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Abstract

This work presents the design of a bioprocess as an integral solution for adding value to whey by converting it into high
value-added products for environmental/agronomical purposes as biostimulants for both soils and plants . The core of the
bioprocess is a fermentation by Lactobacillus rhamnosus, a bacterial species within the group of plant growth promoting
bacteria (PGPB), followed by a physicochemical separation of the valuable products obtained. The soil biostimulant products
obtained are lactic acid, peptides and free amino acids and the biomass of Lactobacillus rhamnosus. All of these products
were purified and the residual fraction, mainly comprising inorganic elements with high sodium content, was removed in
order to avoid soil fertility problems. These products were evaluated on their soil biostimulant and biocontrol capacity, thus
protein hydrolysates and lactic acid induced microbial activity, lactic acid also showed an effect modifying microbial bio-
diversity, favouring bacterial genera recognized as growth plants promoter, and L. rhamonsus presented biocontrol activity
against some phytopathogenic microorganisms. These results give rise to the formulation of products for environmental/
agronomic application.
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Statement of Novelty

The design of a new process for the valorization of organic
by-products, specifically whey, leading to its total con-
version into agricultural/environmental biostimulants is
the main reason why this research was undertaken. Whey
is produced in large volumes and presents problems of
environmental management. This new process allows its
valorization through its conversion into new products with
high added value in the market of organic agriculture. This
process can be the base of new industrial lines of produc-
tion of biostimulants that would meet the growing agri-
cultural demand sustainably, optimizing investments, and
improving the crop yield and quality, with the increased
benefit of reducing environmental impacts of inorganic
fertilization.

Introduction

Whey is the watery part of milk (85-95% of the total
volume) that results from separating curd when proteins
coagulate during cheese production. It mainly consists of
water, lactose (4—5%), soluble proteins (1%), and mineral
salts (0.25%).

Annual whey production stands at approximately
180 million tons worldwide [1]. Due to its strong organic
and saline content [2, 3] disposing of it as waste poses
a great environmental problem and its correct treatment
before discharging it into the receiving waters [4, 5] is a
legal requirement.

An agronomic biostimulant is any substance or micro-
organism that is able to enhance plant nutrition efficiency,
abiotic stress tolerance and/or crop quality traits [6].

Due to its potential as a fertiliser, applying whey to
the land has long been an agronomical practice [7]. Whey
contains beneficial nutrients for crops such as nitrogen,
phosphorous, potassium, calcium, magnesium and sul-
phur. The quantities and proportions of these nutrients in
whey make it a suitable substitute for, or supplement to,
inorganic fertiliser [8]. Applying whey to soil has been
reported to be an effective method of increasing organic
matter, beneficial nutrients concentration and soil water
holding capacity [9].

Phytochemical studies of whey-fertilised plants have
proven its capacity to stimulate biosynthesis induction and
plant active principles accumulation [10].

Applying whey to land does, however, have several
drawbacks. Soil physical and chemical structure, and
hence crop yield, may be affected—mainly by its sus-
pended solids and high salinity content [11]. Suspended
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solids can obstruct soil pores, promoting soil fouling and
negatively influencing infiltration rate [8]. Furthermore,
whey’s salinity content decreases the plants’ ability to
uptake water, thus affecting growth, fruit production, while
it can also inhibit seed germination [7].

Moreover, it has been reported that continuously applying
high rates of whey decreases crop yield, negatively affects
soil microorganisms and even leads to more severe issues
such as groundwater pollution [12].

Apart from its interest as fertiliser, it shows biocontrol
activity against phytopathogenic fungi and bacteria [13]; it
has also been used effectively against fungal infections [14]
and for controlling powder mildew [15]. The main factors in
this biocontrol activity are bioactive compounds, lactic acid
and lactic acid bacteria (LAB) are [16—18]. The result of lac-
tose fermentation, lactic acid is present in small quantities in
whey. It is an organic acid produced naturally by roots under
conditions of hypoxia and is exuded to prevent phytotoxic-
ity problems in plant tissues [19]. It has been proven to be a
soil prebiotic, showing a biostimulant effect, modulating the
soil microbial community and enhancing the bioavailability
of phosphorus in soil [20, 21]. LAB are also considered as
PGPB since they protect plants from diseases and abiotic
stresses. Their main trait as plant growth promoters is their
biocontrol activity against phytopathogenic bacteria and
fungi [18].

