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Abstract Ethanol production derived from Saccharomyces
cerevisiae fermentation of a hydrolysate from floriculture
waste degradation was studied. The hydrolysate was pro-
duced from Chrysanthemum (Dendranthema grandiflora)
waste degradation by Pleurotus ostreatus and characterized
to determine the presence of compounds that may inhibit
fermentation. The products of hydrolysis confirmed by HPLC
were cellobiose, glucose, xylose and mannose. The hydro-
lysate was fermented by S. cerevisiae, and concentrations of
biomass, ethanol, and glucose were determined as a function
of time. Results were compared to YGC modified medium
(yeast extract, glucose and chloramphenicol) fermentation.
Ethanol yield was 0.45 g g~ 88 % of the maximal theo-
retical value. Crysanthemum waste hydrolysate was suitable
for ethanol production, containing glucose and mannose with
adequate nutrients for S. cerevisiae fermentation and low
fermentation inhibitor levels.
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Introduction

First generation biofuel sustainability concerns, contro-
versy generated about their positive and negative effects on
environmental issues, as well as social and economic
benefits, (Hill et al. 2006; Gnansounou 2011; Janssen and
Rutz 2011), justify the search for new biofuel sources.
Lignocellulosic biomass from agricultural and forestry
residues represent low cost raw material alternatives (Saha
2004), which can be used for ethanol production reducing
the impact on land resources, and not compromising food
security (Blaschek et al. 2010).
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Since Colombia is the second flower producer in the
world, the use of floriculture waste to produce second
generation bioethanol could be an interesting alternative to
support this agricultural sector, affected negatively for the
past 5 years by the revaluation of the Colombian peso. In
2009, 7,509 hectares were planted with flowers, most of
them Rose, Dianthus caryophyllus, and Chrysanthemum,
which generate 1 t/ha of plant waste per week (Asocol-
flores 2009). Therefore, there is a great amount of waste
produced after cut-off and harvest with few alternatives of
use and valorization. In addition, flower waste accumula-
tion has generated a negative environmental impact on
landscape, with unpleasant odors, plagues, water pollution
and generation of pests (Asocolflores 2002).

Despite the advantages of lignocellulosic biomass as
feedstock for fermentable sugars, lignocellulose’s structure
requires pre-treatment with dilute acids or steam explosion to
hydrolyze and obtain suitable substrates for fermentation
(Kumar et al. 2009). These procedures consume energy and
can have a negative impact on the environment. Although
lignocellulose hydrolysates can be metabolized by yeast or
other microorganisms to produce ethanol, their fermentation
is more difficult than that of traditional substrates obtained
from molasses or starch. The bases of these differences are
diverse. For one, hemicellulose hydrolysate contains pentoses
and not only hexoses, with xylose as the predominant sugar
during hardwood degradation. Second, the presence of a wide
variety of inhibitory compounds, whose composition and
concentration depend on the lignocellulosic material type, the
pre-treatment implemented, and the hydrolysis process, all
can have an effect on microorganism metabolism and ethanol
production. Thus, fermentative microorganisms must be
capable of producing ethanol from hydrolysates containing
pentoses and inhibitors, at high yield and productivity without
producing adverse byproducts, such as chemicals harmful to
health or the environment (Taherzadeh and Niklasson 2004).

During lignocellulosic material hydrolysis a wide variety of
inhibitory compounds for some microorganisms are released.
Based on their origin, inhibitors are divided into three groups:
weak acids, furan derivatives, and phenolic compounds
(Palmqvist and Hahn-Hidgerdal 2000a). Hemicellulose is
hydrolyzed into xylose, mannose, acetic acid, galactose and
glucose. At high temperatures and pressures xylose is further
degraded to furfural. Similarly, degradation of hexoses pro-
duces hydroximethylfurfual (HMF). Phenolic compounds are
generated by partial breakdown of lignin and it has also been
reported that these compounds are formed during carbohydrate
degradation (Palmqvist and Hahn-Higerdal 2000a).

