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ABSTRACT

The sludge paper of the industry treated with probi-
otics in solid state fermentation (SSF) could be used
as ingredient in rations for animal feeding. This study
assessed the effect of four probiotic (Prozoot15®) lev-
els (PT) on chemical and fermentative characteristics
in SSF of the paper sludge (PS) at controlled tem-
perature (30°C) in laboratory scale. The tested treat-
ments (T) were: T1 (0% PS), T2 (50 g/kg PS), T3 (100
g/kg PS) and T4 (150 g/kg PS), which were fermented
at 0, 24, 48 and 72 h, according to a completely ran-
domized design, in a 4 x 4 factorial arrangement with
six repetitions per sampling. All treatments included
(g/kg DM) 300 molasses, 15 urea, 20 ammonium sul-
fate, 9 calcium carbonate and 5 of vitamin and min-
eral premix, plus the PS which was substituted by the
PT at 0, 50, 100 and 150 g/kg DM. The results showed
a decrease in pH in all treatments at 24 h; however
the lowest pH was at 72 h of fermentation. At 72 h of
fermentation, the PT addition in T4 increased crude
protein, true protein and yeast counts (P < 0.05), and
decreased pH (P < 0.05). In all fermentation time, the
PT addition increased ether extract, lactic acid and
ammonia nitrogen (P < 0.05) and decreased dry mat-
ter, ash, NDF and ADF (P < 0.05). It was concluded
that the addition of 150 g/kg of PT in SSF of paper
sludge improves crude and true protein, ether extract,
lactic acid, and ammonia. This treatment may have
potential use in animal feeding.
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1. INTRODUCTION

It is known that urban industries pollute the environment
by dumping their waste, and causing contamination of
soil and water (surface and underground). During the in-
dustrial processing of paper in Chihuahua City (Northern
Mexico), the solid residue known as sludge of paper is
produced; the production of this by-product is about 120
tons per day, which could be used as energy source in the
ruminant feeding without generating pollution [1]. Due
to the increasing amount of paper sludge generated in
this industry, it is necessary to find alternatives to use it.
The sludge of paper is characterized by its high structural
carbohydrates content, low-protein, and high dry matter
that contains inorganic matter [2]; these nutrients may be
useful in ruminant diets.

For the potential use of this by-product, other com-
ponents, like probiotics, are necessary to improve their
nutritional value. Probiotics are live micro-organisms
cultures, which are administered in adequate quantities,
confer beneficial effects to the health of host, and are a
natural alternative to improve the animal metabolism [3].
In addition, microbial cultures may improve the nu-
tritional characteristics of by-products when they are
treated in solid state fermentation. In this process, the
production of organic acids, dry matter digestibility, and
protein content are increased; also, there is a decrease in
pH and cell wall fractions [4].

Together, the sludge of paper and probiotics could be
a part of the diet and used as ingredients in the animal
production systems. Also, the sludge of paper and pro-
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biotics could be treated in a solid state fermentation
processes (SSF). This process could improve the nutri-
tional characteristics of the solid waste of paper industry.
[5] defines the SSF as the culture of microorganisms in a
particular substrate, allowing its growth and metabolism
at proper temperature and aeration; this permits the use
of microbial production or single-cell protein. In this
sense, [6] mentions that the SSF consists in the growth of
microorganisms on solid substrates in absence of free
water; this improves the chemical composition of some
by-products and generates new alternatives for animal
feeding. However, there is not enough information on the
fermentation in solid state of paper sludge with the addi-
tion of probiotics and considering its potential use in
ruminant feeding. Thus, the objective of present study
was to evaluate the effect of probiotic level on the fer-
mentative characteristics and chemical composition of
sludge paper as substrate in solid state fermentation.
These results may show the potential use as a protein and
rich ingredient of energy for animal feeding of the prod-
uct obtained in SSF of paper sludge treated with probiot-
ics. In addition to the possible reduction in feeding cost
of livestock, it also contributes to the alleviation of the
pollution effects produced by the paper industries.

