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Abstract

In this report, the conditions for cell-recycle repeated-batch fermentation of recombinant flocculating
industrial Saccharomyces cerevisiae strain ZWA46-F2 was studied. Upon the residual sugar decreased to
20 g/L, halfamount of total yeast cells was directly recycled in the subsequent batch fermentation without
prior washing. The following conclusions were obtained: (i) it was appropriate to conduct 22 cycles of
cell-recycle repeated-batch fermentation; and (ii) in comparison with the first batch, the highest alcohol
yield was increased by 18.4%, the fermentation time was decreased by 18 hours, and the productivity
was increased by 78.7%.
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Introduction

Biomass energy is considered the fourth energy source, ranked behind other three fossil
energies coal, petroleum and natural gas [1-4]. According to the International Energy Agency,
about 9 percent of the total global energy consumption is biomass energy, and among which
about 6 percentare fuels, i.e.,, biodiesel and bioethanol; such consumption is in a rapid growing
trend [1]. The bioethanol research and the industrialization of bioethanol as a motor fuel,
which is considered as one of the most important future renewable fuel, have received great
attentions Li [3]. Due to an increasingly lower profit of alcohol production using fermentation
technology, many researchers and manufacturing enterprises have conducted research
attempting to decrease the production cost of alcohol. Recombinant flocculating yeast has
been applied in the production of alcohol by cell-recycle repeated-batch fermentation,
which belongs to the carrier-free immobilized cell-recycle technology [2,5-7]. In this study,
the cell-recycle repeated-batch fermentation of recombinant flocculating industrial yeast
Saccharomyces cerevisiae ZWA46-F2 was conducted Wang et al. [7]. The results indicated
that 22 batches of cell-recycle repeated-batch fermentation could be conducted using the
recombinant flocculating yeast strain. Compared with the first batch, the alcohol yield and
productivity were greatly increased, while the fermentation time was significantly shortened.
By this fermentation technology of alcohol, the production costs, e.g., equipment, raw
materials, water and energy can be economized obviously.

Materials and Methods
Microorganism and media

Recombinant flocculating industrial Saccharomyces cerevisiae strain ZWA46-F2 was
structed was constructed previously Wang et al. [7] and maintained in a frozen state at -70 °C.
The preculture contained yeast extract - 8.5g/L, glucose -30.0g/L, (NH,),SO, -0.5g/L, MgSO,
-0.1g/L and CaCl, -0.06g/L. The fermentation medium consisted of yeast extract -5.0g/L,
glucose -150.0g/L, (NH,),SO, -0.5g/L, MgS0, -0.65g/L, CaCl,-2.0g/L and KH,PO, -1.5g/L, and
the initial pH of the medium was adjusted to 5.0.
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Preparation of culture seed

The yeast was picked from fresh YEPD medium using an
inoculating loop, and then inoculated into a Erlenmeyer flask
containing seed medium (inoculation volume =50mL/250mL).
After the flask was incubated at 30 °C for 10 hours on a rotating
shaker running at 150 revolutions/min, the culture seed liquid was
obtained.

Fed-batch fermentation

The culture seed liquid, at 5% inoculum size, was inoculated
into a 250mL Erlenmeyer flask containing 150mL fermentation
medium, and then fermentation was performed statically at 30 °C.

Cell-recycle repeated-batch fermentation

When glucose concentration in the previous batch fermentation
was decreased to 20g/L, the recombinant yeast cells were
flocculated and precipitated, and the supernatant was removed.
After the cells were either washed with sterile deionized water or
unwashed, all or half of the cells were inoculated into 150mL fresh
fermentation medium, and then cultured at 30 °C.

Analysis Method

The determination of glucose was conducted using an SBA-40B
type enzyme electrode analyzer with glucose oxidase-immobilized
membrane. In the determination of cell biomass, the cells were

centrifuged at 1500xg for 15 minutes, and subsequently washed
twice with distilled water. After the cells were dried at 105 °C
for 24 hours, the Dry Cell Weight (DCW) was determined. The
determination of alcohol was carried out using Shimadzu GC-2010
gas chromatograph equipped with PEG20M capillary column.
The operating conditions were as follows: temperature of 220 °C;
detector, FID; carrier gas, nitrogen; and flow rate, 3mL/min.

Result and Discussion

The effects of recycling time of recombinant ZWA46-F2
cells

During the cell-recycle repeated-batch fermentation
experiments, residual sugar concentration in fermentation medium
was used as an indicator determining the recycling time. The cells
were recycled when the residual sugar concentrations (RG) were
dropped to 30,20,10, and 0g/L, and their effects on ethanol yield
(EC) in the subsequent batch fermentation were investigated.
The results shown in Table 1 indicated that when the cells were
recycled at residual sugar concentration of 20g/L (at 48 hours),
ethanol concentration and sugar conversion rate were 7.7% and
0.44g/g, respectively, while all other fermentation indexes were
optimal. Therefore, the cell-recycle repeated-batch fermentation
experiments using recombinant yeast ZWA46-F2 showed that when
residual sugar in fermentation medium was decreased to 20 g/L,

the cells should be recycled in the subsequent batch fermentation.

Table 1: Recycling time of recombinant ZWA46-F2 strain fermentation.