In search of maximum ethanol conversion from lignocel-
lulose degradation different methodologies have been evalu-
ated. Some of them increase processing time, use synthetic
media or high doses of commercial enzymes. These procedures
can reduce productivity, profitability and competitiveness.
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Quevedo-Hidalgo et al. (2012), reported operating conditions
for Chrysanthemum waste degradation not employing the
strategies afore mentioned. The process requires Chrysanthe-
mum waste milling, followed by 24 h P. ostreatus degradation.
The product is a hydrolysate rich in fermentable sugars
(21.2 g 1"") with 78 % of them corresponding to glucose.
Saccharomyces cerevisiae is generally used for ethanol
production using starch and feedstock from sugar. Glucose,
sucrose, maltose, maltotriose, fructose, mannose, and gal-
actose are sugars metabolized by S.cerevisiae (Drapcho
et al. 2008). However this yeast cannot ferment xylose nor
arabinose (Cerver6 et al. 2010). The purpose of the present
study was to investigate the process of ethanol production
by S. cerevisiae from sugars present in hydrolysate from
the degradation of Chrysanthemum waste with P. ostreatus.

Materials and methods

Chrysanthemum waste (stems and leaves) were supplied by
Cultivos del Norte (Tocancipa, Colombia). Before degra-
dation residues were milled to a particle size smaller than
1 mm. Lignin, cellulose, and hemicellulose content were
analyzed by neutral detergent fiber method (NDF) (Van
Soest et al. 1991). Microorganism, P. ostreatus (HPB/P3)
and S. cerevisiae (SOL/M5) were obtained from Pontificia
Universidad Javeriana (Bogotd, Colombia).

Chrysanthemum waste degradation with P. ostreatus
to produce hydrolysate

Fungal inoculums were prepared by growing 50 g Chry-
santhemum waste, 2 g yeast extract, 5 g peptone, 0.075 g
MnSO,4.H,0, 1 g KH,PO,, 0.5 g MgS0O,.7H,0, and 175 g
wheat bran in 250 ml Erlenmeyer flasks containing 50 ml
media on static culture at 30 &= 2 °C. Media was inoculated
with ten fungal disks (5 mm diameter) isolated from the
edge of a 7-day old mycelium grown on bran extract agar
in Petri dishes. After 7 days, mycelial biomass was
obtained and inoculated (5 % of dry mycelium based on
substrate volume) in 250 ml Erlenmeyer flasks.
Degradation was performed in a 1.51 bioreactor
(TECFERM, Procesos Biotecnolégicos y Medioambien-
tales, Bogota, Colombia) equipped with a Rushton turbine
and a Watlow temperature controller capable of main-
taining temperature within 30 £ 1 °C (St. Louis, MO,
USA). The reactor was initially charged with 400 ml
containing 0.1 M sodium citrate buffer (pH 5.6), 7.5 mM
copper sulfate, and 7.5 mM manganese sulfate. Chrysan-
themum waste (6.3 % w/v) was then added and the solution
was sterilized at 121 °C for 15 min. When temperature
reached 30 &£ 2 °C P. ostreatus (5 % p/v) was added to the
reactor with an agitation speed of 240 &+ 5 rpm and an
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aeration rate of 2 vvm. After 24 h degradation the culture
was centrifuged at 10,800 g for 15 min at 4 °C (Sorvall
RC-6 plus Thermo Scientific Co Waltham, MA, USA) to
separate fungal biomass and insoluble components. Finally,
the hydrolysate was filtered through a Millipore membrane
(0.45 pm).

Reducing sugars concentration was measured by 3,5-
dinitrosalicilic acid (DNS) technique (Miller 1959), using
an Evolution 60 UV-VIS Thermo Scientific Co spectro-
photometer (Waltham, MA, USA). A calibration curve was
fitted using glucose as standard at concentrations from
0.5 to 2 g 17", Total protein was quantified using Bradford
technique with bovine serum albumin as a standard with
concentrations ranging from 100 to 1,000 mg 1=' (Brad-
ford 1976).

Cellobiose, glucose, xylose, galactose, arabinose, and
mannose concentrations were determined by HPLC (Shi-
madzu Prominence LC-20AT Tokyo, Japan) equipped with
an Aminex HPX-87P column (300 mm x 7.8 mm, Bio-
Rad, USA) and a refractive index detector (Shimadzu RID-
10A). For the mobile phase purified water was used at
0.4 ml min~" and an 84 °C column temperature. Reference
standards (>99 % purity) were purchased from Sigma-
Aldrich (St Louis, MO, USA).

