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Abstract
Studying the fermentation parameters of "Suero Costeño" was the focus of 
this research, considered a traditional product in the Caribbean region of 
Colombia, inoculated with lactic acid bacteria Lactococcus Lactis subsp. Lactis 
(ATCC29146) and Lactobacillus paracasei subsp. paracasei(ATCC 334).  
It was found that the percentage of lactose decreased progressively during 
the hours of fermentation, with a minimum lactose value of 3.1% at 15 h for the 
samples of Suero Costeño with L. lactis, while for L. paracasei the percentage 
of lactose was 3.4%. L. paracasei the percentage of lactose was 3.4%; on 
the other hand, the pH, which is a limiting factor in the fermentation process, 
was reported to have a considerable reduction in the samples with L. lactis 
in comparison with L. paracasei, at the end of the fermentation process at 
15 h, with values of 4.3 and 4.5, respectively. Finally, the sensory evaluation 
allowed establishing that the Suero Costeño with L. lactis obtained similar 
values to that produced in a traditional way, and therefore its use can be 
recommended in this type of dairy products as a starter culture.

CONTACT Diofanor Acevedo  diofanor3000@gmail.com  Faculty of Economic Sciences, Tourism Administration Program, 

Research Group in Agricultural and Agro-Industrial Innovation.

© 2021 The Author(s). Published by Enviro Research Publishers. 
This is an  Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).
Doi: http://dx.doi.org/10.12944/CRNFSJ.9.3.30

 

Article History 
Received: 19 February
2020
Accepted: 25 November
2021

Keywords
Lactococcuslactis;
Lactobacillus Paracasei;
Lactose;
Sour Cream.

 Current Research in Nutrition and Food Science
www.foodandnutritionjournal.org

ISSN: 2347-467X, Vol. 09, No. (3) 2021, Pg. 1058-1066

Introduction
Milk is one of the world's most productive and 
important foods, providing key nutrients and is 
considered an important energy source of essential 
nutrients, which can help achieve food security, 
strengthen the economy and alleviate poverty.1 

Compared to cow's milk, buffalo milk has exceptional 
nutritional characteristics, such as higher fat, 
protein, lactose and some minerals (calcium, iron, 
magnesium and phosphorus), lower cholesterol 
levels and almost twice the content of conjugated 
linoleic acid.2,3
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In addition, their higher casein, and fat contents are 
able to provide the final products with a better gel 
consistency, and more creaminess, respectively.4 

Considering that buffaloes are raised in many 
parts of the world and are adaptable to different 
climates, the consumption of buffalo milk is not 
popular in Colombia compared to cow's milk, and the 
production of buffalo dairy products, such as Suero 
Costeño, can help increase demand for buffalo milk, 
as well as generate income for farmers. 

Suero Costeño is made mainly with cow's milk, but it 
is also produced with goat's and buffalo's milk. It is a 
sour cream that is made by farmers in the Colombian 
Caribbean Region and other departments5,6 and in 
some municipalities of the department of Santander 
and represents a cultural heritage of the Coast,7,8 
it presents a thick viscous consistency, caused by 
the concentration of total solids such as protein and 
fat, as a consequence of lactic coagulation, with the 
addition of sodium chloride.7

To obtain Suero Costeño, the first stage used is the 
fermentation of milk. Fermentation is an ancient 
method used to preserve food. When food is 
fermented, it is difficult to contaminate, and even more 
so when antimicrobial is added.9 In addition, this type 
of food improves sensory properties such as flavor 
and texture, and imparts a desirable characteristic 
to consumers.10 Today fermentation has evolved 
beyond food preservation to become a tool to create 
sensory attributes such as flavor, aroma, texture 
and, improve nutritional and functional aspects.11, 

12, 13, 14, 15 Cultures used in the fermentation of dairy 
products play an important role in the fermentation 
of lactose and the production of lactic acid.16  
This acid produces an improvement in sensory 
properties such as flavor, aroma, texture and 
consistency; it also increases shelf life because the pH 
is reduced and inhibits pathogenic microorganisms 
present in the food.17,18 Likewise, research concludes 
that during the fermentation process, lactic acid 
bacteria (LAB) also produce bioactive compounds 
such as peptides, immunoglobulins, among others, 
which have beneficial contributions to health.19, 20, 21

They are available on the market in various forms, 
such as capsules, powders or fermented milk or 
food products. FAO and WHO describe probiotic 
organisms and probiotic foods as safe agents. The 
most commonly used are fermented milk products, 

since milk contains the fundamental nutrients for the 
growth of beneficial microorganisms.22, 23

Therefore, the objective of this research was to study 
the parameters of the fermentation process of Suero 
Costeño, elaborated with lactic acid bacteria strains: 
Lactococcus Lactis and Lactobacillus paracasei in 
order to select the most promising starter culture.

