 0.726
Evaluation global 6.66 7.09 7.26 7.06 1.88 0.726
SEM = Standar error mean. Different letters in the line differ from each other by the Ryan-Einot-Gabriel-Welsch.
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content ranges from 46.0 to 54.9%. The high moisture content 
determined in cheese can be explained by the information 
presented by Cunha et al. (2002), which is possibly due to the 
more significant presence of whey and denatured proteins, 
which tend to increase the water retention capacity of cheese. 
The high presence of whey and denatured proteins in goat’s 
milk rennet cheeses may be justified by the use of heat in the 
pasteurization process.

Possibly the fact that the milk obtained from GAW-fed 
goats had the same fat contente did not affect the fat content of 
the cheese. Souza et al. (2011) describe that milk fat contente 
may be influenced by the composition of the milk to which it 
originated. The values for fat content recorded in this study were 
lower than those obtained by Santos et al. (2011) who observed 
the fat content of 18.00% for curd type cheese obtained with 
goat milk only, but were similar to those obtained by Teixeira 
(2016) who observed the fat content of 12.64% for goat cheese 
spicy with Cumaru.

Several factors can affect cheese pH, including cheese 
moisture content, the type of curd used for curd formation, 
and microorganisms that use lactose to produce lactic acid 
(Santos et al., 2011). The lactose content is generally slightly 
lower in goat milk (4.16 g/100 mL) (Clark & Mora García, 2017). 
According to Balduino et al. (1999), lactic acid production at the 
beginning of fermentation decreases pH and inhibits undesirable 
microorganisms such as Salmonella sp., Yersinia enterocolytic, 
and Escherichia coli. The average cheese yield was 10.77 liters of 
milk for each kilo of cheese produced. Curd-type cheese made in 
almost all of the Northeastern Brazilian territory generally has 
a yield of 10 (ten) liters of milk for each kilo of cheese (Teixeira, 
2016). Possibly the same fat content for the milk used in cheese 
making is the factor that determined the non-modification in 
cheese yield.

The cheeses presented an average value of 83.40 for 
luminosity. According to Santos et al. (2011) studies indicate that 
goat’s milk cheese may be associated with a whiter color due to 
the conversion of β-carotene into vitamin A by these animals. 
According to Marino et al. (2010) the parameter L* indicates the 
luminosity and refers to the object’s ability to reflect or transmit 
light, ranging from zero to 100. The higher the value of L*, the 
brighter the object.

The instrumental color parameter a* was also not influenced 
by the different kinds of milk used in cheese production. The 
instrumental color parameter a* indicates the intensity of the red 
and green colors. The value of the instrumental color parameter 
a* obtained in this research was 0.08 very close to zero, indicating 
little or no intensity of red color because the curd type cheese 
has a soft color due to its physicochemical properties. A value of 
14.1 was verified for instrumental color parameter b*, indicating 
that the cheeses had a slight color intensity to yellow, due to the 
pigmentation of milk lipids.

The texture attribute received the highest marks awarded 
by the evaluators. Silanikove  et  al. (2010) mention that the 
texture of goat cheese is softer than bovine cheese, resulting 
from a higher proportion of smaller fat globules in goat milk. 
Several factors may interfere with cheese texture; for example, 

fat plays an essential role in the cheese texture, the presence of 
compounds, or even the biochemical transformations that result 
in the formation of other flavoring compounds such as ketones, 
methyl ketones, and lactones.

The color attribute was the second, in ascending order, 
which received the lowest scores. This attribute probably received 
a score below 7.0, probably due to its white color, proven by 
instrumental calorimetry, since goat milk does not present the 
carotenoid pigments present in bovine milk, which gives the 
production of derivatives a more yellowish color (Garcia et al., 
2008). Goat milk has peculiar sensory characteristics, which are 
often considered pleasant or not, becoming factors of refusal 
and direct implication in its acceptability (Bernard et al., 2009).

