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IMPACT OF DOR INCUBATED WITH SAPROBE FUNGI ON
HYDROLYTIC ENZYMES ACTIVITIES AND MICROBIAL
COMMUNITY STRUCTURE OF RHIZOSPHERIC SOIL OF LETTUCE
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Department of Microbiology, Estacion Experimental del Zaidin, C.S.I.C., Prof. Albareda 1, Granada,
Spain.
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ABSTRACT

The dry olive residue (DOR), the solid by-product arising from the olive oil two-phase extraction
system is produced in large quantities. This type of residue contains toxic components, mainly phenols,
capable of inhibiting microorganisms and impact negatively the soil ecosystem. The objective of the
present study was to investigate the impact of either un-treated DOR or DOR incubated with immobilized
saprobe fungi Panus tigrinus and Fusarium lateritium on both enzymes activities (urease, protease,
phosphatase and B-glucosidase) and bacterial communities of rhizosphere soil of lettuce. We observed an
increase of all hydrolytic enzymes after the soil incubation with un-treated DOR for 60 days. The addition
of this type of residue supposes an increase of soil organic matter and available substrates that can stimulate
the soil microbial activity. We also observed an increase of all enzymes activities, except urease, in soil
incubated with treated DOR. The phosphatase activity was similar in soil with all types of amendant,
however the enzymes activities implicated in N cycle such protease and urease were lower in soil incubated
with DOR treated with P. tigrinus than the soil incubated with un-treated DOR. The DGGE analysis
showed that the addition of un-treated DOR and treated DOR with the fungus F. lateritium decreased the
diversity and relative abundance of soil bacterial population. However, the transformation of this residue
with the fungus P. tigrinus supposes an increase in the bacterial communities. It appears that this increase is
related with the decrease of substrates implicated in N cycle as indicated by the decrease of the protease
and urease detected activities. These results indicate that the DOR treated with P. tigrinus is not toxic on
soil bacterial communities and this incubation process provides a residue devoid of toxicity that may be
used as an organic fertilizer.
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DILUTE ACID HYDROLYSIS OF SUNFLOWER STALK AND ITS US
AS SOURCE OF XYLOSE FOR XYLITOL BIOPRODUCTION

Reyhan Selin Uysal, Serdal Sabanci, Okan Levent, Ozlem Akpinar
Gaziosmapapa University Gaziosmanpasa University, Department of Food Engineering, Tasliciftlik 60100,
Tokat
selinuy@hotmail.com

ABSTRACT

Xylitol is a five carbon sugar alcohol, equivalent to sucrose in sweetnes and occurs widely in nature
but it is also produced in human metabolism. Unlike sucrose, it is anticariogenic, natural sweetener and can
be consumed by diabetics because it is metabolized by an insulin-independent pathway. It gives a pleasant
cool and fresh sensation due to its high negative heat of solution Xylitol is used in various food products
such as chewing gum, candy, soft drinks and ice cream. Despite many advantages of xylitol, the use of
xylitol as sweetener is limited. Commercially, xylitol is produced from birch wood tree which is the most
expensive source. The agricultural waste which is rich in lignocellulosic materials is an ideal source for the
production of xylitol. Sunflower stalk is one of the most widely available waste in Turkey. It can be used as
animal feed, but this use has slight economical significance, and it is usually left to rot or burned in the
field after harvesting. Utilization of this material for production of xylitol does not only solves the proper
disposal of these wastes, but also provides additional income for farmers and generates employment. The
aim of this study was to produce xylose from sunflower stalk and conversion of xylose to xylitol production
by Candida guilliermondii. For this purpose the effects of H,SO, concentration, temperature and reaction
time on the production of sugars (xylose, glucose and arabinose) and on the reaction by-products (furfural
and acetic acid) from sunflower stalk were investigated. Response surface methodology (RSM) was used to
optimize the hydrolysis process in order to obtain high xylose yield and selectivity. The considered
optimum conditions were: H,SO,4 concenctration of 4%, temperature of 120 C and the reaction time of 45
min. The hydrolysates, produced under optimum conditions, was used for xylitol bioproduction by
Candida guilliermondii.

Keywords: Xylose, xylitol, sunflower stalk, wheat straw, optimization
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HYDROLYSATE OF WHEAT STRAW DURING XYLOSE
PRODUCTION
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ABSTRACT

Utilization of lignocellulosic wastes for industrial purposes are receiving interest due to their huge
amount of carbohydrates (cellulose and hemicellulose) contents, low cost, wide availability and reduction
of environmental pollution. The agricultural waste, widely found in Turkey, have a lignocellulosic nature,
mainly composed of hemicellulose, cellulose and lignin and they can be used as a renewable material for
production of value added products such as ethanol, glucose, xylose, xylitol and antioxidant compounds.
Acid hydrolysis process not only breakdowns the hemicellulose to monosaccharides but also cleaves the b-
1-4 alkyl-aryl linkages in lignin, lignin-hemicellulose linkages and forms soluble the phenolic compounds.
The main phenolic components of the extracts derived from mild acid treatment of the lignocellulosic
materials are p-hydroxybenzoic acid, ferulic acid, vanillic acid, syringic acid, and coumaric acid,
syringaldehyde, p-hydroxybenzaldehyde, and vanillin. The aim of present investigation was to evaluate the
operational conditions (temperature, time and acid) on the production of sugars (xylose, glucose, arabinose
and sugar dehydration products), on the production of the phenolic and ferulic acid and on the antioxidant
activity of acid hydrolysate of the agricultural waste. Hydrolysis of wheat straw was carried out under
different temperature, reaction time and acid concentrations in a batch reactor. It was found that the
increase in the temperature, acid and reaction time increased fenolic and antioxidant activity of the
hydrolysate but decreased the sugar yield.

