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EDITORIAL

Vol. XXXII, No.02

RECORD GLOBAL PRODUCTION KEEPS
CONSUMPTION NEAR RECORD HIGH

United States' production is
forecast up slightly to 7.9
milion tons. Imports are
expected to jump 662,000
tons to a record 3.5 million
based on projected quota
programs and the calculation
of U. 8. Needs, as defined in
the anti-dumping and
countervailing duties
suspension agreements
effective December 2014
Consumption and stocks are
both forecast up slightly.

Brazil's production is forecast
to rise 500,000 tons to a
record 39.7 milion on
favorable weather and a 1-
percent increase in
sugarcane being diverted
towards sugar production
instead of ethanol. Exports
are projected up 500,000 tons
to a record 28.7 million on
greater exportable supplies.
Stocks are forecast up slightly
while consumption is
relatively unchanged.

Guatemala’s production is
forecast up 100,000 tons to a
record 2.9 milion on higher
sugar recovery rates. Over
the past 30 years, production
increased at twice the pace of
area expansion due lo either
increased cane yields in the
field andfor higher recovery
rates at the mill.

With little  land  left for
sugarcane expansion, higher
production is mostly driven
by improved sugar recovery
rales.Exports are forecast flat
at 2.1 million tons.

India’s production is forecast
to rebound by 18 percent lo
258 milion fons due to
higher area and vields.
Imports are forecast lower
while consumption is forecast
to edge higher to 26.0 million
tons.

Pakistan's  production is
reported highest in the history
to a record production of
refined sugar of 7.1 million
tons. Domestic consumption
is forecasted around 4.1
million tons. Pakistan is now
having potential to export
refined sugar of about 3.0
million tons during production
season of 2016-17. Exports
drop due to lower price of
sugar in international market.

Russia's  production is
forecast to slide 350,000 tons
to 5.8 million on lower yields
compared to the unusually
high yields the year before.
Consumption and stocks are
both forecast to decline as a
result of lower production.

Thailand’s  production s
forecast to expand 1.2 million
tons to 11.2 million as yields
are expected to improve with
the recovery from 2 years of
drought. Exports are forecast
to rise 400,000 tons to 8.4
million on increased available
supplies while consumption is
up slighly on growing
household and  industrial
uses.

The Thai government is
planning to deregulate the
domestic sugar market in
response to a pelition filed by
Brazil to the World Trade
Organization. On Oclober 11,
20186, the Cabinet approved a
restructuring plan for the cane
and sugar industry where the
government will amend the
current Cane and Sugar Act
B.E. 2527 (1984), eliminating
the sugarcane price support
program, the domestic sugar
price controls, and the sugar

sale administration If
implemented, from MY
2017118 onward, the

government will no longer
provide domestic price
subsidies and direct

payments to cane growers.
Additionally, the current price
controls on refined sugar will
also be eliminated.
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FROM BIOETHANOL WASTE TO A PROTEIN-RICH
FEEDSTOCK - ANEW TECHNOLOGY

*M. A. Otero-Rambla, *O. A. Aimazan-Del Olmo, *Gustavo Saura-Laria

and *Julio A. Martinez-Valdivieso

“Biotechnology Division, Cuban Institute for Research on Sugarcane By-Products (ICIDCA)
Via Blanca # 804 and Carretera Central, 11000 Havana, Cuba

ABSTRACT

Microbial biomass protein from Candida utilis yeast was produced using distillery vinasse as the
sole source of carbon and energy. The process was carried out from lab scale to 200 m3
fermentors. Propagation media have lo be supplemented with nutrients since vinasse cannot
provide all compounds needed for a stable operation. Different mixtures of molasses-enriched
vinasse were tested and finally a microbial growth enhancer (MGE) was incorporated to the media
to ensure its optimisation. MGE-supplemented vinasse at 0.03 kg/m’ was found optimum for yeast
propagation. At indusirial scale ymax = 0.33/h was obtained which allowed a stable behaviour of
the culture at this scale and a significant industrial productivity. Yeast biomass from vinasse
showed a composition and amino acid profile very similar to those previously obtained from
molasses medium. A nutritional test demonstrated that vinasse s yeast isan excellent source of
proteins for animal feeding and an efficient pollution reducer.

