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The hydrolysis of the lignocelluloses to fermerdgahigars seems to be the main
reason for the high producing cost of ethanol frilgnocelluloses. The objective
of this work is to test two strains of Trichoderialiquid state and solid state
cultures for cellulase production, and to compdne productivity and efficiency
of the two systems of fermentation. Submergeddliguitures (SLC) and solid
state cultures (SSC) were carried out to compare phoductivity of the two
strains of Trichoderma. Comparing the productioriscellulases in the systems
applied in this study, data indicate the systersadifl state culture with flushing as
the most efficient (660% more efficient in T. wridTCC 13.631 SSC+f than in
SLC and 455% more efficient in T. viride CMGB1 S&@wan in SLC). Still, T.
viride CMGB1 show a higher production (2160 FPUSSC+f) than T. viride
ATCC 13.631 (1880 FPU in SSC+fm) in laboratory dtinds. These results
recommend solid state cultures as systems for pindicellulases at lower price
than liquid state cultures. These low cost celletasan lower the price of ethanol
produces from lignocellulosic biomass.
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Introduction

The inevitable depletion of fossil fuels and the increasedecnscabout
greenhouse gas emissions have resulted in a worldwide interestploring
renewable energy such as fuel ethanol [1,2]. Currently, productiethafol from
starch-based corn grain is facing such challenges as limited/samphigh cost of
feedstock [3]. Lignocelluloses represent the most abundant anestlonst
biomass in the world and, thus, can be used as alternative aaeviais for
production of fuel ethanol [3]. The hydrolysis of the lignocelluldsefermentable
sugars seems to be the main reason for the high producing ceitaabl from
lignocelluloses. According to preliminary evaluations of theENR(National
Renewable Energy Laboratory — USA), the cost of cellulaseduped in situ by
submerged culture is US$0.38/100,000 FPU (Filter Paper Units, a avay f
measuring cellulase activity). Thus, cellulase costs camp#0% of ethanol
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production costs assuming them in US$1.5/gallon. On the other handeccaim
cellulase cost (US$16/100,000 FPU) is prohibitive for this prodessontrast,
these authors indicate that the cost of producing cellulégessolid-state
fermentation of corn stover could reach US$0.15/100,000 FPU thatd woul
correspond to US$0.118/gal EtOH, i.e. near 8% of total cost3 4] objective of
this work is to test two strains dfrichodermain liquid state and solid state
cultures for cellulase production, and to compare the produchindyefficiency of
the two systems of fermentation.

Materials and Methods

The fungi are preserved in the collection of industrial micrausgas (CMIT)
of the Faculty of Animal Science and Biotechnology from Timiad®y freezing at
—70°C the spores suspension in glycerol 16% as cryoprotective agenstrains
used in this experiment ar@richoderma virideCMIT3.4 (other nameT. viride
ATCC13.631);and Trichoderma virideCMIT3.5 (other nameT. viride CMGB1,
kindly donated by Dr. &irman Elena, from the University of Bucharest, Faculty
of Biology). After thawing, the spores suspensions were inamlah plates and
tues with agar media (MEA, PDA, Mandels) and incubated for ithage at 2&C.
In this time the mycelia proliferated on the surface of sokdlien For sporulation,
the cultures were incubated at room temperature in natghalfor 3-5 days. The
light is the inductor for sporulation iffrichoderma The tubes with cultures
obtained as described above were preserved’@t +4

