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The preliminary Brewery Spent Grain (BSG) valorisation proposed is based on the production of cultural media
for the growth of the carotenogenic yeast Rhodotorula mucilaginosa; the realisation of protein-rich films is also
presented. First experiments, carried out with three BSGs, allowed to define the best extraction set-up, realizing
water extraction in agitation (ratio BSG/water= 0.05, at 25 °C, for 2 hrs). Then, using the same water extraction
conditions, BSG with the highest total solid content was applied to produce a concentrated syrup (BSG/water=
0.2). Yeast growth and carotenoid production were tested on solid media prepared with water extracts and
syrup. Later on, to define the best cultural medium, extracts and syrup were applied in different set of liquid
cultures, carried out in 96-well plates, maintained at 25 °C, in agitation. Syrup was utilized as it is or
supplemented with inorganic and organic N sources, and the addition of these latter returned better results.
Afterward, a scale-up carried out into Erlenmeyer flasks (500 mL) allowed to evidence the possibility of using
the syrup as it is for the growth of R. mucilaginosa and carotenoids production. Finally, a high protein content
syrup (BSG/water= 0.2), prepared in autoclave (at 121 °C, 2 atm, for 20 min), was evaluated for the production
of films: best filming conditions were investigated and amorphous semi-transparent films were obtained.

1. Introduction

Brewery Spent Grain (BSG) is the main residual solid fraction separated at the end of the mashing phase, during
the beer production process. It may contain residues from malted barley and other non-malt fermentable sugars
sources (Mussatto et al., 2006). It reaches approximately 85% of all the solid waste generated during the
process; by this way, the worldwide estimated discharged BSG is 38.6 million tonnes/y, quantity expected to
grow further (Oyedeji and Wu Tan, 2023). This will bring to increasing costs for the final disposal, which mainly
depend on the generation of a huge mass quantity with related environmental problems (e.g. disposal in landfill)
and storage difficulties (Assandri et al., 2021). Indeed, BSG is characterised by a high-water content (more than
70%) which, combined with the presence of proteins and fermentable sugars, makes it susceptible to microbial
spoilage over limited time periods (7-10 days) (Gupta et al., 2010).

BSG is a typical lignocellulosic material, containing hemicellulose, cellulose, and lignin. The presence of proteins
and polysaccharides is also relevant, while lipids, starch, and ash are minor components. This composition is
variable, depending on factors such as the type of barley or the quality of the malt. Moreover, chemical
modifications can also be brought by the additives supplemented during beer production or by the storage
process (e.g. frozen BSG samples had a higher content of protein compared to oven-dried ones) (Zeko-Pivac
et al., 2022). BSG is commonly sold at a low price or even given away, and destined to low added value
applications, such as the combustion or as animal feed. In the last years, considering BSG chemical
composition, low cost, and large availability, it has been enhanced as an interesting raw material for valuable
application. For this reason, the possibility of a utilization in food, chemical, and biotechnological processes,
such as for the extraction of compounds (e.g. proteins, phenolic compounds, lipids, and polysaccharides), has
been investigated (de Paula et al., 2023). Among recent applications, the development of cost-effective media
to support microbial growth is an interesting one. BSG, used as it is or for the production of extracts, represents
a source of C and N, applicable in solid or liquid fermentations. It has already been exploited for the cultivation
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of both bacteria and fungi, often without the need of additional nutrients (Xiros and Christakopoulos, 2012;
Ravindran et al., 2019; Leite et al., 2019). Moreover, considering liquid fermentations, BSG extracts could
support fungal growth instead of expensive and conventionally used yeast extract-peptone dehydrated media
(YPD). Cooray et al. (2017) investigated the application of BSG as a growth media for the yeast Rhodosporidium
toruloides and found that it is able to sustain the production of fatty acid and carotenoids. Recently, in 2023,
Casas-Godoy et al. studied the revalorization of BSG and BSG syrup using six yeast and fifteen fungal strains,
in solid or liquid fermentations, for the production of value-added products. BSG contains a high amount of
proteins (BSGP), from 18 to 30% w/w. Consequently, protein recovery from BSG has been extensively
investigated (Zhao et al., 2011). Extraction methods have been developed to separate proteins from the spent
grain and to promote their commercialization and industrial applications (Jaeger et al., 2021). In fact, BSGP are
mostly used in the field of food industry as functional ingredients, thus increasing the added value of the products
with economic benefits. They have been added to various products such as baked goods, edible films,
fermented beverages (Wen et al., 2019). Among these applications, in the last years, numerous studies about
the production of biodegradable BSGP films have been published. They mainly refer to composite films with
enhanced mechanical and functional properties, and also with antimicrobial properties (Zhao et al., 2011), thus
applicable in the antibacterial packaging field.