Keywords: Xylose, wheat straw, phenolic, ferulic acid
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RELATIONSHIP BETWEEN THE METHYL ALCOHOL CONTENT IN
THE DISTILLATE FROM FERMENTED VINIFICATIONS SUB-
PRODUCTS AND THEIR STORAGE CONDITIONS

*Belén Max,José Manuel Salgado, Noelia Rodriguez, Sandra Cortés, José Manuel Dominguez
Department of Chemical Engineering, Sciences Faculty, University of Vigo (Campus Ourense), As Lagoas
s/n, 32004 Ourense, SPAIN
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ABSTRACT

In the traditional oenological areas grape marc and lees, after alcoholic fermentation of the residual
sugars, are distilled to obtain an alcoholic beverage that has an important social and economic value.
Methyl alcohol is not a direct fermentation by-product; it is formed from pectin by pectolytic enzymes.
This volatile compound has no influence on the aroma but it is important to limit its content because of its
high potential toxicity’. The aim of this study was to establish correlations between the methanol content in
the distillate with the composition and initial characteristics of the grape pomace (humidity degree, pH,
time and storage system) to evaluate which conditions have more influence in the concentration of this
toxic alcohol in the final distillate. An industrial distillation unit using entrainment with steam and equipped
with a rectification column was employed to distillate the raw material. GC-FID? was used to evaluate the
methyl alcohol content in the twenty samples of grape marc spirits collected during each distillation
process. The results obtained showed that storage time before distillation and the humidity degree in the
grape marc were the two parameters with more influence in the methyl content. However, a high pH value
in the raw material was not correlated with the higher content of methyl alcohol in the corresponding
distillate.

Keywords: grape pomace distillates, methanol, storage conditions

1. ECC Council Regulation no 1576/89 of 29 May 1989, Official Journal of European Communities L160 (1989) pp. 1-17
2. Diéguez, S. et.al. Journal of Agricultural and Food Chemistry 2005; 53: 6759-6765.
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ABSTRACT

Introduction of soft ionization techniques such as electrospray ionization (ESI) and matrix-assisted
laser desorption ionization (MALDI) into mass spectrometry has paved the way for analysis of
biomolecules without degradation. Respectively, protein identification based on enzymatic digestion of
proteins and tandem mass spectrometric (MS/MS) analysis of peptide fragments has become a more
popular method than classical approaches like Edman degradation. In this approach, peptides are cleaved
into smaller fragments by applying collision energy which mainly produce sequence-informative ions
called b a nd y ions. However, today’s protein identification tools have been constructed on a limited basis
of peptide fragmentation chemistry such that peptides with acidic or basic amino acids can fragment in
unusual ways that may not be predicted by the bioinformatic softwares. That’s way wrong assignments can
be done in protein identification that can lead to vital problems. Hence, understanding of peptide
fragmentation chemistry in all aspects is considered to improve the current bioinformatic tools. In this
respect, we have focussed on the study of fragmentation pathways of the model peptides AXVYI-NH2
where X donates 20 common amino acids. The peptides are purchased from BL Biochem (China) and used
as received. Throughout the study, a hybrid quadrupole ion trap mass spectrometer (4000 Q-TRAP Applied
Biosystems) combined with electrospray ion source is used. By this approach, an informative model is
aimed to be constructed in order to demonstrate the influence of amino acid side chains on the cleavage of
macrocyclic b ions.

Poster Presentation 30


mailto:cagdastasoglu@iyte.edu.tr
mailto:guvencgorgulu@mehmetakif.edu.tr
mailto:talatyalcin@iyte.edu.tr

\§ ROCEEDINGS OF THE 2'° INTERNATIONAL CONFERENCE OF IAMAW ‘ 5 -
B Ao incstril JUNE 17-19, 2010, IZMIR, TURKEY
Wast

ASSESSMENT OF PRETREATMENT METHODS FOR ENHANCING
ENZYMATIC HYDROLYSIS OF KITCHEN WASTES FOR
BIOETHANOL PRODUCTION

Oya N. Uncu, Deniz Cekmecelioglu
Department of Food Engineering
Middle East Technical University, Inonu Blvd., 06531, Ankara, Turkey
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ABSTRACT

It is well known that utilization of low cost and abundant waste materials in microbial fermentations
can reduce product costs. Kitchen wastes disposed in large amounts from cafeterias, restaurants, dining
halls, food processing plants, and household kitchens contain high amounts of carbohydrate components
such as glucose, starch, and cellulose. Thus, kitchen wastes have high potential to be used as a substrate in
ethanol fermentation. In this study, the effect of pretreatment method and sequential use of enzymes on
hydrolysis of kitchen waste was evaluated. Fermentation experiments conducted with and without
fermentation nutrients were also assessed at constant conditions of pH 4.5 and 30°C for 48 h using dry
baker’s yeast, Saccharomyces cerevisiae. Un-pretreated and hot water treated samples gave close glucose
concentrations. The fermentation results indicated that ethanol can be produced at similar concentrations in
no fermentation nutrients added samples and fermentation nutrients added samples (p>0.05). Thus, it is
concluded that product cost can be lowered to a large extent if i) kitchen wastes are used as a substrate and
2) no fermentation nutrient is used. The results also indicated that kitchen waste contained adequate
nutrients for yeast growth and maintenance.

Keywords: Bioethanol, pretreatment, enzymatic hydrolysis, kitchen waste, yield
INTRODUCTION

Food wastes discharged from restaurants, food production plants and household kitchens constitute a
considerable proportion of municipal solid waste (MSW) all over the world. OECD [1] statistics based on
seven countries; Mexico, Greece, Japan, USA, Norway, France and Belgium stated that the MSW includes
35-40% organic waste, 28% paper, and minor amounts of metal (5%), glass (7%), and plastic (10%). In
Turkey, the annual generation of MSW was reported as 26 million tons. Approximately 34% of the
collected solid waste consists of kitchen waste. This results in 8.84 million tons of kitchen waste per year
[2]. Kitchen wastes contain 2-3% cellulose, 40-55% starch, and 55-67% total sugar [3], which can be
converted to fermentable sugars. Thus, attention has been directed towards bioprocessing of Kitchen wastes
to produce value added products such as lactic acid [4,5] and ethanol from starchy fraction [3,6].
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Bioethanol is traditionally produced from sugar and starch containing crops such as potato, rice, and
sugar cane in Brazil and corn in America and China [7,8]. Starch is easily converted to glucose by
commercial enzymes and subsequently fermented to ethanol by Saccharomyces cerevisiae. Since these
materials are important food sources and abundant / low cost lignocellulosic wastes can reduce production
costs, investigations have been performed to use wheat straw, crop residues, and Kkitchen wastes as
alternative substrates [9-11].