This work aims to enhance the production of these low-
proportion compounds of interest, such as lactic acid and
a specific LAB, Lactobacillus rhamnosus, through a whey
fermentation process. It also aims simultaneously to trans-
form other low-bioavailable compounds, such as proteins,
into other high value-added agricultural products, such as
protein hydrolysates. These three fractions with biostimu-
lant properties were separated and assessed based on their
biostimulant potential.

Materials and Methods
Chemicals and Microorganisms

Post-cheese production whey was obtained from Berrocales
Trujillanos SL, Spain.

The enzyme bioprotease L-450 from Bacillus licheni-
formis obtained from Biocom (Spain).

MRS broth was prepared according to de Man, Rogosa
and Sharpe’s indications [22].

Other chemicals and reagents employed in the study were
of an analytical grade and used with no further purification.

The Lactobacillus rhamnosus used to carry out whey fer-
mentations was identified by gene sequencing the 16S rDNA
after being isolated from the whey microbial consortium and
stored at —80 °C.
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Phytopathogenic strains Botryotinia fuckeliana, Fusarium
oxysporum and Pseudomona syringae for biocontrol essays
were obtained from the Spanish Collection of Type Cultures,
Valencia, Spain (CECT).

Analytical Techniques
Lactose and Lactic Acid Determination

Lactose and lactic acid concentration in whey were deter-
mined using their respective enzymatic test kits according
to the manufacture’s recommendations (Lactose Assay kit
and p-/L-Lactic Acid (p-/L-Lactate) (Rapid) Assay Kit, both
from Megazyme Int. Wicklow, Ireland).

Protein Analysis

HPLC Molecular Size Exclusion Chromatography Molecular-
mass distribution of protein and peptides were determined
by HPLC size exclusion chromatography using a JASCO
LC-4000 system, with a Superdex Peptide™ 10/300 GL col-
umn (optimum separation range 0.1-7 kDa) [23]. Proteins/
peptides were detected at 280 and 215 nm with a JASCO
UV-4075 UV/Vis detector module coupled to the column.

SDS-PAGE Protein and peptide profiles were analysed by
sodium dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) using 12% polyacrylamide gels in Tris-
Glycine SDS running buffer (25 mM Tris-HCl pH 8.4,
190 mM Glycine, 0.1% SDS).

Fermentation of Whey

Selection of the Microbiological Tool from the Whey
Microbial Consortium

Microbiological Characterisation: Isolation and Identifica-
tion A microbial characterisation of the main cultivable
microbiological strains was performed. Serial dilutions of
whey were sown in MRS agar broth in order to find mor-
phological differences between the colonies of the microbial
species present in the original consortium of whey. Those
colonies that showed significant differences were then iso-
lated and identified by gene sequencing [24]. To identify
yeast, samples were amplified with ITS5 and LR6 primers
and sequenced with 4 primers: ITS1, NL1, NL4 y ITS4.
To identify bacterial species, samples were amplified with
27F and 1492R primers and sequenced with 4 primers: 27F,
518F, 800R and 1492R.

PCR products were amplified, purified and sequenced by
STAB VIDA (Oeiras, Portugal). PCR products were purified
with magnetic beads; the purified PCR products were then

sequenced with a Bigdye Terminator V3.1 and run on the
3730XL DNA analyser.

Screening of the Major Lactic-Acid-Producing Strain The
capacity of the different microorganisms isolated to produce
lactic acid has been tested. Each microorganism was grown
in 100 mL of MRS medium in a 250-mL Erlenmeyer flask.
The medium was previously sterilised by being autoclaved
at 121 °C for 20 min, and then inoculated with a loopful of
cells from a single colony grown on an agar plate, and incu-
bated with shaking at 150 rpm, at 37 °C for 72 h. Lactose
and lactic acid isomers content were measured at the end of
the fermentation time.

In order to obtain the starter culture for the following
fermentations, the best lactic acid-producing strain already
known was grown in a previously-sterilised flask with
100 mL of MRS medium.

