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Self-reuse of Distillation Residue as a Nitrogen Source
for Simultaneous Saccharification and Fermentation
in a Bioethanol Production Process from Rice Straw

Khanh Le Van Vu*, Uyen Phuoc Nhat TRAN*, Quan Dinh NGUYEN™,
Phung Thi Kim LE*, Tuan Dinh Puan", Kazuhiro MocHIDZUKI* ™7,
Shin-ichi KosavasHr**, Dong-June SEO™* and Akiyoshi Sakopa™ *

Abstract

In this study, the reusability of some portions in distillation residues obtained in a
bioethanol production process was investigated as a supplemental nitrogen source for next
single batch, focusing on simultaneous saccharification and fermentation (SSF) of rice
straw. Distillation residues which obtained in our pilot plant were firstly divided into two
parts: liquid and sludge (DR-L and DR-S) and DR-S was further dried and grinded to be
powder (DR-P). For the comparison of nutritional effect on SSF between corn steep liquor
(CSL) as a control and the distillation residues, compositional analyses (fiber, nitrogen
content and amino acids) were performed.

Although the total nitrogen content of the distillation residues was less than a half of
CSL, amino acids in DR-P (2.24 %), which can be directly used for the yeast growth, was
slightly lower than that in CSL (3.64 %). The performance of SSFs with the distillation
residues was monitored. Final ethanol concentration of SSF with DR-L and DR-S (as
water and nutrient loading) was 3.52 % (w/w) comparable to that with CSL (3.28 %). The
use of distillation residues was concluded to be promising in the bioethanol production,
reducing the conventional costly nutrient. In addition, it was suggested that the utilization
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of the liquid distillation residue would contribute to water recycling.

Key Words: Supplemental nutrient, distillation residue, rice straw, bioethanol

1. Introduction

As a promising renewable energy, bioethanol
production from lignocellulosic biomass has been
receiving widespread attentions all over the world'®.
Three key processes for bioethanol production from
lignocelluloses are: pretreatment necessary to
liberate cellulose and hemicellulose before
hydrolysis; hydrolysis of cellulose and hemicellulose

to produce fermentable sugars, and ethanol
fermentation. Also, simultaneous saccharification
and fermentation (SSF) which can improve ethanol
yields by removing end product inhibition and
eliminate the need for separate reactors is often
employed in various researches?.

For the ethanol fermentation, yeast
(Saccharomyces cerevisiae) is commonly employed.
Since the growth of yeast as well as the fermentation
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reactions is largely affected by the nutrients level,
essential nutrients (e.g. nitrogen, phosphorous,
vitamins and trace elements) should be provided at
an adequate level for the effective ethanol
fermentation (rate and yield)*®.

Corn steep liquor (CSL), a by-product of corn
starch processing, is one of the most common
additive as a nitrogen source used for ethanol
fermentation because of its enriched proteins, free
amino acids, minerals, vitamins and trace
elements”. CSL is a low-cost nutrient basically
however the actual cost depends on the logistic
availability. For example, it should be imported for
the use in Vietnam in which no domestic CSL
supply is available. Therefore, development of the
use of sustainable nutrients which can replace CSL
is necessary to implement locally sustainable
bioethanol process in Vietnam. Actually, the
effectiveness of some agricultural by-products (i.e.
soybean residue, potato peel, peanut residue and rice
bran) as alternative nitrogen source for bioethanol
fermentation was investigated in our previous
studies®®. It was found that these alternative
materials, is a promising alternative nitrogen source
comparable to CSL.

Nonetheless, problems exist that hinder the
implementation of sustainable ethanol production
from lignocelluloses. Especially, appropriate waste
management to deal with large amount of
fermentation residues is one of the big issues'”. On
the other hand, fermentation resides may still
contain considerable nutrients as well as remaining
cellulose and sugars'V Therefore, a developed
concept: internal reuse of process residues for waste

reduction and supply of nitrogen source was
discussed in this study. We focused on SSF residues
remained after distillation so-called “distillation
residue”. In this paper, the reusability of distillation
residue as an alternative nitrogen source for the next
single SSF operation (i.e., one-time reuse) was
investigated and the contribution of self-reuse of
distillation residue to sustainability of small-scale
bioethanol production process was also discussed.