A pretreatment method is usually needed to have effective enzymatic hydrolysis when
lignocellulosic materials are used [12-14]. The purpose of various pretreatment methods are to separate or
remove lignin, hemicelluloses, and cellulose, reduce the crystalline structure of cellulose, and increase the
surface area, thus provide better penetration of the enzyme [15, 16]. Alkaline and acid treatments have been
successfully used [15, 17, 18]. Dawson and Boopathy [15] treated postharvest sugar cane residue with acid
(H,SOy4) and alkaline (H,0,) solvents. They reported that acid hydrolysis produced higher amounts of
ethanol. Yu and Zhang [18] reported high concentrations of ethanol from acid hydrolyzed cotton wastes.
Alternative pretreatment methods are also available, such as hot water and steam pretreatment [19]. In
studies found on kitchen waste, which mostly focused on starchy fraction, no pretreatment method has been
used prior to enzymatic hydrolysis [3, 6, 20].

Kinetic models play an important role in describing performance and attributes of a process and can
easily be used to control and predict these attributes. It is commonly agreed that more valuable information
can be extracted from an experimental data by simple inspection, e.g. assuming first order dynamics,
statistical analysis, etc.. The goal in kinetic modeling varies with the attributes of the chemical or biological
process. For pretreatment prior to enzymatic hydrolysis, the optimum time and type of the pretreatment are
of great value to achieve increased yields at the subsequent hydrolysis step [21]. Increasing yields of
enzymatic hydrolysis would also improve the yields of ethanol. Efficient utilization of sugars is also an
opportunity to reduce costs [22]. Current literature is focused on use of 1) lignocellulosic and agro-
industrial wastes and 2) various microbial strains in fermentation to improve ethanol production. In
addition, pretreatment methods need to be settled down for commercial use.

Therefore, the aim of this work was primarily two folds; 1) to evaluate the effect of two pretreatment
methods (acid and hot water) and a control on glucose production during enzymatic hydrolysis, and 2) to
study the Kinetics of glucose production to select the best treatment type and period of application for
improvement of enzymatic hydrolysis prior to fermentation.

MATERIALS AND METHODS

Raw material

The kitchen wastes were collected from food courts of Middle East Technical University (METU),
Ankara, Turkey. The plastic, metal, and glass pieces were separated if present in the waste, and remaining
organic fractions were combined and ground in a chopper to form the composite substrate for experiments.
The composite waste was stored at 4°C until use in a day or two.
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Enzymes, Inoculum, and Fermentation Medium

The enzymes used in liquefaction and saccharification steps were a-amylase (A6211-1MU),
amyloglucosidase (AMG) (10115), cellulase (C1794-10KU), and g-glucosidase (49290), which were all
purchased from SIGMA-AIdrich. The activity of enzymes reported by the supplier was considered in our
study.

A commercial dry baker’s yeast Saccharomyces cerevisiae was purchased from a local store and
kept in a refrigerator until use. The dry yeast was dispersed in sterile water at room temperature at a
concentration of 10 g/L (g dry bakers’ yeast / liter of DI water) and added as an inoculum without any
cultivation [23].

Fermentation medium contained pretreated and hydrolyzed waste and the yeast, Saccharomyces
cerevisiae. The traditional fermentation nutrients were not used. Here ‘traditional nutrients’ meant the
following commonly used liquid medium; 6 g/L yeast extract, 1.5 g/L KH,PO,4, 1 g/L MgS0,4.7H,0 , and 4
g/L (NH,4),S0, .

Pretreatment methods

The ground and mixed kitchen waste was subjected to pretreatment with two solutions (hot water
and dilute acid) and a control (no pretreatment). For dilute acid pretreatment, sulphuric acid at two
concentrations of 1 and 4 % (v/v) was added to the kitchen waste. Samples were kept at 60°C for 3 hours in
all pretreatment methods [24].

Enzymatic Hydrolysis

Fermentation

Fermentation experiments were conducted in 250 ml erlenmayer flasks with a working volume of
100 ml. The yeast was added at a ratio of 10% (v/v) to the fermentation mixture under aseptic conditions.
Before inoculation, the flasks and medium were sterilized by autoclaving. Sulphuric acid (0.5 M) was used
to adjust the initial pH to 4.5. The temperature and agitation speed were maintained constant throughout the
experiment at 30°C and 150 rpm, respectively. The fermentation period was carried out for 48 h.

Analytical Methods

The collected waste was analyzed for moisture, ash, protein, fat and total carbohydrate contents.
Moisture and ash contents were analyzed according to analytical gravimetric methods [26]. Protein content
was determined as 6.25 times the Kjeldahl nitrogen. Glucose was analyzed by Dinitro Salisylic Acid (DNS)
method [27]. Ethanol concentration was measured by GC (SHIMADZU, Kyoto, GC-14A #124457), using
ethanol with 1, 3, and 5 % (v/v) as internal standards [28].

RESULTS AND DISCUSSION

Composition of Raw Material
The composition of Kitchen waste is summarized in Table 1. The average moisture content of the
kitchen waste was about 65% (w/w), which led to 35 % (w/w) of total dry matter. Approximately 60 % of
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the total dry matter was the carbohydrate fraction, which proved that the kitchen waste could be used as a
valuable raw material for ethanol production.
Table 1. Characteristics of kitchen waste used in the experiments.

Constituent Content (% w/w)
Moisture 64.5

Total Solids 35.6

Protein 4.5

Fat 8.8

Ash 1.8

Total CHO’s 20.5

# Results belong to two replicates.

Effect of Pretreatment Method on Glucose Production

As stated before, the kitchen waste used in this study contained a wide variety of leftovers in raw
and cooked form as well as whole edible parts and peels of fruits and vegetables. Therefore, in order to
improve the yield of enzymatic hydrolysis a pretreatment method was used (Table 2). Each method was
followed by enzymatic hydrolysis conducted under same conditions. Thus, the difference in final glucose
concentrations was concluded to be due to the pretreatment method. This was also proved by the initial
glucose concentrations after each pretreatment method (Table 2).

Table 2. Glucose concentrations after each pretreatment.

