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RESUMEN

Paenibacillus jamilae es una nueva especie bacteriana formadora de esporas, recientemente descrita por nuestro
grupo de investigacion y aislada a partir de una muestra de compost de maiz tratado con alpechin. P. jamilae es
capaz de producir un nuevo exopolisacarido (EPS) en medio con sacarosa como Unica fuente de carbono. Este nuevo
EPS ofrece algunas caracteristicas reoldgicas de interés. La suspension de este EPS en leche entera al 1% (p/V)
presentd una viscosidad 5.7 veces mayor a la ofrecida en agua destilada a la misma concentracién y mostré un claro
carécter pseudoplastico. El gel formado con carragenanos, polimeros muy utilizados en la industria alimentaria,
present6 buenas caracteristicas en su aplicacion como posible aditivo alimentario por una menor pérdida de agua.
PALABRAS CLAVE: Exopolisacéridos. Polimeros. Industria alimentaria. Paenibacillus.

ABSTRACT

Paenibacillus jamilae is an endospore-forming strain isolated from corn-compost treated with olive-mill wastewater
(“alpechin™). This strain has been recently described by our research group. A new exopolysaccharide (EPS) was
produced from Paenibacillus jamilae when grown in a medium containing sucrose as a sole carbon source. This EPS
presents interesting rheological properties. The suspension of this EPS in milk at 1% (p/V) showed an interesting
viscosity and a pseudoplastic behaviour. The gel formed with carrageenan, polymer used in the food industry, revealed
good characteristics for its use as a possible food additive due to its lower water loss.
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INTRODUCCION

Los exopolisacaridos bacterianos (EPS) son
biopolimeros constituidos fundamental mente por
unidades glucidicas, producidos por diversos
microorganismos y localizados en el exterior de
la célula microbiana.

Dentro del potencial biotecnolégico de estos
polimeros se encuentra su USO COMO espesantes
y gelificantes por su propiedad de formar liqui-
dos espesos con el agua, la leche o cualquier

INTRODUCTION

The bacterial exopolisaccharides (EPS) are
biopolymers that are fundamentally composed of
glucidic units produced by several micro-orga-
nisms localized on the exterior of the microbial
cell.

Part of the bio-technological potential of the-
se polymers is to be found in their use as thic-
keners and gellers due to their capacity to form
thick liquids with water, milk or any foodstuff
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alimento que contenga agua. Se agrupan asi den-
tro de los denominados hidrocoloides.

La busqueda de nuevos aditivos naturales es
continua; las investigaciones mas recientes se han
centrado en el estudio de la obtencion de aditi-
vos por medio de la Biotecnologia (células ve-
getales y cultivos de tejidos, tecnologia enzimé-
tica, obtencion de aditivos por medio de
microorganismos, tecnologia de manipulacion
genética,...). Este campo requiere una mayor
investigacion encaminada a la mejora de estas
nuevas técnicas para que puedan competir con la
sintesis quimica (Informe de vigilancia tecnol 6-
gica elaborado por €l Instituto Tecnoldgico, Pes-
quero y Alimentario (%)).

En trabajos previos nuestro grupo de inves-
tigacion selecciono distintas cepas bacterianas,
con aspecto claramente mucoso, gue fueron ais-
ladas de distintas muestras de compost. Ademas,
algunas cepas fueron capaces de formar polime-
ros de tipo exopolisacaridico en su desarrollo en
medios adicionados con alpechin como Unica
fuente de carbono y energia (%. Fruto de nuestro
trabajo ha sido la reciente descripcion de la es-
pecie y Paenibacillus jamilae (3).

Por otro lado nuestras investigaciones han
demostrado que el nuevo exopolisacarido BP-7
(“jamilano™), producido por Paenibacillus jami-
lae, tiene gran interés por sus propiedades fisi-
coquimicas (*).

El objetivo del presente trabajo fue la evalua-
cion de algunas propiedades reoldgicas del exo-
polisacérido “jamilano” con vista a una posible
aplicacion en industria alimentaria.

MATERIAL Y METODOS

La cepa utilizada fue Paenibacillus jamilae
CECT 5266, conservada por resiembras sucesi-
vas en medio YM-agar,(Difco).

El medio de produccién de exopolisacérido, a
partir de sacarosa al 2% (p/V), se desarroll6 si-
guiendo los paréametros establecidos en biblio-
grafia (5).