2. Experimental

2.1 Feedstock collection and pretrearment

Feedstock of bioethanol production, rice straw
was collected from Thai My village, Cu Chi district,
Vietnam. After harvesting, it was air-dried for a few
days before use. Rice straw cut into 2cm pieces by a
cutting machine and then it was puffed by an
automatic continuous puffing machine under 15-
17 % (wiw) water loading condition of rice straw
weight. For alkaline pretreatment, puffed rice straw
was immersed into 1% (w/w) NaOH solution at
50 T for 12-24 h. Then alkali-treated rice straw was
squeezed by pressing machine equipped with filter
for waste water separation at pressure up to 11-13
kgf-cm 2% Then, alkali-treated rice straw was
neutralized with HCI (to be pH 5-6) and squeezed
again and then it was fed into SSF reactor as a
substrate.
2.2 Pre-cultivation of yeast

Before SSE the dry yeast (S. cerevisiae, Ethanol
Red™) was pre-cultivated. The pre-cultivation
medium (sucrose and CSL) prepared in deionized
water was autoclaved at 121 C for 15 min before the
loading of dry yeast. The yeast was pre-cultivated in

Table 1 Experiment conditions

SSE Flask test (125 mL) Mini-reactor test (20 L)
Control Distilled Residue (DR) Control DR
Sample ID C801 P801 P8015 1.800 C1601 PL16015
Straw 8 % (wlw) 16 % (wiw)
Loading o DR-P0.1 o DR-L o DR-L20L
(% wivw) CSL 0.1 % % DR-P0.15 % 195 ml CSL0.1% DR.S 1.95 %
- "
Nitrogen loading 0.0036 0.0024 0.0036 na** 0.0036 0.0038**
(%, wiw)
FPU/g-sample 6.75

DR-S loading.

. Nitrogen loading is based on amino acids measured by Sgrensen formol titration method®
: Not available since amino acids in DR-L were not measured. Hence nitrogen loading for PL16015 is based on merely
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the shaking incubator (110 rpm) at 35T for 16-24 h.
Optical density (OD) of pre-cultivation broth was
measured at 600 nm with UV-Vis instrument
(Hach” DR 5000). The amount of yeast culture
needed for SSF was calculated according to SSF
experimental protocol suggested by the National
Renewable Energy Laboratory (NREL)™.

2.3 Simultaneous Saccharification and

Fermentation (SSF)

As shown in Fig. 1, distillation residues remaining
in the bottom of distillation tower was separated
into two layers according to density: top layer in
liquid state so-called “distillation residue-liquor
(DR-L)" and bottom layer containing sludge so-
called “distillation residue-sludge (DR-S)". DR-S
was dried and grinded to be powder to consider the
reuse after storage. The powder is here after termed
“distillation residue-powder (DR-P)". DR-S and
DR-P were evaluated only as nutrient source. When
using DR-L, reusability of water was considered as
well as a nitrogen source for SSE The original
distillation residue was obtained in our pilot plant®.

SSFEs with different nutrient sources were carried
out in flasks and a mini-reactor. The experimental
conditions were summarized in Table 1. Before SSE,
all of samples and nutrients were autoclaved (121 C,
20 min) and then cooled down to 35C. SSFs were
started with loading of pre-cultivated yeast and
acremonium cellualse (Meiji Seika Co.; filter paper
activity: 360 FPU g! of enzyme). The flask tests
were performed in a shaking incubator (35 and
150 rpm). Each flask was closed by an S-type bubble
airlock in which sterilized water allowed exhaustion
of CO: while it blocked the entrance of air. SSF
with mini-reactor was also performed under a
constant-temperature system.

Pretreated rice straw was loaded step-by-step

Bottom of
distillation column

TR Distillation
Distillation residue-Powder (DR-P)
residue-Liquon (DR-L) e

Distillation

residue-Sludge (DR-S)

Fig. 1 Classification of distillation residues

during the SSF to obtain good mixing condition.
Before and after each loading, the mixture was
sampled and analyzed by HPLC to monitor the
glucose and ethanol concentrations.
2.4 Analytical method

Dry matter was determined using an electric
moisture balance at 105C. Before compositional
analysis, samples were dried at 45 T for 1 day and
then grinded to be equal size. Fiber analysis was
performed according to two-step acid hydrolysis
method suggested by NREL'". Starch content of
samples was determined by DNS method". During
SSE fermentation broths were sampled to monitor
the glucose and ethanol concentration. Prior to the
analysis samples were diluted with deionized water
approximately 6-fold and centrifuged at 3000 rpm
for 10 min. Then the supernatant was filtered
through a 0.22 pm filter and injected to high
performance liquid chromatography (HPLC)
system with an analytical column (SH1011, Shodex
Co.) and a refractive index detector (RID-10A,
Shimadzu Co.). The column oven temperature was
60 T. As the eluent 0.005 M of H.SO4 was
employed and its flow rate was 1 mL-min~!. To
measure the total nitrogen content in nutrient
samples, elemental analysis was performed by a
CHNS analyzer (EuroEA3000, EuroVector S.p.A.).
Amino-acid nitrogen was measures by Serensen
formol titration method®.

