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Abstract
The objective of this research was to obtain a macerate with prebiotic potential from barley straw obtained after fermentation in
solid-state. Fermentation process was carried out for 7 weeks at 30 °C using sterilized barley straw inoculated with Rhizopus
oryzae JCP024. Spores number, changes in pH, and carbohydrates were monitored every 24 h. Deionized water was used to
obtain the macerates of the fermented barley straw. The concentration of reducing carbohydrates and the total carbohydrates was
determined by using DNS and Dubois technique, respectively. The effectiveness of the macerates as prebiotics was verified
through a viability study with L. casei Shirota. Inulin was used as prebiotic control. Reducing carbohydrate content decreased
until total carbohydrates increased due to the consumption of carbohydrates by the fungal biomass and hydrolysis of oligosac-
charides at the same time. A constant viable count of the probiotic was observed, being comparable to that observed in the control
(1 × 108 CFU/mL). With these results, it is demonstrated that the macerates of an agricultural waste obtained during fungal
fermentation could be an alternative for obtaining carbon sources for probiotic growth.
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1 Introduction

Prebiotics are substances that are digestible only in the colon
and positively affect the balance of the intestinal microbiota
[1]. In addition, some natural prebiotics help to lower blood
pressure, prevent platelet aggregation, and help in the absorp-
tion of some minerals such as calcium, iron, zinc, and magne-
sium [2].

Agricultural and food industry wastes are potential raw
materials to obtain prebiotics. These productive sectors gen-
erate a large amount of organic waste that is only taken for
animal feeding or is discharged without any treatment. Some
of these wastes can be re-valued as rawmaterials for obtaining
high commercial value metabolites [3]. This is the case of the
sub-products of cereal processing, such as barley straw, whose
nutrient content and mainly complex carbohydrates make it a
potential source of prebiotics [4].

Prebiotics can be synthesized and obtained using different
techniques: (1) extraction by physical methods, (2) enzymatic
synthesis, and (3) enzymatic or microbiological hydrolysis.
Extraction by physical methods has been used to obtain pre-
biotics from inulin since some of its oligosaccharides are sol-
uble in water and they are easy to obtain [1]. Another

Statement of novelty Barley straw is an agro-industrial waste with high
technological value. Its chemical composition includes a high content of
oligosaccharides especially cellulose and hemicellulose. In spite of that, it
is used almost exclusively for animal feeding. The relevance of this work
is the use of barley straw as a source of potential prebiotic after sacchar-
ification by R. oryzae JCP024 during a solid-state fermentation. The
recovery of agricultural residue as part of waste management is a relevant
issue in the implementation of biorefineries. This research is the begin-
ning in a process of valorization of barley straw and it is the first study to
demonstrate the activation of probiotic growth bymacerates derived from
barley straw saccharified.
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technique is ultrasound, which has shown high efficiency and
productivity [5]. This technique has recently been used for the
extraction of oligosaccharides from industrial artichoke waste
[6, 7].

The use of glycosyltransferases and galactosidases from
lactic acid bacteria is used to obtain prebiotics synthesized
through enzymatic reactions [8–10]. However, the most effec-
tive processes are those that involve the use of lipases and
galactosidases [11]. The coupling of chemical compounds
and enzymes improves the obtaining of structurally defined
oligosaccharides, which enhances the biological functionality
of these chains [10], although obtaining oligosaccharides by
this method has some disadvantages, including its high cost
and the need of purifying the final products.

Finally, the least used technique for the production of pre-
biotics is based on the hydrolysis of oligosaccharides and
complex carbohydrates by fermentation due to microbial
growth. This technique has its difficulties because the produc-
tion performance of prebiotics is associated with the adapta-
tion of the microorganism to the substrate, which in turn de-
pends on the pH, temperature, and composition of the culture
medium [12].

One of the great advantages of this type of method is the
use of agro-industrial waste for both the production of func-
tional oligosaccharides and enzymes for industrial use.
According to Abdel-Sater and El-Said [13], rice and wheat
straws and cane bagasse are materials from which microor-
ganisms capable of producing xylanases can be isolated,
which, in turn, are used by these microorganisms for the pro-
duction of xylooligosaccharides. Fungi belonging to genus
Penicillium, Aspergillus, and Fusarium are examples of
xylanase-producing microorganisms.

According to Singh et al. [14], the limited aeration and the
need for mechanical agitation in submerged fermentation, es-
pecially in block processes, are the main limitations in the
performance of the process. On the other hand, one of the
main advantages in solid fermentation processes is low hu-
midity; this prevents both bacterial contamination and high-
energy consumption [15]. That is why the objective of this
work was to take advantage of solid fermentation with
Rhizopus oryzae JCP024 in the fractionation of long-chain
carbohydrates from barley straw to obtain macerates with pre-
biotic potential.