1. Submerged liquid cultures (SLC) Spores suspension dfrichoderma
were obtained by washing the surface of cultures obtainedceabitki Mandels
liquid medium (KHPG, 0,2%, (NH),SO, 0,14%, MSO, x 7H,O 0,03%, CaGlx
2H,0 0,04%, urea 0,03%, peptone 0,03%, tween 80 0,05%, ,FeSB,0 sol.
5mg% 1ml, ZnS@x 7H,O sol. 1,4mg% 1ml, MnS{x H,O sol 1,56mg% 1ml,
CoCl sol 2mg% 1ml, distillated water ad. 100ml, pH 5,5-5,6, steriliz2@min
at 122C). The liquid cultures were obtained by inoculation 50 ml Manaeldia
containing 1% cellulose in 300 ml flasks with 10% spores suspersfion
Trichoderma The cellulose used as carbon source and substrate for cellulase
these cultures was wheat bran (containing 10% cellulose). The spspensions
were obtained by adding 5ml of Mandels medium in each tubeTwithoderma
sporulated cultures, gently agitate the pipette on théace of the culture to
suspend the spores (without breaking mycelia or medium), atd thet same
sterile pipette the spore suspension was transferred in thks flaver the
fermentation medium (5ml spore suspension / 50 ml liquid medium). The
inoculated media were incubated in a water bath with shaker@t 280 r.p.m.,
for 21 days. Probes were harvested in regular basis to verifputiy of the
cultures, development of fungi and cellulolytic activity.

2. Solid state cultures (SSC)In this case, the cellulosic substrate used as
carbon source is wheat bran. The substrate was distributed inl3®0emmayer
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flasks in 1 cm layers (50 ml or 13 grams). The flasks witteat bran were
autoclaved 30 minutes at TZ1 (1 bar). This step has two functions: first, the
substrate is sterilized and second, the cellulosic biomagstiggted using steam
pressure to make it more accessible to the action of ceticl@ypzymes. Three
flasks with wheat bran are prepared for each straifirichoderma.The biomass
from two flasks is washed six times with double volume of dqdi00 ml) in order
to remove the glucose resulted during pretreatment with st8anGlucose is a
inhibiting factor for cellulase synthesis. First four washings raade with sterile
distillate water and the last two washings are made withifsp nutrient solution
used for cultivation ofTrichoderma. The concentration of glucose in liquid
collected after each washing was determined. After the lashing, the wheat
bran remains saturated with nutrient solution and is inoculated wpbre
suspension (5 mi/flasks).

The three flasks with cellulosic biomass represent thewiimg experimental
variants:
= SSC- represent solid state culture with biomass washed as desahbge,
which will be incubated 21 days at’Z3
=  SSC+f- represent solid state culture with biomass washed ashsbabove,
which will be incubated 21 days at’28 Every seven days a flushing will be made
(f = flushing) with two volumes of nutritive solution. This fhusg will bring
nutrients and will wash out cellulases and glucose;
= SSC+fm - represent solid state culture with biomass not washed afte
pretreatment (we assume that the glucose is present inlthee@nd will inhibit
the cellulase production. Will be incubated 21 days & 281d every seven days a
flushing will be made with two volumes of nutritive solution (fmflashing,
control).
Assays. Total reducing sugars were determined colorimetrically using
dinitrosalicylic acid reagent, cellulase activity wasetlgtined using the modified
method of Mandels [6, 7], using as substrate filter paper; thétads expressed
in FPU (filter paper units).

Results an Discussions

Activity curves for the two strains ofrichodermawere obtained in
submerged liquid culturesusing wheat bran as substrate. The maximum activities
were 5.7 FPU foffrichoderma virideATCC from the ¥ day until the 1% day and
9.5 FPU forTrichoderma virideCMGB in the 18 day.
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Figure 1. Cellulolytic activity of two strains @¥ichodermain liquid state

fermentation

As for reducing sugars, the results (figure 2) indicatesttigafungi consume the
sugars during growthrl. viride CMGB exhibit a faster growth of mycelia, which
can be observed in a rapid consumption of sugars. The poihighafst activity
coincide with the point of the lowest reducing sugars content. dénsonstrates
that the presence of reducing sugars in medium affect nelyatine production of
cellulase, and vice versa. This observation leads to nece$sitynoving sugars
from cultures of cellulolytic fungi in order to increase the cellulolgttivity.
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Figure 2. Evolution of reducing sugars in liquid state culturdgiohoderma.
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The total production of cellulase in SLC (submerged liquituces$) can be found
multiplying the maximum activities of enzymes (FPU/mI)lwg0 (the volume of
culture). The results are:

= In Trichoderma virideATCC: 285 FPU total production.

* In Trichoderma virideCMGB: 475 FPU total production.