Pretreatment Glucose
method concentration  (g/L)
1% acid 13.1

4% acid 12.9

Hot water 22.7

NPT 24.7

®NPT: No pretreatment method (control)

According to the tabulated values, it was found that hot water pretreated and no pretreated samples
had higher glucose concentrations than the acid pretreated samples (p<0.05). The two acid levels (1 and
4%) had similar glucose concentrations (p>0.05).

The change in glucose concentration during enzymatic hydrolysis for pretreated samples over time is
given in Figure 1. The concentration of glucose increased gradually with time and reached a constant value
within 6 h for all pretreatment methods. The highest glucose concentration was obtained as 64.8 g/L from
the unpretreated samples after 6h and followed by hot water treatment at 56.7 g/L. These values were found
statistically similar (p>0.05) right at the edge of Tukey’s confidence interval, which even can be practically
taken as different. If taken similar, this result indicated that hot water pretreatment was not necessary and
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the enzymatic hydrolysis process can be directly applied, being consistent with results of Tang et al. [6] and
Wang et al. [3] and opposite the study of Laser et al [19]. The two acid concentrations (1% and 4%) also
gave statistically similar results (p>0.05) but still lower than no pretreatment case (p<0.05), releasing
glucose concentrations of 51.5 and 45.4 g/L, respectively. Furthermore, the glucose amount of 1% acid was
the similar to the amount of hot water (p>0.05). Thus, the acid treatment was also concluded to be an
effective method for mixed kitchen wastes as reported by Dawson and Boopathy [15] who also applied
acidic pretreatment on post-harvest sugarcane residue before fermentation.
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Fig. 1. Glucose production from hydrolyzed wastes subjected to different pretreatments

“The following equation considering first order dynamics was used to calculate the rate of glucose
production during enzymatic hydrolysis after each pretreatment method:
c=c, [l-e™)
@)

where C is the change in glucose concentration (g/L) with respect to initial glucose concentration (i.e., C(t)-
Co); Cm is the maximum glucose accumulated at an infinite hydrolysis time; k is the rate constant of
glucose production (h™)
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In order to fit the data in Fig.1 to Eqgn.(1), all values were first transformed by subtracting the initial
concentration from glucose produced at a given time, t, and the resulting plots with model fits are presented
in Fig.2. All curves pass through the origin in the transformed form. The results of kinetic analysis for each
pretreatment method are given in Table 3.
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Fig.2. Transformed results for glucose production after each pretreatment method.

Surprisingly, the kinetic results revealed that the rate of glucose production was higher for 4% acid
than the rate of 1% acid, although the final glucose concentrations for the two acid pretreatments were
similar (Fig.1.). Thus, the rate constants in a descending order can be written as rypt > Fyw > fa0 > 195 fOr
no pretreatment (NPT), hot water, 4% acid, and 1% acid, respectively. When the time constant (t), which is
defined as the time required for the glucose level to reach 63.2% of the final steady level during hydrolysis
process, is considered the NPT method had the smallest time constant value (1.55 h) while the 1% acid
method had the highest value (7.81 h). Because the smaller the time constant is the faster hydrolysis
process, the same sequence as the rate constant (k) emerges.
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Table 3. First order kinetics model parameters for the enzymatic hydrolysis after each pretreatment method.

Pretreatment Cwm (g/L) R? k (h™h) 7 (h)
NPT 40.54 0.989 0.644 1.55
Hot water 38.90 0.962 0.406 2.46
1% acid 77.52 0.958 0.128 7.81
4% acid 49.81 0.963 0.201 4.98

Fermentation of Hydrolyzed Kitchen Wastes

Upon completion of the enzymatic hydrolysis step, the pretreated and saccharified waste was
subjected to batch ethanol fermentation at pH 4.5 and 30°C for 48 h. The experimental plan and the results
of fermentation experiments are shown in Table 4. The initial glucose concentration, final ethanol
concentration and yield values are also given in Table 4. Statistical analysis of the results indicated that the
ethanol concentrations and the yields were similar for hot water and control samples (NPT) (p>0.05). The
ethanol concentrations were attributed to productivity values of 0.36 and 0.49 g/L.h for hot water and
control samples, respectively.

Table 4. Fermentation results of control (NPT) and hot water pretreated kitchen wastes

Yield
Glucose before
Pretreatment . Ethanol (g/L) (g ethanol/g
fermentation (g/L)

glucose)
Hot water 56.7 17.2 0.30
NPT 64.8 23.3 0.36

®Results are averages of two replicates; NPT = No pretreatment method (control)

These results supported the idea that fermentation of kitchen wastes was practical without adding the
traditional fermentation nutrients. Thus, it can be concluded that nutrients already present in the kitchen
waste were sufficient for functioning of S. cerevisiae to produce ethanol. Our results are consistent with
results of others. Wang et al. [3] reported fermentation of Saccharomyces cerevisiae with kitchen garbage
at pH values of 4-6.63 and temperatures of 26.8-40°C. They obtained ethanol concentration of 22.13 g/L at
26.8°C within 48 h at pH 5, which can be taken as similar conditions of our study. Their productivity for
these conditions was 0.46 g/L.h, similar to our value. It should also be noted that Wang et al. [3] used a
pure yeast culture and working volume of 150 ml for fermentation experiments.
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CONCLUSIONS

The present work indicated that pretreatment prior to enzymatic hydrolysis is not strictly needed for
production of high glucose levels from regular Kitchen wastes. Another important result is that enzymatic
hydrolysis can be as short as 6 h. Addition of fermentation nutrient is found to be not necessary for yeast to
produce ethanol. The nutrients present in the original kitchen waste provide enough nutritive medium for
Saccharomyces cerevisiae to produce high yields of ethanol. Thus, it is concluded that ethanol production
costs could be lowered using kitchen wastes as substrate and by excluding the fermentation nutrients from
traditional fermentation practice as well.
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ABSTRACT

The past ten years has seen a developing interest in the preparation of low-cost adsorbents as
alternatives to activated carbon in water and wastewater treatment processes. Lately, the limited success of
adsorbents in field applications has raised apprehension over the use of rice husk ash in the preparation of
novel adsorbents as a measure to the environmental pollution control. The evolution has turned from an
interesting alternative approach into a powerful standard technique by offering a numbers of advantages:
better performance in terms of ulterior adsorption capacity, rate of adsorption, cost effectiveness in solving
wastewater pollution problem and overcome part of the agricultural waste problem around the world. In
this work, rice husk is activated and chemically reduced to provide an efficient support for zinc. The RH/Zn
structures were characterized by zinc particle size. Distribution and morphology of nanoparticles have been
characterized using X-ray diffraction. Scanning electron microscopy (SEM) showed that the Zn particles
were distributed uniformly on the RH matrix.