In the presented work, a preliminary BSG valorization process has been carried out; it is based on the production
of water extracts and a concentrated syrup for the cultivation of the carotenogenic yeast Rhodotorula
mucilaginosa. Moreover, the production of protein-based films is also proposed.

2. Material and Method
2.1 BSG extracts and syrups production and characterization

BSG provided by three different breweries (E, L, F) was maintained frozen at -20 °C and, prior utilization, thawed
and dried at 60 °C for 24 hours. Moisture content was evaluated with the gravimetric method, drying thawed
BSG at 105 °C until the constant weight was reached; total solids content % was calculated as the
complementary value of the water % one. In order to prepare water extracts (Ewe, Lwe, Few), 4 g of thawed
and dried BSG were mixed with 75 mL of distilled water and maintained in agitation conditions, 150 rpm, for 2
hours at 25 °C; BSG was then separated by centrifugation (27670 x g, 20 min, 20 °C), followed by a filtration
with qualitative filter paper. The syrup (Fs) was produced mixing 50 g of dried BSG with 242 mL of distilled
water, with the same water extraction in agitation conditions (150 rpm, for 2 hours at 25 °C); it was separated
by centrifugation (27670 x g, 10 min, 20 °C), preceded and followed by a filtration with a commercial gauze of
non-woven fabric (TNT, 70% rayon and 30% polyester). Extracts and syrup were characterized in terms of pH
values, °Br, and total protein content, spectrofometrically determined with a direct measure at 280 nm using a
calibration curve, in the 0-1 g/L range, using commercial whey proteins (MILEI GmbH, Leutkirch im Allg&u).

2.2 R. mucilaginosa cultures on solid and in liquid media

R. mucilaginosa, CBS 316, was cultivated in Petri dishes, on solid media, prepared adding 2% agar to Ewe,
Lwe, or Fs, and on yeast-malt agar, YM agar, (Glucose 10 g/L, Peptone, PEP, 5 g/L, yeast extract, YE, 3 g/L,
malt extract 3 g/L), inoculated with 100 uL withdrawn from a liquid culture of R. mucilaginosa grown in YM for
62 h. Preliminary cultures in liquid media were carried out in 96 multiwell plates; the cultural volume, 300 pL,
consisted of autoclave sterilized (121 °C, 20 min, 2 atm) extracts or syrup and a standardized yeast inoculum
(10% of the total volume, optical density at 600 nm, ODsoo, in the range 0.8-1.0). Microbial growth was compared
with that obtained in the complex YM medium and in a synthetic syrup, SS, (Glucose 25 g/L, Xylose 5 g/L, NH4Cl
1,5 g/L, YE 2 g/L, PEP 5 g/L) (Casas-Godoy et al., 2023). Well plates were incubated in agitation conditions,
150 rpm, at 25 °C. Sampling were periodically carried out to obtain pH and °Br values, while ODsoo and ODago
were determined with a microplate reader. The scale-up was carried out in 200 mL of cultural medium, into
Erlenmeyer flasks (500 mL), maintained in agitation conditions, 150 rpm, at 25 °C. ODeoo, pH and °Br were
periodically measured, while biomass was recovered centrifuging the entire medium volume of each flask at
7871 x g for 10 min, at +4 °C. The pellet was dried at 60 °C for the determination of the biomass dry weight, DW
(g/L) and for the extraction of carotenoids (Cheng and Yang, 2016), spectrophotometrically evaluated at 490
nm.

