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lácteos en México



Ø En Chiapas, la ganadería es una de las

principales actividades socioeconómicas.

Ø Aprox. 2 millones de cabezas de ganado

de doble propósito: cruza (pardo suizo y

algo de holstein con razas cebuinas).

Ø Al año se producen aproximadamente

365 millones de litros de leche, en

promedio, cerca de un millón de litros por

día.

SIAP, 2019



Quesos producidos en Chiapas

o La mayoría no son autóctonos (otros 
estados de la república).

o Ni cuentan con denominación de origen.

o Queso crema y doble crema

o Queso bola de Ocosingo

o Queso cincho

o Quesillo (estilo Oaxaca)

o Queso fresco (salado).



Queso Bola de Ocosingo

o Se produjo por primera vez en 1927 en el 
rancho “LalMc” de Ocosingo, Chiapas.

o Se localiza en las Montañas del Oriente.

o Sus coordenadas geográficas son 16º 54" N y
92º 06" O. Su alMtud es de 900 msnm.

o La alMtud, clima, Mpo de suelo, y pasto, le dan al
queso un sabor parMcular. 

o Solamente lo fabrican unos cuantos queseros
artesanales, cuyo conocimiento técnico ha
pasado de generación en generación.Vargas-Cesínet al., 2014; Agudelo-López, 2016



q Se presenta como una bola dura, con un diámetro

entre 8 y 12 cm,

q Su peso comprendido entre 500 g y 1 Kg,

aproximadamente.

q El queso está formado por dos partes: dos forros y el

queso interno.

q Al interior es un queso de doble crema, cuyo periodo

de maduración mínimo es de 21 días.

q Los forros, son una corteza dura, elaborado con leche

descremada con una acidez de 35°Dornic (°D).Ramírez, 2015; Laptography, 2016; Villegas, 2011 

Caracterís@cas



Queso bola de 
Ocosingo

Evaluación de las 

propiedades 

probió2cas in vitro 

(potencial probió2co)

Aislamiento (MRS, 37°C)
- Morfología colonial Caracterización 

molecular

Aislamiento y caracterización de Bacterias Ácido Lácticas

- CulPvo puro
(subculPvos MRS, 37°C)Muestreo en dos 

periodos: sequía (mayo) 
y lluvia (sepPembre) 

NMX-F-718-COFOCALEC-2006 



Evaluación de las propiedades probió2cas in vitro (potencial probió2co)

* Tolerancia a:

      - Cambios de pH: ajustando el medio de cul2vo a 4.0, 5.0, 6.0. 

      - Sales biliares: 0.05, 0.1, 0.15 y 0.3 % (p/v).

      - Cambios de Temperatura: 28, 37 y 43 °C.

      - Concentraciones de NaCl: 2, 4, 7 y 10 %.

      - Prueba de antagonismo: frente a Salmonella sp.

• Morfología colonial

• Tinción de gram

• Pruebas bioquímicas (catalasa y oxidasa)



Extracción de AND y purificación.
ü BAL aisladas se culMvaron en caldo MRS (24 h, 37°C). Mediante el Kit Fast ID Genomic 

DNA (se siguió el protocol del fabricante).

ü Se tederminó la concentración y pureza mediante nanodrop (260 nm)

Amplificación del gen ribosomal 16S ribosomal
ü PCR

ü Secuenciación a través de 16S ribosomal (MACROGEN Co. de Seúl Corea) 

Caracterización molecular



pH del medio Cepas que presentaron 
crecimiento

4.0

5.0

6.0

7.0

M12, M14, M15

M13, M16, M25

M7, M17, M18, M19, M25

M7, M21, M22, M23, M26

Table 1. Strains that resisted pH changes.
Tabla 1. Cepas que resistieron a los cambios de pH.

Se puede observar que seis cepas

(M12, M13, M14, M15, M16 y M25)

resistieron y recieron en un rango

de pH ácido (4.0-5.0), lo que

demuestra su potencial para la

formulación de alimentos ácidos. 

Resistencia a cambios de pH



Ø Se obtuvieron 24 cepas típicas BAL puras.

Ø El 53% de las cepas analizadas soportaron

concentraciones de 0.05 a 0.3 % de sales

biliares.

Ø El 80% de las cepas se identificaron como 

gram(+).

Ø El 100% de las cepas fueron catalasa (-).

Crecimiento en presencia de NaCl



Cepa Identificación por secuencia del 
ADNr 16S

Expectancia Identidad 
(%)

Referencia 
GenBank

Morfología microscópica Prueba 
catalasa

1 Lactobacillus fermentum 0.0 99 NR_104927.1 Diplococos, G + -
2 Enterococcus faecium 0.0 99 NR_102790.1 Cocos, G + -
3 Enterococcus faecium 0.0 95 NR_113904.1 Cocos, G + -
4 Lactobacillus fermentum 0.0 99 NR_113335.1 Bacilos cortos  (cocobacilos), G + -
5 Lactobacillus fermentum 0.0 99 NR_113335.1 Diplococos, G + -
6 Lactobacillus fermentum 0.0 99 NR_104927.1 Bacilos cortos, G + -
7 Lactobacillus fermentum 0.0 99 NR_113335.1 Bacilos cortos, G + -

8 Lactobacillus fermentum 0.0 99 NR_104927.1 Bacilos, G + -
9 Enterococcus faecium 0.0 95 NR_113904.1 Cocos, G + -

10 Lactobacillus fermentum 0.0 99 NR_104927.1 Cocos, G + -
11 Enterococcus faecium 0.0 99 NR_102790.1 Cocos G+ -
12 Lactobacilusfermentum 0.0 99 NR_075033.1 Bacilos G+ -

13 Lactobacilusfermentum 0.0 99 NR_075033.1 Bacilos cortos G+ -

14 Lactobacilusfermentum 0.0 99 NR_075033.1 Bacilos G+ -

16 Lactobacilusfermentum 0.0 99 NR_075033.1 Bacilos G+ -

16 Lactobacilusfermentum 0.0 98 NR_075033.1 Bacilos G+ -

17 Lactobacilusfermentum 0.0 98 NR_075033.1 Bacilos G+ -
18 Enterococcus faecium 0.0 98 NR_102790.1 Cocos G+ -
19 Lactobacilusfermentum 0.0 98 NR_113335.1 Bacilos G+ -

20 Lactobacilusfermentum 0.0 99 NR_075033.1 Bacilos G+ -
21 Enterococcus faecium 0.0 99 NR_102790.1 Cocos G+ -
22 Enterococcus faecium 0.0 98 NR_102790.1 Cocos G+ -
23 Enterococcus faecium 0.0 99 NR_102790.1 Cocos G+ -
24 Enterococcus faecium 0.0 99 NR_102790.1 Cocos G+ -

http://www.ncbi.nlm.nih.gov/nucleotide/507147983?report=genbank&log$=nucltop&blast_rank=1&RID=TPXZUZGS01R
http://www.ncbi.nlm.nih.gov/nucleotide/444439718?report=genbank&log$=nucltop&blast_rank=1&RID=TPY2JFVG01R
http://www.ncbi.nlm.nih.gov/nucleotide/444439718?report=genbank&log$=nucltop&blast_rank=1&RID=TPY4AXBH01R
http://www.ncbi.nlm.nih.gov/nucleotide/444439718?report=genbank&log$=nucltop&blast_rank=1&RID=TPY645X801R
http://www.ncbi.nlm.nih.gov/nucleotide/444439718?report=genbank&log$=nucltop&blast_rank=1&RID=TPY7EUTC01R
http://www.ncbi.nlm.nih.gov/nucleotide/444439718?report=genbank&log$=nucltop&blast_rank=1&RID=TPY8NCSC01R
http://www.ncbi.nlm.nih.gov/nucleotide/444439718?report=genbank&log$=nucltop&blast_rank=1&RID=TPYBGW9A01R
http://www.ncbi.nlm.nih.gov/nucleotide/507147983?report=genbank&log$=nucltop&blast_rank=1&RID=TPYEYXZ601R
http://www.ncbi.nlm.nih.gov/nucleotide/631252137?report=genbank&log$=nucltop&blast_rank=1&RID=TPYNCG6G01R
http://www.ncbi.nlm.nih.gov/nucleotide/444439718?report=genbank&log$=nucltop&blast_rank=1&RID=TPYR4EAR01R
http://www.ncbi.nlm.nih.gov/nucleotide/507147983?report=genbank&log$=nucltop&blast_rank=1&RID=TPYS5RUA01R
http://www.ncbi.nlm.nih.gov/nucleotide/507147983?report=genbank&log$=nucltop&blast_rank=1&RID=TPYS5RUA01R
http://www.ncbi.nlm.nih.gov/nucleotide/507147983?report=genbank&log$=nucltop&blast_rank=1&RID=TPYS5RUA01R
http://www.ncbi.nlm.nih.gov/nucleotide/507147983?report=genbank&log$=nucltop&blast_rank=1&RID=TPYS5RUA01R


§ La mayoría de las cepas presentaron una identidad superior a 95%, el cual es

el mínimo de aceptación que se tiene como referencia.

§ Con la información se elaboraron dendogramas (ordenar las muestras)

- Enterococcus (9 cepas)

- Lactobacillus (15). 



A) Amplicons of 16s rRNA with a molecular 

weight of 750 bp in 1% agarose gel stained 

with ethidium bromide; B) Visualization of 

Amplicons of the 16s rRNA with molecular 

weight of 1500 bp in 1% agarose gel 

stained with ethidium bromide.