Keywords: active carbon, zinc, rice husk

INTRODUCTION

Rice is one of the major crops grown throughout the world, sharing equal importance with wheat as
the principal staple food and a provider of nourishment for the world's population Concern about
environmental protection has aroused over the years from a global viewpoint. Rice husk consists of
cellulose (32.24%), hemicellulose (21.34%), lignin (21.44%) and mineral ash (15.05%) (as well as high
percentage of silica in its mineral ash, which is approximately 96.34%. Rice husk is insoluble in water, has
good chemical stability, has high mechanical strength and possesses a granular structure, making it a good
adsorbent material for treating heavy metals from wastewater. Rice husk ash, the most appropriate
representative of the high ash biomass waste, is currently obtaining sufficient attraction, owning to its wide
usefulness and potentiality in environmental conservation. [1]. The failure to make use of all of the RH is
due, in part, to the double layer composed of silica and cuticle that resists invasion by insects and
pathogenic organisms. This protective layer slows natural biodegradation, which discourages the re-
utilization of RH in the agricultural and livestock industries. The ash content of RH, which is mostly silica,
is approximately 20 mass%. This high ash content means that the carbon content is low, limiting the use of
RH as a fuel source or as a precursor for the production of carbon) based materials. However, RH do have a
noteworthy advantage. The removal of heavy metals by rice husk has been extensively reviewed. Among
the heavy metal ions studied include Cd, Pb, Zn, Cu, Co, Ni and Au [2].
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Activated carbon is a highly porous form of solid carbon produced from carbonaceous raw materials
using chemical or physical activation methods. Chemical activation has been known as an efficient method
to obtain carbons with high surface area and narrow micro pore distribution. Chemical activation can be
accomplished in a single step by carrying out thermal decomposition of raw material with chemical
reagents. The most widely used chemicals include zinc chloride (ZnCly), phosphoric acid (H3PO,), and
potassium hydroxide/carbonate (KOH/K,COs) [3].

Due to the outbreak of the infectious diseases caused by different pathogenic bacteria, the scientists
are searching for new antibacterial agents. In the present scenario, nanoscale materials have emerged up as
novel antimicrobial agents owing to their high surface area to volume ratio and the unique chemical and
physical properties [16].In recent years, the use of inorganic antimicrobial agents has been attracted interest
for the control of microbes. The key advantages of inorganic antimicrobial agents are improved safety and
stability, as compared with organic antimicrobial agents]. At present, most antibacterial inorganic materials
are metallic nanoparticles and metal oxide nanoparticles such as zinc oxide [4].

The present work aims to provide an environmental friendly and cost-effective method for the
preparation of a zinc support, prepared by activating and chemically reducing the rice husk. The RH/Zn
structures were characterized by measuring zinc particle size.

MATERIALS AND METHODS

Prior carbonization of rice husk

Raw RH was milled to particles with size of about 1 mm. Activated carbon was prepared from rice
husk by chemical activation with ZnCl,. Impregnation ratio (1:1, 2:1, 3:1, 4:1) on the pore development
were investigated 50 g of the air-dried rice husk and 10-100 g of ZnCl, were well stirred in 200 cm 3 of
distilled water using a hot plate/magnetic stirrer. Impregnation was carried out at approximately 358 K in a
boiler-reflux condenser for 7 h. Several impregnation ratios, defined as the ratios of the mass of ZnC1, to
that of rice husk, were applied to prepare the impregnated samples. The impregnated sample was then
filtered with a vacuum flask and dried at 105 °C for about 24 h. The rice husk powder was prepared though
a carbonization treatment at 700 °C the obtained product was washed step by step: (1) with deionized water
up to pH 7; (2) with 3 M HCI solution (3) with deionized water up to pH 7 again. The washed materials
were dried overnight at 120 °C. Prior to surface modification, the husk were grinded and then sieved into a
desired particle size of 10-40um. Then RH Powders were activated by stirring with a surfactant for 1 h. The
activated RH powders were then immersed in 100 mL 25 wt.% aqueous ammonia to which was formed by
adding Zn(NOs3), at room temperature. String was continued under inert atmosphere at room temperature.
The weight ratios of RH: Zn(NO3), prepared were approximately equal to 1:0.25, 1:0.5, 1:1, 1:2, 1:5. After
stirring for 1 h, dilute aqueous solution of hydrazine monohydrate was introduced to RH-Zn Composite
solution in appropriate quantities using syringe. Stirring was continued under an inert atmosphere at room
temperature for another 4h. Then particles were separated and washed with water, then dried. This sample
was washed with deionized water several times and dried in oven at 110°C. In ion exchange study,
Zn(NO3)2.5H,0 was used as a cation source. Solid and solution phases were separated by centrifuging at
4000 rpm.
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Table 1. Main characteristics of rice husk and actived carbons(RH and RHC)
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Carbonization temperature °C | - 700 700 700 700
Impregnation ratio (ZnCl,/RH) - 1.0 2.0 3.0 4.0
Yields of activated carbon wt % | - 37.85 39.25 40.10 40.90
% Fixed Carbon 12.95 67.09 68.90 70.98 71.30
% Moisture 6.45 6.09 5.89 4.98 4.36
% ash 18.13 5.09 4.90 3.50 3.20
% Volatile Matter 62.47 21.73 20.31 20.54 21.14
% SiO, 93.5 92.35 92.28 92.08 91.75
% Al,O3 2.87 2.37 2.05 1.07 0.65
% Fe,03 1.48 1.02 0.98 0.09 0.04
% CaO 0.2 0.0 0.0 0.0 -
Others 1.95 2.67 3.89 6.87 7.53

Characterization

In addition, distribution and morphology of nanoparticles have been characterized using X-ray

diffraction. Scanning electron microscopy (SEM) showed that the Zn particles were distributed uniformly
on the RH matrix. FTIR (Fourier Transform Infrared Spectroscopy), and element analysis (EDX), studied
the chemical characteristics of RH and Zn-RH char particles.