Materials and Methods
In this research we worked with lactic acid bacteria 
(LAB) collection strains, Lactococcus Lactis 
subsp. lactis(ATCC®29146™, Virginia, USA) 
and Lactobacillus paracasei subsp. paracasei 
(ATCC®334™, Virginia, USA). The selection was 
made based on the results obtained in previous 
isolation, selection and activation of strains applied to 
''Suero Costeño'' produced by artisanal production.24 
Activation of the strains from the cryopreserved 
pure culture was carried out by transferring 1 mL of 
the culture to a test tube containing 9 mL of MRS 
culture medium, special for lactic acid bacteria; 
subsequently, the inoculated test tube was incubated 
for 24 h at 30 °C. After the incubation time, each 
of the bacteria was surface-seeded in Petri dishes 
with Agar-MRS (Scharlab, Spain) modified with 
aniline blue (medium in which the colonies of lactic 
acid bacteria have a characteristic blue color) and 
incubated for 48 h at 30 °C. 

Next, purity was checked, and morphological 
characteristics were observed under the microscope 
by first focusing with the 10x and 40x objective, and 
then read with the immersion objective (100 X). One 
colony was taken from each test tube with MRS, 
and these were transferred to tubes containing 9 
mL of milk, and incubated at 30 °C for 24 h. Finally, 
all cultures were adjusted to a concentration of 108 
CFU/mL.25, 26, 27 Suero Costeño was obtained from 
a farm in El Carmen de Bolívar and an industrially 
produced one purchased at a local supermarket. 
The Suero Costeño was obtained with the purpose 
of being compared for syneresis, yield and sensory 
analysis.

Preparation of Suero Costeño
The raw buffalo milk was obtained in the Municipality 
of El Carmen de Bolívar. Was pasteurized at 80 
ºC, for 20 min: then two samples of 300 mL of milk 
were inoculated at 30 ºC for each microorganismL. 
lactis and L. paracasei (10% v/v of L. lactis and L. 
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paracasei) strains in a 30 L capacity fermenter, more 
information can be found in Yacub et al.,(2016).28 
It was incubated at the fermentation temperature 
of 30 ºC for 15 h; after the clot was obtained, 
30% of the whey was broken and separated, in 
relation to the initial volume of milk, by passing it 
through a filter; 0.12 % of sodium chloride (NaCl) 
was added, per 100 mL of curd and homogenized, 
to obtain a suitable consistency; finally, the yield 
was calculated.29 The artisanal Suero Costeño 
was purchased at a neighborhood store, and the 
industrial commercial Suero Costeño was purchased 
at a local supermarket.

Fermentation kinetics and Determination of 
Lactose
The pH measurement was performed using a 
potentiometer (CAL CHECK™ HI 9126, Rhode 
Island, USA) (Official Method 973,41), then 
calibrating standard buffers of pH 4.0 and 7.030. The 
absorbance was measured at 610 nm in the UV-VIS 
spectrophotometer, 4255. The data obtained were 
correlated with the sugar concentration through the 
calibration line, previously made in the laboratory. 

31, 32, 33 

Determination of Syneresis, Yield and Sensory 
Analysis
After two days of refrigerated storage at 5 ºC, the 
samples of Suero Costeño were shaken for 2 min, at 
400 rpm, with a magnetic stirrer and, subsequently, 
they were centrifuged at 5000 rpm at 20 ºC for 15 min 
(HettichMikro 22R). The syneresis was expressed 
as a percentage, calculated as the amount of 
liquid separated from the Suero Costeño due to 
centrifugation in relation to the total mass that was 
centrifuged; this same procedure was performed 
on a sample of commercial Suero Costeño and 
was compared with those obtained previously34. 
Yield was determined as the ratio between grams 
of Suero Costeño produced and grams of milk used 
to produce it multiplied by 100.

Samples of Suero Costeño were analyzed: artisanal, 
industrial commercial (purchased in a Supermarket) 
and inoculated with L. lactis and L. paracasei. The 
sensory analysis was carried out with a group of 
thirty trained people, attributes such as: flavor, 
color, texture, aroma and general acceptance were 
evaluated, using a 5-point hedonic scale; where 1 
was the lowest rating and 5 was the highest rating.

For syneresis, yield and sensory analysis, the Suero 
Costeño made from these two microbial cultures 
were compared with Suero Costeño made in an 
artisanal way in El Carmen de Bolívar, and one 
made in an industrial commercial (purchased in a 
Supermarket) way from buffalo milk.