INTRODUCTION

The Cuban Institute for
Research on Sugarcanc By
Products (ICIDCA) has vast
experience of more than 40
years in the field of yeast
technology. This journey set
off with the early lab research
works about the development
of Candida utilis (fodder
yeast) from sugarcane
molasses. The results were
implemented at  industrial
scale in 1963 when a 30Vd
factory started. Later, from
1979 to 1982, ten new plants
were installed and operated
at  full  scale. ICIDCA's
technicians, researchers and
engineers took part in those
ventures defining the
technology, doing equipment
selection, strain evaluation,
assembling and training of
operating persannel among
other tasks. Sugarcane agro-
industry is one of the most
contaminating sources of
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underground waters (Pawar
et al., 1998).

However, on the other hand,
it has been one of the most
job-generating industries in
the Latin-American region
and sugarcane is one of the
plants with the highest
utilisation efficiency of solar
energy and its conversion into
biomass. In ethanol
production, wastewaters
consist of cooling waters from
condenser and fermentation
vats, as well as liquid wastes
from distillation. Among the

varies according to the
fermentation and distillation
efficiencies but raughly
ranges from 30 to 65 kg/m3
(Otero et al., 2002). The first
lab approaches to the
utilisation of vinasses for the
propagation  of  microbial
biomass can be tracked back
fo the late 60s (Almazan,
1968). The reduction of
organic load and, at the same
time, the production of
valuable and scarce protein is
the best feature of this
process (Otero et al., 2007).
Yeast  propagation  from

gt by
sugar-ethanal industrial
complexes, vinasses stand
out as highly polluting agents
due to their content of organic
compounds, whether
biodegradable or not
Vinasses are produced at a
rate of 10 to 16 cubic metres
per cubic metre of distilled
ethanol. Chemical oxygen

Demand (COD) of vinasses

& can be carried out in
continuous culture at Iab
scale for long periods of time
(Almazan, 1968). However,
when scaled up to industrial
level, vinasses need the
nutritional supplementation of
the culture broth because
otherwise the system stability
would be extremely uncertain
due to the paoverty of this
waste in essential nutrients.
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In  addition, the typical
fluctuations in industry would
be an evident drawback.
However, those inconveni-
ences can be overcome by
supplementing  them  with
industrial syrups from the
sugarcane industry, e.g.
blackstrap  molasses, B
molasses, etc. or by growth
promoters available in the
international market (Martinez
et al, 2004; Otero ef al,
2010). In respect to the
technological feasibility of this
process, three  faclories
-based on this technology
have operated in Cuba since
1999, with a production of
more than 50 thousand tons
up to now (Otero ef al., 2002;
Saura et al, 2002; Otero et
al., 2007). The present paper
is an overview of the whole

process development that
made  that achievement
possible.

MATERIALS AND
METHODS

Microorganisms

Different yeasts from the
species Candida utilis were
evaluated about their affinity
to the carbon source. Among
them, we used Candida utilis
128 from the ICIDCA
collection and several sftrains
obtained from Pasteur
Institute in France (C. utilis
NRRL Y-860, NRRL Y-800,
NRRL Y-1084 and NRRL Y-
1082). Inoculums were
prepared from agar-malt
slants, grown overnight in a

medium containing
sugarcane molasses at 20
mg/mL of total reducing
sugars concentration and
nutrient salts (diammonium
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phosphate  and sulfate)
to cover cell nutritional
requirements and grown in a
rotary shaker at 32 °C and pH
4.5. A 2.5 | Marubishi MD5
fermenter was used to start
balch prapagation with a
medium composed by
molasses-based slops from a
local distillery at a COD
concentration of 60 mg/mL
supplemented with the above
mentioned salts in such a
way that in all cases COD
was the limiting factor of the
substrate.

Chemical analysis

Nitrogen was determined
according to Kjeldahl using a
Kjeltec Auto System from
Tecator AB, Sweden (Anon,
1983). Reducing sugars were
estimated by copper
reduction according to
ICUMSA (2007). Dry matter
was done by desiccation at
108°C  overnight until
constant weight in a vacuum
oven at B0°C. Ashes were
determined by incineration at
600°C for dhours and
referred to dry matter content.

RESULTS AND
DISCUSSION

Evaluation of yeast strains

Candida ulilis strains were
evaluated in  a medium
containing vinasse as the
sole source ofcarbon and
energy. Al strains are
capable of duplicating at a
growth rate close to 0.300/,
with slight differences. It has
been previously demonstrated
(Martinez et al., 2004) that
they  can metabolise
ethanol and

Vol. XXXII, No.02

glycerol  present in  the
vinasse at a very similar rate.
Those wvalues were quite
similar to ones reported here.
Table 1 shows the values
obtained for several kinetic
parameters. The constant Ks
shows, in all cases, relatively
high values. It means, that
although yeasts can thrive on
vinasse medium (Table 2),
this environment is far from
optimal, since Ks represents
the affinity of cells for the
growing medium. Even when
the culture was supplemented
with molasses, growth

parameters did not
significantly improve.