Whey Fermentations

Whey fermentations were performed in a 2-L Biobundle
System (Applikon Inc., Foster City, Calif.) under previously-
optimised, controlled conditions of pH (pH 5.5, using cal-
cium hydroxide as alkaline base), temperature (37 °C) and
agitation (300 rpm).

Whey was previously pasteurised and inoculated with a
2% v/v culture of L. rhamnosus.

In order to increase whey protein bioavailability, 0.1% of
protease (Bioproteasa LA-450 from Biocon Espafiola, S.A.)
was added to fermentations as an inductor.

Separation of Biostimulants

Different fractions of fermented whey were separated by
molecular weight using an MMS triple system membrane
device. A 0.2-um PVDF membrane was used to separate L.
rhamnosus biomass and a 200-Da MW cut-oftf TFM mem-
brane was used to separate the protein hydrolysate.

Lactic acid was purified from the permeate using the
esterification-distillation method described by Kwak et al.
[25].

Testing the Biostimulant Capacity of Products
Obtained from Fermented Whey

Lactobacillus rhamnosus Biocontrol Activity Test

Lactobacillus rhamnosus biocontrol activity was tested
against different phytopathogenic species. Plate confronta-
tion method in PDA plates was used for fungi assays. Fun-
gal cakes were placed in the centre of a PDA plate, and
pure bacterial colonies were cultured at an equal distance
(3 cm) from pathogenic cakes (72 h, 28 °C) and inhibition
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diameter were calculated. Negative control plates had no
bacteria [26].

The agar spot method in MRS plates was used to test L.
rhamnosus antagonist activity against Pseudomona syrin-
gae. In this case, 50 uL of a culture of P. syringae were
sown by the spread-plate method and a small strip of an 18-h
culture of L. rhamnosus was sown in the centre of the plate
using a sterile stick [27].

Soil Biostimulant Capacity of Lactic Acid and Protein
Hydrolysate

Both whey-hydrolysed protein and lactic acid were tested in
separate trials based on its edaphological stimulation capac-
ity. In both cases, a soil-stimulation test was carried out, and
the effect on soil microbiota was based on the dehydrogenase
activity, measured by a reduction of 2-p-iodo-3-nitrophenyl
5-phenyl tetrazolium chloride to iodonitrophenyl formazan
[20, 28].

The soil used in this work is a Plagic Antrosol soil [29].
Assays were carried out in triplicate, kept in semi-closed
microcosms of 200 g of dried and sieved (<2 mm) soil at
2542 °C for 28 days. Soil samples were mixed with 0.5%
and 1% v/w protein hydrolysate or 0.5% v/w lactic acid,
and 60% of water-holder capacity was maintained during the
time of the experiment by adding distilled water. No product
was added to the control pots.

DNA Metabarcoding Analysis Total genomic DNA was
extracted from soil samples using the DNeasy Power-Soil
DNA isolation kit (Qiagen) according to manufacturer’s
instructions.

The V3-V4 hypervariable regions of the bacterial 16S
rRNA were amplied by PCR using the primers Bakt 341F
and Bakt_805R [30] to prepare libraries. Libraries were
purified, pooled and sequenced in a fraction of a MiSeq
PE300 run (Illumina).

Sequencing data were performed using the bioinformatic
tool Qiime 1.9.0 [31]. 16S reads were clustered into OTUs
using the de novo approach, and each OTU was assigned to

amicrobial taxon using the RDP classifier [32] with a confi-
dence threshold of 97%.

Results and Discussion
Whey Chemical Composition

The whey used as raw material in this work presents the
typical chemical composition (Table 1), mainly comprising
carbohydrates—mostly lactose—and proteins.

While lactose is the major component in whey
(50+3.9 g/L, Table 1), soluble protein is the second main
component (10+2 g/L, Table 1). Protein composition
has been analysed, showing the typical protein profile of
whey obtained from raw milk [33], mainly composed of
high molecular weight proteins such as p-lactoglobulin,
a-lactalbumin, and minor amounts of casein. Whey also con-
tains minor quantities of lactic acid (5.2+0.6 g/L, Table 1),
a product of the spontaneous microbial fermentation of lac-
tose during storage [34].