Statistical Analysis 
The triplicate data of Suero Costeño were processed 
in the statistical package STATGRAPHICS Centurión 
XVI.I®, performing an analysis of variance (ANOVA), 
and when statistical differences were found  
(p< 0.05); Fisher's method (LSD) was applied with 
an error rate of 0.0535.

Fig.1: Lactose % decrease in the fermentation 
of Suero Costeño inoculated with Lactococcus 

lactis and Lactobacillus paracasei

Results and Discussion
Fermentation Process 
The initial lactose concentration was 4.6%, as shown 
in Figure 1; decreasing significantly during the  
12 h of fermentation, at the end a minimum value of 
3.1% was obtained at 15 h for the Suero Costeño 
samples with L. lactis while for L. paracasei the 
lactose percentage was 3.4%; the decrease in the 
lactose percentage is explained by the metabolism 
of Lactic acid bacteriato obtain energy.36 Several 
dairy products with similar lactose values to Suero 
Costeño were observed, such as skimmed natural 
yogurt (3.7%), cheese slices, condensed whole 
milk (5%).37 Taking into account the loss of lactose 
due to consumption by the microorganisms for 
the production of lactic acid, and also during the 
manufacturing process, especially that which remains 
in the whey due to the solubilization of this reducing 
sugar, the final percentage is considerable in Suero 
Costeño. these data coincide with those obtained 
by Simanca et al., (2010)7 who reported a decrease 
in lactose content, reaching a value of 4.44%, 
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consumed by the microorganisms responsible for 
the fermentation process. Approximately 98% of 
the lactose is eliminated in the whey as lactose or 
lactate during the production of Suero Costeño.38

Costeño samples with L. lactis compared to  
L. paracasei was presented during the first 7 h  
(Figure 3). The Suero Costeño samples reached 
a pH of 4.6 in the time interval from 8 to 10 h, the 
isoelectric point of the caseins, so the acidification 
rate was higher than that reported for the artisanal 
fermentation of Suero Costeño, which was 22 h.34

Fig.2: Viability by standard surface plate 
count technique on MRS for Suero Costeño 

inoculated with Lactococcus lactis and 
Lactobacillus paracasei

The viability of BAL strains in Suero Costeño has been 
studied and it has been found that the genus L. lactis 
has better results.39, 40 The rate of decrease in lactose 
concentration is high, as is the viability (Figure 2), 
values that coincide with the research of Patrignani  
et al., (2006)41 who studied a fermented milk product, 
using starter cultures of Lactobacillusacidophilus, 
Lactobacillus plantarumand, Lactobacillus paracasei 
and, Lactococcus Lactis for its production. The 
reduction observed with the addition of the two 
lactic microorganisms was probably caused by 
the presence of acids, bacteriocins, peroxide 
hydrogen and flavor compounds that affected the 
cell vitality and viability of the bacteria studied.42 
Microbiological analyses performed by Yu et al., 
(2015)43 on different fermented dairy foods showed 
the presence of lactic acid bacteria at levels ranging 
from 3.18 to 5.30 log cfu/mL, 7.30 to 8.53 log cfu/
mL, 7.16 to 9.05 log cfu/g, and 7.06 to 9.23 log 
cfu/mL, for 3 fermented mare's milk samples,  
6 sour cream samples, 8 cheese samples, and 24 
fermented milk samples respectively. Fermented 
cow milks from two different regions, observed 
that the presence of Lactobacillus delbrueckii ssp. 
bulgaricus, and Lactobacillus sakei were significantly 
lower than those from other regions (p< 0.001) and 
Lactobacillus sakei counts were significantly higher 
than those from other regions (p< 0.05).

It is known that pH is a limiting factor in the 
fermentation process of dairy products.44 In this 
research, a greater pH reduction of the Suero 

Fig.3: pH decrease in the fermentation of 
Suero Costeño inoculated with Lactococcus 

lactis and Lactobacillus paracasei

The Suero Costeño samples with L. paracasei 
behaved almost constantly after 10 h; therefore, 
the L. lactis inoculum present in the Suero Costeño 
decreased the pH of the samples more rapidly. At the 
end of the fermentation process at 15 h, values of 
4.3 and 4.5 were obtained (L. lactis and L. paracasei, 
respectively).