La obtencidon del exopolisacérido se llevo a
cabo usando 1L de medio de cultivo en fermen-
tador de tanque agitado BIOSTAT B (Braun-
Biotech, Melsungen AG, Alemania) de 2 L de
capacidad con camisa para bafio termostatizado,
segln las condiciones de cultivo de pH 7, tem-
peratura de 30°C y agitacion de 250 rpm. La
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containing water. Itis possible therefore to classify
these polymers within the so called hydrocoloid
group.

The search for new natural additives is con-
tinuous. The most recent research has been fo-
cussed on obtaining additives through bio-tech-
nologica means (vegetable cell and tissue culture,
enzymatic technology, additives obtained from
micro-organisms, genetic manipulation techno-
logy, etc.). However, this field requires further
research directed towards the improvement of
these new techniques to be able to compete effec-
tively with chemical synthetic methods, (as sta-
ted in the technological surveillance report pro-
duced by the Institute for Technology, Fisheries
and Foodstuffs (*)).

In previous work our research group selected
different bacterial strains with a clearly mucous
type appearance, that had been isolated from
different compost samples. Additionally, some
of the strains had the capability of being able to
form exopolysaccharide type polymers during their
development in media where olive-mill waste
water had been added as the sole source of car-
bon and energy. The fruit of this work has been
the recent description of the Paenibacillus jami-
lae specie(3).

On the other hand our research has demons-
trated that the new exopolysaccharide BP-7 (* Ja-
milano”), produced by Paenibacillus jamilae, may
be considered as being of great interest due to its
physicochemical properties (*).

The objective of the present work was to
evaluate some of the rheological properties of
the exopolysaccharide “jamilano” with a possi-
ble application within the food industry.

MATERIALS AND METHODS

The strain used was Paenibacillus jamilae
CECT 5266, preserved through successive sub-
cultures in YM-agar media,(Difco).

The exopolysaccharide production medium
from sucrose at 2% (p/V), was developed follo-
wing the parameters established in the bibliogra-
phy (°).

In order to obtain the exopolysaccharide, 1L
of culture medium was introduced in a BIOS-
TAT B fermentor of 2L capacity (Braun-Biote-
ch, Melsungen AG, Germany) equipped with
thermostate jacket and stirrer system, to accom-
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formacién de espuma se control6 con la adicién
de 1 mL de propilenglicol P2000 al medio de
cultivo. Se suministré aire a cultivo con una
bomba y a través de una membrana filtrante de
02 um de didmetro de poro (Millipore). La
unidad de fermentacion se esterilizd en autocla-
ve a 112°C durante 30 minutos con el medio de
produccién. Finalmente se afiadié como indculo
5mL de un cultivo de 12 horas en YM-Broth
(Difco), manteniéndose el proceso de fermenta-
cion durante 72 horas.

Para la determinacion de la biomasa y la
extraccion del EPS, el cultivo se diluyé afiadien-
do igual volumen de aguay se centrifugd a 9000
rpm durante 30 minutos para retirar las células,
el precipitado se lavo con agua destilada en su-
cesivas centrifugaciones a 7000 rpm durante 20
minutos, determinandose el peso seco celular tras
liofilizacion del pellet resultante. EI EPS se ex-
trajo del sobrenadante libre de células, a cual se
le afiadid un 2% de NaCl y se precipité con la
adicion de 2 volimenes de etanol a -20°C, de-
jandolo en reposo toda la noche. Después, se
centrifugé a 5000 rpm durante 10 minutos; €l
precipitado se dejé secar y, tras resuspender en
agua destilada, se dializd durante 48 horas. Fi-
nalmente se liofiliz6. EI mantenimiento de las
condiciones de cultivo, especiamente el pH, se
realiza para obtener un producto estable, ya que
si se cambian las condiciones de cultivo no suele
variar la estructura glucidica sino los sustituyen-
tes no hidrocarbonados del polimero (6).

La medida de viscosidad en cP se llevo a
cabo con un viscosimetro Brookfield LVTDV-I1I
usando un husillo SC4-18 y el adaptador para
pequefias muestras 13R. Con estas caracteristi-
cas, lavelocidad de cizalla, expresada en 1/s, se
cacul6d a través de la formula 1.32N, siendo N
las rpm prefijadas en el aparato.