2.3 Films production and characterization

Films were prepared with a syrup produced in autoclave (at 121 °C, 2 atm, for 20 min) using both dried or humid
BSG and maintaining the same ratio, 0.2, used for Fs preparation. pH was corrected to a value of 2 or 13, then
syrup was treated at 45 °C for 30 min, finally added glycerol (35% w/w proteins) was mixed for 5 minutes. The
film casting was carried out into round-shaped silicone moulds (d= 5 cm) with a ratio volume/surface equal to
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0.135 or 0.27. Finally, films were dried at 60 °C for 4, or 5, or 6 h. A preliminary film characterization was carried
out with visual inspection to check integrity, homogeneity, and easy detachability. Then film surface was
inspected by means of attenuated total reflectance Fourier-transform infra-red spectroscopy (ATR-FTIR) and X-
ray diffraction.

3. Results

3.1 BSG, water extracts, and syrup characterization

Extraction experiments were performed with three BSGs (E, L, and F), of which E and L have an analogous
total solid content (23.7% and 23.8%, respectively), while F has the highest % (31.1), (Table 1A). As reported
by Kebede (2020), this variability can be due to both barley variety and brewing process conditions.

Table 1: Characterization of BSG samples (E, L, F), water extracts (Ewe, Lwe, Fwe), and syrup (Fs).

(A) E L F
Total solids % 23.7 +0.8 23.8 +0.7 31.1+0.4

(B) Ewe Lwe Fwe Fs
pH 5.6 £0.1 5.7 0.1 6.0 £0.1 5.6 £0.1
°Br 0.9 1.1 1.0 4.3

Total Protein (Mg/garied Bsc) 38.9 #0.1  34.5+0.2  19.3#0.2  70.19+7.82

Water extracts Ewe, Lwe, and Fwe, produced with a ratio BSG/water= 0.05, were characterized in terms of pH,
°Br, and protein content. As shown in Table 1B, the pH of Ewe and Lwe are similar and slightly more acidic than
that of Fwe. °Br, ranging from 0.9 to 1.1, doesn’t vary among the three extracts. On the contrary, considerable
differences can be evidenced for protein content among Ewe and Lwe, showing the highest concentration (38.9
and 34.5 mg/garied Bsc), and Fwe, with a content approximately equal to the half (19.3 mg/gdried 8sc). The variable
BSG composition, previously cited, could also have an effect on that of the extracts (Celus et al., 2006); their
characterization is therefore essential to define which one may be more suitable as yeast culture medium. For
this reason, considering the lowest total protein content of Few, it has not been applied in yeast growth
experiments. At the same time, F, having the greatest total solids %, has been used for the production a
concentrated water extract (ratio BSG/water= 0.2), called syrup, Fs, applying the same extraction conditions
used for the production Ew, Lwe, and Few. As reported in Table 1B, Fs is characterized by protein and sugar
contents about 4 times higher than those of Few, while the pH is in the range of those of all the water extracts.

3.2 Preliminary growth of R. mucilaginosa on BSG extracts and syrup: solid media and multiwell tests.

In order to evaluate R. mucilaginosa capability to grow and synthetize carotenoids on BSG media, a preliminary
test on Ewe, Lwe, and Fs agar was performed, using YM agar as control. The images reported in Figure 1,
confirm the carotenoid production on both water extracts and syrup, but this last allows to perceive a more
intense pink color, also respect to that on YM agar, probably in relation to the higher total sugar content, four-
fold than that of Ewe and Lwe.
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Figure 1: R. mucilaginosa growth on BSG and YM agar.