It has been stated that the strains suitable for 
the formulation of starter cultures are those that 
produce a pH lower than 5.4, after 6 h of incubation 
at 30 ºC, since they would be ensuring a correct 
acidification and on the other hand, avoiding the 
proliferation of undesirable microorganisms.45 

Analyzing these results, it can be affirmed that the 
variation of pH at the end of fermentation could be 
mainly due to the activity of the starter culture used. 
Bondarchuk (2018)46 during the production of sour 
butter, from cream fermentation; they observed a 
change in titratable acidity and pH during cream 
fermentation. They found that during the first 2 hours 
of fermentation at 8 °C and then at 21 °C for 1 h, 
the initial pH (6.5 units) and titratable acidity (17°T) 
remained the same, which may be due to adaptation 
of the cells to the medium.  During the following 
21-22 h of cream fermentation, pH decreased by 
5.15-5.20 units.
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Syneresis and Yield Analysis 
No significant differences were observed between 
the Suero Costeño samples prepared with L. lactis 
and L. paracasei cultures for syneresis and yield; 
however, with respect to industrial commercial 
whey, there were statistical differences as shown in  
Table 1 (p<0.05). The control of syneresis is essential 
because it determines the moisture content which, 

in turn, produces effects on the feed.47 Hassan  
et al., (2017)48 observed higher syneresis values of 
sour cream, both in its fresh state and during cold 
storage, because it released a high value of whey, 
in the range of 2.6 ml to 3 ml. This could be due to 
the different total solids contents (mainly protein), 
and also to the presence or absence of stabilizers.

Table 1: Syneresis and yield of Suero Costeño inoculated with Lactococcus lactis, 
Lactobacillus paracasei and a commercial one. Different letters indicate 

statistical differences in the same row (p<0.05)

 Lactococcus Lactis Artisanal Lactobacillus paracasei Industrial commercial

Syneresis (%) 16.12 ± 0.23a 26.83 ± 0.87b 18.15 ± 0.41a 26.20 ± 0.24b

Yield (%) 50.25 ± 0.34a 44.57 ± 0.45b 49.33 ± 0.32a 43.45 ± 0.31b

Acevedo etal.27 obtained similar results in the 
syneresis of Suero Costeño, stating that it was 
significantly affected by the level of total solids, 
and by the interaction of the variables between 
temperature and total solids. These researchers 
stated that, syneresis increased as temperature 
increased and decreased as total solids increased. 
It should be noted that as temperature increases, 

syneresis is accelerated, due to the relaxation of 
the bonds and denaturation of the proteins that form 
the casein network.27, 49 Also, Tirado et al., (2018)50 

analyzed by scanning electron microscopy that the 
coastal whey produced with low protein content, 
produced higher porosity and syneresis. In contrast, 
as the protein content increased, the porosity of the 
coastal whey decreased as did the syneresis.

Table 2: Sensory analysis of the samples of Suero Costeño: commercial, artisanal, inoculated 
with Lactococcus lactis and Lactobacillus paracasei. Different letters indicate statistical 

differences in the same row (p<0.05)

Sample Flavor Color Texture Aroma General Acceptance

Lactococcus lactis 4.3 ± 0.25c 4.2± 0.10b 4.6 ± 0.21b 4.5 ± 0.19c 4.4 ± 0.17c

Lactobacillus paracasei 3.8± 0.21b 4.2± 0.09b 3.8 ± 0.10a 3.9 ± 0.08b 3.8± 0.05b

Artisanal 4.5 ± 0.19c 4.3± 0.12b 4.5 ± 0.15b 4.5 ± 0.16c 4.5 ± 0.10c

Commercial 3.4± 0.29a 4.0 ± 0.05a 3.8 ± 0.22a 3.6 ± 0.21a 3.5± 0.12a

Sensory Analysis
The sensory analysis performed on the samples 
of artisanal Suero Costeño was similar to that 
inoculated with L. lactis as starter culture. Isolated 
strains of Lactococcus lactissubsp. Lactis have been 
identified in fresh artisanal goat's milk cheese, and it 
was observed that this type of strains contributed to 
the development of sensory characteristics.51

The formation of flavors and odors depends on the 
proteolytic system, since Lactic acid bacteria partially 
degrade caseins generating free peptides, which are 

hydrolyzed to amino acids by the combined action of 
peptidases.52 The Lactococcus genus of Lactic acid 
bacteria has been reported as a flavor promoter, 
generating small amounts of acetaldehyde and large 
amounts of diacetyl in sour cream.53 Shepard et al., 
(2015)54 stated that the factors that most influence 
consumer acceptance and preference in fermented 
milk cream are milk fat, cooked aromatic flavors, 
opacity, color intensity and viscosity.