The yield of activated carbon was calculated based on the weight of rice husk on a dry basis from the
following equation: Yield of activated carbon (w %)=weight of activated carbon/ weight of rice husk x100
[5]

The highest yield obtained with activated carbon (RHC,) was used as starting material in the
production of zinc composite.

Table 2. Elementary Analysis RHCZn (% w)

C 69.031 52.431 61.222 60.392 58.896
0 23.158 26.853 30.754 25.469 24.906
Si 7.155 18.136 3.96 8.604 8.568
Na 3.782

Cl 0.253 0.244 0.178 0.134 0.002
Fe

Zn 0.404 2.336 3.013 5.401 7.628
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Fig.2. FTIR (Fourier Transform Infrared Spectroscopy), RHZn;, RHZn,, RHZn;, RHZn,, RHZn;

A band between 3200 and 3600 cm™ is typically ascribed to hydroxyl groups or adsorbed water. For
the spectrum of cellulose, the broad band centered around 3300-3400 cm-* can be attributed to hydroxyl
groups; the bands around 2900-2800 and 15001400 cm™ are caused by ACH2A groups; the band around
1300-1000 cm™ is attributed to CAO stretch. For carbons prepared from cellulose compared with the FTIR
spectrum of cellulose, 1700 and 1600 cm™ while the bands of the spectrum of cellulose remain in the result.
The band around 1700 cm™ is usually caused by the stretching vibration of in ketones, aldehydes, lactones,
and carboxy! groups; and the band around 1600 cm™ is ascribed to aromatic ring stretching vibration. This
indicates the formation of carbonyl-containing groups and the initial aromatization of the precursor.
However, the intensities of these two bands show that the aromatization extent and the content of carbonyl-
containing groups are very low at this point.

Poster Presentation 43




ROCEEDINGS OF THE 2'° INTERNATIONAL CONFERENCE OF IAMAW
JUNE 17-19, 2010, IZMIR, TURKEY

a b C
Fig.3. X-ray diffraction (XRD) of the RH surfaces. a) RH, b) RHC, ¢) RHCZn

RESULTS AND DISCUSSION

The synthesis of the carbons with developed porosity is possible when non-carbonized RH is
utilized. This method does not require a prior carbonization stage. In summary, we showed that an efficient
zinc support was prepared by activation and chemical reduction of the Rice husk. The RH/Zn structures
were characterized by zinc particle size. Distribution and morphology of nanoparticles have been
characterized using FTIR, XRD. Scanning electron microscopy (SEM) showed that the Zn particles were
distributed uniformly on the RH matrix. Rice husk carbon is thus a potential alternative to commercially
available activated carbon as they have high selectivity and are efficient with low production costs.
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CONCLUSIONS

RH has appeared to be an interesting precursor for preparation of carbon because of inclusion of
amorphous SiO; in significant amount in its composition, which possibly plays a role of a template during
preparation of carbon materials. Regarding the experimental results, the activated carbon obtained from rice
husk vyield increases as the amount of ZnCl, increases. Porous rice husk particles have been successfully
used as novel supports for the immobilization of zinc nanoprticles. Zn loading amount on BC increased
with increasing zinc precursor concentration. RH/Zn composites are therefore believed to great potential
for use as an antibacterial material.
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ABSTRACT

The present study deals with the screening of filamentous fungi able to grow on the aqueous extracts of
dry olive mill residue (DOR), the solid waste derived from the olive oil two-phase extraction process, to
produce enzymes of potential commercial interest, such as polyphenoloxidases. Plate tests and shaken cultures
were preliminarily performed. The selection criteria were based on the capability of removing phenols, color
and organic load and to produce extracellular enzymes involved in the degradation of both monomeric and
polymeric aromatic compounds of the waste (i.e.,. laccase, Mn-dependent peroxidase and mono-phenolase
activites). Among the six fungal strains screened, Phlebia sp. DABAC 9 and Lentinus(Panus) tigrinus CBS
577.79 were most effective. These fungi were grown in a 3-liter bubble-column reactor and did not differ each
one another with regard to the production of aromatics-degrading enzymes: they mainly released Mn-
dependent peroxidase activity (576+44 and 63153 U I, respectively) on aqueous DOR (25%, w/v) and, to a
lesser extent, laccase and mono-phenolase activities. Phenol content and color were also significantly
removed, reaching with the former fungus more than 90% removal.

Keywords: dry olive mill residue, filamentous fungi, phenoloxidase enzymes; liquid culture

INTRODUCTION

The olive oil extraction industry worldwide has great economic and social importance especially in
the Mediterranean and Middle East countries. This industry is constantly growing and generates large
quantities of organic wastes and by-products with environmental problems caused by their accumulation or
incorrect disposal [1-3].

In recent years a new two-phase extraction process has been introduced in modern mills. In Spain,
the biggest olive oil producer in the world, the introduction of this technology was carried out in more than
90% of Spanish olive oil factories [1-3]. This process generates two fractions: a liquid phase (olive oil) and
a water-rich solid organic waste (“alpeorujo”), which is dried and extracted with solvents to obtain an extra
yield of oil and the dry olive-mill residue (DOR) [4]. It has been calculated that the Spain annual
production of DOR, amounts to about four million tons [5].
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This waste has a high concentration of organic matter which also includes toxic compounds such as
polyphenols, polyalcohols and volatile fatty acids [1], capable of inhibiting microbial growth [6] and
germination and vegetative growth in plants [7]. Due to its favourable C/N ratio, the application of DOR
to agricultural soils as an organic fertilizer either directly or after composting has been proposed [4, 8].
However, the waste has been shown to require the addition of bulking agents in order to be effectively
composted [4, 9].

Since DOR’s toxicity has been mainly ascribed to phenols [10], the use of ligninolytic fungi capable
of degrading such compounds [11, 12] can be an adequate upgrading approach. White rot fungi (WRF),
such as, e.g., Phanerochaete chrysosporium, Coriolopsis rigida, Pleurotus pulmonarius and Panus tigrinus
have been shown to perform phenols removal from DOR and to detoxify the waste under solid-state
conditions [13-15].