Similar to the odor attribute, fat also plays a vital role in 
the taste of cheeses, by the presence of compounds or even by 
the biochemical transformations that result in the formation 
of other flavoring compounds, such as ketones, methyl ketones 
and lactones (Lima et al., 2011). Even with low marks in some 
attributes (color and odor), goat curd cheese scored above 7.0 for 
overall evaluation, obtaining good acceptance by the evaluators. 
The grades of texture and flavor attributes were probably the ones 
that most influenced the grades for overall cheese evaluation.

5 Conclusion
The replacement of Tifton hay by GAW did not affect milk 

production and physicochemical composition, but increased the 
consumption of natural and dry matter, decreasing feed efficiency. 
The use of goat milk receiving up to 42% inclusion of GAW in 
the diet does not change the physicochemical composition, 
yield, instrumental color, and sensory characteristics of cheese.

References
American Public Health Association – APHA. (2001). Standard methods 

for the examination of waste and wastewater (18th ed.). Washington: 
APHA/AWNA/WEF.

Association of Analytical Chemists – AOAC. (2010). Official methods 
of analysis of AOAC International (19th ed., 1219 p.). Washington: 
AOAC International.

Azevêdo, J. A. G., Valadares, S. C. Fo., Pina, D. S., Detmann, E., Valadares, 
R. F. D., Pereira, L. G. R., Souza, N. K. P., & Silva, L. F. C. (2011). 
Consumo, digestibilidade total, produção de proteína microbiana 
e balanço de nitrogênio em dietas com subprodutos de frutas para 
ruminantes. Revista Brasileira de Zootecnia, 40(5), 1052-1060. http://
dx.doi.org/10.1590/S1516-35982011000500017.

Balduino, R., Oliveira, A. S., & Hauly, C. O. M. (1999). Cultura lática 
mista com potencial de aplicação como cultura iniciadora em 
produtos cárneos. Food Science and Technology, 19(3), 356-362. 
http://dx.doi.org/10.1590/S0101-20611999000300011.

Barbosa, I. C., Oliveira, M. E., Madruga, M. S., Gullón, B., Pacheco, 
M. T., Gomes, A. M., Batista, A. S., Pintado, M. M., Souza, E. L., & 
Queiroga, R. C. (2016). Influence of the addition of Lactobacillus 
acidophilus La-05, Bifidobacterium animalis subsp. Lactis Bb-12 and 
inulin on the technological, physicochemical, microbiological and 
sensory features of creamy goat cheese. Food & Function, 7(10), 
4356-4371. http://dx.doi.org/10.1039/C6FO00657D. PMid:27711907.

Barlowska, J., Pastuszka, R., Rysiak, A., Król, J., Brodziak, A., 
Kedzierska-Matysek, M., Wolanciuk, A., & Litwinczuk, Z. (2018). 

Original Article

https://doi.org/10.1590/S1516-35982011000500017
https://doi.org/10.1590/S1516-35982011000500017
https://doi.org/10.1590/S0101-20611999000300011
https://doi.org/10.1039/C6FO00657D
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27711907&dopt=Abstract


Santos et al.

Food Sci. Technol, Campinas,      v42, e00521, 2022 7

Physicochemical and sensory properties of goat cheeses and their 
fatty acid profile in relation to the geografic region of production. 
International Journal of Dairy Technology, 71(3), 699-708. http://
dx.doi.org/10.1111/1471-0307.12506.

Beltran, M. C., Morari-Pirlog, A., Quintanilla, P., Escriche, I., & Molina, 
M. P. (2018). Influence of enrofloxacin on the coagulation time and 
the quality parameters of goat’s Milk yoghurt. International Journal 
of Dairy Technology, 71(1), 105-111. http://dx.doi.org/10.1111/1471-
0307.12388.

Bernard, L., Shingfield, K. J., Rouel, J., Ferlay, A., & Chilliard, Y. (2009). 
Effect of plant oils in the diet on performance and milk fatty acid 
composition in goats fed diets based on grass hay or maize silage. 
British Journal of Nutrition, 101(2), 213-224. http://dx.doi.org/10.1017/
S0007114508006533. PMid:18554428.

Brasil. (2001, July 16). Regulamente o técnico de identidade e qualidade 
de manteiga da terra, queijo de coalho e queijo de manteiga 
(Instrução Normativa n° 30 de 26 de junho de 2001). Diário Oficial 
[da] República Federativa do Brasil.