On the other hand, the commercial Suero Costeño 
was the least preferred with a general acceptance of 
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3.5 points, compared to the artisanal Suero Costeño 
and the one inoculated with Lactococcus lactis, 
which showed values of 4.5 and 4.4, respectively. 
This can be explained by the industrial techniques 
used in the production and storage process, which 
affect some main sensory attributes. An important 
parameter to determine the quality of food is through 
sensory analysis. Salem et al., (2015)55 observed 
that the addition of Moringa oleiferaleaves extract 
and Moringa oleiferaoil, had a significant effect on 
flavor, body texture and total score of Sour Cream 
s inoculated with 2% starter of L. lactis spp. Lactis 
and L. lactis spp. In addition, it improved flavor with 
no adverse effect on quality.

Pasteurization can eliminate part of the natural 
microflora of raw milk and consequently affect 
sensory characteristics.56 In the same order,  
it has been reported that dairy products made with 
pasteurized milk have less flavor than those made 
with raw milk due to the reduction in the number of 
Lactic acid bacteriaduring the thermal process.53

Conclusions
The use of Lactococcus Lactis as starter culture is 
recommended in the manufacture of Suero Costeño 
with pasteurized milk, considering that it obtained 
the best fermentation characteristics. These findings 

can help manufacturers to produce sour creams with 
optimized sensory properties by modifying starter 
cultures and processing procedures. Suero Costeño, 
being a product with prebiotic characteristics, can be 
used for other types of dairy fermentation, due to the 
advantages of having this type of microorganisms, 
considered as a functional food; in addition, it is an 
important point that can imply in the selection by 
consumers.

Acknowledgments
We thank the Announcement 01430-2019: ‘’By which 
the opening of the process of strengthening plans is 
ordered to obtain financial resources to support the 
strengthening and sustainability of research groups 
classified by the Administrative Department of 
Science, Technology and Innovation (Colciencias) in 
categories A1, A, B, C, D and Recognized, endorsed 
by the University of Cartagena’’, for the financing of 
the project, 2019.

Funding
The author(s) received no financial support for the 
research, authorship, and/or publication of this 
article.

Conflict of Interest
The author(s) declares no conflict of interest.

References

1.  FAO. (2014). Gateway to dairy production and 
products. Food and Agriculture Organization 
of the United Nations. http://www.fao.org/
dairy-production-products/es/. Accessed 
date: 21/10/2020.

2.  Pelegrine, D.H.G., and Silva, F.R.S.R. Dairy 
products production with buffalo milk. Int. J. 
Appl. Sci., 4(3): 14-19.

3. Da Silva, T.M.S., Piazentin, A.C.M., Mendonça, 
C.M.N., Converti, A., Bogsan, C.S.B., Mora, 
D., De Souza Oliveira, R.P. (2020). Buffalo 
milk increases viability and resistance of 
probiotic bacteria in dairy beverages under 
in vitro simulated gastrointestinal conditions. 
Int. J. Dairy Sci., 103(9): 7890-7897.

4.  Sfakianakis, P., Constatnina T. (2014). 
"Conventional and innovative processing of 
milk for yogurt manufacture; development 

of texture and flavor: A review." Foods.,  
3(1): 176-193.

5.  Tirado, D.F., Acevedo-Correa, D., and Mantilla-
Escalante, D.C. (2017). Effect of addition of 
whey proteins on the microstructure and 
syneresis of “suero costeño” made from goat 
milk. Int. J. Food. Sci. Tech., 9:4127-4131.

6.  Tirado, D.F., Vertel-Gallego, A., Lora-
Sánchez, J., Gallo-García, L.A., Acevedo, 
D., Torres-Gallo, R. (2018). Rheological 
properties of Colombian-Caribbean-coast 
sour cream from goat milk. Int. J. Food. Sci. 
Tech., 53(1): 97-105.

7.  Simanca, M., Arteaga, M., Perez, Y., Soto, 
M.S.J. (2010). Caracterización y estudio 
de la fermentación espontánea del suero 
costeño producido en Montería. Revista MVZ 
Córdoba, 15(1): 1944-1953.



1064ACEVEDO et al., Curr. Res. Nutr Food Sci Jour., Vol. 9(3) 1058-1066 (2021)

8.  Motato, K.E., Milani, C., Ventura, M., Valencia, 
F.E., Ruas-Madiedo, P., and Delgado, S. 
(2017). Bacterial diversity of the Colombian 
fermented milk “Suero Costeño” assessed 
by culturing and high-throughput sequencing 
and DGGE analysis of 16S rRNA gene 
amplicons. Food Microbiol., 68: 129–136. 