2. MATERIALS AND METHODS
2.1. Treatments

The experiment was conducted in a laboratory-scale,
using a completely randomized design with a 4 x 4 fac-
torial arrangement, using six repetitions per sampling
period. It was considered the effect of four probiotic lev-
els testing the following treatments: T1 control; T2 50
g/kg PS; T3 100 g/kg PS; T4 150 g/kg PS, which were
considered and defined as factor A. Four times of fer-
mentation (0, 24, 48, and 72 h) were considered as factor
B.

2.2. Experimental Procedure

The paper sludge was obtained from a commercial fac-
tory that processes paper in Chihuahua City. The sludge
of paper was mixed (g/kg) with 300 molasses; 15 urea; 2
ammonium sulfate; 5 premix of vitamins and minerals; 9
calcium carbonate and the probiotic (amount according
to treatment). The probiotic used in this experiment is a
mexican commercial trademark (Prozoot15®) rich in
yeasts and lactobacilli, organic acids and vitamins. For
the fermentation were used 150 g of the different ex-
perimental mixtures, which were deposited in glass bot-
tles of 250 ml in capacity that previously were sterilized,
which were covered at top with cotton and placed in an
incubator with shaker at a controlled temperature (30°C).
Each glass bottle was considered as an experimental unit
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and six bottles per sampling period were used for each
treatment (six repetitions). During the fermentation pe-
riod were taken out six bottles per treatment at fermenta-
tion times of 0, 24, 48 and 72 h.

After the incubation periods, the content of bottles
were fully collected and individually homogenized. Lig-
uid samples were collected for laboratory analysis as
follows: 5 g of the fermented mixture in each treatment,
20 ml of distilled water was added and mixed in a shaker
(Eberbach) for 30 minutes. Subsequently, samples were
filtered through sterile gauze to separate solids from lig-
uids. For each sample several subsamples were taken for
subsequent determinations. The supernatant was a used
to determine the indicator of fermentation: pH, ammo-
nia-N, lactic acid and yeast count. The remaining portion
of each bottle was dried in an oven at 60°C (THELCO),
and ground in manual mill (ESTRELLA) for laboratory
analysis (dry matter, mineral matter, ether extract, crude
protein, true protein, neutral detergent fiber and acid de-
tergent fiber).

2.3. Analysis

The supernatant of the fermented product, as described in
the experimental procedure, was used for determination
of pH with a table potentiometer (HANNA), lactic acid
(LA) according to the procedure described by [7], yeast
counts (YC) according with the methodology described
by [8], ammonia nitrogen (N-NH;) according to the
colorimetric method described by [9].

The fermented product, previously dried and ground,
was used for the determination of matter dry (DM), ash,
ether extract (EE), crude protein (CP) and true protein
(TP). These determinations were made employing the
procedures of the [10]. Also were determined acid deter-
gent fiber (ADF) and neutral detergent fiber (NDF),
based on methodologies described by [11] and [12] re-
spectively.

2.4. Statistical Analysis

The data from the variables were analyzed using the
mixed procedures of [13]. The model included as fixed
effects the treatment (probiotic levels), the fermentation
times and the interaction probiotic level x fermentation
time. The samples were considered as random effect.
Values of P < 0.05 were declared significant.

3. RESULTS AND DISCUSSION

The results of chemical composition (DM, ash, EE, CP,
TP, NDF and ADF) are shown in Table 1. There was an
interaction effect of probiotic level and fermentation time
(P < 0.05). The DM decreased in samples with the in-
crease in PT level (P < 0.05). The lower values of DM
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Table 1. Least square means of chemical composition of sludge paper in SSF with inclusion of different levels of probiotic in diffe-

rent hours of fermentation.