The inorganic composition of the cheese whey used
in this work consists of mineral salts (0.24+0.2 g/L,
Table 1), mainly comprising K (1.28 g/L), Ca (0.30 g/L),
Na (0.28 g/L) and P (0.34 g/L), primarily in the form of
phosphatic salts; similar results have been reported previ-
ously [35, 36].

In order to assimilate lactose and proteins, soil microor-
ganisms need hydrolytic enzymes [3, 37]. Our work aims to
skip this hydrolytic stage in soil by applying more bioavail-
able products obtained from the previous compounds, such
as lactic acid and protein hydrolysates, as soil prebiotics.

Whey Fermentation and Separation
of Biostimulants

A bioprocess for the production of biostimulants has been
designed (Fig. 1). The core of this bioprocess consists of
a fermentation with L. rhamnosus that is LAB previously
isolated from the whey microbial consortium. Operational
fermentation parameters were optimised and established in

Table 1 Composition of both initial whey and fermented whey and mass balance of the process. Data are the means of three samples

Fermentation Mass balance
Initial whey (g/L) Fermented whey (g/L) Products Amount with respect to
initial dry weight (%)
L. rhamnosus 0.07+0.01 32407 A. Probiotics (10'! CFU/g) 473
Nitrogenous fraction 10+2 (Proteins) 9.16 + 1.8 (Protein hydrolysates) B. Protein hydrolysates 13.54
Lactic acid 52+0.6 42427 C. Lactic acid 62.07
Minerals 24+0.2 24+0.2 D. Minerals 3.55
Lactose 50+£3.9 1.7+£0.2 Loss of organic matter 16.11
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Fig. 1 Scheme of the whey
treatment process. Detailed
steps are shown as well as each
valuable fractions obtained
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Table 2 Lactic acid productivity of each isolated microbial species

Specie Lactic acid
production
yield (%)

P. kudriavzevii D 0

L. fermentum [' 49.81

L. helvéticus r 11.17

L.hilgardii D 4991

L. rhamnosus n 82.21

L. zeae r 76.77

at

order to achieve the greatest production of lactic acid and
of L. rhamnosus biomass, as well as the total conversion of
proteins into a protein hydrolysate. These products are also
separated and purified through physicochemical process.

Fermentation Process

The biological phase is based on a microbial fermentation
process coupled with a process of enzymatic protein hydrol-
ysis. The optimisation of the process is described below. It
comprises selecting the microbiological tool and optimising
the fermentation operational parameters.

Microbiological Tool Selection Six major cultivable species
were reported from a microbial isolation carried out within
the consortium present in whey. Once they were identified,
screening was undertaken in order to search for the maxi-

L Peptide separation
A. Probiotics by nanofiltration

. rh i
L. rhamnosus B. Protein

hydrolysates

- Lactic acid

- Minerals

Lactic acid purification by
esterification & distillation

C. Minerals D. Lactic acid

Table 3 Size-exclusion chromatography and molecular-weight distri-
bution (percent of protein nitrogen) of whey and fermented whey on
SuperdexTM Peptide 10/300GL high-performance column

Molecular weight (Da) Whey (%) Fermented
whey (%)
> 10,000 52.23 18.20
10,000-5000 13.61 9.94
5000-1000 7.15 23.18
1000-300 17.02 30.66
300-165 9.99 18.02

mum lactic acid-producing strain (results shown in Table 2).
Presenting the highest production yield of lactic acid, Lac-
tobacillus rhamnosus was chosen as biological the tool to
perform the fermentations (Table 2). Selecting a locally-
adapted strain would be more beneficial compared to a bac-
terial strain obtained from a culture collection.

Operational Fermentation Parameters Operational fermen-
tation parameters were optimised based on maximising the
production of lactic acid and L. rhamnosus biomass: pH 5.5,
temperature 40 °C, and an aeration rate of 0.1 vvm were
chosen.