9.  Kazakos, S., Mantzourani, I., Nouska, 
C., Alexopoulos, A., Bezirtzoglou, E., & 
Bekatorou, A. (2016). Production of low-
alcohol fruit beverages through fermentation 
of pomegranate and orange juices with kefir 
grains. Curr. Res. Nutr. Food Sci. Jour.,  
4(1): 19-26.

10.  Chaudhary, A., Verma, K., and Saharan, B. 
(2020). Probiotic potential of blueberry jam 
fermented with lactic acid bacteria. Curr. Res. 
Nutr. Food Sci. Jour., 8(1): 65-78.

11.  Nou t ,  M .J .R .  Food  Techno log ies : 
Fermentation. In: Motarjemi Y., Moy, 
Gerald., and Todd, Ewen. Encyclopedia 
of Food Safety, USA: Academic Press;  
2014: 168–177.

12.  Terefe, N. S. (2016). Food Fermentation. 
In: Smithers, G., Trinetta, V., Knoerzer, K. 
Reference Module in Food Science, USA: 
Academic Press; 2016: 

13.  Ly, D., Mayrhofer, S., and Domig, K.J. (2018). 
Significance of traditional fermented foods in 
the lower Mekong subregion: A focus on lactic 
acid bacteria. Food Biosci., 26: 113–125. 

14.  Mays, Z.J., and Nair, N.U. (2018). Synthetic 
biology in probiotic lactic acid bacteria: At 
the frontier of living therapeutics. Curr. Opin. 
Biotechnol, 53: 224–231. 

15.  Santos-Espinosa, A., Manzanarez-Quin, 
C.G., Reyes-Díaz, R., Hernández-Mendoza, 
A., Vallejo-Cordoba, B., and González-
Córdova, A.F. (2018). Ácido γ-aminobutírico 
(gaba) producido por bacterias ácido lácticas 
en alimentos fermentados. Interciencia., 
43(3): 175–181.

16.  Niamah, A.K. (2017). Physicochemical and 
microbial characteristics of yogurt with Added 
Saccharomyces boulardii. Curr. Res. Nutr. 
Food Sci. Jour., 5(3): 300-307.

17.  Hati, S., Mandal, S., and Prajapati, J.B. 
(2013). Novel starters for value added 
fermented dairy products. Curr. Res. Nutr. 
Food Sci., 1(1): 83-91.

18.  ElSaadany, K., and Abd-Elhaleem, H.T. 

(2019). In vivo anti-hypercholesterolemic 
effect of buttermilk, milk fat globule membrane 
and Enterococcus faecium FFNL-12. Curr. 
Res. Nutr. Food Sci., 7(2): 517-531.

19.  Collantes, M.A. (2018). Compuestos 
bioactivos en alimentos fermentados a partir 
de sustratos naturales (Degreedissertation, 
Universidad Nacional de la Amazonia 
Peruana).

20.  Fernández, M.A.Á. (2018). Compuestos 
bioactivos en alimentos fermentados 
obtenidos a partir de sustratos naturales 
(Doctoral dissertation, Universidad de 
Sevilla).

21.  Teneva-Angelova, T., Hristova, I., Pavlov, 
A., and Beshkova, D. (2018). Lactic Acid 
Bacteria—From Nature Through Food to 
Health. In: Holban A.M., and Grumezescu, A.M. 
Advances in Biotechnology for Food Industry 
(pp. 91-133). Academic Press. https://www.
sciencedirect.com/book/9780128114438/
advances-in-biotechnology-for-food-industry

22.  Silva, H.L.A., Balthazar, C.F., Silva, R., 
Vieira, A.H., Costa, R.G.B., Esmerino, E.A., 
and Cruz, A.G. (2018). Sodium reduction 
and flavor enhancer addition in probiotic 
prato cheese: Contributions of quantitative 
descriptive analysis and temporal dominance 
of sensations for sensory profiling. J. Dairy 
Sci., 101(10): 8837-8846.

23.  Sameer, B., Ganguly, S., Khetra, Y., and 
Sabikhi, L. (2020). Development and 
characterization of probiotic Buffalo milk 
Ricotta cheese. LWT, 121: 108944.

24.  Torres-Llanez, M.J., Vallejo-Cordoba, 
B., Díaz-Cinco, M.E., Mazorra-Manzano, 
M.A., and González-Córdova, A.F. (2006). 
Characterization of the natural microflora 
of artisanal Mexican Fresco cheese. Food 
Control, 17(9): 683–690. 

25.  Acevedo, D., Rodriguez, A., and Fernandez, 
A. (2012). Determinaciones oscilatorias 
de baja amplitud del Suero Costeño. Rev. 
U.D.C.A Act. & Div. Cient., 15(1): 219–225.