2 Material and methods

2.1 Sample

The barley straw was obtained from a farm located in the
Municipality of Apan, Hidalgo, Mexico, until completing 3
kg. The straw was ground in a manual mill and sieved.
Sections of 5 g were taken from particles less than 0.5 mm.

2.2 Inoculum preparation

The microorganism was obtained from the Biotechnology
Laboratory of the Universidad Autónoma del Estado de
Hidalgo. The spore suspension of Rhizopus oryzae
JCP024 was prepared from fully sporulated fungi cultivat-
ed for 7 days on potato and dextrose agar, using a 0.85%
(w/v) NaCl solution. Through a platinum loop, the myce-
lium of the fungus was added to 10 mL of sterilized 1%
(w/v) peptone water. Subsequently, 2 mL of this solution
was added to a tube with 8 mL of water, so on until a
concentration of 1 × 107 spores/mL was obtained. The
spore count was performed by the Neubauer technique
[16].

2.3 Solid-state fermentation

Solid-state fermentation was carried out according to the
technique of Sandhu and Punia [17] with some modifica-
tions. In 250-mL Erlenmeyer flasks, 5 g (on a dry basis)
of barley straw was added. The straw was mixed and
autoclaved at 121 °C for 15 min. Under aseptic condi-
tions, straw moisture was determined and adjusted to
60% (w/v) with citrate buffer pH 5. The study was carried
out in independent units for each time. The sterilized solid
substrate was inoculated with 1 × 107 spores/mL of the
Rhizopus oryzae JCP024 preparation. The contents were
mixed and incubated at 30 °C. Fermentation took place
for 7 weeks and was monitored every 7 days. With this
time, fungal growth was guaranteed until the deceleration
stage. To determine the number of spores generated dur-
ing fermentation, the Neubauer chamber count method
was used, applying Equation 1 (Eq. 1):

spores

mL
¼ ðspores number

9
� 25� 104 � FDÞ ð1Þ

2.4 Obtention of macerates

In order to obtain the soluble carbohydrates from the
fermented barley, maceration was carried out. The
Erlenmeyer flasks containing the sourdough were rinsed with
100 mL of previously sterilized deionized water. The flasks
were heated for 90 min at 65 °C. The macerates obtained were
vacuum filtered through a Büchner funnel with Whatman no.
1 filter paper of 90 mm of diameter. The filtrates were trans-
ferred to Eppendorf tubes which were centrifuged for 10 min
at a speed of 8900×g and 4 °C. Soluble carbohydrates were
determined from the centrifuged samples by the Dubois meth-
od and reducing carbohydrates by the DNS method.
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2.5 Determination of total carbohydrates

Total carbohydrate was estimated using the phenol-sulfuric
acid method described by Dubois et al. [18]. The process
involved the successive addition of 1 mL 5% (w/v) phenol
and 5 mL concentrated sulfuric acid (98% w/w) to 1 mL of
samples. The mixture was then well shaken and cooled to 25
°C after a standing period of 10 min. The developed color was
read at 490 nm, and the amount of total carbohydrate was
determined using the calibration curve constructed with dif-
ferent working standards of glucose from 0 to 1000 mg/L.

2.6 Determination of reducing carbohydrates

Reducing carbohydrates were determined calorimetrically by
the dinitrosalicylic acid (DNS) method [19]. To the properly
diluted sample, DNS reagent was added followed by heating
in a water bath and further addition of Rochelle salt solution
(40% (w/v). The absorbance was taken at 510 nm after
cooling the mixture under running water. Reducing carbohy-
drates were estimated from the standard curve of glucose pre-
pared by plotting the absorbance of different known concen-
trations of working solutions against their concentration.

2.7 Prebiotic activity

To verify the prebiotic capacity of the macerates, an in vitro
digestion study was carried out simulating the small intestine.
The experiment was performed according to one described by
Molly et al. [20] with modifications. Total carbohydrates were
calculated to determine the amount of macerate to be used in
each test. The medium was prepared by adding the volume of
the filtrate obtained from eachmacerate necessary to provide 1
g/L of carbon source, and in the case of the control experi-
ment, 1 g/L of inulin was added. The total volume of the
medium was 35 mL containing 3 g of yeast extract, 1 g of
proteose-peptone, 0.4 g of NaHCO3, 0.08 g of NaCl, 0.04 g of
K2HPO4, 0.008 g of CaCl2, 0.008 g of MgSO4 • 7H2O, 0.04 g
of bile salts, and 1 mL/L of Tween 80. The pHwas adjusted to
7.2 with 0.1 N HCl or 0.1NNaOH depending on the initial pH
level. The flasks were pasteurized at 90 °C for 10 min in an
autoclave. The media were inoculated with 1 × 107 cfu/mL of
Lactobacillus casei Shirota. The flasks were kept at 37 °C for
48 h with shaking at 150 rpm in an orbital shaker. Viable
count of probiotics was determined by plating on MRS agar
(DifcoTM). Subsequent dilutions of the fermented media
were made to a final dilution of 1 × 10−6 and 100 μL of each
dilution was taken and placed in Petri plates with MRS agar.
Finally, they were incubated at 37 °C, under anaerobic condi-
tions for 72 h. Plate count was performed for all macerates
obtained and was carried out in duplicate. The carbon source
consumption was determined by measuring total carbohy-
drates using the phenol-sulfuric acid method.