Se estudio el comportamiento del exopolisa-
carido en distintos disolventes como: agua des-
tilada, leche enteray leche desnatada en solucio-
nes preparadas con EPS al 1% (p/V) y las
mediciones de viscosidad se realizaron a 30 rpm
(39.6 s1) y temperatura de 25°C. Posteriormente,
se hizo un barrido de velocidad de cizalla con la
leche entera y las soluciones de EPS al 1% (p/
V) en leche desnatada y entera. Es importante
especificar la proporcion utilizada ya que el
comportamiento reol6gico del polimero depen-
de de la concentracion a la cual se realiza el
estudio (7).

plish the culturing conditions at pH 7, tempera-
ture at 30°C and stirring at 250 rpm. The forma-
tion of foam was controlled by adding 1mL of
propylenglycol P2000 to the culture medium. Air
was supplied to the culture by means of air pump
applied through a filtering membrane with a pore
diameter of 0.22 pm (Millipore). The unit of
fermentation was steriliced in autoclave sterili-
zer at 112°C for 30 minutes with the production
medium. Finally, 5mL of 12 hour culturein Y M-
Broth (Difco), was added as inoculum and the
process of fermentation was maintained for 72
hours.

Bio-mass and EPS extraction was determined
by diluting the culture in an equal volume of
water which was subsequently centrifuged at 9000
rpm for 30 minutes in order to remove the cells.
The precipitate was washed with distilled water
in successive centrifugation at 7000 rpm for 20
minutes. Cellular dry weight was determined fo-
[lowing the lyofilization of the resulting pellet.
The EPS was extracted from the cell free super-
natant addiced 2% of NaCl. Precipitation was
induced through the addition of 2 volumes of
ethanol at -20°C left overnight. Subsequently, the
precipitate was centrifuged at 5000 rpm for 10
minutes and left to dry. After re-suspension in
distilled water the suspension was dialysed for
48 hours. Finally, a process of lyofilization was
carried out. The maintenance of constant culture
conditions, specially pH, was able to obtain a
stable product, given that if culture conditions
change, it is not the glucidic structures that vary
but the non-hydrocarbonates substitutes of the
polymer that change (°).

The measurement of viscosity in cP was ca-
rried out with a Brookfield LVTDV-II viscosi-
meter using a SC4-18 spindle and a 13R adapter
suitable for small samples. With such characte-
ristics, shear rate, expressed in 1/s, was calcula-
ted by means of the 1.32N formula, where N
represents the pre-determined rpm values set on
the apparatus.

The behaviour of the exopolysaccharide was
studied in different solvents such as; distilled
water, whole milk and skimmed milk in solutio-
ns containing EPS at 1% (p/V) and viscosity
measurements were carried out at 30 rpm (39.6
s1) at a temperature of 25°C. Subsequently, a
scan of shear rate with whole milk was carried
out together with EPS solutions at 1% (p/V) in
skimmed milk and whole milk. It is important
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En el estudio de las propiedades de sinergis-
Mo con otros polimeros (carragenanos) y de
gelificacion, se observé la actuacion del EPS en
mezclas con distintas proporciones de dichos
polimeros, adicionados de un 5% de glucosa para
favorecer la solubilidad de la mezcla. Ademas,
se usoO el xantano en mezcla patron comparativa.
Se realiz6 una solucion acuosa de la mezcla al
1% (p/V) y se estudiaron los parametros de co-
lor, solubilidad, pH, viscosidad (spindle n°3, 60
rpm) y gelificacion (80°C-10min.) de las distin-
tas mezclas. También se observaron las caracte-
risticas de los geles resultantes: transparencia,
dureza y sinéresis (pérdida de agua).

RESULTADOS Y DISCUSION

El exopolisacarido “jamilano” fue obtenido
de Paenibacillus jamilae en un medio de cultivo
con alta proporcion C/N, caracteristico de me-
dios productores de EPS, cuya fuente hidrocar-
bonada fue la sacarosa. En la actualidad se esta
[levando a cabo estudios para mejorar la produc-
cion de polimero, asi como la caracterizacion
quimica del mismo, composicién cualitativa y
Cuantitativa.

Los estudios de viscosidad realizados en sis-
temas aimentarios como la leche desnatada y
leche entera nos muestran un efecto positivo en
la viscosidad de la suspensién del EPS a 1% (p/
V) en leche entera (figura 1).
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to specify the proportion used given that the
rheological behaviour of the polymer depends
upon the concentration used in the study ().

