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Abstract-A Colombian Caribbean coast sour creamis a fermented dairy product that is native to and 

traditionally prepared only in that area, where it is known as “Suero Costeño”. On the other hand, many 
of the properties of dairy products such as Suero Costeño are determined by the spatial arrangement of 
components including the casein particles that form a protein matrix, the fat globules, dispersed water 
and minerals. In this work, scanning electron microscopy (SEM) was used to study the effect of the 
addition of whey proteins on the microstructure and syneresis of Suero Costeño made from goat milk. 
Through micrographs obtained by a JEOL JSM 820 scanning electron microscope, it was determined 
that by increasing total solids, pore structure size, and therefore syneresis, decreased due to the 
interlocking capacity of denatured whey proteins, which increased the degree of binding between protein 
particles, forming a dense network. 
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I. INTRODUCTION 

 
Although milk is defined as the product of the secretion from mammary glands of mammals, especially cow 

cattle, there are other animals used for its acquisition, which include goat, buffalo, sheep, camel and llama. 
Despite the above, milk, regardless of its origin, contains the same nutritional constituents, with variations in 
composition and properties [1]. The components that vary most are protein and fat [2]. Cow cattle are the most 
significant milk producer in the world, but in recent years there has been a considerable increase in the 
production and industrialisation of goat milk [1], and there is a growing interest in research and investment in 
goat milk in several countries, mainly due to its attractive nutrient content. Regarding that, goat milk has lower 
lactose content and a higher concentration of total solids (mostly proteins and fats) and nutrients than cow milk 
[3]–[6]. Fat from goat milk influences positively on sensory properties of food products, more than that from 
cow milk [5]. Moreover, fat from goat milk is easily digestible due to its ease of dispersion and its natural 
homogenization by fat globules [5], [7], which exhibit smaller sizes, without the cream being separated by itself 
[5], [8]. Taken into account the aforementioned, goat milk is considered one of the most suitable types of milk 
for the production of dairy products [5], [9], [10]. 

Fermentation is one of the most traditional ways of transforming raw food all over the world. It confers 
unique characteristics to the matrix, such as the improvement of sensory characteristics, functional properties 
and increased useful life, given by the dynamics of the microbial community that lives there. Sour cream from 
the Colombian Caribbean coast is a fermented dairy product that is native to and traditionally prepared in that 
area from cow milk, where it is known as “Suero Costeño” [5]. It is produced extensively by the rural 
population of the departments of Antioquia, Córdoba, Sucre and Bolívar, which represents a gastronomic 
heritage of Colombian cuisine [11]. The sour cream is a final product similar to sour, slightly acidic cream and 
is generally used as a dressing, accompanying almost all meals [12], and although it is produced industrially, has 
little acceptance on the part of consumers, because they detect differences in taste between artisan and industrial 
sour cream, since the latter is produced by pasteurized milk and bacteria used for the manufacture of kumis [13]. 
In addition to this, the industrially produced one presents syneresis; which is a process of separating whey from 
curd, simultaneously with its shrinkage and is the most significant defect that affects the quality of dairy 
products, where the liquid is observed on the surface of the product causing consumer rejection [13]. These 
quality problems have been addressed by increasing fermentation time and adding thickeners, which increases 
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costs and makes the product more perishable [14], making it necessary to find new mechanisms that help 
improve the structure of the final product while reducing defects such as syneresis. 

The syneresis is produced by the shrinkage of the gel without applying external forces and is due to the 
instability of the net, which results in the loss of the ability to trap the liquid phase. Gel shrinkage coincides with 
liquid expulsion or whey separation. The presence of liquid on the surface is a defect in fermented dairy 
products [15]. The main causes of syneresis are: low total solids content, high incubation temperatures, 
excessive heating of the milk, rapid acidification rate, movement or agitation during gel formation and minimal 
acid production, with pH higher than 4.8 [16], so an adjustment in its solids could mean a contribution to the 
improvement in its structure and reduction in defects such as syneresis. 

Many of the properties of dairy products, such as sour cream, are determined by the spatial arrangement of 
components including the casein particles that form a protein matrix, the fat globules, dispersed water and 
minerals. The arrangement of these components on the micron scale is known as the microstructure of sour 
cream. Changes in process conditions or the choice of ingredients can alter the microstructure of the product 
considerably and thus its final functional properties. The ability to image and characterise these changes will 
provide an essential tool for the quality control of sour cream and other dairy products [17]. Regarding that, 
scanning electron microscopy (SEM) was introduced into food research in 1960 and is currently used to study 
the microstructure of food, taking advantage of signals obtained from secondary electrons produced by the 
interaction between an electron beam and the sample, getting a three-dimensional image with great depth of 
field [16].  

Whey contains more than half of the solids present in the original milk, including about 20% of proteins, 
most of the minerals, lactose and soluble vitamins [18]. For the food industry, whey is an economical source of 
protein, which provides multiple application properties in a wide range of foods due to its diverse functional 
capabilities. Whey products improve texture, enhance taste and colour, have emulsifier and stabiliser 
characteristics, improve flow properties, among other techno-functional properties, which makes it possible to 
increase the quality of many food products [18]. Considering the aforementioned, it is believed that the increase 
of total solids with partially demineralized whey is a strategy to decrease syneresis in the whey made from goat 
milk, therefore this work used the scanning electron microscopy (SEM) to study the effect of the addition of 
whey proteins on the microstructure and syneresis of the sour cream from the Colombian Caribbean coast, also 
known as Suero Costeño, made from goat milk. 
 