26.  Kristo, E., Biliaderis, C., and Tzanetakis, 
N. (2003). Modell ing of rheological, 
microbiological and acidification properties 
of a fermented milk product containing a 
probiotic strain of Lactobacillus paracasei. 
Int. Dairy J., 13(7): 517–528.

27.  Acevedo, D., Rodríguez, A., and Fernández, 



1065ACEVEDO et al., Curr. Res. Nutr Food Sci Jour., Vol. 9(3) 1058-1066 (2021)

A. (2010). Efecto de las Variables de 
Proceso sobre la Cinética de Acidificación, la 
Viabilidad y la Sinéresis del Suero Costeño 
Colombiano. Inf. Tecnol., 21(2): 29–36. 

28.  Yacub, B., Barros, J.C., Correa, D.A., 
Fernandez, L.M., Betancourt, R. L., and 
Tirado, D.F. (2016). Diseño de un prototipo 
fermentador de leche semiautomático para 
la elaboración de suero costeño. Biotecnol. 
sector agropecuario agroind., 14(1): 95-102.

29.  Saarela, M., Mogensen, G., Fondén, R., 
Mättö, J., and Mattila-Sandholm, T. (2000). 
Probiotic bacteria: safety, functional and 
technological properties. J. Biotechnol., 
84(3): 197–215.

30.  Niamah, A. K., Al-Sahlany, S. T. G., & Al-
Manhel, A. J. (2016). Gum Arabic uses as 
prebiotic in yogurt production and study 
effects on physical, chemical properties and 
survivability of probiotic bacteria during cold 
storage. World Appl. Sci. J., 34(9): 1190-1196.

31.  Ruiz, L.E. (2011). Diseño de un proceso 
para la obtención de una galleta a partir 
de harina de trigo enriquecida con paraíso 
blanco (Moringa oleifera) y su respectiva 
evaluación nutricional. http://biblioteca.usac.
edu.gt/tesis/08/08_1210_Q.pdf. Updated 
date. Accessed date: 22/05/2021.

32.  Nelson, N. (1944). A photometric adaptation 
of the Somogyi method for the determination 
of glucose. J. Biol. Chem., 153(2): 375-380.

33.  Shao, Y., Lin, A.H.M. (2018). Improvement 
in the quantification of reducing sugars by 
miniaturizing the Somogyi-Nelson assay 
using a microtiter plate. Food chem., 240, 
898-903.

34.  Acevedo, D., Guzmán, L., and Rodríguez, 
A. (2013). Cinética de la fermentación en la 
producción de suero costeño. Rev. U.D.C.A 
Act. & Div. Cient., 16(2): 427–433.

35.  Kemsawasd, V., Chaikham, P. (2020). Effects 
of frozen storage on viability of probiotics and 
antioxidant capacities of synbiotic riceberry 
and sesame-riceberry milk ice creams. Curr. 
Res. Nutr. Food Sci. Jour.; 8(1): 107-121.

36.  Muelas, R., Martí de Olives, A., Romero, 
G., Díaz, J.R., Sayas-Barberá, M. E., and 
Sendra, E. (2018). Evaluation of individual 
lactic acid bacteria for the fermentation 
of goat milk: Quality parameters. LWT,  
98: 506–514.

37.  Conzuelo, F., Gamella, M., Campuzano, 
S., Ruiz, M. A., Reviejo, A. J., Pingarron, 
J. M. (2010). An integrated amperometric 
biosensor for the determination of lactose in 
milk and dairy products. J. Agr. Food Chem., 
58(12): 7141-7148.

38.  Izco, J. M., Tormo, M., Jiménez-Flores, R. 
(2002). Rapid simultaneous determination of 
organic acids, free amino acids, and lactose 
in cheese by capillary electrophoresis. Int. J. 
Dairy Sci., 85(9): 2122-2129.

39.  Acevedo, D., Guzmán, L., and Aida, R. (2012). 
Cultivo iniciador para la producción del suero 
costeño. Biotecnol. sector agropecuario 
agroind., 10(1): 16–20.

40.  Granados, C., Acevedo, D., Torres, R. (2012). 
Calidad de la leche y del suero costeño de 
los municipios Turbaco, Arjona y Carmen de 
Bolívar - Colombia. Rev Lasallista Investig., 
9(2): 132–137.

41.  Patrignani, F., Lanciotti, R., Mathara, J., 
Guerzoni, M., and Holzapfel, W. (2006). 
Potential of functional strains, isolated from 
traditional Maasai milk, as starters for the 
production of fermented milks. Int. J. Food 
Microbiol., 107(1): 1–11.