Nitrogen availability is a limiting factor in whey fermen-
tation. The poor proteolytic system of LAB [38] and the
fact that whey’s nitrogenous fraction is mainly composed
of hardly-available high-molecular-weight globular proteins
make nutrient supplementation (yeast extract, protein hydro-
lysates, etc.) necessary in order to obtain good bacterial
growth and high lactic acid productivity [39-41]. The use of
protease as a proteolytic agent to enhance nitrogen bioavail-
ability could solve the nutritional deficiency of whey [38].
Subtilisin was therefore used in order to carry out a simul-
taneous fermentation and protein hydrolysis and achieve an
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optimal lactic acid production yield, avoiding the need for
nutritional inputs, which in turn reduces fermentation time.
The HPLC chromatographic analysis of the molecular exclu-
sion of both whey and fermented whey (Table 3) reveals that
protein hydrolysis leads to an inversion of the protein profile
in favour of low molecular weight peptides. The majority of
the peptides obtained have a molecular weight of between
1000 and 300 Da, which corresponds to peptides of between
8 and 10 amino acids that efficiently support LAB growth
[38]. Confirming the above, the results of the electrophoretic
analysis show that soluble proteins remain unchanged after
the enzyme-free fermentation process compared with unfer-
mented whey (Fig. 2, lane b). Subtilisin produces a drastic
change in protein size, making the bands corresponding to
the typical whey proteins, f-lactoglobulin and a-lactalbumin
(Fig. 2, lane c) disappear.

As shown in Fig. 3a and b, protease enables proteins to
be converted into a protein hydrolysate. As a fermentation
inductor, it also has an effect on fermentation performance,
increasing the speed of the process, achieving a faster total

Mr

(KDa) A B C
00 | smmm—~
45 ——

14.3

Fig.2 SDS-PAGE of whey. Lane Mr—Markers (molecular mass
expressed in kDa as marked on the left side); Lane a—Unfermented
whey; Lane b—Fermented whey without protease addition; Lane c—
Whey fermented with 0.5% w/v protease. p-lactoglobulin (LG) and
a-lactalbumin (LA) are the main proteins of whey
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lactose consumption (Fig. 3a) and consequently a faster and
higher lactic acid production (Fig. 3b). The highest hydro-
lytic rate was reached with 0.5% v/v of protease. In com-
parison with the control where no protease was added, at
24 h of fermentation, the lactose depletion and lactic acid
production were around 21% and 12% higher respectively.

At the end of this biological process, a fermented prod-
uct is obtained which composition is shown in Table 1. It
is mainly composed of lactic acid (42 +2.7 g/L), followed
by protein hydrolysates (9.16 + 1.8 g/L) whose molecu-
lar weight is mainly between 1000 and 300 Da (Table 3).
Proteins are totally converted into peptides and free amino
acids, thus increasing nitrogen bioavailability.

Finally, the insoluble fraction is composed of the of L.
rhamnosus bacterial biomass, which has increased from
0.07+£0.01 to 3.2+0.7 g/L of dry weight after fermentation
(Table 1).

In brief, the biological process developed consisted of
a whey fermentation using an L. rhamnosus strain as the
inoculant. Under optimum fermentation parameters (40 °C,
pH 5.5, aeration 0.1 vvm and protease 0.5% v/v) a fermented
whey product is obtained, with 42 +2.7 g/L of lactic acid
(Table 1).

Physico-chemical Stage: Separation of Biostimulant
Products

A sequential separation process was designed in order
to separate these new products from the fermented whey
(Fig. 1). It starts with a microfiltration step (0.2 um PVDF
membrane) to separate the biomass fraction. The nitroge-
nous fraction, comprising of low molecular weight peptides
and amino acids, was then separated using a 200-Da MW
cut-off TFM membrane.

Due to the high lactic acid concentration and the absence
of other organic molecules in the permeate, lactic acid could
be separated from the remaining salt solution by a distilla-
tion process. However, due to the high boiling point of lactic
acid, conventional distillation processes would not be effec-
tive. In order to decrease its boiling point, it was necessary
to resort to a solvent-esterification process [25, 42, 43]. The
lactic acid was, therefore, purified using the esterification-
distillation method described by Kwak et al. [25].