Cannas, A., Pulina, G., & Francesconi, A. H. D. (2008). Dairy goats 
feeding and nutrition (293 p.). Italy: CABI. http://dx.doi.org/10.10
79/9781845933487.0000. 

Cardello, A. V. (2017). Hedonic scaling, assumptions, contexts and 
frames of reference. Current Opinion in Food Science, 15, 14-21. 
http://dx.doi.org/10.1016/j.cofs.2017.05.002.

Chang, Y. P., Tan, M. T., Lok, W. L., Pakianathan, S., & Supramaniam, 
Y. (2014). Making use of guava seed (Psidium guajava L): the effects 
of pre-treatments on its chemical composition. Plant Foods for 
Human Nutrition, 69(1), 43-49. http://dx.doi.org/10.1007/s11130-
013-0396-3. PMid:24292972.

Clark, S., & Mora García, M. B. (2017). A 100-year review, advances in 
goat milk research. Journal of Dairy Science, 100(12), 10026-10044. 
http://dx.doi.org/10.3168/jds.2017-13287. PMid:29153153.

Costa, R. G., Ribeiro, N. L., Nobre, P. T., Carvalho, F. F. R., Medeiros, 
A. N., Cruz, G. R. B., & Freire, L. F. S. (2018). Biochemical and 
hormonal parameters of lambs using guava (Psidium guajava 
L.) agro-industrial waste in the diet. Tropical Animal Health and 
Production, 50(1), 217-221. http://dx.doi.org/10.1007/s11250-017-
1406-5. PMid:28963612.

Costa, R. G., Silva, N. V., Medeiros, G. R., Melo, A. A. S., Bispo, S. V., 
& Cavalcanti, M. C. A. (2019). The use of guava byproduct in the 
production of feedlot sheep in Brazil: impacts on the productive 
an economic performance. Revista Brasileira de Zootecnia, 48, 
e20170257. http://dx.doi.org/10.1590/rbz4820170257.

Cunha, C. R., Spadoti, L. M., Zacarchenco, P. B., & Viotto, W. H. (2002). 
Efeito do fator de concentração do retentado na composição e 
proteólise de queijo Minas Frescal de baixo teor de gordura fabricado 
por ultrafiltração. Food Science and Technology, 22(1), 82-87. http://
dx.doi.org/10.1590/S0101-20612002000100015.

El-Shafei, S. M. S., Sakr, S. S., & Abou-Solinan, N. H. I. (2020). The 
impacto f supplementing goats’ milk with quinoa extract on some 
propertirs of yoghurt. International Journal of Dairy Technology, 
73(1), 126-133. http://dx.doi.org/10.1111/1471-0307.12628.

Fangmeier, M., Kemerich, G. T., Machado, B. L., Maciel, M. J., & 
Souza, C. F. V. (2019). Effects of cow, goat, and buffalo milk on the 
characteristics of cream cheese with whey retention. Food Science 
and Technology, 39(Suppl. 1), 122-128. http://dx.doi.org/10.1590/
fst.39317.

Freitas, J. R. Fo., Souza, J. S. Fo., Oliveira, H. B., Angelo, J. H. B., & 
Bezerra, J. D. C. (2009). Avaliação da qualidade do queijo “coalho” 
artesanal fabricado em Jucati-PE. Revista Eletrônica de Extensão, 
6(8), 35-49. http://dx.doi.org/10.5007/1807-0221.2009v6n8p35.

Garcia, R. V., Falcão, R. S. Fo., Duarte, T. F., Pessoa, T. R. B., Queiroga, 
R. C. R. E., & Moreira, R. T. (2008). Aceitabilidade e preferência 
sensorial do queijo de coalho de leite de búfala, de leite de cabra e 
de leite de vaca. Revista do Instituto de Latícinios Cândido Tostes, 
63, 12-16.

Hadjimbei, E., Botsaris, E., Goulas, V., Alexandri, E., Gekas, V., & 
Gerothanassis, I. P. (2020). Functional stability of goats’ milk yoghurt 
supplemented with Pistacia atalntica resin extracts and Saccharo 
myces boulardii. International Journal of Dairy Technology, 73(1), 
134-143. http://dx.doi.org/10.1111/1471-0307.12629.