RG of First Batch (g/L) 40 30 20 10 0
Fermentation time(h) 48 56 48 56 48 56 48 56 48 56
EC (%, v/v) 6.2 7 7.1 7.4 7.7 7.7 6.6 6.6 6.7 6.7
Yield (g/g) 0.34 0.4 0.41 0.42 0.44 0.44 0.38 0.38 0.38 0.38

The effects of recycled amount of recombinant yeast
cells on cell-recycle repeated-batch fermentation

To investigate the effects of recycle number of cells on alcohol
production through fermentation of recombinant yeast ZWA46-F2,
half or total amount of yeast cells were continuously recycled in 6
repeated-batch fermentations. During the fermentation, samples
were taken at 12,24,36 and 49 hours, and their Dry Cell Weight
(DCW) and Ethanol Concentration (EC) were determined. The
results shown in Figure 1 indicated that cell quantity increased
with increasing cycles of batch fermentation, and the increase
of cell quantity resulted from recycling half number of cells was
significantly higher than that resulted from recycling the entire
amount of cells. Moreover, the effects of recycled cell quantity on cell
biomass were more significant than those on alcohol concentration.
In the fifth batch fermentation, the final alcohol concentrations as a
result of two different cell quantities reached equilibrium at 8.2%
and 8.4%. The repeated-batch fermentation using half amount
of recycled cells not only was able to guarantee initial high cell
quantity, shorten the fermentation time, and increase the alcohol
yield, but also provided the cell density suitable for division and
proliferation; thus keeping the exuberant growth and metabolic
activities, and delaying the cell aging process. Therefore, following

the prior round of batch fermentation, only half amount of yeast
cells was recycled and used in subsequent cycle.
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Figure 1: Time courses of biomass and ethanol
concentration in repeated batch fermentation with all
and half recycled cells.
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The effects of washing recombinant yeast cells on cell-recycle
repeated-batch fermentation. Previous studies Liu et al. [6] have
considered that the accumulated metabolic by-products produced
during the repeated-batch fermentation can have inhibitory effects
on both cell growth and product yield, and the performances of
repeated-batch and batch fermentations using un-washed recycled
cells were not different. Therefore, in this study, the effects of cell
wash on alcohol yield from the repeated-batch fermentation using
recycled halfyeastcells were studied. According to the results shown
in Tables 2 & 3, alcohol yield was affected by cell wash-un-washed

Table 2: Repeated batch fermentation with recycled cells washed.

cells had slightly higher fermentation indexes, including alcohol
yield, sugar conversion rate and productivity. It is possible that
the un-washed yeast cells are relatively stable to external growth
and metabolism environment in the prior batch of fermentation,
and in turn, more beneficial. In addition, the yeast strain used in
this study is a recombinant strain, which was genetically modified
engineering to have enhanced flocculating ability. The process of
washing cells maybe prolongs the flocculating time, while cause the
decreases of productivity and production efficiency.

Round of Fermentation 1 2 3 4 5 6
Initial DCW (g/L) 0.65 1.22 1.45 1.62 1.69 1.81
Final DCW (g/L) 2.48 2.88 3.23 3.34 3.52 3.64
Fermentation time (h) 48 46 42 38 36 34
EC (%, v/v) 7.1 7 7.2 7.4 7.5 7.6
Yield (g/g) 0.39 0.39 0.4 0.41 0.41 0.42
Productivity (g/1 h) 1.18 1.22 1.37 1.56 1.66 1.79
Table 3: Repeated batch fermentation with recycled cells not washed.
Round of Fermentation 1 2 3 4 5 6
Initial DCW (g/L) 0.65 1.24 1.39 1.52 1.71 1.84
Final DCW (g/L) 2.48 2.78 3.11 3.41 3.78 3.95
Fermentation time (h) 48 46 42 38 36 34
EC (%, v/v) 7.1 7.2 7.4 7.6 7.9 8.1
Yield (g/g) 0.39 0.4 0.41 0.42 0.44 0.45
Productivity (g/1 h) 1.18 1.25 1.41 1.6 1.76 1.9
The cell-recycle repeated-batch fermentation of .
recombinant flocculating yeast ZWA46-F2 "
In this study, recombinant flocculating yeast ZWA46-F2 cells .
were recycled in 26 batches using the repeated-batch fermentation; ?,:
the results were shown in Figure 2. During the first 18 batch E:
fermentations, the cell quantity had an increasing trend, and 0
reached a maximum quantity of 11.08g/L, which was 2.3 times p
higher than that of the 1st batch (4.82g/L). The final alcohol wl ‘ l l
concentrations, as a result of the 6th to the 19th batches, were & l
fluctuated between 8.5% and 9.0%, while reached a maximum ?',m
value of 9.0% (v/v) - an increase by 18.4% compared to the 1st # IE ,
batch -with alcohol yield of 0.50 g/g in the 11th and 12th batches. 10
The fermentation time was shortened to between 30 and 40 hours 10
from the 3rd to the 12th batches, which was reduced by 8-18 hours 8
compared with the 1st batch (48 hours). The productivity after 30 6
hours of the 6th batch reached a maximum value of 2.27g/L-h, an :4
increase by 78.7% compared with the 1st batch (1.27g/L-h). The 82
productivity of the 22" batch was reduced to 1.26g/L-h, which 0
0 100 200 300 400 500 600 700 BOO SO0 1000 1100

was equal to that of the 1% batch; whereby the repeated-batch
fermentation was terminated. To sum up, it was appropriate to
conduct 22 cell-recycle repeated-batch fermentations using the
recombinant flocculating yeast ZWA46-F2.

Fermenzazien time (k)

Figure 2: Time courses of repeated fermentation with
recycled cells of recombinant yeast ZWA46-F2.
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Conclusion

In summary, the cell-recycle repeated-batch fermentation of
recombinant flocculating yeast was studied. It was appropriate to
conduct 22 batches of the cell-recycle repeated-batch fermentation
using recombinant flocculating yeast ZWA46-F2. Observably,
the alcohol yield and productivity were increased while the
fermentation time was decreased during the 22 repeated batches.
Despite a number of reports on the use of flocculating yeast in
alcohol fermentation [4,8,9], a few reports studied the alcohol
production using cell-recycle repeated-batch fermentation by
transformant industrial yeast.
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