A: 16s rRNA amplicons with a molecular 

weight of 1000 bp in 1% agarose gel 

stained in ethidium bromide. B: Amplicons 

of 16sRNA with molecular weight of 1500 

bp in 1% agarose gel stained with bromide.

Muestras de Queso bola



Bacterias 
aerotolerantes

Bacterias identificadas

M1

M2

M3

M4

M5

M6

M7

M8

M9

M10

Lactobacillus fermentum

Enterococcus faecium

Enterococcus faecium

Lactobacillus fermentum

Lactobacillus fermentum

Lactobacillus fermentum

Lactobacillus fermentum

Lactobacillus fermentum

Enterococcus faecium

Lactobacillus fermentum

Table 3. Strains identified in aerotolerant conditions.
Tabla 3. Cepas identificadas en condiciones aerotolerantes.

Fig. 7. Relationship of taxa strains in aerotolerant conditions.

Fig. 7. Relación de taxa cepas en condiciones aerotolerantes.
M: cepas aisladas del queso bola

Ramos-Alfaro et al., 2018



Desarrollo de alimentos funcionales



Alimentos Funcionales

² El término fue introducido por investigadores Japoneses hace más de 30 años.

² Algunos autores lo definen, como.

“Goldberg (1994), alimentos que tienen un impacto positivo en la salud de las personas, 
desarrollo físico, o estado de bienestar, adicional a su valor nutritivo”

Codex Alimentario
“Los alimentos funcionales deben proveer dos tipos de beneficios a la salud (Claims)”
1. Realza la función benéfica (Mejora el sistema inmune), mantiene la salud y bienestar.
2. Reduce el riesgo a enfermedades (Reduce el riesgo a desarrollar enfermedades).



Alimentos Funcionales y Salud Pública

²En el 2015, 60 millones de personas murieron alrededor del mundo.

Tres causas.
²Enfermedades coronarias (corazón), 7.2 millones (13%)
²Cancer, 7.1 millones (12%)
²Infarto, 5.5 millones (10%)

Enfermedades altamente relacionadas: grasas procesadas en alimentos, altos contenidos de 
azúcar refinada, bajos niveles de vitaminas y minerales, relacionado con un estilo de vida 
sedentario, lo que ocasiona diferentes desordenes metabólicos.



Producción de lactosuero

Adición de 
cuajo/Cultivos 

lácticos

Separación

Cuajada
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Figura 1-1. Suero de leche dulce obtenido de queso fresco.

Tabla 1-1. Composición química de lactosuero (promedios por 100 g)

Nutriente (%) Lactosuero dulce Lactosuero ácido

Agua 93.5 93.5
Grasa 0.3 0.1
Proteína 0.9 1.0
Lactosa 4.5 4.0
Minerales 0.6 0.8
Ácido láctico 0.2 0.6-1.0

Fuente: Almécija, 2007.

Desde el punto de vista digestivo, las proteínas del suero permane-
cen solubles al pH ácido del estómago, esto provoca que su tránsito 
por el estómago sea muy rápido y que lleguen al intestino intactas, 
permitiendo que su absorción sea a través de un sector más largo del 
intestino. Su largo paso por el intestino facilita una gran variedad de 
IXQFLRQHV��SRU�HMHPSOR��LQWHUDFFLRQHV�FRQ�OD�ÁRUD�JDVWURLQWHVWLQDO�R�FRQ�
los minerales presentes en el bolo alimenticio mejorando su absorción 
(Guzmán, 2005).

Otra de las propiedades del suero de leche, es que además de ser de 
EDMR�FRVWR��FRQWLHQH�XQ�SHUÀO�GH�PLQHUDOHV�HQ�HO�TXH�VH�GHVWDFD�VREUH�
todo la presencia de potasio, lo que favorece la eliminación de líquidos 

Lactosuero fresco

- Caseína
- Grasa

- Lactosa
- Micronutrientes

- Ac. Láctico

- Albuminas
- Caseína
- Grasa

- Lactosa
- Ac. Lác>co

- Micronutrientes



Se pueden dis*nguir dos *pos de lactosuero en función de que su acidez sea 
superior o inferior a 18° Dornic (°D). 

Lactosueros ácidos. Se producen en su mayor parte en la incorporación de un ácido, 
que produce la coagulación de la caseína; y en menor can*dad, de la coagulación de 
la caseína con bacterias lác*cas en la fabricación de quesos de pasta fresca y blanda. 

Lactosueros dulces: Se ob*enen en la elaboración de quesos de pasta prensada, 
u*lizando para la coagulación cuajo, quimiosina o cuajos de hongos o vegetales.

Clasificación de lactosuero

Vela-Gutiérrez et al., 2020
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Figura 1-1. Suero de leche dulce obtenido de queso fresco.

Tabla 1-1. Composición química de lactosuero (promedios por 100 g)

Nutriente (%) Lactosuero dulce Lactosuero ácido

Agua 93.5 93.5
Grasa 0.3 0.1
Proteína 0.9 1.0
Lactosa 4.5 4.0
Minerales 0.6 0.8
Ácido láctico 0.2 0.6-1.0

Fuente: Almécija, 2007.

Desde el punto de vista digestivo, las proteínas del suero permane-
cen solubles al pH ácido del estómago, esto provoca que su tránsito 
por el estómago sea muy rápido y que lleguen al intestino intactas, 
permitiendo que su absorción sea a través de un sector más largo del 
intestino. Su largo paso por el intestino facilita una gran variedad de 
IXQFLRQHV��SRU�HMHPSOR��LQWHUDFFLRQHV�FRQ�OD�ÁRUD�JDVWURLQWHVWLQDO�R�FRQ�
los minerales presentes en el bolo alimenticio mejorando su absorción 
(Guzmán, 2005).

Otra de las propiedades del suero de leche, es que además de ser de 
EDMR�FRVWR��FRQWLHQH�XQ�SHUÀO�GH�PLQHUDOHV�HQ�HO�TXH�VH�GHVWDFD�VREUH�
todo la presencia de potasio, lo que favorece la eliminación de líquidos 

Composición del suero de leche

o La lactosa es el componente principal del suero de leche y la que le confiere sus propiedades más 
importantes.

o Las proteínas del suero con2enen una alta proporción de aminoácidos azufrados, lo que contribuye a la 
gran calidad nutricional de éstas proteínas (su PER es de 3.2, comparado con el 2.0 de las caseínas). 



Ø La producción de suero de leche en el mundo se esMmó entre 180 y 190 millones 
ton/año, con una tasa de incremento entre 1 y 2%, pero solo el 50% se procesa.

Ø México produjo alrededor de 11,394 millones de toneladasde leche en el 2019.

Ø Produciéndose aproximadamente 3,777 millones de toneladas de suero de leche (50% se 
desecha a los rios).

Ø Aproximadamente: 94 y 18.8 millones de toneladas de lactosa y proteína, 
respecMvamente.

Ø Una producción diaria de 40,000 litros de lactosuero genera una contaminación similar a
una población de 1,250,000 habitantes.

Vela-Gutierrez et al., 2020; Lievore y cols., 2015; SIAP (2015) 

Producción de lactosuero



Bebidas fermentadas probió@cas para niños y adultos mayores
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Figura 1-1. Suero de leche dulce obtenido de queso fresco.

Tabla 1-1. Composición química de lactosuero (promedios por 100 g)

Nutriente (%) Lactosuero dulce Lactosuero ácido

Agua 93.5 93.5
Grasa 0.3 0.1
Proteína 0.9 1.0
Lactosa 4.5 4.0
Minerales 0.6 0.8
Ácido láctico 0.2 0.6-1.0

Fuente: Almécija, 2007.

Desde el punto de vista digestivo, las proteínas del suero permane-
cen solubles al pH ácido del estómago, esto provoca que su tránsito 
por el estómago sea muy rápido y que lleguen al intestino intactas, 
permitiendo que su absorción sea a través de un sector más largo del 
intestino. Su largo paso por el intestino facilita una gran variedad de 
IXQFLRQHV��SRU�HMHPSOR��LQWHUDFFLRQHV�FRQ�OD�ÁRUD�JDVWURLQWHVWLQDO�R�FRQ�
los minerales presentes en el bolo alimenticio mejorando su absorción 
(Guzmán, 2005).

Otra de las propiedades del suero de leche, es que además de ser de 
EDMR�FRVWR��FRQWLHQH�XQ�SHUÀO�GH�PLQHUDOHV�HQ�HO�TXH�VH�GHVWDFD�VREUH�
todo la presencia de potasio, lo que favorece la eliminación de líquidos 

Suero de leche fresco
(pH: 6-5), Inocuo

Suero de leche 
pasteurizado y ajustado

Inoculación CulPvos 
lácPcos

Incubación

Viabilidad de la BAL
NOM: 1x106 UFC/ml
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La bebida fermentada con L. casei presentó 4.8x106 UFC/mL, lo que 
indica su cumplimiento para  ser considerada como  una bacteria pre-
biótica de acuerdo a la NOM.

5-1.3.1 Componentes nutricionales de la bebida

En la tabla 5-1.3, se muestra la composición nutrimental de las bebidas 
(sabor fresa y durazno), obtenida mediante análisis químico proximal.