Idamokoro, E. M., Muchenje, V., & Masika, P. J. (2017). Yield and milk 
composition ar different stages of lactation from a small herd of Nguni, 
Boer, and non-descript goats raised in a extensive production system. 
Sustainability, 9(6), 1000. http://dx.doi.org/10.3390/su9061000.

International Stardards Organisation – ISO. (1988). ISO 8589: sensory 
analysis: general guidance for the deesing of test rooms. Geneva: ISO.

Kuźnicka, E., & Łapinska, A. (2014). Goat cheese on an organic farm in 
Grzybow as na example of organic products, direct sales and local 
markets. Wiadomosci Zootechniczne, 2, 75-82.

Lima, A. M., Cruz, G. R. B., Costa, R. G., Ribeiro, N. L., Beltrão, E. 
M. Fo., Sousa, S., Justino, E. S., & Santos, D. G. (2020). Physical-
chemical and microbiological quality of milk and cheese of goats 
fed with bidestilated glycerin. Food Science and Technology. http://
dx.doi.org/10.1590/fst.27119.

Lima, L. S., Oliveira, R. L., Bagaldo, A. R., Garcez, A. F. No., Ribeiro, C. 
V. D. M., & Lanna, D. P. D. (2011). Composition and fatty acid profile 
of milk from cows on pasture subjected to licuri oil supplement. 
Revista Brasileira de Zootecnia, 40(12), 2858-2865. http://dx.doi.
org/10.1590/S1516-35982011001200033.

Linares, D. M., Gomez, C., Renes, E., Fresno, J. M., Tornadijo, M. E., Ross, 
R. P., & Stanton, C. (2017). Lactic acid bacteria and bifidobacteria 
with potential to design natural biofunctional health-promoting dairy 
foods. Frontiers in Microbiology, 8, 846. http://dx.doi.org/10.3389/
fmicb.2017.00846. PMid:28572792.

Linn, J., Raeth-Knight, M., Fredin, S., & Bach, A. (2007). Feed efficiency 
in lactating dairy cows. In Proceedings of the Colorado Dairy Nutrition 
Conference (p. 10). Colorado: NRC.

Macfie, H. J., Bratchell, N., Greenhoff, K., & Vallis, L. V. (1989). Designs 
to balance the effect of order of presentation and first-order carry-
over effects in hall tests. Journal of Sensory Studies, 4(2), 129-148. 
http://dx.doi.org/10.1111/j.1745-459X.1989.tb00463.x.

Marino, A. L. F., Borges, M. T. M. R., Brugnaro, C., Canniatti-Brazzaca, 
S. G., Spoto, M. H. F., & Verruma-Bernardi, M. R. (2010). Physical-
chemical and sensorial characteristics of marketed buffalo mozzarella 
cheese. Revista do Instituto Adolfo Lutz, 69, 358-363.

Mdletshe, Z. M., Chimonyo, M., Marufu, M. C., & Nsahlai, I. V. (2017). 
Effects of saline water consumption on physiological responses in 
Nguni goats. Small Ruminant Research, 153, 209-211. http://dx.doi.
org/10.1016/j.smallrumres.2017.06.019.

Meilgaard, M. C., Civille, G., & Carr, B. T. (2007). Sensory evaluation 
techniques. Boca Raton: CRC Press.

Miltenburg, G. A., Wensing, T., Smulders, F., & Breukink, H. J. (1992). 
Relationship between blood hemoglobin, plasma and tissue iron, 
muscle heme pigment, and carcass color of veal. Journal of Animal 
Science, 70(9), 2766-2772. http://dx.doi.org/10.2527/1992.7092766x. 
PMid:1399893.

Mituniewicz-Malek, A., Zielinska, D., & Ziarno, M. (2019). Probiotic 
monocultures in fermented goat Milk beverages- sensory quality 
of final product. International Journal of Dairy Technology, 72(2), 
240-247. http://dx.doi.org/10.1111/1471-0307.12576.