II. MATERIALS AND METHODS 
 

A. Preparation of the sour cream at different levels of total solids 

The sour cream was elaborated using the same proposed by Tirado et al., [5]. Goat milk from Bolívar 
(Colombia) was standardised to reach a 12 % of total solids (Control). On the other hand, partially 
demineralised whey was added to achieve concentrations of 14 % and 16 % of total solids. Pasteurization was 
performed at 336.15 K for 30 min. Lactobacillus paracasei and Lactococcus lactis were then added and 
incubated at 30 °C for 12 h until a pH of 4.6 and an average acidity of 104.8 Th were reached. Then, it was 
filtered, and the whey was separated from the milk clot. Sodium chloride was added to the clot to confer 
consistency to the product. The material was subsequently packed in plastic bags and stored at 277.15 K for 24 h 

B. Scanning electron microscopy 

Analyses were performed in triplicate for each formulation of sour cream. The samples were taken at 4cm 
below the surface and the whey was removed by centrifugation at 3000rpm, then fixed for 12 h in a buffer 
solution at 2.5% glutaraldehyde at pH 7.2 with 0.1M phosphate, then washed for 2 h to 3 h with the same buffer 
solution, then post-fixed in 1% osmium tetroxide for 1 h, then dehydrated in series of ethanol solutions with a 
volume fraction of 25%,50%,70%,80%,90% and 100%. Later, it was dried with CO2 for 2 hand placed in a 
sample holder, coated with a palladium-gold layer of 35 nm in an evaporator. Samples were placed in boxes 
with silica gel. Micrographs were obtained in a JEOL JSM 820 Scanning Electron Microscope (JEOL Ltd, 
Japan) with a voltage acceleration of 10KV. Samples were photographed at magnifications of 4000X and 8000X, 
in polaroid films type 52. 

 
III. RESULTS AND ANALYSIS 

 
Fig. 1 shows the microstructure of the sour cream prepared with 12% of total solids. The protein network was 

rough, less dense, opened and with empty spaces as a result of the fusion of small casein aggregates, this was 
due to the low amount of proteins, which prevented the formation of bonds that made the matrix formed more 
compact and stable [5]. For this sour cream, the structure was a network of proteins formed by chains and 
aggregates, of casein micelles. This aggregation was because the isoelectric pH of milk proteins was reached in 
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globular form, with empty spaces, and where Lactobacillus paracasei were readily distinguished. Fat globules 
were embedded in the protein network as shown in Fig.1. 

 

 
a) 

 
b) 

Fig. 1.  Micrograph of sour cream with 12 % of total solids (Control). (1) empty spaces, (2) Lactobacillus paracasei, (3) Lactococcus lactis, 
(4) casein networks and (5) fat globules. 

 
Scanning electron microscopy at 4000X and 8000X indicated that sour cream gels made with low total solids 

(proteins) had large pores and high syneresis, but as total solids were increased they had a fine structure, the size 
of aggregates and pores became small, and the network of dense crosslinking and syneresis decreased, as they 
became smaller as shown in Fig. 2 and Fig. 3. It was evidenced that the fortification with whey proteins and 
their homogenization was useful in the reduction of syneresis, because whey proteins were associated with 
casein micelles after thermal treatment and acted as binding material [19].Casein micelles were mainly bound 
by particle-particle bonds in large chains, with small spaces, rather than by fusion of aggregates. Similar results 
were reported by Lee and Lucey [16] for yoghurt gels. 

The filamentous appearance of the protein network was due to whey proteins on the surface of the micelle. 
Aggregates of casein micelles in chains were bound by whey proteins because denatured β-lactoglobulin 
interacted with К-casein through disulphide bonds [20]. An essential consequence of the formation of this 
complex was the possibility of binding other casein particles by interaction with other whey proteins denatured 
with casein micelles [21]. The forces of interaction determine the consistency and physical stability of the gel, 
because the increase in total solids content in the sour cream produced an increase in consistency coefficient and 
yield threshold, while decreasing the rate of flow behaviour, since during thermal treatment, the proteins of the 
whey partially demineralized by its water retention capacity, form disulphide bonds with the caseins, making the 
structure more compact [22]. 

On the other hand, according to Acevedo et al., [23], in their study of the effect of process variables on 
acidification kinetics, the viability and syneresis of sour cream indicated that syneresis rises as the temperature 
increases and decreases when total solids increase, although the syneresis increases slightly when the 
fermentation temperature increases. It should be noted that the rise in temperature increases the syneresis speed, 
due to the relaxation of the bonds and the denaturing of the proteins that form the casein network [24]. Water 
retention capacity and syneresis decrease when the protein content of total solids was increased, as well as the 
increase in whey proteins in the whey/casein ratio, decreased syneresis [25]. 
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Fig. 2.  Micrograph of sour cream with 14% of total solids 

 

 
Fig. 3.  Micrograph of sour cream with 16% of total solids 

 
IV. CONCLUSIONS 

 
By scanning electron microscopy was possible to establish the relationships between processing, 

microstructure and syneresis. The increase in total solids decreased the size of the structure pores and therefore 
the syneresis, due to the cross-linking capacity of denatured whey proteins, which increased the degree of 
binding between protein particles allowing a dense network. This kind of work shows contributions for the 
optimisation of production processes of the sour cream, aimed at obtaining high-quality products for 
consumption. Finally, evidence was found that the fortification with whey proteins and their homogenization 
was useful to reduce syneresis because whey proteins are associated with casein micelles after heat treatment 
and act as binding material. 
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