Tabla 5-1.3. Composición nutrimental de dos bebidas fermentadas (Por cada 
100 mL de bebida)

Componente Bebida sabor fresa Bebida sabor durazno

Humedad 87.205 ± 0.018ª 82.845 ±0.145b

Ceniza 0.0351 ± 0.01153a 0.38585 ± 0.03415a

Grasa 0.8042 ± 0.0205a 0.9626 ± 0.0623a

Fibra 5.635 ± 1.435a 4.515 ± 0.219a

Proteína 3.0381 ± 0.0000a 2.0253 ± 0.1752b

Carbohidratos 81.530  ± 0.533a 81.543 ± 0.500a

Ácido Láctico 30.200 ± 0.000a 34.500 ± 0.0000b

Energía 345 kilocalorías


/HWUDV�GLIHUHQWHV�HQ�OD�PLVPD�ÀOD�VLJQLÀFD�GLIHUHQFLDV�HVWDGtVWLFDV�VLJQLÀFDWLYDV��S�
< 0.05, ANOVA).

En relación con los resultados obtenidos del análisis químico proxi-
mal, se puede observar que ambas bebidas proveen buen aporte de pro-
teína de alto valor biológico, siendo la de sabor a fresa que la presenta 
mayor cantidad, y estadísticamente diferente a la bebida sabor durazno 
(p < 0.05), característica que se  le imputa por la presencia del  suero lác-
WHR��DGHPiV�SRU�VX�FRQWHQLGR�GH�ÀEUD�SXHGH�VHU�XQ�DOLPHQWR�~WLO�HQ�HO�
tratamiento de estreñimiento debido a que contiene más del 15% de la 
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Resultados de evaluación sensorial

Los resultados obtenidos para los atributos de sabor y color fueron ana-
lizados por medio de la técnica de análisis de varianza (ANOVA) y por 
estadística binomial, para lo cual se formularon las hipótesis siguientes:

Ho: X1=X2

Siendo X1  atributos de sabor y color de la bebida AFAM, y X2 atri-
butos de sabor y color de la bebida Comercial.

+D���;��;�

En la tabla 5-6, se muestran los resultados obtenidos de sabor y co-
lor de acuerdo al análisis de varianza (ANOVA) 

Tabla 5-1.6. Resultados obtenidos de los atributos sabor y color de AFAM y de 
la bebida de marca comercial, según análisis de varianza

Atributo AFAM Bebida Comercial

Sabor 9.118 ± 0.993a 9.294 ± 1.047a

Color 9.4146 ± 0.7062a 9.2414 ± 0.9508a


/HWUDV� GLIHUHQWHV� HQ� OD� PLVPD� ÀOD�PXHVWUDQ� GLIHUHQFLDV� HVWDGtVWLFD� VLJQLÀFDWLYDV�
(ANOVA, p < 0.05).

De acuerdo al análisis estadístico realizado no existen diferencias 
HVWDGtVWLFDV�VLJQLÀFDWLYDV��S���������HQ�HO�JUDGR�GH�SUHIHUHQFLD�HPLWLGR�
por los evaluadores sobre el sabor y color para las dos bebidas (AFAM 
y Comercial).

El análisis binomial efectuado, indicó un nivel de agrado (acepta-
bilidad) de 99.8% para el atributo de olor y 98.5% para la textura de 
$)$0��UHVXOWDGRV�FRQ�VXÀFLHQWH�HYLGHQFLD�HVWDGtVWLFD��S���������HQ�HO�
grado de aceptabilidad de los jueces.

Determinación de la composición nutricional y evaluación sensorial
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Tabla 5-3.7. Porciento de rendimiento del queso ricotta

pH de suero
Tiempo de calentamiento

5 min 10 min 15 min

4.5 5.170 6.587 6.511
5.0 3.380 4.629 4.575
6.0 3.127 3.857 3.807

Figura 5-3.3. Proceso de obtención de queso probiótico. A y B. Filtrado y obtención 
del queso ricotta (requesón); C. Ricotta escurrido; D. Molienda y amasado del queso; E. 
Adición de sal y goma xanthana; F. Queso ricotta untable refrigerado (4ºC).

Conclusiones 

El mejor rendimiento (6.5%) de obtención de queso ricotta untable se 
REWXYR�HQ�ORV�WUDWDPLHQWRV���\����7��\�7����DFLGLÀ�FDQGR�D�S+�GH�����\�
calentando durante 10 y 15 minutos, respectivamente. Las cepas de L. 
acidophilus presentaron mayor capacidad fermentativa, sus característi-
cas ácido tolerantes les permitió permanecer viables (20 días) e incre-
mentar las UFC en el producto a bajos niveles de pH (ca. 4.0) y mayor 
condiciones de acidez, que el resto. El queso untable tipo ricotta, es 
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Figura 1-1. Suero de leche dulce obtenido de queso fresco.

Tabla 1-1. Composición química de lactosuero (promedios por 100 g)

Nutriente (%) Lactosuero dulce Lactosuero ácido

Agua 93.5 93.5
Grasa 0.3 0.1
Proteína 0.9 1.0
Lactosa 4.5 4.0
Minerales 0.6 0.8
Ácido láctico 0.2 0.6-1.0

Fuente: Almécija, 2007.

Desde el punto de vista digestivo, las proteínas del suero permane-
cen solubles al pH ácido del estómago, esto provoca que su tránsito 
por el estómago sea muy rápido y que lleguen al intestino intactas, 
permitiendo que su absorción sea a través de un sector más largo del 
intestino. Su largo paso por el intestino facilita una gran variedad de 
IXQFLRQHV��SRU�HMHPSOR��LQWHUDFFLRQHV�FRQ�OD�ÁRUD�JDVWURLQWHVWLQDO�R�FRQ�
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(Guzmán, 2005).
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de procesamiento, evaluación sensorial e innovación gastronómica

Tabla 5-3.7. Porciento de rendimiento del queso ricotta

pH de suero
Tiempo de calentamiento

5 min 10 min 15 min

4.5 5.170 6.587 6.511
5.0 3.380 4.629 4.575
6.0 3.127 3.857 3.807

Figura 5-3.3. Proceso de obtención de queso probiótico. A y B. Filtrado y obtención 
del queso ricotta (requesón); C. Ricotta escurrido; D. Molienda y amasado del queso; E. 
Adición de sal y goma xanthana; F. Queso ricotta untable refrigerado (4ºC).

Conclusiones 

El mejor rendimiento (6.5%) de obtención de queso ricotta untable se 
REWXYR�HQ�ORV�WUDWDPLHQWRV���\����7��\�7����DFLGLÀ�FDQGR�D�S+�GH�����\�
calentando durante 10 y 15 minutos, respectivamente. Las cepas de L. 
acidophilus presentaron mayor capacidad fermentativa, sus característi-
cas ácido tolerantes les permitió permanecer viables (20 días) e incre-
mentar las UFC en el producto a bajos niveles de pH (ca. 4.0) y mayor 
condiciones de acidez, que el resto. El queso untable tipo ricotta, es 
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ABSTRACT
Whey, a cheese-derived product, contains good qua-

lity carbohydrates and proteins, which makes it a suitable 
medium for the bacterial development. Lactic acid bacteria 
(LAB) are used in foods to provide a wide variety of charac-
teristics; these bacteria have been used for the production 
of edible films and antibacterial compounds that extend 
products shelf life. Our objective was to evaluate the viability 
of LAB in two products formulated with whey and flour of 
malanga corms. The products were physical, microbiological 
and sensorially evaluated. By mixing two edible gums and 
Lactobacillus culture, a film was developed and applied to the 
bread crust added with whey and malanga flour; for the ice 
cream, first a fermented beverage was elaborated (48 hours) 
with Lactobacillus, the flavor was added and then frozen. The 
viability of the LAB was evaluated every week for a month in 
both products. The results indicate that the foods maintained 
a high growth of lactic acid bacteria (>106 CFU/ mL). The best 
gums in the preparation of the coating were xanthan and 
malanga.
Keywords: whey, cocoyam, functional food

RESUMEN
El suero, un producto derivado de la producción de 

queso, tiene carbohidratos y proteínas de buena calidad, lo 
que lo convierte en un medio adecuado para el desarrollo de 
bacterias. Las bacterias ácido lácticas (BAL) se utilizan en los 
alimentos para proporcionar una amplia variedad de carac-
terísticas; estas bacterias se han utilizado en la producción 
de películas comestibles y compuestos antibacterianos que 
extienden la vida útil del producto. El objetivo fue evaluar la 
viabilidad del BAL en dos productos formulados con suero 
lácteo y harina de cormos de malanga. Los productos fueron 
evaluados fisicoquímica, microbiológica y sensorialmente. 
Mezclando dos gomas comestibles y cultivo de Lactobacillus 
se desarrolló la película, que se aplicó a la cubierta de un pan 
adicionado con suero de leche y harina de malanga; para el 
helado, primero se elaboró una bebida fermentada (48 horas) 
con Lactobacillus, luego se adicionó el sabor y se congeló. Se 
evaluó la viabilidad de las BAL todas las semanas durante un 
mes en ambos productos. Los resultados indican que los ali-
mentos mantuvieron un alto crecimiento de bacterias ácido 

lácticas (> 106 UFC/mL). Las mejores gomas en la elaboración 
del recubrimiento fueron xantana y malanga.
Palabras claves: Suero, malanga, alimento funcional

INTRODUCTION
Lactic acid bacteria (LAB) have been present in human 

diet since ancient times. Nowadays they can be found in 
different dairy products such as drinks, yoghurt, fresh and 
ripened cheeses, different meats and their products, and in 
some vegetables. In addition, these bacteria have been used 
in the food industry as bio-preservers (Martin del Campo et 
al., 2008) since they play an important role in fermentation 
processes, not only due to their acidification ability, but 
also to their involvement in texture, taste, odor and flavor 
development of foods (Parra, 2010). In recent decades, their 
use in perishable foods preservation has been explored, due 
to the production of various metabolites such as lactic acid, 
hydrogen peroxide, diacetyl, carbon dioxide (CO2) and bacte-
riocins, the latter having stimulated greater interest (Heredia 
et al., 2017).