Vinasse -molasses mixtures
lead to pmax values for C.
utilis from 0.338/h for 85:15
mixtures to 0.359/h at 70:30).
Both growth rate and yields
increased as the molasses
amount increased. However,
from an environmental point
of view, lower amounts of
molasses are  preferred.
Lower COD values in the
propagation medium
improved the overall organic
load reduction. The nutrient
contribution of molasses can
be substituted by the addition
of microbial growth promoters
(MGP). The use of MGP QZ-
350 (Quimizuk, Havana), from
the local market, as molasses
substitute, was studied first at
lab scale and then taken up to
full industrial operation. In
both scales, an excellent
stability was achieved in
continuous  culture,

Results obtained  with
MGP are quite similar to
those achieved with

molasses, so it can be used
as molasses substitute for all
practical applications. Some
properties and compaosition of
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MGP QZ-350 are given in
Table 3. The product has
higher concentrations of
essential nutrients for
microbial growth as nitrogen
and phosphorus. Thus, it can
enhance yeast metabolism
even in a relatively poor
medium. From these resulis
the three operating vinasse—
yeast factories adopted the
technology, using MGP QZ-
350 instead of molasses.
Figure 1 (Martinez et al,
2004) shows the behaviour of
C. ufiis in a medium
composed of vinasse as the
sole source of carbon and
energy.

Yeast propagation was tested
at industrial scale in 200 m3
Vogelbusch fermenters. The
culture was scaled from lab to

All of them were tested for
contamination ~ with  wild
yeasts or bacteria, cell
morphology, cell concentra-
tion and protein content. The
behaviour of the cell
population in all steps was
identical to that obtained for
molasses yeast in similar
conditions. Figure 2 shows
the kinetic pattern of yeast
cells from lab to full scale
(Otero et al., 2002). The
whole culture at industrial
level was stable for more than
90 hours. In fact, same
culture was maintained in the
fermenters for the
subsequent 4 months with no
significant contamination, no
cell degradation and a protein
content about 45%.

Vol. XXXII, No.02
CONCLUSIONS

As shown in this paper, a
feasible industrially applied
technology, that converts a
highly polluting bioethanol
waste from a headache into
an economically attractive
product of high demand, was
demonstrated at industrial
commercial level. Nitrogen
and Kjeldah! protein contents
were 6.72% and above 42%
respectively. This result gives
the possibility to engineer a
productive scheme of a bio-
refinery that, for the first time,
ensures an  eco-friendly
production of energy and food
in a highly effective way.
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Fig. 1—Muitiplication and growth curves of Candida utilis NRRL Y-660 in batch
culture on vinasse as unique source of carbon and energy.
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Fig. 2—Behavior of yeast population during continuous culture at industrial scale.
Operation conditions: temperature 35°C, pH 3.8, D (=p) = 0.33/h.

Table-1 Kinetic parameters of Candida utilis grown on vinasse as the sole source of carbon

and energy. Media were suppl d with m (70:30 on COD basis)

Kinetic parameters Strain NRRL NRRL NRRL NRRL
129 Y-660 Y-900 Y-1082 Y-1084

Specific growth rate (umax), h'  |0.328 0.341 0.335 0.330 0.300

Affinity constant (Ks), ma/mL 0.355 0.336 0.337 0.458 0.462

Yield (Yx/s) 0.286 0.312 0.259 0.280 0.234

Maintenance constant (m), mg/mL |0.109 0.102 0.119 0.123 0.126

Table-2 Effect of nutrient supplement on vinasse-yeast Candida utilis behaviour

Vinasse-molasses* pmax, h Yxls COD reduction, %

70:30 0.359 0.382 38.91

80:20 0.341 0.323 39.97

85:15 0.338 0.325 41.90

QZ-350, 0.03 mg/mL  |0.304 0.307 65.32

\92—350. 0.05 mg/mL  |0.303 0.315 64.28

* expressed as COD

T|Page
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Table-3 Composition and physical properties of Microbial Growth Promoter QZ-350
(Garcia et al., 2003)

Properties
| Appearance Yellow pawder
lonic character Cationic
pH (water soln 1%) 4.5-6.0
Moisture 5.0%, max
Kjeldahl nitragen 23%, min
Phosphorus 9.2%, min
Heavy metals < 10 mg/kg
As <1 malkg
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TEMPERATURE AND RELATIVE HUMIDITY
EFFECTS ON SUGARCANE FLOWERING UNDER
NATURAL CONDITIONS IN EGYPT
*Eid M. Mehareb, **EL-Araby. S. R. Salem and *Mohamed. A. Ghonema