Fermentation inhibitor determination

Presence of some common hydrolysate inhibitors during
fermentation was evaluated. 5-hydroxymethylfurfural,
furfural, 4-hydroxybenzoic acid, 4-hydroxybenzaldehyde,
vanillin acid, syringic acid, vanillin, syringaldehyde, p-
coumaric acid, and ferulic acid concentrations were
determined by HPLC, (Shimadzu Prominence LC-20AT),
using a Chromolith C18 column (Merck, Darmstadt, Ger-
many). Methanol-acetic acid—water (4:7:89) was used as
the mobile phase at 2 ml min~', with a column tempera-
ture of 30 °C. Eluate was detected by a UV at 270 nm.
100 % mobile phase gradient at t = 0 min, t = 20 min
methanol-mobile phase (16:84), and t = 25 min 100 %
mobile phase for a total of 30 min. Acetic acid concen-
tration was determined by HPLC (Shimadzu) using an
Aminex column (HPX-87H 300 mm x 7.8 mm Bio-Rad),
and 0.005 N sulfuric acid as the mobile phase at a
0.6 ml min~" and 60 °C column temperature. The eluate
was detected by diode array detector at 210 nm (Shimadzu
SPD-M20A Tokyo, Japan).

Fermentation process

S. cerevisiae was inoculated massively in YGC agar (yeast
extract 10 g 17!, peptone 20 g 17!, glucose 20 g 17" and
chloramphenicol 0.1 g 17', agar 15 g 17"), incubated at 30°
C for 24 h. Harvested yeast corresponded to 1.75 g dry

weight per liter. At this stage Chrysanthemum waste
hydrolysate without nutrient addition and YGC modified
(YGCM) medium were used as substrates. Reducing sugar
concentration and hydrolysate sugar profile are presented
in the result section. For the YGCM medium, glucose
concentration was modified using the same concentration
of the hydrolysate as a positive control. YGCM media
consisted of: 10 g 17! yeast extract, 20 g1~ peptone,
0.1 g17' chloramphenicol, and 15.2 g 1~ 'glucose. Con-
centration of glucose at t = 0 for hydrolysate fermentation
was 144 ¢17" and 11.4 g17' for YGCM fermentation.
For data analysis glucose concentration at t = 0 was taken
into account.

Anaerobic batch experiments were performed at 30 °C
in 10 ml closed bottles containing 6 ml fermentation
medium (lignocellulosic hydrolysate and YGCM) with
inoculum agitated at 150 rpm for 14 h in an orbital shaker.
Three bottles were removed at intervals of 2 h to quantify
biomass, ethanol, mannose and glucose. Changes in bio-
mass concentration throughout the fermentation process
were measured by optical density at 620 nm (Evolution 60
UV-VIS spectrophotometer Thermo Scientific Co Wal-
tham, MA, USA). Dry matter content was determined from
a standard curve at 620 nm.

Ethanol, glucose and mannose concentrations were
determined by HPLC (Shimadzu LC-20AT Prominence
Tokyo, Japan), using an Aminex HPX-87H column (Bio-
Rad Philadelphia, PA, USA) and refractive index detector
(Shimadzu RID-10A Tokyo, Japan) with Sulfuric acid
(0.005 N) as the mobile phase at 0.6 ml min~'. Samples
(20 pl) were automatically injected. The column tempera-
ture was set at 60 °C. Calibration curves were determined
for the following standards: glucose, mannose and ethanol.
Glucose and mannose (>99 % purity) were purchased from
Sigma-Aldrich (St. Louis, MO, USA), and ethanol
(>99.5 % purity) was obtained from Merck (Darmstadt,
Germany).

Statistical analysis

Results are presented as mean =+ standard deviations
(n = 3 with replicates per fermentation). For each reaction
time coefficient of variation for biomass, ethanol, and
glucose were determined using Excel Microsoft Office
2010 (Microsoft Corp., United USA).

Results and discussion

Degradation process

As determined by DNS reducing sugar concentration was
21.2 g 17", Samples were analyzed after 24 h by HPLC
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with the following sugar percentages: 2.8 % cellobiose,
80.3 % glucose, 0.2 % xylose, and 16.5 % mannose
(Fig. 1). Glucose was present at the highest percentage
among the reducing sugars evaluated. This carbohydrate is
important for its wide variety of applications.