The malanga (Xanthosoma saggitifolium), is a plant 
with fast vegetative development, easy propagation and 
acceptable nutritional value. Using simple technologies, it 
is possible to use this vegetable to obtain flour, which can 
be used as raw material for the elaboration of various food 
products (Torres et al., 2013). Dehydrated malanga corm con-
tains 90 % dry matter, 80 % carbohydrates, 7 % raw protein, 
4 % raw fiber and 3 % fat, as well as low levels of saponins, 
phytates and tannins (Lopez et al., 2018). In addition to 
macronutrients, corms have an important content of mine-
rals, especially magnesium, calcium, iron and zinc, which 
are required to be included in the diet in order to fulfil vital 
functions of the human organism (Puá et al., 2019; Fernández 
et al., 2015; De Ancos et al., 2015).

Due to the important sector occupied by functional 
foods, the current trend of consuming these products, and 
the profits they produce, there is interest in adding beneficial 
bacteria to foods includingice cream, cereals, chocolate, 
non-fermented milk drinks; among them, ice cream is widely 
accepted among children and adolescents (Barrionuevo et 
al., 2011).
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food, also, when consumed, allows a greater absorption of 
the same (Rojas et al., 2015).

Under sterile conditions, the bread was made with 
malanga and wheat flour. After baking the breads (Figure 
1a) the probiotic biofilm was applied with commercial gums 
(xanthan and carob) (Figure 1c) and whey. The ingredients 
of the edible coatings can vary among gums, to replace 
materials and reduce typical polymer coatings. Currently, 
there are coatings based on protein, which makes them more 
attractive since, in addition to the various effects, they allow a 
nutritional increase of the product (Feng et al., 2018).

Table 1. Experimental design for coating and ice cream production.
Tabla 1. Diseño experimental para el recubrimiento y helado casero.

Coating

Treatment BF: LAB (mL) Xanthan gum Carob gum

BP1 20:10 0.8 g ---

BP2 20:10 --- 0.8 g

Ice cream

Treatment BF: LAB (mL) Fruit and/or taste

H1
100:10

Pineapple - coconut

H2 Lemon

H3
200:10

pineapple - coconut

H4 Lemon

BF: Fermented beverage; BP: Coating; H: Ice cream

Physicochemical analysis 
The nutritional composition of homemade bread and 

ice cream was determined by proximal chemical analysis: 
moisture content (AOAC 2015, 934.01), ash (AOAC 2015, 
942.05), protein (AOAC 2015, 2001.11), ethereal extract 
(AOAC 1990, 920.39) and crude fiber (AOAC 2015, 962.09).

Sensory evaluation
For the sensory evaluation, we used a group of untrai-

ned judges made up of 20 students between 19 and 23 years 
of age from the University of Science and Arts of Chiapas, the 
sample was selected through a non-probabilistic sampling at 
convenience. The test performed was for acceptability using 
a structured survey. The attribute profile was determined 
using a verbal hedonic scale, in which the acceptability of 
the biofilm in probiotic bread and homemade ice cream was 
analyzed.

Statistical analysis
The results of the sensory evaluation were analy-

zed using binominal statistics (p<0.005) and chi-square 
(p<0.005), using the Minitab® Statistical Package, version 
14.0 for Windows.

RESULTS AND DISCUSSIONS
Generally, coatings are formulated as liquid solutions 

that are applied on the surface of fruits or vegetables, to 
regulate the humidity and gaseous exchange with the at-
mosphere (Ncama et al., 2018; Thakur et al., 2018). 

Before developing the biofilm, the strains were reacti-
vated in the whey, with an initial pH of 6.8 ± 0.4 and an acidity 
of 14 ± 0.31 °D; after 16 hours (exponential phase), pH and 
acidity of fermented whey were measured, resulting in 4.4 ± 
0.9 and 19 ± 0.28, respectively. Similar data were shown by 
Montesdeoca et al. (2017), who obtained a fermented whey 
beverage with a final pH of 4.5 ± 0.035; Alava et al. (2014) 
characterized a sweet whey obtaining a pH of 6.5 ± 0.21. 
Lactobacillus produces organic acids, mainly lactic acid, that 
modify the pH of foods, which in addition to possess anti-
bacterial activity, it allows a greater release of calcium in the 

Figure 1. Breads with edible biofilms: a) Baking, b) Sterilization, and c) 
Inoculation.
Figura 1. Panes con biopelículas comestibles; a) Horneado, b) Esterilización 
c) Inoculación.

LAB viability tests were performed on breads made 
with probiotic biofilms. They were evaluated once a week for 
four weeks, through the technique of dilution and emptying 
into plates. Depending on each dilution, Lactobacillus growth 
can be observed. Results obtained from the quantification of 
the viability of bread with xanthan gum biofilm are shown.

During bread storage, the results show a considerable 
growth reduction of LAB after the second week (10-2 and 10-3 
dilution), however, at the end of the four weeks of storage, 
the amount of CFU/mL was greater than 1x106 CFU/g at the 
10-1 dilution. It should be mentioned that this type of product 
remains on the shelf for about two weeks or less. The decrea-
se in the bread CFU of LAB after the second week, is probably 
due to a decrease in the humidity of the product. It is ne-
cessary to emphasize that the biofilm allows the adequate 
development of LAB so that the coating can be considered a 
functional product. Lactic acid bacteria have important roles 
in food production, showing the ability to inhibit growth and 
development of a wide variety of undesirable microorga-
nisms in food. Some metabolites have a preservative effect 
by limiting the growth of pathogens, called bacteriocins 
(bioactive peptides), some have an effect on food quality by 
producing flavor enhancing components (diacetyl and ace-
taldehydes) (Agurto and Ramos, 2008; Heredia et al., 2017).

The biofilm with the carob bean gum allowed a 
greater growth of LAB, in the first week the amount of CFU/
mL was greater than 1x106 CFU/g in all dilutions; in the case 
of the 10-1 dilution, no count was possible throughout the 
four weeks of storage, whereas the 10-2 dilution, this beha-
vior was only present during the first two weeks; after that, 
a notorious reduction in the amount of CFU present in the 
coating was observed, in the same way it was observed for 
the 10-3 dilution, after the first week. An anoxic culture of 
LAB was developed in the coating, verified by gram staining, 
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Figure 3. Homemade probiotic ice cream process: a) preparation, b) inoculation, c) air incorporation, d) and e) final ice cream.
Figura 3. Proceso de elaboración de helados caseros probióticos: a) preparación, b) Inoculación, c) incorporación de aire, d) y 
e) helados finales.

Table 3. Microbiological analysis results of bread coated with probiotic bio-
films.
Tabla 3. Resultados del análisis microbiológico del pan con recubrimiento 
probiótico.

Parameter Result (CFU/g) LimitA (CFU/g)

Mold and yeasts <10 300

Aerobic mesophiles 10,000 200,000

Total Coliforms Absent 100

Mold and yeasts 10 50

Staphylococcus aureus Absent <100

Salmonella Absent Absent in 25 g

A NOM-247-SSA1-2008; NOM-036-SSA1-1993.

Table 4. Proximal chemical analysis of bread with probiotic coating: Xanthan 
gum (bread A) and carob gum (sample).
Tabla 4. Análisis químico proximal del pan con recubrimiento probiótico: 
Goma Xantana (Pan A) y goma Algarrobo (Pan B).

Parameter Bread A Bread B

Moisture 30.41 ± 2.30 37.34 ± 3.99

Ash 1.56 ± 0.18 1.14 ± 0.05

Fat 0.69 ± 0.13 0.85 ± 0.30

Protein 1.64 ± 0.75 2.45 ± 0.72

Fiber 6.75 ± 0.03 6.75 ± 0.03

Carbohydrates 60.32 ± 3.03 54.29 ± 4.06

material. The optimal development of LAB contributes to the 
preservation of food, reducing the use of chemical preserva-
tives, without altering the quality and safety of the product 
made (Agudelo et al., 2015). Lactic acid bacteria provide 
many beneficial effects related to their consumption, among 
which are the modulation of the intestinal microbiota activi-
ty, reduction of lactose intolerance symptoms, improvement 
of mucosal immunity and intestinal transit, and prevention of 
the incidence of Helicobacter pylori (Vinderola, 2014).

All the results shown in table 5, are lower than the 
maximum limits established by the Mexican official standard, 
to be considered fit for consumption, which guarantees the 
consumer health. Table 6 presents the results of the proximal 
chemical analysis of breads made with the different biofilms 
(with xanthan gum, bread A; and with carob gum, bread B). 
The results of the ice cream proximal chemical analysis are 
shown in Table 7. Due to the fact that the bread pieces were 
made with whey and the application of coating, the humidity 

Table 5. Proximal chemical analysis results of pineapple-coconut ice cream 
added with 100 mL of whey (Ice cream A) and lemon ice cream added with 
200 mL of whey (Ice cream B).
Tabla 5. Resultados del análisis químico proximal del helado de piña -coco 
con 100 mL de lactosuero (Helado A) y el helado de limón con 200 mL de 
lactosuero (Helado B).