Due to its high content in K, Ca and P, one of the poten-
tial uses of this inorganic fraction would be for mineral plant
nutrition. However, its high saline (NaCl) content might
affect physically and chemically the structure of soil when
it is applied [11, 44], decreasing in turn the availability of
water for plants. One approach to solving this problem, how-
ever, would be to dilute this fraction to adequate salinity
levels [8]. In this work the saline fraction was discarded, due
to it not being considered as a biostimulant.
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Fig.3 Effect of different 40
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The mass balance of the products obtained from the  composed only by L. rhamnosus at a concentration of 10!
process is shown in Table 1. Briefly, the products (Fig. 1)  CFU/g, (B) protein hydrolysates (13.54%), (C) lactic acid
show the following representation with respect to the ini- (62.07%), (D) minerals (3.55%), and 16.11% of the whey
tial dry matter content of the whey: (A) probiotics (4.73%), organic matter was metabolically consumed.
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Table 4 Measures of growth inhibition halos in biocontrol essays

Average halo radius (cm) SD

Phytophthora cactorum 1.67 0.15
Phytophthora cinamomi 2 0.2
Botryotinia fuckeliana 0 -
Fusarium oxysporum 0 -
Verticillium dahlia 0 -
Pseudomonas syringae 1.5 0.5

Testing of Biostimulant Products

Once every valuable product had been purified from the fer-
mented whey, their biostimulant capacities were evaluated
(see scheme of the process, Fig. 1).

Biocontrol Activity of Lactobacillus rhamnosus

The bacterial insoluble fraction is composed of L. rhamno-
sus. Among the LAB, which are collected within the group
of PGPB for influencing positively plant growth and devel-
opment [45], L. rhamnosus has been widely described for
its biological properties such as bacteriocins production [46,
47] and biocontrol activity [48].

The plate tests carried out to assess the biocontrol activ-
ity of this fraction showed the antagonistic activity of L.
rhamnosus against Phytophthora cactorum, Phytophthora
cinamomi and Pseudomonas syringae. It did not, however,
show any antagonistic activity against Botryotinia fuck-
eliana, Fusarium oxysporum nor Verticillium dahlia. The
average radius size of the inhibition zones is shown in the
Table 4.

Although more detailed in-vivo studies are needed, these
results confirm the biocontrol activity of this product against
several phytopathogenic species.

Soil Biostimulant Capacity of Protein Hydrolysate

The protein hydrolysate is mainly composed of peptides
and free amino acids. Given its positive effects on crop per-
formances, it is considered an important plant biostimulant
[49]. There are studies that report an improvement in growth,
yield and fruit quality when applying protein hydrolysates to
crops [50]. They have been described as increasing nutrient
uptake by specific enzymatic activity stimulation [51], act-
ing as chelating agents [52], or by improving the tolerance
to salinity [53].

In order to assess the biostimulant capacity of the protein
hydrolysate, a biostimulant soil essay was performed. In the
essay, this product was evaluated at different concentrations:
The one obtained in the purification process, and a dilution
of the product to half its concentration, both compared with
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the control, where the protein hydrolysate was replaced by
water. Dehydrogenase activity, which reflects the total range
of oxidative activity of soil microorganisms, and which can
be considered a good indicator of oxidative metabolism in
soil, was measured as an indicator of microbiological activ-
ity [54]. The results revealed strong microbial stimulation
by both concentrations of the protein hydrolysate (0.5 and
1% v/w). Both showed the same pattern, mainly enhanced on
day 5, followed by a gradual decrease of the dehydrogenase
activity until the end of the essay (Fig. 4). However, the
control did not show any stimulation of the dehydrogenase
activity.

Lactic Acid Biostimulant Activity

The biostimulant effect of the lactic acid obtained by a
whey fermentation on soil microbiota has previously been
tested. Results are shown in a work recently published by
the authors of this paper [20] which shows the effect of
lactic acid on stimulating soil enzymatic activities such as
dehydrogenase and acid phosphomonosesterase activities,
inducing in turn the release of soluble phosphate and shift-
ing the composition of soil bacterial communities towards
an enrichment of PGPBs such as the genera Pseudomonas,
Bacillus, Azotobacter and Rhizobium.