The hydrolysis percentage obtained from Chrysanthe-
mum waste was 58 %. This value was calculated based on
Chrysanthemum waste cellulose and hemicellulose compo-
sition (Quevedo-Hidalgo et al. 2012). Compared with other
lignocellulosic materials, as animal manure (Wen et al.
2004), rice straw (Vlasenko et al. 1997), and corncob (Chen
et al. 2007), it is an acceptable hydrolysis percentage.
Hydrolysis percentages and time reported in these studies
ranged from 38 to 85 % and from 60 to 96 h, respectively.
Grinding, acidic or steam explosion pre-treatments were
used followed by enzymatic hydrolysis with commercial
cellulases and cellobiases. Furthermore, our work presents
the benefits of a shorter processing time (24 h) with no use of
commercial enzymes for hydrolysis, thus reducing produc-
tion costs.

Most research regarding sugar production from agri-
cultural and forestry waste implement physical, chemical
or enzymatic pre-treatments to increase hydrolysis yield.
For example, cellulose hydrolysis without pre-treatment
typically yields less than 20 % whereas after pre-treatment
exceeds 90 % (Hamelinck et al. 2005). Few studies have
reported biological treatment, because sugars represent a
carbon source for microorganism growth that is quickly
consumed. As a case in point, El-Gammal et al. (1998)
degraded sugar cane bagasse with Phanerochaete chry-
sosporium or Coriolus versicolor in solid state fermenta-
tion for 8 weeks, obtaining maximum reducing sugar
concentration of 15.6 and 6.8 g 1" respectively.

Despite of this, biological treatments, including white
rot fungi degradation, have been widely studied for enzyme
production (Schlosser et al. 1997; Verma and Madamwar
2002; Lechner and Papinutti 2006; Elisashvili et al. 2006;
Levin et al. 2008; Liew et al. 2010), de-lignification for

production of waste suitable for livestock feed (Adamovic
1998; Shrivastava et al. 2011), biomass production (Yildiz
et al. 2002; Nyochembeng et al. 2008; Kurt and Buyukal-
aca 2010; Papaspyridi et al. 2010), and lignocellulose
degradation (Kerem et al. 1992; Yu et al. 2008; Gupta et al.
2011)

Chrysanthemum waste degradation compound
determination

Phenolic compounds are major inhibitors in lignocellulosic
hydrolysates (Palmqvist and Hahn-Higerdal 2000b). Its
presence results in inhibitory effect on S. cerevisiae fer-
mentation and ethanol production as reported by Palmqvist
and Hahn-Higerdal (2000a), who found that the presence
of 4-hydroxybenzoic acid at 1gl~' caused a 30 %
decrease in ethanol yield. Vanillin, less toxic than 4-hy-
droxybenzoic acid at 1 g 17" resulted in 25 % ethanol yield
decrease, while vanillin acid had no effect at concentra-
tions up to 1 g 17" (Palmqvist and Hahn-Higerdal 2000a).
Considering these results, we evaluated the presence of
4-hydroxibenzoic acid, 4-hydroxibenzaldehyde, vainillinic
acid, siringic acid, vainillin, siringaldehyde, p-cumaric acid
and ferulic acid. Our results demonstrated that phenolic
compounds were not detected or were at low concentra-
tions in the hydrolysate. This result is critical, since it
presents an advantage over other methodologies.

Hydrolysate analyzed by Quevedo-Hidalgo et al. (2012),
contains enzymes such as laccase and manganese peroxi-
dase, which we suggest degraded phenolic compounds. A
detoxification process was reported by Jonsson et al.
(1998), who added laccase to hydrolysates and subse-
quently fermented with S. cerevisiae. Their work reported
greater ethanol productivity for laccase treated samples
compared to untreated samples. Chandel et al. (2007),
degraded bagasse with HCIl and the hydrolysate from this
process was treated with laccase, reducing phenol content
up to 77.5 %.
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Furfural and 5-hydroxymethyl furfural are bioconvert-
ible fermentation inhibitors (Palmqvist and Hahn-Hégerdal
2000b), justifying our evaluation of their presence in the
hydrolysate. As for phenolic compounds, our results evi-
denced that these compounds were not detected or were at
low concentrations in the hydrolysate. Low weak acid
concentration (<100 mM) has shown a stimulatory effect
on ethanol production by S. cerevisiae. On the other hand,
higher concentrations (>200 mM) of carboxylic acids
decrease ethanol yield (Palmqvist and Hahn-Hégerdal
2000a). Acetic acid was present in the hydrolysate at
21.3 mM, therefore it was not a limitation for ethanol
production.