Parameter Ice cream A Ice cream B

Moisture 70.61 ± 0.24 73.06 ± 0.15

Ash 0.34 ± 0.03 0.27 ± 0.01

Fat 0.67 ± 0.30 0.16 ± 0.09

Protein 0.46 ± 0.0 0.64 ± 0.26

Fiber 1.74 ± 0.26 1.79 ± 1.26

Carbohydrates 26.18 ± 0.77 24.08 ± 0.93

Table 6. Degree of acceptability by untrained judges according to bread at-
tribute profile.
Tabla 6. Grado de aceptabilidad de jueces no entrenados de acuerdo al per-
fil de atributos del pan.

Level of 
satisfaction

Color Smell Taste Appearance
M451 M581 M451 M581 M451 M581 M451 M581

Like 21aA 11aB 19aA 13aB 19aA 13aB 16aA 23aA

Neutral 1bA 4bA 2bA 5bA 3bA 8bB 4bB 0bB

Unlike 1bA 8aB 2bA 5bA 1bA 2cA 3bA 0bA

*Different letters in the same column per sample indicate significant statis-
tical differences (p<0.05, chi-square).
*Different letters in the same row per attribute indicate significant statisti-
cal differences (p<0.05, chi-square).

obtained was high compared to other types of bread (Mo-
hammad et al., 2003; Ishida and Steel, 2014), as well as the 
rest of the parameters determined. One of the options for 
fortifying bakery products is the use of alternative flours as 
an ingredient in their preparation. Each flour has unique nu-
tritional characteristics, for example, oats and barley increase 
the content of β-glucans (fibre) (Pourafshar et al., 2014), as 
does malanga flour, which also has exceptional nutritional 
and functional properties. In the baking industry, several 
additives are used to improve dough properties, increase 
quality and tolerance to food processes, and generally used 
to optimize products shelf life. However, currently there are 
alternatives to avoid the use of harmful additives, of which 
the use of edible coatings stands out, which can increase 
positive health effects (Andressa et al., 2017).

The mineral content (ash) of bread A and B is similar to 
that of whey (Hernández and Vélez, 2014), both are low in fat 

142
Volumen XXII, Número 3

Santos-Vázquez et al: Biotecnia / XXII (3): 138-145 (2020)

142

Figure 3. Homemade probiotic ice cream process: a) preparation, b) inoculation, c) air incorporation, d) and e) final ice cream.
Figura 3. Proceso de elaboración de helados caseros probióticos: a) preparación, b) Inoculación, c) incorporación de aire, d) y 
e) helados finales.

Table 3. Microbiological analysis results of bread coated with probiotic bio-
films.
Tabla 3. Resultados del análisis microbiológico del pan con recubrimiento 
probiótico.

Parameter Result (CFU/g) LimitA (CFU/g)

Mold and yeasts <10 300

Aerobic mesophiles 10,000 200,000

Total Coliforms Absent 100

Mold and yeasts 10 50

Staphylococcus aureus Absent <100

Salmonella Absent Absent in 25 g

A NOM-247-SSA1-2008; NOM-036-SSA1-1993.

Table 4. Proximal chemical analysis of bread with probiotic coating: Xanthan 
gum (bread A) and carob gum (sample).
Tabla 4. Análisis químico proximal del pan con recubrimiento probiótico: 
Goma Xantana (Pan A) y goma Algarrobo (Pan B).

Parameter Bread A Bread B

Moisture 30.41 ± 2.30 37.34 ± 3.99

Ash 1.56 ± 0.18 1.14 ± 0.05

Fat 0.69 ± 0.13 0.85 ± 0.30

Protein 1.64 ± 0.75 2.45 ± 0.72

Fiber 6.75 ± 0.03 6.75 ± 0.03

Carbohydrates 60.32 ± 3.03 54.29 ± 4.06

material. The optimal development of LAB contributes to the 
preservation of food, reducing the use of chemical preserva-
tives, without altering the quality and safety of the product 
made (Agudelo et al., 2015). Lactic acid bacteria provide 
many beneficial effects related to their consumption, among 
which are the modulation of the intestinal microbiota activi-
ty, reduction of lactose intolerance symptoms, improvement 
of mucosal immunity and intestinal transit, and prevention of 
the incidence of Helicobacter pylori (Vinderola, 2014).

All the results shown in table 5, are lower than the 
maximum limits established by the Mexican official standard, 
to be considered fit for consumption, which guarantees the 
consumer health. Table 6 presents the results of the proximal 
chemical analysis of breads made with the different biofilms 
(with xanthan gum, bread A; and with carob gum, bread B). 
The results of the ice cream proximal chemical analysis are 
shown in Table 7. Due to the fact that the bread pieces were 
made with whey and the application of coating, the humidity 

Table 5. Proximal chemical analysis results of pineapple-coconut ice cream 
added with 100 mL of whey (Ice cream A) and lemon ice cream added with 
200 mL of whey (Ice cream B).
Tabla 5. Resultados del análisis químico proximal del helado de piña -coco 
con 100 mL de lactosuero (Helado A) y el helado de limón con 200 mL de 
lactosuero (Helado B).

Parameter Ice cream A Ice cream B

Moisture 70.61 ± 0.24 73.06 ± 0.15

Ash 0.34 ± 0.03 0.27 ± 0.01

Fat 0.67 ± 0.30 0.16 ± 0.09

Protein 0.46 ± 0.0 0.64 ± 0.26

Fiber 1.74 ± 0.26 1.79 ± 1.26

Carbohydrates 26.18 ± 0.77 24.08 ± 0.93

Table 6. Degree of acceptability by untrained judges according to bread at-
tribute profile.
Tabla 6. Grado de aceptabilidad de jueces no entrenados de acuerdo al per-
fil de atributos del pan.

Level of 
satisfaction

Color Smell Taste Appearance
M451 M581 M451 M581 M451 M581 M451 M581

Like 21aA 11aB 19aA 13aB 19aA 13aB 16aA 23aA

Neutral 1bA 4bA 2bA 5bA 3bA 8bB 4bB 0bB

Unlike 1bA 8aB 2bA 5bA 1bA 2cA 3bA 0bA

*Different letters in the same column per sample indicate significant statis-
tical differences (p<0.05, chi-square).
*Different letters in the same row per attribute indicate significant statisti-
cal differences (p<0.05, chi-square).

obtained was high compared to other types of bread (Mo-
hammad et al., 2003; Ishida and Steel, 2014), as well as the 
rest of the parameters determined. One of the options for 
fortifying bakery products is the use of alternative flours as 
an ingredient in their preparation. Each flour has unique nu-
tritional characteristics, for example, oats and barley increase 
the content of β-glucans (fibre) (Pourafshar et al., 2014), as 
does malanga flour, which also has exceptional nutritional 
and functional properties. In the baking industry, several 
additives are used to improve dough properties, increase 
quality and tolerance to food processes, and generally used 
to optimize products shelf life. However, currently there are 
alternatives to avoid the use of harmful additives, of which 
the use of edible coatings stands out, which can increase 
positive health effects (Andressa et al., 2017).

The mineral content (ash) of bread A and B is similar to 
that of whey (Hernández and Vélez, 2014), both are low in fat 
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Figure 3. Homemade probiotic ice cream process: a) preparation, b) inoculation, c) air incorporation, d) and e) final ice cream.
Figura 3. Proceso de elaboración de helados caseros probióticos: a) preparación, b) Inoculación, c) incorporación de aire, d) y 
e) helados finales.

Table 3. Microbiological analysis results of bread coated with probiotic bio-
films.
Tabla 3. Resultados del análisis microbiológico del pan con recubrimiento 
probiótico.

Parameter Result (CFU/g) LimitA (CFU/g)

Mold and yeasts <10 300

Aerobic mesophiles 10,000 200,000

Total Coliforms Absent 100

Mold and yeasts 10 50

Staphylococcus aureus Absent <100

Salmonella Absent Absent in 25 g

A NOM-247-SSA1-2008; NOM-036-SSA1-1993.

Table 4. Proximal chemical analysis of bread with probiotic coating: Xanthan 
gum (bread A) and carob gum (sample).
Tabla 4. Análisis químico proximal del pan con recubrimiento probiótico: 
Goma Xantana (Pan A) y goma Algarrobo (Pan B).

Parameter Bread A Bread B

Moisture 30.41 ± 2.30 37.34 ± 3.99

Ash 1.56 ± 0.18 1.14 ± 0.05

Fat 0.69 ± 0.13 0.85 ± 0.30

Protein 1.64 ± 0.75 2.45 ± 0.72

Fiber 6.75 ± 0.03 6.75 ± 0.03

Carbohydrates 60.32 ± 3.03 54.29 ± 4.06

material. The optimal development of LAB contributes to the 
preservation of food, reducing the use of chemical preserva-
tives, without altering the quality and safety of the product 
made (Agudelo et al., 2015). Lactic acid bacteria provide 
many beneficial effects related to their consumption, among 
which are the modulation of the intestinal microbiota activi-
ty, reduction of lactose intolerance symptoms, improvement 
of mucosal immunity and intestinal transit, and prevention of 
the incidence of Helicobacter pylori (Vinderola, 2014).