3 Results

3.1 Compositional analysis of barley straw

The initial analysis of the barley straw revealed a humidity of
7.0% ± 0.16, total carbohydrates of 80.4%, and a concentra-
tion of reducing carbohydrates of 48%. The humidity value is
comparable with that obtained by Contreras et al. [21] and
Plazonic et al. [22]. Barley straw with a moisture content of
less than 15% is known to be less susceptible to fungal con-
tamination. On the other hand, Nasehi et al. [23] reported
concentrations of total carbohydrates and fermentable carbo-
hydrates (reducing) very similar to those obtained in this in-
vestigation (77.17% and 54.92%, respectively). From these
analyses, the physicochemical changes in fermentation were
observed.

3.2 Solid-state fermentation

3.2.1 Spore concentration of Rhizopus oryzae JCP024

To carry out the solid-state fermentation study, the humidity
was adjusted to 50%. Ezeilo et al. [24] showed that this ad-
justed humidity percentage is optimum for the growth of
Rhizopus oryzae. The spore concentration of the starter solu-
tion was 40.5 ± 0.7 spores mL−1. After inoculating the straw
with the starter solution, measurements were made once a
week and the results are seen in Fig. 1.

From week 2, a significant increase was observed until
week 4, compared to the concentration of spores in week 1.
This concentration remained constant until week 7. The solid-
state fermentation studies for the saccharification of barley
straw have generally been made with macroscopic fungi.
Nasehi et al. [25] determined that barley straw served as a
means of containment for the growth and development of
macroscopic fungi when the fermentation process was carried
out for up to 34 days. On the other hand, the enzymatic activ-
ity of macroscopic fungi developed in barley straw undergoes
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Fig. 1 Rhizopus oryzae JCP024 spores’ number during 7 weeks of
fermentation of barley straw
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an increase during solid-state fermentations up to 24 days
[25]. However, in the case of the use of microscopic fungi
such as Aspergillus oryzae to ferment barley straw, significant
changes have been reported after 20 days [26] and after 7 days
with Aspergillus fumigatus, when barley straw is pretreated
with acids [27].

3.3 pH changes

Changes in pH during 7 weeks of fermentation are observed in
Table 1. The final pH value was not significantly different
compared to the initial, although some changes were observed
during the process. These results are consistent with those
informed by other authors [28, 29]. Wang et al. [28] reported
that after 36 h of cereal fermentation by R. oryzae, pH changes
observed were not significant. The changes were observable
only during the first hours, and later, there was an increase
over time. Blakeman et al. [29] have also reported this behav-
ior; these authors observed a decrease in pH values during the
first 36 h with a recovery of the initial pH value after 56 h in
cereal fermentation at 22.5 °C.

3.4 Carbohydrate concentration changes (reducing
and non-reducing)

Table 2 shows the changes found in the percentage of the
remaining non-reducing carbohydrates and the concentration
of reducing carbohydrates during the fermentation of barley
straw for 7 weeks. The percentage of non-reducing remaining
carbohydrates reached 28.49% after the 7 weeks of fermenta-
tion. The decrease was gradual during the fermentation time
and no decrease in the metabolic activity of the fungus was
observed. Likewise, an increase in the concentration of reduc-
ing carbohydrates was observed until week 3. This concentra-
tion remained stable until week 5, which increased again until
week 6, and in week 7, no significant differences were found
with the concentration. In general, the data on the decrease in
the concentration of total carbohydrates corresponded to the
increase in reducers.

In potato waste fermentation studies, R. oryzae is capable
of breaking down complex carbohydrate chains by up to 44%
during 36 h with the consequent accumulation of up to 2 g/L
of reducing carbohydrates [30]. On the other hand, it is known
that the saccharification of cellulose and hemicellulose of bar-
ley straw in biomass is due to the xylanase and cellulase ca-
pacity of microscopic fungi such as Aspergillus fumigatus,
which is capable of accumulating up to 0.8 g/L of reducing
carbohydrates in 140 h [27]. In the same sense, R. oryzae has
been used for its lignocellulosic and cellulosic capacity for the
production of glucose derived from the fractionation of com-
plex carbohydrates from agro-industrial residues [31, 32].