3. Results and Discussions

3.1 Nutritional facts of distillation residues

Table 2 shows the composition of feedstock of
SSE, control nutrient source (CSL) and distillation
residue (DR-P). It can be seen that the glucan
content in CLS is almost 4 times more than that in
DR-P while lignin and ash content in DR-P were
much higher than those in CSL. It can be
reasonably expected that CSL, a by-product of corn
starch processing still contains much starch and
DR-P contains much unusable components for the
yeast metabolism such as lignin and ash.
Unidentified components shown in “others” are
expected to be consisted of mainly protein, amino
acid, minerals, vitamins and trace elements®. Since
fiber analysis did not give critical information about
nutritional facts, nitrogen content of CSL and
DR-P were analyzed by elemental analysis and
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Serensen formol titration method (Fig. 2).

It is recognized that ethanol fermentation can be
improved by presence of nutrients especially a good
nitrogen source under anaerobic conditions.
Nitrogen is regarded as essential element for the
growth of yeast (i.e. cell proliferation) affecting the
rate of ethanol production®. As can be seen in fig. 2,
the total nitrogen content of CSL measured by
element analysis was much higher than that of DR-
P. However, it is interesting to note that nitrogen
contents of both samples estimated by Serensen
formol titration method were not so different from
each other. It can be inferred that DR-P may still
contain comparable amount of nitrogen (amino-
acids) available to yeast.

A previous study'” which discussed the effects of
nitrogen sources on metabolite formation, growth
and cell composition of S. cerevisiae, suggested that
there were several nitrogenous compounds including
peptides, proteins and nucleic acids but they could
not be directly used by yeast cells for metabolism.
Hence, the existence of free amino acids should be
an important factor when evaluating the
performance of nutrients for the yeast activity. By
Serensen formol titration, the amino-acid nitrogen
contents of CSL and DR-P were found to be 3.64 %
and 2.24 %, respectively. It was predicted that the
performance of ethanol fermentation with DR-P as
a nitrogen source would be lower than that with
CSL when same amount was loaded. Considering
the above results, we employed the amount of
amino-acid nitrogen as an index of the dosage of the
nutrient materials in the following SSF tests.

3.2 Effects of distillation residues on the SSF
performance
Figure 3(a) shows the changes in ethanol
concentration during the SSF tests in the flask and
mini-reactor with different nutrient sources. The
final ethanol concentration and ethanol yield for

I CHN anlyzer
[ Sorenson method

Nitrogen composition (%)

CSL DR-P

Fig. 2 Nitrogen contents of CSL and DR-P

each SSF were summarized in Fig. 3(b). As can be
seen from these figures, P801 showed a lower
ethanol concentration and yield than C801, possibly
due to the lower supply of amino acids. On the
other hand, the result of SSF with P8015 was
comparable to that of C801. The loading amount of
nitrogen as amino acids, was a crucial factor for the
utilization of distillation residues as a replacement
for CSL.

It was found that a comparable SSF
performance could be obtained by loading the
distillation residue with an amount of nitrogen as
amino acids equivalent to CSL. In addition to the
ability to replace CSL with the distillation residues,
the effect of DR-L as a replacement of water and
nutrient source on SSF was also investigated. As
shown in Fig. 3, the performance of SSF with DR-L
(i.e., L800) was comparable to that with CSL
(C801). In the light of the result, the liquid residue
could be successfully recycled to reduce the load of
the wastewater treatment. It is difficult to discuss the
effect of DR-L on the ethanol fermentation
phenomena in detail, since the components in the
liquid portion was not measured. In any case, that
finding suggested that the use of liquid portion of

Table 2 The composition of alkali-treated rice straw (RS), control nutrient source (CSL) and distillation residues

(DR-P)
Materials Compo.siti.ons (%)
Glucan Xylan Lignin Ash Others
RS 51.23 23.52 18.31 2.37 4.57
CSL 60.02 15.47 1.05 3.36 20.1
DR-P 15051 15.72 31.41 20.04 17.32
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the distillation residue contributed to the water
recycling in the SSF process. Similar result was
obtained from SSF with DR-L and DR-S in the
mini-reactor (PL16015). The advantage of the
utilization of distillation residues as a replacement of
nutrient source and water is discussed in the
following section.

3.3 Practical flows for the utilization of
distillation residues as a replacement of
nutrient source and water for SSF

The fundamental assumptions for the internal
reuse scenarios of distillation residues to recycle
nitrogen and water are as followings:

1) Distillation residues will be reused for one-time
to prevent the accumulation of fermentation
inhibitors (e.g., acetic acid and glycerin).

2) DR-L is considered as only water source.

. 4.0+ Flask Mini-reactor (a)
§ 3.6 m-cso1 < c1601 R
~@-P801 —p- PL16015 Pp——

2 3-2‘—A—Pso15 v> <« —4

= 2.84 v Ls0o ' <

.% 2.4 f

8 1.6- ; A

c 1 > sy =
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3) DR-S or DR-P with equivalent amount of
nitrogen (as amino acids) to CSL has same
effect on the SSF performance.