Yeast growth was then evaluated in small scale liquid cultures, i.e. multiwell experiments, which allowed to test,
at the same time, different cultural conditions. First, the possibility to growth the yeast in Ewe, Lwe, and Fs was
verified in a 90-h culture and compared to that obtained on YM. As reported in Figure 2(a), in the first 24 h,
ODesoo values are comparable for all the tested conditions. Then, for Ewe and Lwe media, the stationary phase
begins with similar OD values (0.48 and 0.40, respectively), lower than those of the other cultures. On the
contrary, Fs culture has a behaviour similar to that of YM: they are still in the exponential growth phase and
reach the maximum at 72 h, with comparable ODsoo (1.05 and 1.15, respectively). Initial pH of Ewe and Lwe is
equal to 6.0, while that of Fs is slightly acidic, 5.6; in all cases, it grows and reaches values between 6.5 and
7.1. In this concern, Latha et al. (2005) indicate an initial pH value equal to 5.5 for the highest carotenoids
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production by R. glutinis, similar to that of the syrup applied in the present work. Initial sugar content of Ewe and
Lwe is the lowest (°Br= 1 +0.1) and remain almost unchanged till the 72" h of incubation; on the contrary, that
of Fs is about 2-fold higher than that of YM (°Br= 4.3 and 2.5, respectively), and it shows a decrement of 12%,
lower than that obtained in YM control (39%). This probably indicates that not all Fs sugars are readily utilizable
by R. mucilaginosa for the growth. Among the media evaluated in the preliminary test, Fs syrup returned better
growth results, therefore it was chosen for the following optimization, during which carotenoid production was
also investigated. Considering both the dependency of R. mucilaginosa on added N (Casas-Godoy et al., 2023)
and the influence of C/N ratio on carotenoids production (Chreptowicz et al., 2019), Fs was used as it is or
supplemented with different inorganic (NH4Cl) and organic (YE, and PEP) N sources, separately added or
differently combined (i.e. YE+PEP or YE+PEP+NH4Cl). R. mucilaginosa growth was compared with that in the
two control media, the complex YM and the synthetic syrup SS. Figure 2(b) shows ODsoo curves; the growth
was monitored for 90 h and, in all the cases, the maximum was reached at about 72 h. Best results, similar to
those of YM and higher in comparison of Fs as it is, are obtained with the addition of the two organic sources
together, followed by that of YE solely. On the contrary, adding the inorganic NH4Cl doesn’t provide a
significative improvement; the ODsoo curve obtained for Fs+NH4Cl is completely overlapped to that of Fs as it is
(curve not shown in Figure 2(b)). Moreover, the addition of NH4CI+YE+PEP gives ODsoo values lower than those
obtained by adding YE solely. At the end of the incubation, SS culture is still in exponential growth phase, with
the lowest ODeoo values, therefore nutrients of the concentrated syrup seem to be more advantageous, respect
to those of the formulated medium, in promoting R. mucilaginosa growth. Carotenoids production, reported in
Figure 2(c) as ODago values, indicates the enhancement given by the addiction of YE and PEP, which allow a
production similar to that of YM control, while the presence of the inorganic source doesn’t improve significantly
carotenoid values respect to that obtained with Fs. Carotenoid presence in Fs, added or not with YE and PEP,
is also revealed by the pigmentation obtained in multiwell cultures, as shown in Figure 2(d).
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Figure 2: R. mucilaginosa growth in 96-multiwells: (a) and (b) ODeoo values, (C)ODago Values (d) pigmentation in
Fs (red frame), Fs+YE (light blue frame), and Fs+YE+PEP (grey frame) cultures.