In the study of synergism properties with other
polymers (carrageenans) and in the study of gelling
properties, the effect of EPS in mixtures with
different proportions of such polymers together
with 5% of added glucose to facilitate the solu-
bility of the mixture, was observed. Additiona-
Ily, xanthan was used as comparative standard
control. An aqueous solution of the mixture at
1% (p/V) was produced where parameters such
as colour, solubility, pH, viscosity (spindle n°3,
60 rpm) were studied together with gelling pro-
perties (80°C -10mins.) of the different mixtu-
res. Furthermore, the characteristics of the re-
sulting gels were analysed for transparency,
hardness and syneresis (water 10ss).

RESULTS AND DISCUSSION

The exopolysaccharide “jamilano” was obtai-
ned from Paenibacillus jamilae in a culture
medium with a high proportion of C/N, being
characteristic of EPS productive media, whose
source of hydrocarbonate was sucrose. Studies
aimed at improving the production process of
the polymer are currently being carried out, as
well as analyses of its chemical characterisation,
and qualitative and quantitative composition

The viscosity studies carried out in foodstu-
ffs, such as skimmed and whole milk, have re-
vealed a positive effect with regard to viscosity
in EPS suspensions at 1% (p/V) in whole milk
(figure 1).
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FIGURA 1. Viscosidad de las dispersiones del EPS “jamilano” a 1% (p/V) en agua destilada, leche desnatada y leche
entera. (Medidas de viscosidad realizadas en un Brookfield LVTDV-II usando un husillo SC4-18 y el adaptador para
peguefias muestras 13R; a una velocidad de cizalla de 39.6 s* y temperatura de 25°C).
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FIGURE |. Viscosity of EPS “jamilano” dispersions at 1% (p/V) in distilled water, skimmed milk and whole milk.
(Viscosity measurements were carried out in a Brookfield LVTDV-II using an SC4-18 screw and a 13R adapter
suitable for small samples, at a shear rate of 39.6 s* and a temperature of 25°C).
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Ademés, podemos ver el caracter pseudoplas-
tico de esta suspensién por la disminucion de la
viscosidad a aumentar la velocidad de cizalla
(figura 2). Por todo ello, creemos tener una im-
portante via de investigacién en la aplicacién de
nuestro EPS en productos |4cteos.

Furthermore, the pseudo-plastic character of
this suspension may be observed due to the fact
that a decrease of viscosity is produced when the
shear rate is increased (figure 2). After having
taken all of these findings into account, we be-
lieve that we have laid the foundations for a new
area of research directed towards the application
of our EPS in dairy products.

FIGURA 11. Comportamiento pseudoplastico de la disolucion del EPS “jamilano” en leche entera al 1% (p/V) frente al
comportamineto del EPS en leche desnatada y solamente leche entera. (Medidas de viscosidad realizadas en un
Brookfield LVTDV-II usando un husillo SC4-18 y el adaptador para pequefias muestras 13R; variando la velocidad
de cizalla a tiempos constantes y temperatura termostatizada de 25°C).
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FIGURE I1. Pseudo-plastic behaviour of the dissolution of EPS “jamilano” in whole milk at 1% (p/V) compared with
EPS skimmed milk and pure whole milk without additives. (Viscosity measurements carried out in a Brookfield
LVTDV-II using an SC4-18 screw and a 13R adapter suitable for small samples; with variations of guillotine velocities
at constant times and a thermostat temperature of 25°C).
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L as pruebas de sinergismo con los carragena-
nos, polimeros utilizados ampliamente en la in-
dustria alimentaria, dan informacién de interés
en lo que respecta a las propiedades del gel
obtenido. Este gel, con un 25% de jamilano da
un mejor resultado por una menor sinéresis (pér-
dida de agua) y buenas caracteristicas de dureza
y transparencia si |0 comparamos con 10s otros
geles estudiados (tabla 1). Ademas, nuestro gel
procede de una suspension con una menor Visco-
sidad, 1o que parece una ventgja a la hora de la
manipulacion de la suspension previa a proceso
de gelificacion.

Actualmente se han comenzado allevar a cabo
las aplicaciones en distintos sistemas alimenta-
rios en colaboraciéon con la empresa granadina
DOMCA S. A. através del convenio existente
con nuestro grupo de investigacion.