S. cerevisiae fermentation with hydrolysate and YGCM
medium

Figure 2 shows the behavior of the variables measured
during fermentation of hydrolysate and YGCM medium.
For the hydrolysate, glucose and mannose consumption
was evidenced by their transformation to ethanol. Total
glucose and mannose consumptions were 98.7 and 95.2 %,
respectively. Maximum ethanol production (7.6 £
0.24 g 17") was attained after 10 h of fermentation. Results
from S. cerevisiae fermentation in YGCM medium evi-
denced 98.8 % of glucose consumption, comparable to
hydrolysate fermentation. Maximum ethanol concentration
54+041¢g 1_1) was obtained after 8 h processing, 2 h
less than that of the hydrolysate.

Figure 2b shows that within the first 4 h of fermentation
glucose and mannose were rapidly consumed and their
consumption rates were similar. However, ethanol con-
centration was cero during the first 2 h (Fig. 2c), indicating
that glucose and mannose were used for the growth of the
microorganism. During the next 4 h, when the growth rate
of the microorganism was the highest (Fig. 2a), glucose
consumption rate was higher than mannose. Ethanol con-
centration continued to increase, and at the end of the
fermentation 95 % of the glucose and 55 % of the mannose
had been consumed. Finally, between 8 and 12 h of fer-
mentation, mannose consumption rate increased and was
higher than the glucose; with maximum ethanol concen-
tration obtained. The minimum mannose concentration
0.15 g 1_1) was reached after 14 h of fermentation. We
suggest this behavior was the result of S. cerevisiae’s
capability of fermenting glucose and mannose. Both sugars
are transported by the different members of the hexose
transporter family, regardless of mannose’s greater K,,
value compared to glucose (van Maris et al. 2006). As
mannose and glucose compete for the same hexose trans-
porters, kinetics of mixed-substrate utilization is deter-
mined by their relative and absolute concentrations in
hydrolysates (van Maris et al. 2006).
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Fig. 2 Hydrolysate and YGCM medium fermentations with S.
cerevisiae. a Biomass growth profiles (gl™"), b glucose and mannose
consumption (gl ") and ¢ ethanol production (gl ")

Yield and productivity for hydrolysate and YGCM fer-
mentations are shown in Table 1. Y, was calculated for the
samples with maximum concentration of ethanol, obtained
after 10 and 8 h, respectively. For the Y/ determination
hydrolysate glucose and mannose were taken into account.
For YGCM medium fermentation Y, was greater compared
to hydrolysate (94 vs. 88 %). Further studies based on this
difference should be carried-out to achieve a theoretical value
between 90 and 93 % at an industrial scale (Bai et al. 2008;
Dodic et al. 2009; Kuhad et al. 2010). In practice theoretical
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Table 1 Average kinetic parameters for ethanol production by S.
cerevisiae from hydrolysate and YGCM medium

Parameter Substrate

Hydrolysate® YGCM®
Yos (227" 045 0.48
Q (gl h™h 0.76 0.68
%Y prs 88 94

Y,s = Yield product/substrate: g Ethanol/g glucose and mannose
consumed

Q, = Volumetric Ethanol productivity

% Ypis = theoretical maximum percentage obtained from sugar
substrate

? Values calculated from data after 10 h of fermentation (maximum
ethanol concentration)

® Values calculated from data after 8 h of fermentation (maximum
ethanol concentration)

yield cannot be achieved because not all the glucose con-
sumed is converted into ethanol. Some glucose is used for cell
mass synthesis, cell maintenance, and production of other
products such as glycerol, acetic, lactic and succinic acid.
Under ideal conditions, yield should be between 90 and 95 %
of the theoretical value (Drapcho et al. 2008).

Several studies describe the production of ethanol from
lignocellulosic biomass using enzymatic hydrolysis fol-
lowed by fermentation and simultaneous saccharification
and fermentation (SSF). Table 2 shows the performance on
studies implementing batch and fed batch fermentation.