Hours of fermentation

Item Treatment SEM
0 24 48 72
1 96.14% 95.18" 95.24° 94.68"
2 95.12° 93.03% 93.23% 91.63°
Dry matter (%)
3 93.59° 93.16% 91.29° 89.49f
4 92.75¢ 91.55° 89.63 88.68¢ 0.258
1 25.98% 25.10® 25.37% 24.67°¢
2 25.01%¢ 23.35° 23.81% 22.61%
Ash (%) ) .
3 23.81% 22.05%" 20.61' 20.46'
4 22.91°0 20.87" 20.67' 19.02! 0.423
1 055 1.10" 0.958' 1.96
2 0.85" 1.69% 1.62 2.51%
Ether extract (%)
3 1.42% 2.18% 2.54% 3.20%
4 1.68% 2.10° 2.90" 3.55° 0.139
1 29.7% 28.6" 28.8"™ 27.4%
2 30.7° 26.6% 26.9% 24.5%
NDF (%) )
3 27.8% 25.1f 23.5% 21.8'
4 26.5° 23.1" 225N 20.2 0.45
1 26.3° 25.1% 25.6" 24.4%
2 27.5° 23.6° 23.8°f 21.2"
ADF (%) i .
3 24.7¢ 22.3° 20.6" 19.4
4 23.2f 20.2' 19.2 18.2 0.27
1 9.41 10.69" 10.52" 11.58°
2 10.47" 12.71° 12.65° 13.53¢
Crude protein (%) ’ b
3 12.16 14.88° 15.21° 16.10
4 13.04° 14.84° 16.32° 16.86° 0.171
1 0.83 1.23" 117" 2.17¢f
2 1.22" 91.759 2.18° 2.87¢
True protein (%)
3 1.80% 2.40° 3.36° 3.63°
4 2.05%%9 2.81¢ 3.25% 4.04° 0.136

were in T3 at 72 h and in T4 at 48 and 72 h of fermenta-
tion. This decrease in DM content may be due to the use
of structural and nonstructural carbohydrates as energy
source for growth and survival of microorganisms. This
effect also is observed with the inoculation of microor-
ganisms in SSF of various substrates [8,14]. In agree-
ment with present investigation, [15] obtained a decrease
in DM content in SSF of rapeseed paste inoculated with
a culture of Lactobacillus fermentum, Enterococcus
faecium, Saccharomyces cerevisiae and Bacillus subtilis.
This decrease in DM was probably caused by the con-
sumption of carbohydrates. Also, [16] found a reduction
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in DM content due to the microbial growth in substrate,
causing an increase of true protein.

The ash content decreased with the increase in probi-
otic level at all fermentation times (P < 0.05). The lower
values of ash were observed in T3 and T4 at 48 and 72
hours of fermentation. This decrease in ash content could
be due to the minerals use by the microbial population
for protein synthesis; accordingly, the increase in probi-
otic addition could cause that the minerals in substrates
were used for true protein production. These results are
consistent with those obtained by [5]. These sense, [17]
mentioned that the objective of the SSF is to increase the
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epiphyte microbial population using carbohydrates-rich
substrates, urea as non-protein nitrogen and mineral
premix.

The concentration of EE increased at all times of
fermentation with the increase in PT level (P < 0.05).
The highest values of EE were obtained in T3 and T4 at
72 h of fermentation. This increase in concentrations of
EE could be the result of microbial growth, which caused
further DM loss from the consumption of fermentable
carbohydrates [18,19]. This sense, the microorganisms
used carbohydrates, increasing the content of EE that
was not consumed by them; this is consistent with [20]
who obtained similar results with the fungus of Rhizopus
oligosporus as inoculums in solid state fermentation of
pearl millet. On the other hand, the EE increased with the
fermentation time could be due to the existence of micro-
organisms such as yeasts and fungi that synthesized fats
[21].

The NDF and ADF showed similar pattern (P < 0.05).
The increase in PT level decreased the contents of these
variables at all fermentation times. The lower values
were in T3 at 72 h and in T4 at 48 and 72 h of fermenta-
tion. The fiber reduction probably was due to the degra-
dation of the fibrous fraction by fibrolytic microorgan-
isms; this is in agreement with [22] who used sugarcane
as substrate in SSF, they found a reduction in cellulose
and NDF level. Consistently, [23] found fibrolytic activ-
ity with three fungus species in SSF; they indicated that
the reduction in fiber content was related to the presence
of microorganisms responsible for fiber degradation. [24]
observed that the treatment of lignocellulolytic substrates
with fungi of the genus Pleurotus as inoculums in SSF
caused changes in the chemical composition, reducing
the fractions of NDF and ADF, cellulose and hemicellu-
loses. [25] mentioned that the effects of cellulose and
hemicelluloses degradation are associated with the pro-
duction of fibrolytic enzymes by microorganisms.