42.  Chaves-López, C., Serio, A., Grande-Tovar, 
C. D., Cuervo-Mulet, R., Delgado-Ospina, 
J., and Paparella, A. (2014). Traditional 
Fermented Foods and Beverages from a 
Microbiological and Nutritional Perspective: 
The Colombian Heritage. Compr. Rev. Food 
Sci. Food Saf., 13(5): 1031–1048.

43.  Yu, J., Wang, H. M., Zha, M. S., Qing, Y. 
T., Bai, N., Ren, Y., Zhang, H. P. (2015). 
Molecular identification and quantification of 
lactic acid bacteria in traditional fermented 
dairy foods of Russia. Int. J. Dairy Sci.,  
98(8), 5143-5154.

44.  Wang, Y., Tashiro, Y., and Sonomoto, K. 
(2015). Fermentative production of lactic 
acid from renewable materials: Recent 
achievements, prospects, and limits. J. 
Biosci. Bioeng., 119(1): 10–18. 

45.  Cueto, C., García, D., Garcés, F., and 
Cruz, J. (2007). Preliminary studies on the 
microbiological characterization of lactic 
acid bacteria in suero costeño, a Colombian 
traditional fermented milk product. Rev. 
Latinoam. de Microbiol., 49(1–2): 12–18. 

46.  Bondarchuk, O.O. (2018). Influence of 



1066ACEVEDO et al., Curr. Res. Nutr Food Sci Jour., Vol. 9(3) 1058-1066 (2021)

temperature regimes of ripening and 
fermentation stages on the physical 
and chemical properties of cream and 
sour-cream butter quality indicators. 
Харчованаукаітехнологія. 12 (3): pp 57-63.

47.  McSweeney PLH. Syneresis. In: McSweeney, 
P.L.H. Cheese Problems Solved, England: 
CRC Press; 2007:  72–79. https://www.
sciencedirect.com/science/art icle/pi i /
B9781845690601500065. Accessed date: 
15/11/2020.

48.  Hassan, M. N. A., Mehriz, A. M., Salem, 
A., Abozied, H. (2017). Formulation and 
Characterization Aspects of Light Sour 
Cream. Int. J. Dairy Sci.; 8(6): 257-262.

49.  Castillo, M. Lucey J. (2005). Effect of 
temperature and inoculum concentration 
on gel microstructure, permeability and 
syneresis kinetics Cottage cheese-type gels. 
Int. Dairy J., 16: 153-163.

50.  Tirado, D. F., Acevedo-Correa, D., Mantilla-
Escalante, D. C. (2017). Effect of addition 
of whey proteins on the microstructure and 
syneresis of “suero costeño” made from goat 
milk. International Journal of Engineering and 
Technology, 9, 4127-4131.

51.  Ramírez-López, C., and Vélez-Ruiz, J.F. 
(2016). Aislamiento, caracterización y 
selección de bacterias lácticas autóctonas 

de leche y queso fresco artesanal de cabra.
Información tecnol., 27(6): 115-128.

52.  Huertas, R.A.P. (2010). Bacterias ácido 
lácticas: Papel funcional en los alimentos. 
Biotecnol. Sector Agropecuario Agroind., 
8(1): 93-105.

53.  Ramirez-Ramirez, J.C., Rosas Ulloa, P., 
Velazquez Gonzalez, M.Y., Ulloa, J. A., and F. 
Arce. (2011). Bacterias lácticas: Importancia 
en alimentos y sus efectos en la salud. 
Revista Fuente, 7: 1-16.

54.  Shepard, L., Miracle, R. E., Leksrisompong, 
P., Drake, M. A. (2013). Relating sensory 
and chemical properties of sour cream to 
consumer acceptance. Journal of dairy 
science, 96(9), 5435-5454.

55.  Salem, A. S., Salama, W. M., & Ragab, W. 
A. (2015). Prolonged shelf life of sour cream 
by adding Moringa oleifera Leaves Extract 
(MOLE) or Moringa oleifera Oil (MOO). Am. 
J. Food Technol, 10, 58-67.

56.  Guillén, B.L.N., Hernández, M.A.C., Centeno, 
F.H., Verastegui, M.I. M. F., Vázquez, D.G.M., 
and Ortega, S.D.C.R. (2017). Selección de 
bacterias ácido lácticas del queso artesanal 
de leche de cabra de Coahuila para su uso 
como cultivos iniciadores. Investigación y 
Ciencia, 25(72): 45-52.