An alternative upgrading approach to the solid-state conversion of DOR implies its extraction with
water leading to an aqueous extract, here termed ADOR, which, due to its content in soluble compounds
(i.e., simple sugars, oligosaccharides, organic acids, polyalcohols and inorganic cations), might constitute a
growth medium for the microbial production of added value commodities [2, 16]. With this regard, the
ADOR has been successfully used for exopolysaccharide production by Paenibacillus jamilae [16].
Moreover, the aqueous extraction delivers a residual solid waste characterized by a significantly reduced
toxicity [17]. To date, the use of ADOR for the microbial production of enzymes has not been investigated.
Besides containing compounds acting as growth substrates, DOR exhibits significant contents of phenols
which can act as either stimulators or inducers of enzymes of commercial interest, such as laccase (E.C.
1.10.3.2, para-diphenol:oxygen oxidoreductase), ~Mn-peroxidase (E.C. 1.11.1.13, Mn?":H,0,
oxidoreductase, MnP) and monophenolase (E.C. 1.14.18.1, monophenol monooxygenase, MP).

Consequently, objectives of the present study were (i) to screen for filamentous fungi able to grow
on the ADOR and to produce laccase, MnP and MP, (ii) to perform a preliminary assessment of process up-
scaling on bench-top lab-scale bioreactors with the most promising strains and (iii) to determine the ability
of the selected strains to reduce both organic load and toxicity of the ADOR.

MATERIALS AND METHODS

Materials and microorganisms

DOR, withdrawn from an olive oil manufacturer (Sierra Sur S.A., Granada, Spain), was stored at —
20 °C until used. The main physico-chemical characteristics of DOR were as follows: pH 5.1, total organic
carbon 58.5%, total nitrogen 1.87%, total phosphorus 0.21%, lignin 24.7%, cellulose 18%, hemicellulose
12.8%, total phenols 3.18%, total lipids 0.2%, ashes 9.2%. The most abundant elements, the concentration
of which is reported in g Kg™* DOR were: potassium 30.5, calcium 13.6, magnesium 3.8, iron 1.1, sodium
0.17, copper 0.07, zinc 0.06 and manganese 0.04.

The following filamentous fungi were used: P. chrysosporium NRRL 6361, L. tigrinus CBS 577.79,
C. rigida CECT 20449, P. pulmonarius CBS 664.97, Phlebia sp. DABAC 9 and Botryosphaeria rhodina
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DABAC P82. The strains were maintained and routinely sub-cultured on potato dextrose agar (PDA)
slants.

Sample preparation, inoculum preparation and culture conditions

ADOR was obtained by extraction with water in a 1:4 (w/v) ratio for 8 h at room temperature at 170
rpm in orbital shaker and subsequent vacuum filtration through Whatman n. 41 filter paper. The recovered
water extract, designated as ADOR 25%, was stored at -20 °C until use.

ADOR 25% was used as the culture medium, without any supplementation and pH correction, after
sterilization (121 °C for 20 min) for both shake flask batch and bioreactor cultures.

Ten-day-old PDA slant cultures were suspended in 5 ml of sterile deionized water and used as the
inoculum for pre-cultures carried out at 28°C for 7 days under orbital shaking (180 rpm) in 500-ml
Erlenmeyer flasks containing 95 ml of 2-fold diluted ADOR 25%.

Shake flask cultures were carried out in 500-ml Erlenmeyer flasks containing 95 ml of ADOR 25%.
Five ml of pre-culture (see above) were aseptically added to each flask and incubated in an orbital shaker
(180 rpm) at 28°C for 16 days. Samples were taken daily, centrifuged (3800 x g, 10 min) and the
supernatants used for all tests. All experiments were performed in triplicate.

In the case of the bench-top bioreactor cultures, experiments were conducted in a 3-liter bubble-
column reactor filled with 2 | of ADOR 25%. The following probes were installed on the column top:
dissolved oxygen sensor (Ingold, CH), double reference pH sensor (Phoenix, AZ) and PT 100 temperature
sensor. Experiments were performed under the following conditions: inoculum amount 5% (v/v); aeration
rate 0.3 vvm; silicon anti-foam, 1 ml I'; temperature 28° C. Fermentation parameters were monitored by an
adaptative/PID digital controller, ADI 1030 (Applikon Dependable Instruments, Schiedam, NL). Sampling
was as above. Each condition was tested in duplicate.

Enzyme assays and analytical determinations

Laccase and Mn-peroxidase were assayed according to Saparrat et al. [18] while the mono-phenolase
(MP) was assayed according to the method of Espin et al. [19].

The total phenol content of ADOR as such and after fermentation was determined according to
Linares et al. [7], using syringic acid as the standard. Biomass, COD and color were estimated as
previously described [11].

RESULTS AND DISCUSSION

Screening of filamentous fungi

The six fungal strains used in shake flask experiments were selected on the basis of their capability
to both grow on agar media where 25% ADOR had been incorporated and to decolorize the anthraquinone-
based dye Poly-R 478 (data not reported).

It is worth noting that the liquid medium used in the present work was merely made of 25% ADOR
(w/v) and consequently had high COD and phenol content (48.0775.5 and 4.2110.2 g I, respectively).
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Table 1 reports mycelial growth and maximal laccase, MnP and MP activities produced by the
fungal strains grown on ADOR. With the only exception of P. ostreatus, all fungi grew well on ADOR.
Best laccase production was observed in C. rigida cultures albeit the attainment of the activity peak
required 16 days of incubation. In L. tigrinus and Phlebia sp. cultures, instead, laccase activity peaks
(32318 and 4697131 TU 1"}, respectively), although lower than those of C. rigida, were obtained within
significantly shorter incubation times (8 and 4 days, respectively). L. tigrinus and Phlebia sp. were also the
most effective MP producers reaching similar activity peaks values on day 4; the same fungi produced
higher MnP activities than the remaining strains although the activity peaks were observed in the late
phases of culture (12 and 16 days, respectively)

All the screened fungal strains showed good ability to remove both phenols and color (Table 2).
Interestingly, in both L. tigrinus and Phlebia sp. cultures, the large majority of total phenols in ADOR (89.4
and 89.7%, respectively) were removed within the early 4 days of fermentation.