The CP content increased with the increase in probi-
otic level in all fermentation times (P < 0.05). The high-
est CP values were in T3at 72 hand in T4 at48 and 72 h
of fermentation. In present study was observed that the
probiotic addition to paper sludge in SSF increased the
CP content. Accordingly, during the SSF processes has
been observed an increase in CP of the substrate [18,26].
Consistently, [27] obtained increases in CP with different
yeasts in SSF of apple bagasse. Also, [28] reported sig-
nificant CP increases in SSF of oat and corn straws when
used the fungus Phanaerochaete chrysosporium as in-
oculums; this was due to the transformation of sugars
and non-protein nitrogen into CP. These results are con-
sistent with those of [29] who found increases in CP us-
ing as inoculums yeast cultures of Candida utilis and the
fungus Pleurotus ostreatus in SSF of the apple juice by
product. These increases might be due to the multipli-
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cation of the epiphytic microorganisms that are responsi-
ble of the protein increase, which used soluble carbo-
hydrates of high availability.

The TP also increased (P < 0.05) with the increase in
PT level in all fermentation times. The highest values of
TP were obtained in T3 and T4 at 48 and 72 hours of
fermentation. The increase in TP content in probiotic
treatments may have been related to the further deve-
lopment of microbial biomass [27]. This is consistent
with [30] who reported that increase in TP was due to the
increase in microbial biomass. Similarly, [31] concluded
that TP increase may be related to the growth of micro-
organisms; also they mentioned that the TP could be an
indirect method to measure the microbial growth in the
processes of SSF.

The Table 2 shows the results of pH, LA, NH; and
cell counts (C). These fermentation indicators observed
interaction effect of PT level and fermentation times (P <
0.05). The pH value decreased as the PT level increased
in samples (P < 0.05); this decrease was observed from
24 to 72 h of fermentation. The lower pH values were in
T3 and T4 at 48 and 72 h of fermentation. It was ob-
served that in early stages of SSF, the pH was alkaline,
but after, with the increase in fermentation time, it tended
to become acid. Similar results were obtained by [32].
The alkalinity in the early fermentation stages may be
related to the low concentration of organic acids, such as
lactic acid, in the early stage of fermentation [31]. The
pH declined at 24 h of fermentation, and probably was
due to the increase in organic acids that were produced
by the Lactobacilli species that increased in number of
cells [34-36]. It is stated by [37] that during the fermen-
tation time, the carbohydrates of easy fermentation are
converted into organic acids, like lactic and acetic acid,
which reduce pH in the culture medium.

According to [38] the pH has an important effect in the
microbial population because the growth and develop-
ment of micro-organisms depends on pH in the environ-
ment. For present study, the highest pH values were ob-
served in T1 and T2 at 0 and 24 h of fermentation. The
alkalinity in the early fermentation stages besides of the
low organic acids also may be related to the increase in
total amino acids. These treatments also had the higher
ammonia concentrations that also contributed to the in-
crease in pH. In agreement, it has been found that pH
values are closely related to NH; production [4,39].

The concentration of LA increased with the increase in
probiotic (PT) level at all fermentation times (P < 0.05);
the higher concentrations were obtained in T3 and T4 at
48 and 72 h of fermentation. These changes in the lactic
acid concentration may be associated with the growth of
lactic acid bacteria during the fermentation time [40].
Similarly, [41] working on SSF with different levels of
apple bagasse also reported increases in LA concen-
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Table 2. Least square means of fermentative characteristics of sludge paper in SSF with inclusion of different levels of probiotic at

different hours of fermentation.