3.5 Prebiotic capacity evaluation

Table 3 shows the results of carbohydrate consumption by
L. casei Shirota. The results show the consumption of carbo-
hydrates derived from the macerates of the different days of
fermentation. Due to the high content of glucose chains
(glucooligosaccharides), these macerates are used by probiotic
for their development [33].

Results showed the effectiveness of the fermented barley
straw macerates in the growth and maintenance of the probiotic.
The survival test indicated that L. casei Shirota had growths
comparable to those obtained with the inulin control. L. casei
concentration was maintained at 11 logarithmic cycles (except
for the macerate count of week 2, which presented a higher
count), which means that in all the macerates, there were suffi-
cient carbohydrates to keep the microorganism viable at these
levels at the same way of inulin results. This carbon source has
long been used due to its proven prebiotic capacity [34, 35]
stimulating the growth and maintenance of probiotics mainly in
dairy products. When comparing the results obtained between
the macerates obtained and inulin, it is observed that this stimu-
lating growth effect occurs in both cases. However, since the
macerates are not purified carbon sources, they could have other
compounds (e.g., mineral salts) that might influence the probiotic
growth. Despite this, the results of carbohydrate consumption

Table 1 Changes of pH
during fermentation Time (weeks) pH

1 6.69 ± 0.14a

2 6.96 ± 0.26a

3 7.40 ± 0.21b

4 7.58 ± 0.04b

5 7.91 ± 0.01c

6 7.28 ± 0.47b

7 7.06 ± 0.12a

Different superscripts indicate significant
difference between the data (P = 0.05)

Table 2 Non-reducing remaining and reducing carbohydrate
concentration during fermentation

Time
(weeks)

Remaining concentration of non-
reducing carbohydrates (%)

Concentration of reducing
carbohydrates (mg/L)

1 83.75 224.56 ± 6.0a

2 79.55 505.10 ± 21.4b

3 64.48 964.86 ± 8.8c

4 43.68 1058.3 ± 9.9c

5 45.34 1471.3 ± 4.9d

6 35.39 1549.3 ± 19.2e

7 28.49 1307.7 ± 38.5d

Different superscripts indicate significant difference between the data (P
= 0.05)
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showed that the development of the microorganism is mainly
due to the type of carbon source in the medium used.
Escamilla-Lozano et al. [36] tested a medium similar to that used
in our research, with and without a carbon source, to determine
the influence of different sources of carbon on the growth of
L. casei Shirota. These authors found that the medium without
a carbon source was not able to stimulate the growth of the
probiotic, although the initial concentration of inoculated probi-
otic remained constant. According to Huebner et al. [37],
lactobacilli have the ability to ferment prebiotic carbohydrates,
which is dependent on the substrate. Likewise, Makras et al. [38]
demonstrated the production of both fructosidases and glucosi-
dases in order to fractioned fructo- and glucooligosaccharides.

The present study has demonstrated the prebiotic capacity
of macerates obtained after fermentation of barley straw whit
Rhizopus oryzae JCP024. This study is the first to propose the
use of agricultural waste to obtain a potentially prebiotic ma-
terial. Many other studies done with barley have shown the
ability of this germinated or fermented cereal to enhance the
selective growth of probiotic bacteria [33, 39, 40].

The modulation of the human intestinal microbiota using pre-
biotics is one of the fields of application of this type of study. It is
known that the intestinal microbiota plays a preponderant role in
human health, which can be benefited by reducing the risk of
colorectal cancer [41]. Based on the data obtained through this
study, the prebiotic potential of barley straw, considered as agri-
cultural waste, is determined by the activation that their
fermented macerates exert over probiotic growth founding in
the composition of the intestinal microbiota and for their use as
a functional ingredient in symbiotic food.

4 Conclusion

Barley straw is a suitable substrate for the development of
spores and growth of Rhizopus oryzae JCP024 due to its water

activity and carbohydrate concentration. There is no direct
relationship between pH changes and total carbohydrate deg-
radation during the development of spores. On the contrary,
there is a correlation between the production of reducing car-
bohydrates and the degradation of total carbohydrates mea-
sured as the remaining total carbohydrate concentration dur-
ing the fermentation process. Barley straw macerates
fermented with R. oryzae JCP024 stimulate the growth of
L. casei Shirota in a minimal medium in a similar way to
inulin, a prebiotic par excellence. The fractionation of cellu-
lose by R. oryzae provoque leads to the formation of complex
glucose chains that are being used by probiotics due to their
glucosidase capacity. Further research is needed to demon-
strate the endoglucanase activity due to the increase in the
concentration of carbohydrates and its correlation with fungus
growth. Macerates from solid fermentation of barley straw
have potential as prebiotics for their use as raw material in
the manufacture of symbiotic food.
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