All the results shown in table 5, are lower than the 
maximum limits established by the Mexican official standard, 
to be considered fit for consumption, which guarantees the 
consumer health. Table 6 presents the results of the proximal 
chemical analysis of breads made with the different biofilms 
(with xanthan gum, bread A; and with carob gum, bread B). 
The results of the ice cream proximal chemical analysis are 
shown in Table 7. Due to the fact that the bread pieces were 
made with whey and the application of coating, the humidity 

Table 5. Proximal chemical analysis results of pineapple-coconut ice cream 
added with 100 mL of whey (Ice cream A) and lemon ice cream added with 
200 mL of whey (Ice cream B).
Tabla 5. Resultados del análisis químico proximal del helado de piña -coco 
con 100 mL de lactosuero (Helado A) y el helado de limón con 200 mL de 
lactosuero (Helado B).

Parameter Ice cream A Ice cream B

Moisture 70.61 ± 0.24 73.06 ± 0.15

Ash 0.34 ± 0.03 0.27 ± 0.01

Fat 0.67 ± 0.30 0.16 ± 0.09

Protein 0.46 ± 0.0 0.64 ± 0.26

Fiber 1.74 ± 0.26 1.79 ± 1.26

Carbohydrates 26.18 ± 0.77 24.08 ± 0.93

Table 6. Degree of acceptability by untrained judges according to bread at-
tribute profile.
Tabla 6. Grado de aceptabilidad de jueces no entrenados de acuerdo al per-
fil de atributos del pan.

Level of 
satisfaction

Color Smell Taste Appearance
M451 M581 M451 M581 M451 M581 M451 M581

Like 21aA 11aB 19aA 13aB 19aA 13aB 16aA 23aA

Neutral 1bA 4bA 2bA 5bA 3bA 8bB 4bB 0bB

Unlike 1bA 8aB 2bA 5bA 1bA 2cA 3bA 0bA

*Different letters in the same column per sample indicate significant statis-
tical differences (p<0.05, chi-square).
*Different letters in the same row per attribute indicate significant statisti-
cal differences (p<0.05, chi-square).

obtained was high compared to other types of bread (Mo-
hammad et al., 2003; Ishida and Steel, 2014), as well as the 
rest of the parameters determined. One of the options for 
fortifying bakery products is the use of alternative flours as 
an ingredient in their preparation. Each flour has unique nu-
tritional characteristics, for example, oats and barley increase 
the content of β-glucans (fibre) (Pourafshar et al., 2014), as 
does malanga flour, which also has exceptional nutritional 
and functional properties. In the baking industry, several 
additives are used to improve dough properties, increase 
quality and tolerance to food processes, and generally used 
to optimize products shelf life. However, currently there are 
alternatives to avoid the use of harmful additives, of which 
the use of edible coatings stands out, which can increase 
positive health effects (Andressa et al., 2017).

The mineral content (ash) of bread A and B is similar to 
that of whey (Hernández and Vélez, 2014), both are low in fat 
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Figure 3. Homemade probiotic ice cream process: a) preparation, b) inoculation, c) air incorporation, d) and e) final ice cream.
Figura 3. Proceso de elaboración de helados caseros probióticos: a) preparación, b) Inoculación, c) incorporación de aire, d) y 
e) helados finales.
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probiótico.
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Mold and yeasts <10 300

Aerobic mesophiles 10,000 200,000

Total Coliforms Absent 100

Mold and yeasts 10 50

Staphylococcus aureus Absent <100

Salmonella Absent Absent in 25 g

A NOM-247-SSA1-2008; NOM-036-SSA1-1993.
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Tabla 4. Análisis químico proximal del pan con recubrimiento probiótico: 
Goma Xantana (Pan A) y goma Algarrobo (Pan B).
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preservation of food, reducing the use of chemical preserva-
tives, without altering the quality and safety of the product 
made (Agudelo et al., 2015). Lactic acid bacteria provide 
many beneficial effects related to their consumption, among 
which are the modulation of the intestinal microbiota activi-
ty, reduction of lactose intolerance symptoms, improvement 
of mucosal immunity and intestinal transit, and prevention of 
the incidence of Helicobacter pylori (Vinderola, 2014).

All the results shown in table 5, are lower than the 
maximum limits established by the Mexican official standard, 
to be considered fit for consumption, which guarantees the 
consumer health. Table 6 presents the results of the proximal 
chemical analysis of breads made with the different biofilms 
(with xanthan gum, bread A; and with carob gum, bread B). 
The results of the ice cream proximal chemical analysis are 
shown in Table 7. Due to the fact that the bread pieces were 
made with whey and the application of coating, the humidity 

Table 5. Proximal chemical analysis results of pineapple-coconut ice cream 
added with 100 mL of whey (Ice cream A) and lemon ice cream added with 
200 mL of whey (Ice cream B).
Tabla 5. Resultados del análisis químico proximal del helado de piña -coco 
con 100 mL de lactosuero (Helado A) y el helado de limón con 200 mL de 
lactosuero (Helado B).
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Moisture 70.61 ± 0.24 73.06 ± 0.15

Ash 0.34 ± 0.03 0.27 ± 0.01

Fat 0.67 ± 0.30 0.16 ± 0.09

Protein 0.46 ± 0.0 0.64 ± 0.26

Fiber 1.74 ± 0.26 1.79 ± 1.26

Carbohydrates 26.18 ± 0.77 24.08 ± 0.93

Table 6. Degree of acceptability by untrained judges according to bread at-
tribute profile.
Tabla 6. Grado de aceptabilidad de jueces no entrenados de acuerdo al per-
fil de atributos del pan.

Level of 
satisfaction

Color Smell Taste Appearance
M451 M581 M451 M581 M451 M581 M451 M581

Like 21aA 11aB 19aA 13aB 19aA 13aB 16aA 23aA

Neutral 1bA 4bA 2bA 5bA 3bA 8bB 4bB 0bB

Unlike 1bA 8aB 2bA 5bA 1bA 2cA 3bA 0bA

*Different letters in the same column per sample indicate significant statis-
tical differences (p<0.05, chi-square).
*Different letters in the same row per attribute indicate significant statisti-
cal differences (p<0.05, chi-square).

obtained was high compared to other types of bread (Mo-
hammad et al., 2003; Ishida and Steel, 2014), as well as the 
rest of the parameters determined. One of the options for 
fortifying bakery products is the use of alternative flours as 
an ingredient in their preparation. Each flour has unique nu-
tritional characteristics, for example, oats and barley increase 
the content of β-glucans (fibre) (Pourafshar et al., 2014), as 
does malanga flour, which also has exceptional nutritional 
and functional properties. In the baking industry, several 
additives are used to improve dough properties, increase 
quality and tolerance to food processes, and generally used 
to optimize products shelf life. However, currently there are 
alternatives to avoid the use of harmful additives, of which 
the use of edible coatings stands out, which can increase 
positive health effects (Andressa et al., 2017).

The mineral content (ash) of bread A and B is similar to 
that of whey (Hernández and Vélez, 2014), both are low in fat 
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Figure 3. Homemade probiotic ice cream process: a) preparation, b) inoculation, c) air incorporation, d) and e) final ice cream.
Figura 3. Proceso de elaboración de helados caseros probióticos: a) preparación, b) Inoculación, c) incorporación de aire, d) y 
e) helados finales.
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Mold and yeasts 10 50

Staphylococcus aureus Absent <100

Salmonella Absent Absent in 25 g
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material. The optimal development of LAB contributes to the 
preservation of food, reducing the use of chemical preserva-
tives, without altering the quality and safety of the product 
made (Agudelo et al., 2015). Lactic acid bacteria provide 
many beneficial effects related to their consumption, among 
which are the modulation of the intestinal microbiota activi-
ty, reduction of lactose intolerance symptoms, improvement 
of mucosal immunity and intestinal transit, and prevention of 
the incidence of Helicobacter pylori (Vinderola, 2014).

All the results shown in table 5, are lower than the 
maximum limits established by the Mexican official standard, 
to be considered fit for consumption, which guarantees the 
consumer health. Table 6 presents the results of the proximal 
chemical analysis of breads made with the different biofilms 
(with xanthan gum, bread A; and with carob gum, bread B). 
The results of the ice cream proximal chemical analysis are 
shown in Table 7. Due to the fact that the bread pieces were 
made with whey and the application of coating, the humidity 

Table 5. Proximal chemical analysis results of pineapple-coconut ice cream 
added with 100 mL of whey (Ice cream A) and lemon ice cream added with 
200 mL of whey (Ice cream B).
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con 100 mL de lactosuero (Helado A) y el helado de limón con 200 mL de 
lactosuero (Helado B).
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tribute profile.
Tabla 6. Grado de aceptabilidad de jueces no entrenados de acuerdo al per-
fil de atributos del pan.

Level of 
satisfaction
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M451 M581 M451 M581 M451 M581 M451 M581

Like 21aA 11aB 19aA 13aB 19aA 13aB 16aA 23aA

Neutral 1bA 4bA 2bA 5bA 3bA 8bB 4bB 0bB

Unlike 1bA 8aB 2bA 5bA 1bA 2cA 3bA 0bA

*Different letters in the same column per sample indicate significant statis-
tical differences (p<0.05, chi-square).
*Different letters in the same row per attribute indicate significant statisti-
cal differences (p<0.05, chi-square).

obtained was high compared to other types of bread (Mo-
hammad et al., 2003; Ishida and Steel, 2014), as well as the 
rest of the parameters determined. One of the options for 
fortifying bakery products is the use of alternative flours as 
an ingredient in their preparation. Each flour has unique nu-
tritional characteristics, for example, oats and barley increase 
the content of β-glucans (fibre) (Pourafshar et al., 2014), as 
does malanga flour, which also has exceptional nutritional 
and functional properties. In the baking industry, several 
additives are used to improve dough properties, increase 
quality and tolerance to food processes, and generally used 
to optimize products shelf life. However, currently there are 
alternatives to avoid the use of harmful additives, of which 
the use of edible coatings stands out, which can increase 
positive health effects (Andressa et al., 2017).