Fermentation times (hours)

Item Treatment SEM
0 24 48 72
1 7.45% 8.29° 7.35° 6.78"
’ 2 7.28f 7.88° 6.84" 6.53!
P 3 7.12° 7.71° 6.47" 6.26"
4 7.01° 7.52¢ 6.38% 6.11' 0.047
1 0.21* 0.21% 0.30° 0.33f
2 0.22 0.22% 0.34f 0.38°
Lactic acid (ug/ml N
(ug/mi) 3 0.23" 0.24" 0.40° 0.46°
4 0.23" 0.24" 0.43° 0.48° 0.004
1 7.89 24.65% 33.81% 33.258%
2 6.141 21.46° 30.730° 29.798"
N-NH; (mmol/g) )
3 5.59 18.18" 22.12% 27.53°
4 5.15 16.40" 23.54° 26.01% 0.679
1 485" 5.05' 5.21 5.88
h
Yeast (CFU/ ml; 2 5.00™ 5.27 5.86° 6.27°
logarithmic) 3 5.10 5.89" 6.10° 6.90°
4 5.25' 6.15¢ 6.26° 7.27° 0.007

tration. This sense, [42] studying different substrates and
microorganisms in various combinations; they obtained
an increase in LA concentration in SSF of crop residues
with fungi and bacteria, mainly by strains of Rhizopus
and Lactobacillus sp. Thus, the lactic acid is produced by
the carbohydrates metabolism, and it can be used as in-
dicator of fermentation in anaerobic conditions [8].
Usually, the production of LA tends to maintain the pH
acid [43].

The N-NH; decreased with the increase in PT level;
but as the fermentation time advanced (P < 0.05), the
N-NH; concentration increased. The highest values of
N-NH; were found in T1 and T2 at 48 and 72 h of fer-
mentation. These N-NHj; values could be related to the
action of ureolytic enzymes of bacteria that normally
occur in the SSF processes [22]. It is pointed out that
urea in SSF is transformed by the action of micro-
organisms to N-NH; [44]. This factor can also be pro-
duced by deamination of the non-protein nitrogen com-
pounds [45].

The cells counts of yeasts per ml (Log 10) increased
with the increase in PT level at all times of fermentation
(P < 0.05). The highest values of yeast counts (YC) were
obtained in T2 at 72 h, and in T3 and T4 at 48 and 72 h
of fermentation. These results can be related with proper
pH (acid) required for the growth of these organisms.
The probiotic increased the yeast presence by the nature
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of this product which is rich in these microorganisms. In
addition, the fermentable carbohydrates in SSF favored
the development of certain microorganisms that are
naturally present in substrates [18]. The results obtained
in present study are in agreement with [46] who reported
increases in yeast content using molasses as substrate
and yeast Kluyveromices lactis obtained from apple
(Malus domestica) in SSF process. Similarly, [47] found
increases in microbial counts in SSF of feeds using
mixed cultures of Lactobacillus fermentum, Saccharo-
myces cerevisiae and Bacillus subtilis; and they also
obtained an increase in microbial protein. The improve-
ment in nutritional quality of some fermented substrates
can largely be attributed to the increase in the yeast
population; this condition is supported by the increase in
true protein.

4. CONCLUSION

According to the results of the present experiment, the
best treatment was T4 (150 g/kg of probiotic) where the
highest crude protein values and yeast counts were ob-
served. The better percentages of true protein were ob-
tained in T4 at 72 h of fermentation. It is feasible for the
solid state fermentation of sludge paper with the use of
probiotics, where the production of microbial protein is
important in the animal feed. The increase in the nutria-
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tional quality of sludge paper treated with Prozoot15®
can be attributed to the increase in microbial population.
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LIST OF ABBREVIATIONS

ADF: Acid Detergent Fiber
CP: Crude Protein

DM: Dry Matter

g: gram

h: hour

kg: kilogram

LA: Lactic Acid

N-NHz;: Ammonia Nitrogen
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NDF: Neutral Detergent Fiber

pH: Concentration of hydrogen ions
PT: Probiotic

PS: Paper Sludge

SSF: Solid State Fermentation

T: Treatments

TP: True Protein

YC: Yeast Counts

OPEN ACCESS