3.3 Growth of R. mucilaginosa on BSG water extracts and syrup: scale-up in Erlenmeyer flasks

A scale-up has then been carried out into Erlenmeyer flasks, at the same conditions of agitation and temperature
of multiwell experiments (150 rpm and at 25 °C). First, in order to evaluate the influence of better agitation
obtained in the scaled-up cultural system, also Ewe and Lwe media were tested. In flask cultures incubation
was prolonged for 62 h and results compared to those obtained in YM. At the end, biomass concentration
resulted 3.5 and 1.3 g/L, for Ewe and Lwe cultures, respectively, lower in comparison to that of YM, 14 g/L. In
spite of that, carotenoids were produced also in the presence of Ewe and Lwe, as demonstrated by the
pigmentation of the cultures (see Figure 3(a)). After that, yeast growth was monitored in Fs and Fs+YE+PEP
media, which gave best results in multiwell experiments (see Figure 2(b)). Incubation was prolonged for 72 h
and similar results were obtained for both media, thus, indicating that the addition of the two organic nitrogen
sources, at the tested conditions, doesn’t bring substantial improvement for the growth of the yeast and the
pigment production. In Figure 3(b) ODsoo, ODago, and pH curves of Fs are reported (curves of Fs+YE+PEP,
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which are similar, are not shown). The maximum value of biomass was obtained at 24 h of fermentation: values
of 7.63 g/L and 5.03 g/L were determined for Fs cultures, added or not with YE+PEP, comparable with those
reported by Chen and Yang (2016), 7.8 g/L, and Rodrigues et al. (2019), 7.9 g/L, for flask batch fermentations.
As shown in Figure 3(b), after 24 h of incubation, also the highest ODago value was obtained. This was probably
influenced by the obtained pH value, 5.7, reported to be ideal for the carotenoid production (Latha et al., 2005).
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Figure 3:(a) Carotenoids production in flaks cultures of R. mucilaginosa grown on Fs media and YM; (b) ODseoo,
ODago, and pH values of flask cultures on Fs medium.

3.4 Production of films and their characterization

A preliminary investigation of film production, starting from the rich protein syrups produced in autoclave, has
been carried out. In order to define the best set-up, different conditions have been investigated. As regard the
use of dried BSG, instead of the wet one, it is favorable because the obtained films are more robust, probably
thanks to a higher protein concentration. The pH correction to an acidic value, pH= 2, gives better results, while
that at pH= 13 prevents the filmation, probably due to a precipitation of the proteins, appreciable as a white
sediment on the bottom of the mold. Among the two tested V/S ratio, the highest one, 0.27, allows to obtain
more robust and easily detachable films. Finally, the chosen drying time has been 5 h, necessary to reach a
good solvent evaporation, preventing film brittleness. Considering the surface composition of the film obtained
with the optimized conditions, shown in Figure 4(a), results similar to those reported by Castanho et al. (2022)
have been obtained: the peak of the OH bonds can be observed at A~3200 cm™, a peak related to stretching of
C-H bonds occurs at A~2920 cm?, while peaks at 1160-896 cm™ are associated to the cellulosic fraction. In
addition, as also reported by Shroti and Saini (2022), the peaks between 1700 and 1200 cm* are related to the
presence of proteins, see Figure 4(b). As regard the results obtained with the X-ray diffraction, as shown in
Figure 4(c), the absence of peak is evident, indicating that the analysed samples have an amorphous nature.
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Figure 4:(a) Film obtained with optimized conditions; (b) ATR-FTIR and (c) X-ray diffraction spectra.

4. Conclusions

In the present work, BSG extracts, characterized by two different nutrient concentrations, have been prepared
using distilled water as extraction solvent. Among them, the more concentrated extract, i.e. syrup, proved to be
better for the growth of R. mucilaginosa, CBS 316, along with carotenoid production, also without the necessity
to add nutrients, such as N sources. Moreover, the possibility to use the concentrated extract for protein-rich
film production has been preliminary evaluated.
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