The mineral content (ash) of bread A and B is similar to 
that of whey (Hernández and Vélez, 2014), both are low in fat 
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and bacteria in the form of bacilli with a blue coloration was 
observed, indicating the presence of gram (+) lactic acid 
bacteria (Ramirez et al., 2011) (figure 2). In addition, this type 
of edible coating has been used to increase the shelf life of 
cheeses, increasing their organoleptic quality, due to the 
fact that the polysaccharides used decrease gas exchange; in 
addition, the production of bacteriocins from LAB (Costa et 
al., 2018; Arnon and Poverenov, 2018).

A homemade probiotic ice cream was made, using 
different concentrations of the fermented beverage with 
Lactobacillus; this bacteria has a greater tolerance to acidity, 
to the presence of oxygen and to high concentrations of 
sugars (Ramos et al., 2012). Four formulations were made 
(table 1), varying the inoculum concentration (100 and 200 
mL) and the taste. The flavors used were pineapple-coconut 
and lemon. The desired characteristics, such as consistency, 
appearance, flavor, color, and creamy texture, were achieved 
(Figure 3). After preparing the ice cream mixes (Figure 3a), 
they were inoculated under sterile conditions (Figure 3b), air 
was added to obtain the desired mix (Figure 3c), resulting in 
the ice cream shown in Figure 3d and e.

The viability of LAB in ice cream (H1, H2, H3 and H4) 
was evaluated weekly for four weeks using the plate casting 
technique, with MRS agar. Table 4 shows that the ice creams 
contain high viability of LAB between the first and third 
week of storage; however, after the fourth week a decrease 
is observed. Due to the use of an anoxic culture and the 
concentration of Lactobacillus, this product is considered a 
simple probiotic ice cream (Ramos et al., 2012). Similar results 
were reported by Moussa et al. (2005) who developed a pro-
biotic ice cream and analyzed viability of LAB along 4 weeks 
of storage, finding a decrease from 0.8 to 0.7 log.

Pineapple, coconut and lemon fruit extracts were used 
for flavoring, since they are harvested in any season, and are 
readily available in the local market, as well as being a perfect 
medium for the survival and growth of lactic acid bacteria.

Breads with edible coating were counted for fungi and 
yeasts according to the NOM-247-SSA1-2008 method, which 
indicates a maximum limit of 300 CFU/g. The presence of 
Salmonella and Shigella, aerobic mesophilic, total coliforms, 
Staphylococcus aureus and Vibrio cholerae was evaluated 
according to the NOM-243- SSA1-2010, as safety parameters.

Table 2. Microbiological evaluation results of homemade ice cream.
Tabla 2. Resultados de la evaluación microbiológica del helado casero.

H1

Dilution
CFU/g

Week 0 Week 1 Week 2 Week 3 Week 4

10-1 >1x106 >1x106 >1x106 >1x106 >1x106

10-2 >1x106 >1x106 >1x106 >1x106 >1x106

10-3 >1x106 >1x106 >1x106 131000 
± 9.89

112500 
± 3.53

H2

Dilution
CFU/g

Week 0 Week 1 Week 2 Week 3 Week 4

10-1 >1x106 >1x106 >1x106 >1x106 >1x106

10-2 >1x106 >1x106 >1x106 >1x106 >1x106

10-3 >1x106 >1x106 >1x106 >1x106 121000 
± 1 2.72

H3

Dilution
CFU/g

Week 0 Week 1 Week 2 Week 3 Week 4

10-1 >1x106 >1x106 >1x106 >1x106 >1x106

10-2 >1x106 >1x106 >1x106 >1x106 >1x106

10-3 >1x106 >1x106 >1x106 >1x106 >1x106

H4

Dilution
CFU/g 

Week 0 Week 1 Week 2 Week 3 Week 4

10-1 >1x106 >1x106 >1x106 >1x106 >1x106

10-2 >1x106 >1x106 >1x106 >1x106 13600 
± 5.65

10-3 >1x106 >1x106 44000 ± 
15.55

19000 ± 
4.24

8000 
± 4.24

Figure 2. BAL strains observed 
(100 X) under the optical micro-
scope (gram stain).
Figura 2. Cepas de BAL observa-
das (100 X) al microscopio óptico.

The fungi and yeasts count showed a growth of less 
than 10 CFU/g, well within the specifications indicated by the 
NOM-181-SCF1-2010. Lactic acid bacteria have been used as 
food biopreservatives, due to the production of secondary 
metabolites named bacteriocins, which inhibit the growth 
of pathogenic or alter microorganisms present in the raw 
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of edible coating has been used to increase the shelf life of 
cheeses, increasing their organoleptic quality, due to the 
fact that the polysaccharides used decrease gas exchange; in 
addition, the production of bacteriocins from LAB (Costa et 
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technique, with MRS agar. Table 4 shows that the ice creams 
contain high viability of LAB between the first and third 
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is observed. Due to the use of an anoxic culture and the 
concentration of Lactobacillus, this product is considered a 
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were reported by Moussa et al. (2005) who developed a pro-
biotic ice cream and analyzed viability of LAB along 4 weeks 
of storage, finding a decrease from 0.8 to 0.7 log.

Pineapple, coconut and lemon fruit extracts were used 
for flavoring, since they are harvested in any season, and are 
readily available in the local market, as well as being a perfect 
medium for the survival and growth of lactic acid bacteria.

Breads with edible coating were counted for fungi and 
yeasts according to the NOM-247-SSA1-2008 method, which 
indicates a maximum limit of 300 CFU/g. The presence of 
Salmonella and Shigella, aerobic mesophilic, total coliforms, 
Staphylococcus aureus and Vibrio cholerae was evaluated 
according to the NOM-243- SSA1-2010, as safety parameters.

Table 2. Microbiological evaluation results of homemade ice cream.
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Figure 3. Homemade probiotic ice cream process: a) preparation, b) inoculation, c) air incorporation, d) and e) final ice cream.
Figura 3. Proceso de elaboración de helados caseros probióticos: a) preparación, b) Inoculación, c) incorporación de aire, d) y 
e) helados finales.

Table 3. Microbiological analysis results of bread coated with probiotic bio-
films.
Tabla 3. Resultados del análisis microbiológico del pan con recubrimiento 
probiótico.

Parameter Result (CFU/g) LimitA (CFU/g)

Mold and yeasts <10 300

Aerobic mesophiles 10,000 200,000

Total Coliforms Absent 100

Mold and yeasts 10 50

Staphylococcus aureus Absent <100

Salmonella Absent Absent in 25 g

A NOM-247-SSA1-2008; NOM-036-SSA1-1993.

Table 4. Proximal chemical analysis of bread with probiotic coating: Xanthan 
gum (bread A) and carob gum (sample).
Tabla 4. Análisis químico proximal del pan con recubrimiento probiótico: 
Goma Xantana (Pan A) y goma Algarrobo (Pan B).

Parameter Bread A Bread B

Moisture 30.41 ± 2.30 37.34 ± 3.99

Ash 1.56 ± 0.18 1.14 ± 0.05

Fat 0.69 ± 0.13 0.85 ± 0.30

Protein 1.64 ± 0.75 2.45 ± 0.72

Fiber 6.75 ± 0.03 6.75 ± 0.03

Carbohydrates 60.32 ± 3.03 54.29 ± 4.06

material. The optimal development of LAB contributes to the 
preservation of food, reducing the use of chemical preserva-
tives, without altering the quality and safety of the product 
made (Agudelo et al., 2015). Lactic acid bacteria provide 
many beneficial effects related to their consumption, among 
which are the modulation of the intestinal microbiota activi-
ty, reduction of lactose intolerance symptoms, improvement 
of mucosal immunity and intestinal transit, and prevention of 
the incidence of Helicobacter pylori (Vinderola, 2014).

All the results shown in table 5, are lower than the 
maximum limits established by the Mexican official standard, 
to be considered fit for consumption, which guarantees the 
consumer health. Table 6 presents the results of the proximal 
chemical analysis of breads made with the different biofilms 
(with xanthan gum, bread A; and with carob gum, bread B). 
The results of the ice cream proximal chemical analysis are 
shown in Table 7. Due to the fact that the bread pieces were 
made with whey and the application of coating, the humidity 

Table 5. Proximal chemical analysis results of pineapple-coconut ice cream 
added with 100 mL of whey (Ice cream A) and lemon ice cream added with 
200 mL of whey (Ice cream B).
Tabla 5. Resultados del análisis químico proximal del helado de piña -coco 
con 100 mL de lactosuero (Helado A) y el helado de limón con 200 mL de 
lactosuero (Helado B).