In order to confirm the results reported by Rodriguez
Morgado et al. [20] we repeated the same experiments ana-
lysing them using DNA metabarcoding. The biostimulation
profile of lactic acid, which is reflected in the soil dehy-
drogenase activity, was similar to the one found by them
(Fig. 4), and the DNA metabarcoding analysis revealed a
similar modification of the soil taxonomic composition,
which resulted in a decrease of bacterial biodiversity due to
the favouring of some specific taxa. Specifically, as shown

N
o
[S)

—e— Protein hydrolysate 1 % v/iw
—O— Protein hydrolysate 0.5 % viw
80 —w— Control

—A— Lactic acid 0.5 % v

60

40 -

20

Dehydrogenasy activity (umol INTF g'1 min'1)

-20 T T T T T T
0 5 10 15 20 25 30

Time (days)

Fig.4 Soil biostimulant capacity of protein hydrolysate, effect on soil
dehydrogenase activity
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Fig.5 Abundance of the 15
most abundant bacterial fami-
lies. Those sequences that are
not classified into any known
family group were designated as
“NA”. C-T7 control soil sample
at day 7, C-T28 control soil
sample at day 28, L-T7 lactic
acid treated soil sample at day
7, L-T28 lactic acid treated soil
sample at day 28

3000~

2000 -

Abundance

1000 -

C-T7

in Fig. 5, 7 days after lactic acid application, the relative
abundance of the family Bacillaceae, which corresponds
entirely to the relative abundance of genus Bacillus, and the
family Veillonellaceae, which corresponds entirely to the
relative abundance of the genus Pelosinus, were 13.8% and
15.2% respectively, not being present in the control sam-
ples. This can be explained by the fact that microorganisms
belonging to this genera are able of proliferating in acidic
environments [55] and using lactate as a source of C [56,
57]. At this time of the essay, the abundance of the family
Micrococcaceae increased 22.4% compared to the control,
reaching 28.9% of the total relative abundance. Also note-
worthy is the enrichment of the families Pseudomonadacea
(4.6%), Rizhobiaceae (2.8%), which corresponds entirely
to the relative abundance of the genus Sinorhizobium, and
Microbacteriaceae (2.6%), which corresponds entirely to
the relative abundance of genus Agromyces, in lactic acid
samples, none of them having any presence in the relative
abundance of control samples on day 7.

On day 28th of the essay, when lactic acid had disap-
peared from the soil due to its consumption by soil micro-
organisms [20], taxonomic changes were maintained for
the families Microbacteriaceae, Rizhobiaceae, Micrococ-
caceae and Pesudomonas, being their relative abundances
4.3%, 6.9%, 14.2%, and 13.3% respectively. However, the
families Bacilliaceae and Veillonellaceae seem to be more
dependent on lactic acid since they were not present once

C-T28

Family

[ saciaceae

Bradyrhizobiaceae

Chitinophagaceae
Intrasporangiaceae
Microbacteriaceae
Micrococcaceae
Pseudomonadaceae
Rhizobiaceae
Rhodobacteraceae
Rhodospirillaceae
Rubrobacteraceae

Sphingomonadaceae
. Veillonellaceae

. Xanthomonadaceae
NA

L-T7 L-T28

it was consumed. Finally, it is interesting to note that the
family Xanthomonadaceae, which 100% corresponds
to the relative abundance of the genus Lysobacer, was
favoured when the lactic acid disappeared from the soil,
assuming a relative abundance 7.5% higher in lactic acid
samples at day 28 than in control samples at day 28 and
6.4% higher than lactic acid samples at day 7.

Conclusions

This paper provides the design of a process for whey val-
orisation in order to obtain products whose biostimulant
capacity has been tested. The products are probiotics (the
biomass of L. rhamnosus), and prebiotics such as protein
hydrolysates and lactic acid. The biomass of L. rhamnosus
has shown biocontrol activity against several phytopatho-
genic species such as Phytophthora cactorum, Phytoph-
thora cinamomi and Pseudomona syringae. Moreover,
both the protein hydrolysate and the lactic acid showed a
stimulatory effect on soil microorganisms. This effect was
reflected in the stimulation of soil enzymes. Lactic acid in
particular has also shown to have an effect on shaping the
composition of bacterial communities in soil, leading to
an enrichment of PGPBs.
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