Table 2 Fermentation performance on different linocellulosic substrates

From the Table it can be concluded that ethanol concen-
trations varies depending on residue. From our results
maximum ethanol concentration was close to the lower limit
of the interval reported in Table 2. On the other hand, eth-
anol yield and volumetric ethanol productivity were close to
the highest values reported in this table, which demonstrates
the benefits of our process. Calculated volumetric ethanol
productivity including the hydrolysis time was 0.22 g 17"
h™', in agreement with the range reported for SSF processes
in Table 2. Furthermore, hydrolysis was performed with
P. ostreatus instead of commercial enzymes reducing pro-
duction cost and increasing economic feasibility of the
process.

One of the major drawbacks in bioethanol production is
lignocellulose recalcitrance. To overcome this disadvantage,
biomass pretreatment has been devised to remove barriers and
make cellulose more accessible to hydrolytic enzymes for
glucose conversion (Balat 2011). On the one hand, if pre-
treatments are not adequate, cellulase enzymes cannot easily
hydrolyze the resulting residue. On the other hand, if the result
is so severe, toxic compound production could be promoted,
which inhibit microbial metabolism. Pre-treatment has been
viewed as one of the most expensive processing steps in cel-
lulosic biomass to fermentable sugars conversion (Balat 2011).
In this paper we describe the use of biological pre-treatment for
cellulose hydrolysis to obtain fermentable sugars in a single
short process (24 h), making it economically attractive.

Our results demonstrated that hydrolysate composition
provided all required components for ethanol production.

Substrate Ethanol Y Q Brief description of the process Reference
€r'™h  (@ghH @I'hh
Corn stalks 10.4 0.44 1.3* Enzymatic hydrolysis of substrate fines with Belkacemi et al. 2002
Barley straw 10.4 0.44 1.32 Multifect Cellulase 300. Batch fermentation with
S. cerevisiae
Sweet sorghum bagasse  16.2 0.31 0.20° Simultaneous saccharification and fermentation with ~ Ballesteros et al. 2004
Poplar biomass 19.0 0.36 0.26° Celluclast 1.5 L and Kluyveromyces marxianus
CECT 10875.
Corn stover 16.8 0.30 0.70* Enzymatic hydrolysis with cellulase NS 50013 Oghren et al. 2007
followed by batch fermentation with S. cerevisiae
20.5 0.37 0.17° Simultaneous saccharification and fermentation with
cellulase NS 50013and S. cerevisiae
Deinked Newspaper 5.64 0.39 0.71% Enzymatic hydrolysis with a cocktail of commercial ~ Kuhad et al. 2010
exoglucanase, B-glucosidase and xylanase. Batch
fermentation with S. cerevisiae
14.8 0.39 0.74* Enzymatic hydrolysis with a cocktail of commercial
exoglucanase, B-glucosidase and xylanase. Fed
batch fermentation with S. cerevisiae
Palm kernel press cake 12.5 0.48 0.11* Enzymatic hydrolysis with different commercial Cerver¢ et al. 2010

enzymes, followed by batch fermentation with S.
cerevisiae

 Calculation only considered fermentation time

® Values based on simultaneous saccharification and fermentation time
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Considering protein content in the hydrolysate, 448.7 mg 17",
addition of yeast extract or peptone as nitrogen sources was
not necessary. This is an advantage over other studies where
nitrogen addition was required, such as S. cerevisiae substrate
fermentation from lignocellulosic material hydrolysis from
yellow poplar and wood residues (Lee et al. 2011), and from
cellulosic fines from corn stalks, barley straw, alfalfa, reed
canary grass and timothy (Belkacemi et al. 2002). Further-
more, S. cerevisiae requires for growth and ethanol production
certain minerals such as Ca, Mg, Mn, Co, Fe, Cu, K, Na,
Zn (Drapcho et al. 2008). Most of them were present in the
hydrolysate considering these metals were found in the
Chrysanthemum waste (Quevedo-Hidalgo et al. 2012), so
mineral addition was not necessary, another argument in favor
of the process described in this work.

In conclusion, hydrolysate product derived from Chry-
santhemum waste degradation followed by S. cerevisiae
fermentation of mannose and glucose produced ethanol with
88 % yield over maximal theoretical value. Acetic acid,
some furan derivatives and certain phenolic compounds
although present in the hydrolysate, did not inhibit ethanol
production. Most nutrients required by S. cerevisiae for
fermentation were present in the hydrolysate, thus it was not
necessary to add nutritional supplements for fermentation.
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