Original Article

https://doi.org/10.1111/1471-0307.12506
https://doi.org/10.1111/1471-0307.12506
https://doi.org/10.1111/1471-0307.12388
https://doi.org/10.1111/1471-0307.12388
https://doi.org/10.1017/S0007114508006533
https://doi.org/10.1017/S0007114508006533
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18554428&dopt=Abstract
https://doi.org/10.1079/9781845933487.0000
https://doi.org/10.1079/9781845933487.0000
https://doi.org/10.1016/j.cofs.2017.05.002
https://doi.org/10.1007/s11130-013-0396-3
https://doi.org/10.1007/s11130-013-0396-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24292972&dopt=Abstract
https://doi.org/10.3168/jds.2017-13287
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29153153&dopt=Abstract
https://doi.org/10.1007/s11250-017-1406-5
https://doi.org/10.1007/s11250-017-1406-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28963612&dopt=Abstract
https://doi.org/10.1590/rbz4820170257
https://doi.org/10.1590/S0101-20612002000100015
https://doi.org/10.1590/S0101-20612002000100015
https://doi.org/10.1111/1471-0307.12628
https://doi.org/10.1590/fst.39317
https://doi.org/10.1590/fst.39317
https://doi.org/10.5007/1807-0221.2009v6n8p35
https://doi.org/10.1111/1471-0307.12629
https://doi.org/10.3390/su9061000
https://doi.org/10.1590/fst.27119
https://doi.org/10.1590/fst.27119
https://doi.org/10.1590/S1516-35982011001200033
https://doi.org/10.1590/S1516-35982011001200033
https://doi.org/10.3389/fmicb.2017.00846
https://doi.org/10.3389/fmicb.2017.00846
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28572792&dopt=Abstract
https://doi.org/10.1111/j.1745-459X.1989.tb00463.x
https://doi.org/10.1016/j.smallrumres.2017.06.019
https://doi.org/10.1016/j.smallrumres.2017.06.019
https://doi.org/10.2527/1992.7092766x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1399893&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1399893&dopt=Abstract
https://doi.org/10.1111/1471-0307.12576


Food Sci. Technol, Campinas,      v42, e00521, 20228

Production and quality of cheese and milk of goats

Schwarz, D. G. G., Lima, M. C., Barros, M., Valente, F. L., Scatamburlo, 
T. M., Rosado, N., Oliveira, C. T. S. A. M., Oliveira, L. L., & Moreira, 
M. A. S. (2017). Passive shedding of Mycobacterium avium ssp. 
paratuberculosis in commercial dairy goats in Brazil. Journal of Dairy 
Science, 100(10), 8426-8429. http://dx.doi.org/10.3168/jds.2017-
12918. PMid:28755949.

Silanikove, N., Leitner, G., Merin, U., & Prosser, C. G. (2010). Recent 
advances in exploting goat’s milk: quality, safety and production 
aspects. Small Ruminant Research, 89(2-3), 110-124. http://dx.doi.
org/10.1016/j.smallrumres.2009.12.033.

Souza, E. L., Costa, A. C. V., Garcia, E. F., Oliveira, M. E. G., Souza, W. 
H., & Queiroga, R. C. R. E. (2011). Qualidade do queijo de leite de 
cabra tipo coalho condimentado com cumaru (Amburana cearensis 
A. C. Smith). Brazilian Journal of Food Technology, 14(3), 220-225. 
http://dx.doi.org/10.4260/BJFT2011140300026.

Statistical Analyses System – SAS. (2001). Statistical Analysis System 
user’s guide. Version 9.2. Cary: SAS.

Teixeira, J. L. P. (2016). Qualidade do queijo de leite caprino tipo coalho 
condimentado com cumaru (Amburana cearensis A.C. Smith) (Master’s 
thesis). Universidade Federal da Paraíba, Bananeiras.

Thamer, K. G., & Penna, A. L. B. (2006). Characterization of funcional 
dairy beverages fermented by probiotics and with the addition of 
prebiotics. Food Science and Technology, 26(3), 589-595. http://
dx.doi.org/10.1590/S0101-20612006000300017.