Parameter Ice cream A Ice cream B

Moisture 70.61 ± 0.24 73.06 ± 0.15
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Fat 0.67 ± 0.30 0.16 ± 0.09

Protein 0.46 ± 0.0 0.64 ± 0.26

Fiber 1.74 ± 0.26 1.79 ± 1.26

Carbohydrates 26.18 ± 0.77 24.08 ± 0.93

Table 6. Degree of acceptability by untrained judges according to bread at-
tribute profile.
Tabla 6. Grado de aceptabilidad de jueces no entrenados de acuerdo al per-
fil de atributos del pan.

Level of 
satisfaction

Color Smell Taste Appearance
M451 M581 M451 M581 M451 M581 M451 M581

Like 21aA 11aB 19aA 13aB 19aA 13aB 16aA 23aA

Neutral 1bA 4bA 2bA 5bA 3bA 8bB 4bB 0bB

Unlike 1bA 8aB 2bA 5bA 1bA 2cA 3bA 0bA

*Different letters in the same column per sample indicate significant statis-
tical differences (p<0.05, chi-square).
*Different letters in the same row per attribute indicate significant statisti-
cal differences (p<0.05, chi-square).

obtained was high compared to other types of bread (Mo-
hammad et al., 2003; Ishida and Steel, 2014), as well as the 
rest of the parameters determined. One of the options for 
fortifying bakery products is the use of alternative flours as 
an ingredient in their preparation. Each flour has unique nu-
tritional characteristics, for example, oats and barley increase 
the content of β-glucans (fibre) (Pourafshar et al., 2014), as 
does malanga flour, which also has exceptional nutritional 
and functional properties. In the baking industry, several 
additives are used to improve dough properties, increase 
quality and tolerance to food processes, and generally used 
to optimize products shelf life. However, currently there are 
alternatives to avoid the use of harmful additives, of which 
the use of edible coatings stands out, which can increase 
positive health effects (Andressa et al., 2017).

The mineral content (ash) of bread A and B is similar to 
that of whey (Hernández and Vélez, 2014), both are low in fat 
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Figure 3. Homemade probiotic ice cream process: a) preparation, b) inoculation, c) air incorporation, d) and e) final ice cream.
Figura 3. Proceso de elaboración de helados caseros probióticos: a) preparación, b) Inoculación, c) incorporación de aire, d) y 
e) helados finales.

Table 3. Microbiological analysis results of bread coated with probiotic bio-
films.
Tabla 3. Resultados del análisis microbiológico del pan con recubrimiento 
probiótico.

Parameter Result (CFU/g) LimitA (CFU/g)

Mold and yeasts <10 300

Aerobic mesophiles 10,000 200,000

Total Coliforms Absent 100

Mold and yeasts 10 50

Staphylococcus aureus Absent <100

Salmonella Absent Absent in 25 g

A NOM-247-SSA1-2008; NOM-036-SSA1-1993.

Table 4. Proximal chemical analysis of bread with probiotic coating: Xanthan 
gum (bread A) and carob gum (sample).
Tabla 4. Análisis químico proximal del pan con recubrimiento probiótico: 
Goma Xantana (Pan A) y goma Algarrobo (Pan B).

Parameter Bread A Bread B

Moisture 30.41 ± 2.30 37.34 ± 3.99

Ash 1.56 ± 0.18 1.14 ± 0.05

Fat 0.69 ± 0.13 0.85 ± 0.30

Protein 1.64 ± 0.75 2.45 ± 0.72

Fiber 6.75 ± 0.03 6.75 ± 0.03

Carbohydrates 60.32 ± 3.03 54.29 ± 4.06

material. The optimal development of LAB contributes to the 
preservation of food, reducing the use of chemical preserva-
tives, without altering the quality and safety of the product 
made (Agudelo et al., 2015). Lactic acid bacteria provide 
many beneficial effects related to their consumption, among 
which are the modulation of the intestinal microbiota activi-
ty, reduction of lactose intolerance symptoms, improvement 
of mucosal immunity and intestinal transit, and prevention of 
the incidence of Helicobacter pylori (Vinderola, 2014).

All the results shown in table 5, are lower than the 
maximum limits established by the Mexican official standard, 
to be considered fit for consumption, which guarantees the 
consumer health. Table 6 presents the results of the proximal 
chemical analysis of breads made with the different biofilms 
(with xanthan gum, bread A; and with carob gum, bread B). 
The results of the ice cream proximal chemical analysis are 
shown in Table 7. Due to the fact that the bread pieces were 
made with whey and the application of coating, the humidity 

Table 5. Proximal chemical analysis results of pineapple-coconut ice cream 
added with 100 mL of whey (Ice cream A) and lemon ice cream added with 
200 mL of whey (Ice cream B).
Tabla 5. Resultados del análisis químico proximal del helado de piña -coco 
con 100 mL de lactosuero (Helado A) y el helado de limón con 200 mL de 
lactosuero (Helado B).

Parameter Ice cream A Ice cream B

Moisture 70.61 ± 0.24 73.06 ± 0.15

Ash 0.34 ± 0.03 0.27 ± 0.01

Fat 0.67 ± 0.30 0.16 ± 0.09

Protein 0.46 ± 0.0 0.64 ± 0.26

Fiber 1.74 ± 0.26 1.79 ± 1.26

Carbohydrates 26.18 ± 0.77 24.08 ± 0.93

Table 6. Degree of acceptability by untrained judges according to bread at-
tribute profile.
Tabla 6. Grado de aceptabilidad de jueces no entrenados de acuerdo al per-
fil de atributos del pan.

Level of 
satisfaction

Color Smell Taste Appearance
M451 M581 M451 M581 M451 M581 M451 M581

Like 21aA 11aB 19aA 13aB 19aA 13aB 16aA 23aA

Neutral 1bA 4bA 2bA 5bA 3bA 8bB 4bB 0bB

Unlike 1bA 8aB 2bA 5bA 1bA 2cA 3bA 0bA

*Different letters in the same column per sample indicate significant statis-
tical differences (p<0.05, chi-square).
*Different letters in the same row per attribute indicate significant statisti-
cal differences (p<0.05, chi-square).

obtained was high compared to other types of bread (Mo-
hammad et al., 2003; Ishida and Steel, 2014), as well as the 
rest of the parameters determined. One of the options for 
fortifying bakery products is the use of alternative flours as 
an ingredient in their preparation. Each flour has unique nu-
tritional characteristics, for example, oats and barley increase 
the content of β-glucans (fibre) (Pourafshar et al., 2014), as 
does malanga flour, which also has exceptional nutritional 
and functional properties. In the baking industry, several 
additives are used to improve dough properties, increase 
quality and tolerance to food processes, and generally used 
to optimize products shelf life. However, currently there are 
alternatives to avoid the use of harmful additives, of which 
the use of edible coatings stands out, which can increase 
positive health effects (Andressa et al., 2017).

The mineral content (ash) of bread A and B is similar to 
that of whey (Hernández and Vélez, 2014), both are low in fat 
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CONCLUSIONS
The microbiological results indicate a high concentra-

tion of LAB in both products (bread and ice cream), above 
than established in the NOM-181-SCF1-2010, so they can be 
considered as probiotic foods. The presence of malanga flour 
in breads provides very important nutritional characteristics, 
plus it is necessary to improve the quality of the product, 
such is the case of fiber, proteins, minerals and vitamins. This 
opens an excellent opportunity to develop different bakery 
products, with a wide shelf life. The presence of whey in both 
products makes it possible to maintain the viability of LAB in 
both products, due to the presence of sugars (lactose) that 
can be assimilated by the strains. The presence of LAB, as well 
as bioactive peptides from whey, in addition to some com-
ponents such as fiber and antioxidants from malanga, allows 
both products to be classified as functional foods. The use 
of malanga and whey in a combined or separate way, opens 
a wide possibility for the generation of functional products 
that improve the health and nutritional conditions of people, 
as well as to generate innovative prototypes that impact 
positively on the reduction of environmental problems that 
are currently presented.
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Viabilidad de bacterias ácido lácticas encapsuladas en un embutido de 
Pleorotus ostreatus 

Elaboración del 
embutido de Pleorotus 

ostratus. 

Almidón de 
cormos de 
malanga 

(Xanthosoma 
sagittifolium). 

Cinéticas de crecimiento en 
suero de leche dulce (pH 

6.5). 
- Cepas de L. casei y L. 

plantarum.
Pruebas:

- Composición 
nutrimental.

- Evaluación sencorial.
- Viabilidad de BAL. 
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Almidón de malanga e inulina en productos alimenticios



Desarollo de un suplemento alimen@cio

Ø Almidón e inulina obtenidos de la 

harina de malanga.

Ø Formulación de una bebida 

funcional adicionada de suero 

lácteo dulce.

Ø Secado por aspersión.

Ø Evaluación nutrimental y sensorial.

Ø Almacenado a vacío.

A: Suplemento sabor a mango. B: Suplemento sabor a manzana.





Laboratorio de Investigación y Desarrollo de Productos Funcionales (LIDPF)
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Perspectivas de uso y aprovechamiento del lactosuero 

y las BAL

² Las BAL, son microrganismos considerados como GRAS y probióticos.

² Las excelentes propiedades nutricionales y funcionales del lactosuero lo hacen 

altamente viable para su uso en la elaboración de alimentos.

² Su uso ayuda a reducir los grandes problemas de contaminación que provoca.

² Lo anterior abre un abaníco de amplias posibilidades no solo para su uso, si no para el 

desarrollo de investigaciones e innovaciones.

² La implementación en zonas rurales puede ser una alternativa para disminuir los 

problemas de inseguridad alimentaria.
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