Synergy tests with carrageenans, widely used
polymers in the food industry, have given inter-
esting information with regard to the properties
of the gel obtained. In comparison with the other
gels studied (table 1), this gel, containing 25%
of jamilano, produces better results due to lower
syneresis (water |0ss) and good hardness and trans-
parency characteristics. Moreover, our gel is ob-
tained from a suspension of lower viscosity which
appears to be an advantage when handling the
suspension before the gelling process.

Applications within different food production
processes, in collaboration with the Granada
company DOMCA S.A., are currently being ca-
rried out through an agreement with this resear-
ch group.

TABLA |. Propiedades fisicoquimicas de las mezclas del exopolisacérido de Paenibacillus jamilae (jamilano) con
carragenanos a distintas proporciones y de la mezcla de xantano (patrén) con carragenanos; caracteristicas fisicas de los
geles obtenidos a partir de estas mezclas .

Mezcla Viscosidad

(1% p/V)

Solubilidad  pH

Gelificacion

Gel de
Color

Dureza Transparencia  Sinéresis

Carragenano
95% ++a 8.47
glucosa 5%

235 cP

Jamilano 25%
Carragenano 70% | + 8.30
glucosa 5%

114 cP

Jamilano 50%
Carragenano 45% | ++ 7.98
glucosa 5%

18 cP

Jamilano 75%
Carragenano 20% | +++ 7.6
glucosa 5%

14 cP

Jamilano
95% +++ 6.94
glucosa 5%

12.0 cP

Xantano 25%
Carragenano 70% | + 7.40
glucosa 5%

484 cP

a +: Vaor bajo; ++: Vaor medio; +++: Valor ato.

Positiva Gris ++ ++

Positiva

Positiva Gris +++ +++ Alta

Media

Negativa - - - -

Negativa - - - -

Negativo - - - -

Crema + + Alta
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TABLE |I. Physicochemical properties of the exopolysaccharide mixtures of Paenibacillus jamilae (jamilano) with
carrageenans at different proportions and of the Xanthan mixture (control) with carrageenans. The physical
characteristics of the gels obtained from these mixtures.

Mixture

(1% p/V) Solubility pH Viscosity

Gelling

Gel Colour Hardness Transparency Syneresis

Carrageenan
95% ++2 8.47
glucose 5%

235 cP

Jamilano 25%
Carrageenan 70% | + 8.30
glucose 5%

114 cP

Jamilano 50%
Carrageenan 45% | ++ 7.98
glucose 5%

18 cP

Jamilano 75%
Carrageenan 20% | +++ 7.6
glucose 5%

14 cP

Jamilano
95% +++ 6.94
glucose 5%

12.0 cP

Xanthan 25%
Carrageenan 70% | + 7.40
glucose 5%

484 cP

2 +: Low value ++ Medium value +++ High value.

CONCLUSIONES

1- Dentro del estudio reolégico del exopoli-
sacarido obtenido de Paenibacillus jamilae se ha
determinado un aumento importante de la visco-
sidad en su disolucion al 1% (p/V) en leche entera,
comparado con la producida en agua destilada a
la misma concentracién. Ademas, esta suspen-
sién tiene un caracter claramente pseudoplasti-
co. Por todo ello, pensamos gque puede tener una
aplicacion de interés en su aplicacion sobre pro-
ductos |acteos.

2- En €l estudio de sinergismo con carragena-
nos, polimeros utilizados ampliamente en la in-
dustria alimentaria, el jamilano ofrece unas bue-
nas caracteristicas al gel formado en cuanto a
una menor pérdida de agua, 1o que es un factor
esencial para la aplicacion en determinados pro-
ductos alimentarios.
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Positive

Positive Grey ++ ++

Positive

Grey +++ +++ High

Medium

Negative - - - -

Negative - - - -

Negative - - - -

Cream + + High

CONCLUSIONS

1- The results of the rheological study of the
exopolysaccharide obtained from Paenibacillus
jamilae have determined that a high increase in
viscosity in solutions at 1% (p/V) in whole milk
may be achieved in comparison with that produ-
ced in distilled water at the same concentration.
Furthermore, this suspension presents a clearly
pseudo-plastic character. Therefore, we believe
that it is of interest for applications in dairy
products.

In synergy studies with carrageenans, poly-
mers that are widely used in the food industry,
Jamilano presents good gelling characteristics with
regard to lower water loss. Such a property is an
essential factor for its use in determined food
products.
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