Uchôa-Thomaz, A. M. A., Sousa, E. C., Carioca, J. O. B., Morais, S. 
M., Lima, A., Martins, C. G., & Rodrigues, L. L. (2014). Chemical 
composition, fatty acid profile and bioactive compounds of guava 
seeds (Psidium guajava L.). Food Science and Technology, 34(3), 
485-492. http://dx.doi.org/10.1590/1678-457x.6339.

Van Soest, P. J. (1994). Nutritional ecology of the ruminant (2nd ed.). Ithaca: 
Cornell University Press. http://dx.doi.org/10.7591/9781501732355. 

Moraes, G. M. D., Santos, K. M. O., Barcelos, S. C., Lopes, S. A., & 
Egito, A. S. (2018). Potentially probiotic goat cheese produced 
with autochthonous adjunct culture of Lactobacillus mucosae, 
microbiological, physicochemical and sensory attributes. Lebensmittel-
Wissenschaft + Technologie, 94, 57-63. http://dx.doi.org/10.1016/j.
lwt.2018.04.028.

National Research Council – NRC. (2007). Nutrient requeriments of 
small ruminants: sheep, goats, cervids, and new world camelids (pp. 
244- 265). Washington: National Academic Press.

Naumann, H. D., Tedeschi, L. O., Zeller, W. E., & Huntley, N. F. (2017). 
The role of condensed tannins in ruminant animal production: 
advances, limitations and future directions. Revista Brasileira 
de Zootecnia, 46(12), 929-949. http://dx.doi.org/10.1590/s1806-
92902017001200009.

Oliveira, T. S., Leoonel, F. P., Silva, J., Baffa, D. F., Pereira, J. C., & 
Zervoudakis, J. Y. (2014). Factors affecting feed efficiency in dairy 
goats. Revista Brasileira de Zootecnia, 43(10), 524-529. http://dx.doi.
org/10.1590/S1516-35982014001000003.

Popovic-Vranjes, A., Pihler, I., Paskas, S., Krstovic, S., Jurakic, Z., & 
Strugar, K. (2017). Production of hard goat cheese and goat whey 
from organic goat’s milk. Mljekarstvo, 67, 177-187. http://dx.doi.
org/10.15567/mljekarstvo.2017.0302.

Santos, B. M., Oliveira, M. E. G., Sousa, Y. R. F., Madureira, A. R. M. F. 
M., Pintado, M. M. E., Gomes, A. M. P., Souza, E. L., & Queiroga, R. 
C. R. E. (2011). Caracterização físico-química e sensorial de queijo 
de coalho produzido com mistura de leite de cabra e de leite de vaca. 
Revista do Instituto Adolfo Lutz, 70, 302-310.

Santos, W. M., Nobre, M. S. C., Cavalcanti, M. I., Santos, K. M. O., 
Salles, H. O., & Buriti, F. C. A. (2019). Proteolysis of reconstited goat 
whey fermented by Streptococcus thermophilus in co culture with 
commercial probiotic lactobacillus strains. International Journal of 
Dairy Technology, 72(4), 559-568. http://dx.doi.org/10.1111/1471-
0307.12621.

Original Article

https://doi.org/10.3168/jds.2017-12918
https://doi.org/10.3168/jds.2017-12918
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28755949&dopt=Abstract
https://doi.org/10.1016/j.smallrumres.2009.12.033
https://doi.org/10.1016/j.smallrumres.2009.12.033
https://doi.org/10.4260/BJFT2011140300026
https://doi.org/10.1590/S0101-20612006000300017
https://doi.org/10.1590/S0101-20612006000300017
https://doi.org/10.1590/1678-457x.6339
https://doi.org/10.7591/9781501732355
https://doi.org/10.1016/j.lwt.2018.04.028
https://doi.org/10.1016/j.lwt.2018.04.028
https://doi.org/10.1590/s1806-92902017001200009
https://doi.org/10.1590/s1806-92902017001200009
https://doi.org/10.1590/S1516-35982014001000003
https://doi.org/10.1590/S1516-35982014001000003
https://doi.org/10.15567/mljekarstvo.2017.0302
https://doi.org/10.15567/mljekarstvo.2017.0302
https://doi.org/10.1111/1471-0307.12621
https://doi.org/10.1111/1471-0307.12621