For this reason, the highest MDR values (39.3 mg I'* h™ for both strains), were obtained with these
fungi. The least efficient strain in the removal of phenols was P. pulmonarius the MDR values of which
were 4.2-fold lower than those of L. tigrinus and Phlebia sp.; these two strains were also the most selective
phenols degraders as indicated by the high values of DS, a parameter where the amount of phenols
removed is related to the mass of COD consumed.

Table 1. Biomass production and maximal laccase, Mn-peroxidase (MnP) and mono-phenolase activities (MP)
of different fungi grown on ADOR 25% in shaken culture. Values between square brackets indicate the
incubation time at which the activity peak was reached

Fungus Laccase MnP MP Biomas
(V1! (V1! aurh S
(@I")*
B. rhodina 9+0 [4] 140+12 [4] 11.2+1.3 [8] 9.7+1.1
C. rigida 9732 122424 [4] 12.5+0.5 [8] 4.7£0.6
[16]
L. tigrinus 32348 [8] 315+39 [16] 13.7+£2.2 [4] 5.2+0.5
P.chrysosporium 940 [4] 105+5 [8] 8.94+0.3 [8] 10.3+1.
0
P. pulmonarius 9+0 [4] 77+3 [4] 3.5+0.4 [4] 1.8+0.2
Phlebia sp. 469431 419411 [12] 13.1+1.3 [4] 7.6£0.5
[4]

*Mycelial biomass was determined at the end of fermentation (16 days).
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Table 2. Maximal phenol and color removals, maximal dephenolization rate (MDR) and dephenolization
selectivity (DS) observed in liquid cultures of different fungi grown on ADOR 25% in shaken flasks. Values
between square brackets indicate the incubation time at which maximal removal was reached.

Phenol removal Color removal MDRf(mg I* h

Fungus %) (%) D) St
B. rhodina 81.7[8] nd.* 179 35
C. rigida 91.7 [12] 60.0 [16] 134 50
L. tigrinus 89.6 [4] 57.9 [12] 39.2 23
P.chrysosporium 92.5[12] 51.1[12] 13.5 31
P.pulmonarius 63.6 [12] 37.9[12] 9.3 19
Phlebia sp. 89.7 [4] 73.9 [16] 39.2 P

*n.d., not detected; TMDR, maximal dephenolation rate (mg phenols removed 1 h?); iDS,
dephenolization selectivity (calculated by the ratio of maximal amount of removed phenols to COD depleted at
that time).

L. tigrinus and Phlebia cultures also removed chromophoric compounds from ADOR leading to
decolorization efficiencies of 57.9 and 73.9%, respectively.

For all these reasons, these strains were selected for further studies at the bench-top bioreactor scale.

Production of phenoloxidase enzyme activities in bench-top bioreactor

To gain preliminary indications on process transfer, the two selected fungi were grown in a 3-liter
bubble-column reactor . The choice of this kind of reactor with pneumatic agitation system instead of a
stirred tank reactor was based on previous studies on olive-mill wastewater upgrading where L. tigrinus
was comparatively grown in mechanical and pneumatic agitated reactors [20]: the last one resulted the most
performing systems for phenoloxidase production.

Figs. 1 and 2 show the time courses of growth, enzyme productions and substrate consumption by L.
tigrinus and Phlebia sp., respectively, grown on ADOR 25% in bioreactor.

In the case of the former strain all enzyme activities increased significantly passing from shaken
flask to the bioreactor scale (396+9, 631+53 and 25+1 IU I of laccase, MnP and MP activities,
respectively) (Fig. 1A). Laccase activity reached also a second peak (526+66 IU 1) after 10 days of
fermentation. With the exception of the mono-phenolase, laccase (first peak) and MnP activity peaks were
obtained with a marked reduction of the fermentation times with respect to shaken cultures. The fungus
grew rapidly on the ADOR 25% up to 11.8 g I"* after only 6 days of fermentation and caused rapid COD

Poster Presentation 50



\y ROCEEDINGS OF THE 2'° INTERNATIONAL CONFERENCE OF IAMAW ( 5 4
B Ao inguatial JUNE 17-19, 2010, IZMIR, TURKEY
w

and phenols abatements. At the end of fermentation COD, total phenols and color were reduced by 57.1,
92.4 and 32.0%, respectively (Fig. 1B).
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Similarly, the production of enzyme activities by Phlebia sp. peaked earlier than shaken cultures but
only MnP activity increased significantly (576.5+74 TU I') (Fig. 2A). Laccase activity was markedly lower
(360+41 vs. 469+31 TU 1" shaken flask culture), while MP one did not significantly differ (12.7+1.7 vs.
13.1+1.3 IU 1. Fungal growth was rapid and reached the maximum (8.3 g I after only 6 days) to
maintain this biomass level thereafter. COD removal reached the minimum (21.6 g I'*, 55.1% of removal)
after 8 days and then increased most likely due to a partial lysis of the mycelium. On the other hand,
Phlebia sp. showed a good efficiency in total phenols and color removal (95.7 and 88.0%, respectively, at
the end of fermentation).

Although the maximal productions of phenoloxidase activities by L. tigrinus were higher than by
Phlebia sp., the enzyme volumetric productivities of the latter were better with the exception of mono-
phenolase activity (Table 3).
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CONCLUSIONS

The upgrading of ADOR aimed to fungal production of phenoloxidase enzymes of potential
industrial interest is technically possible. In particular, L. tigrinus CBS 577.79 and Phlebia sp. DABAC 9
were able to grow on this waste mainly producing MnP activity and, to a lesser extent, laccase and mono-
phenolase activities. Also the scale transfer to bench-top bioreactor of the fermentation process was
positive since a shortening of the enzyme production kinetics and/or an increase of enzyme activity levels
occurred. Phenol content, color and COD were also significantly removed at the end of the fermentation
processes.

Although, further optimization and scale-up experiments are still needed the technical feasibility of a
fermentation process for fungal production of phenoloxidase, mainly MnP-dependent peroxidase, activities
on ADOR is realistic.
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Table 3. Laccase, Mn-peroxidase (MnP) and mono-phenolase (MP) volumetric productivities when L.
tigrinus CBS 577.79 and