4) The amount of distillation residues will be same
regardless of types of nitrogen source (i.e., CSL,
DR-S and DR-P).

Upon the assumptions, two possible options for
the internal reuse of distillation residues including
the conventional flow without internal reuse can be
described as shown in Fig.4. For the option 1, total
DR-L and a portion of DR-S (with equivalent
amount of nitrogen as amino acids to CSL) will be
reused for the next single SSE The rest of DR-S will
be disposed. For the option 2, the reuse flow is same
as option 1 except for that the rest of DR-S will be
stored as DR-P until the second SSE Then DR-P
will be reused for the following single SSFs with the

90
(b)
80 _
2 _
5 704 =
R
P
60
50 T T I_I—I T T T T T T T T d
C801 P801 P8015 L800 C1601PL16015

Flask Mini-reactor

Fig. 3 Variation of ethanol concentration during the SSF (a) and final ethanol yield at 144 h (b)

a) CSL D'Sjl:'/ LGN Disposal c) =2
Water | Distilation Water

DR-L + Water

csL [ sser |PRS[ ssm PR, Disposal
Water Distillation Distillation

The rest (DR S)
v

Disposal

DR-L + Water

DR-S
SSF/ H SSF/ ] ________ . Disposal
Distillation Distillation

The rest (DR-S)
DR-P ...

(storage)

SSF/ oo
Water Distillation

Water +DR-L <weeses

Disposal
(DR-S)

Fig. 4 Possible options for the internal reuse of distillation residues (a: conventional flow without reuse; b: option 1;

c: option 2)
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same material flow as option 1. of rice straw (the annual production amount in Thai
First, the conventional flow (Fig. 5) was My village, Cu Chi District, Ho Chi Minh City)
estimated through the fundamental material flow will be used as a feedstock for bioethanol
data obtained in our previous study™. In this production per year.
calculation, we considered that 6000 ton (wet basis) Figure 6 shows the estimated flows of
89 kg

6000 ton (Wet) [Inoculum mediQh Pre-cultivation
‘—| Water |

2700 ton (Dry)
1770 ton
(Dry rice straw) I
y broth 350 ton
8850 ton
Pretreatment Distillation —'[ Ethanol ]

8500 ton

| NaOH (1%) |

Water

Residue
6870 ton 6.4 ton DR-L: 3620 ton Disposal
DR-S: 4880 ton

(DR-P: 634 ton)

Fig. 5 Material flows of bioethanol production process from rice straw with CSL based on our previous study™

350 ton
Option 1
Distillation | Ethanol
8500 ton
-------------------------- N 6650 ton

i 1
i | DR-L: 1810 ton DR-L: 1810 ton Disposal
! DR-S: 40 ton DR-S: 4840 ton | 1

5060ton 3.2ton 1 :
o e o 7

350 ton
Option 2
Distillation —> Ethanol
8500 ton
""""""""""""""" -~ 6620 ton

: \
i | DR-L: 1810 ton DR-L: 1810 ton Disposal
; DR-S: 70 ton DR-S: 4810 ton | 1

5060 ton 96 kg 1 -
. Ry

Fig. 6 Estimated flows of bioethanol production process from rice straw considering the two options for the internal-

reuse of distillation residues
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bioethanol production process from rice straw
considering the two options for the internal-reuse of
distillation residues. According to the material flow
shown in Fig. 5, 6870 ton of water and 6.4 ton of
CSL will be consumed per year to obtain 350 ton of
ethanol from 6000 ton of rice straw. At the same
time, 8500 ton of distillation residues will be
disposed. As can be seen from Fig. 6, the reuse of
DR-L contributes to the water saving of 1810 ton
(26.3 %) as well as the reduction of same amount of
wastewater. Although, the internal reuse of
distillation residues cannot significantly reduce the
sludge wastes compared to the conventional flow, it
can largely save CSL demands (option 1: 50.0 %,
option 2: 98.5 %). Considering this, the reuse of
distillation residues (especially, DR-S) for other
purposes should be discussed to reduce the sludge
wastes largely. With respect to the reuse of
distillation residues for other purposes, it is thought
that DR-P certainly has the merit of storage.

4, Conclusions

The feasibility of the use of distillation residues
as a replacement of conventional nutrient sources
(i.e., CSL) was investigated in this study. Through
the SSFs with various nitrogen sources, it was clearly
confirmed that distillation residues with equivalent
weight of nitrogen (amino acids) to CSL have
considerable effect on SSF to CSL. Furthermore,
DR-L was also effective nutrient source as well as
water source for SSE It was expected that the
internal reuse of DR-L and DR-S can reduce the
demand of CSL by 98.5 % and recycle 26.3 % of
water. Accordingly reuse of distillation residues can
be promising option to enhance the sustainability of
small-scale bioethanol production process.
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