In solid state cultures the data indicate a higher rate of enzyme synthesis and
higher accumulation of enzymes in the first seven days of inomb@tble 1 and
figure 3). The values in the table shows the activityhef ¢ellulases harvested in
the flushing liquid, which represents double volume of the culture ifild@uid
used to wash 50 ml solid culture). This means that each flushivgst a quantity
of enzyme much higher than the quantity of enzymes that can heteskar liquid
state cultures. For exempl€, viride CMGB has expressed 9,5 FPU/ml in 50 ml
liquid culture as the maximum activity. In solid state culureith the first
flushing, 12,2 FPU of cellulases / ml was harvested in 100 ml ngdlgjuid.
Analyzing the values in table 1, it can be concluded that washilujpse before
inoculation leads to higher production in the first cycle of 7 d#yscubation
(7,52 FPU/ml in the flask with washed biomass (SSC+f), compartd 64
FPU/mI in the flask with unwashed biomass (SSC+fnil.iniride ATTC. Still, it
can be observed that the productivityTinviride ATCC has increased in SSC+fm
flask (unwashed biomass) after the first cycle of 7 dayshgile due to glucose
removal with the first flushing. The cellulolytic activityf T. viride CMGB is
higher in the first cycle of 7 days, but decreases and fimssed by the activity of
T. viride ATCC until the last cycle. These data indicate thautmijtic activity of
T. viride ATCC is inhibated by the content in reducing sugars, whileviride
CMGB is less affected by the content in sugars of cultoedium. This can be
concluded from the activity in SSC without flushing, whdreviride CMGB
express an activity 3 times higher than T. viride ATCC (5,64 FPWompared to
1,88 FPU/mI). The total production in cellulase can be found multiplyieg
activities of enzymes (FPU/mI) in each flushing with 10¢ (volume of flushing
liquid) and adding the productions of each of the three cycles. The r@sults

= |In SSC+f (solid state culture with washed biomass, flushezk ttimes,

once in 7 days) of. viride ATCC 1692 FPU total production.

= |n SSC+f (solid state culture with washed biomass, flushezk ttimes,

once in 7 days) of. viride CMGB 2160 FPU total production.

= |n SSC+fm (solid state culture without washed biomass, ftughece

times, once in 7 days) of viride ATCC 1880 FPU total production.

* In SSC+fm (solid state culture without washed biomass, ftughese

times, once in 7 days) of. viride CMGB 1880 FPU total production.

= In SSC (solid state culture with washed biomass, no flushing) viride

ATCC 1.88 FPU total production.
* In SSC (solid state culture with washed biomass, no flushing) wiride
CMGB 5.64 FPU total production.
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Table 1
Production of cellulase of tested strains in solid state cultures iat\when

Strain Production of cellulase (FPU / ml of washiiquid)
7 days 14 days 21 days
SSC+f SSC+m SSC+f SSC+fm SSC+f SSC+fin SSC
1 T. viride ATCC | 7,52 5,64 7,52 9,4 1,88 3,76 1,88
2 T. viride CMGB1| 12,2 11,28 7,52 5,64 1,88 1,88 5,64
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Figure 3. Production of cellulase in solid state culturek efride on wheat bran.

The data indicate that the most productive system is by stalid cultures using
biomass washed to remove glucose and with periodic flushirrgentmve reducing
sugars, harvest enzymes, and add nutrients.

Conclusions

Comparing the productions of cellulases in the systems appligasistudy, data
indicate the system of solid state culture with flushinghasmost efficient (660%
more efficient inT. viride ATCC 13.631SSC+f than in SLC and 455% more
efficient in T. viride CMGB1SSC+f than in SLC). StillT. viide CMGB1show a
higher production (2160 FPU in SSC+f) thanviride ATCC 13.63{1880 FPU in
SSC+fm) in laboratory conditions, which recommend this locahstoabe used in
industrial applications for cellulase production. These reseltemmend solid
state cultures as systems for producing cellulases at lprige than liquid state
cultures. These low cost cellulases can lower the price oha@tipaoduced from
lignocellulosic biomass.
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