*Breeding & Genetic Dep., **Physiology and Chemistry Dep.,
Sugar Crops Research Institute, Agricultural Research Center (ARC), Cairo, Egypt

April

ABSTRACT

This study consisted of two experiments that were carried out at El-Sabahia Research Station,
Sugar Crops Research Institute, (ARC), Egypt, during 2013/2014/2015 (plant cane) and
2015/2016 (ratoon crop) seasons to investigate behavior of selected germplasm (40 genotypes
from different origins) under natural flowering and make synchronization for crossing. Results of
Individual and combined analysis of variance over two seasecns, plant cane and first ratoon
revealed significant differences among genotypes for duration of Pre flag leaf stage, duration of
flag leaf stage, duration of emergence stage and percent of total flowered plants. The genotypes »
inductive cycles interaction was significant for all studied characters. The forty sugar cane
genotypes under study were classified into four groups. The first group included fourteen
genotypes that flowered in plant cane and first ratoon seasons, and these genotypes ; EI 8-129,
M35-157, PS 80-1424, K 81113, L 61-49, AN 56-79, SP 79-2233, G 2009-11, G 2008-10, G
2009-22, G 2009-86, G 2004-27, G 2008-64 and 88/5-27 .The second group consisted of ten
genotypes that flowered only under plant cane. These ten genotypes are Koeng Java, SP 72-
5181, G 84-68, G 84-47, G 74-96, G 2008-59, G 2006-3, G 2007-61, GT 54-9 and G 2008-
20.The third group included two genotypes that flowered only under first ratoon and they are EI
242-16 and G 2006-36 . The fourth group included fourteen genotypes that did not show any
response neither plant cane nor first ratoon, these genotypes are CO 775, G2003-47, US 59-161,
ROC 10, EI 58-28, El 8-10, F 161, L 62 -96, G 2000-5, G 99-80, SP 80-3250, SP 80-1842, G
2003-49 and Mex 2001-80. Therefore, the forty evaluated sugarcane genotypes varied
considerably among themselves in their response to flowering under plant cane and first ratoon.
Flowering for genotypes in plant cane was higher than first ratoon because percentage of daily
humidity for plant cane (2014) were higher than first ratoon (2015) during flowering stages and the
number of days for flowering under the optimum temperature (18-31 °C) during three month
(induction and initiation stage) in plant cane was 63 days higher than first ratoon (33 days), all
those factors was reasons of flowering in plant cant was higher than first ratoon, so a better
understanding of temperature and relative humidity effects on sugarcane flowering is important to
study behavior of genotypes flowering and make synchronization for crossing in future between
these genotypes

Key words: Saccharum spp, sugarcane, genotypes, plant cane, first ratoon, synchronization,
flowering

INTRODUCTION induce improved varieties. Beside natural flowering

Lack of flowering until 1870°S panicle growth, also, is
The development of new made it completely sensitive to  temperature so
varieties of sugarcane from impossible to have any that panicle emergence is
controlled crosses has been breeding program. Flowering delayed at temperatures
greatly extended and by manipulation of nutritional below 21-C (Clements &

established a successful long
term breeding program to
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and tissue moisture status of
the plant Was a SUCCESS.

Awada 1965; Nuss & Brett
1977). Coleman (1968), he



April-June 2

reported day's minimum =
18.3 *C and maximum 2= 32
*C is important for the
initiation period. Nuss (1980)
reported the best night
temperature for flowering to
be around 23°C. Restrepo
and Ranjel (1984) reported
that low night temperatures
were the only cause of failure
to sugarcane  flowering.
Moisture is more effect on
sugarcane flowering (Clement
& Awada, 1964, Pereira et al,
1983). The enough moisture
is very important and critical
for induction flowering,
flowering initiation,  flower
emergence (Moore and Nuss,
1987). Low moisture during
the initiation period reduces
tasseling (Berding, 1995).
The photo period and
temperature are major factors
to control transition from
vegetative to reproductive
growth in  grasses and
legumes (Aamlid ef al., 1999)

Managed initiation of
flowering of sugarcane in a
tropical environment has
been advanced considerably
by developing an
understanding of the
environmental variables
affecting the flowering
process and the management
needs of the plants being

initiated, andlalso by
developing an avoidance
strategy to circumvent the

high temperature events that
impact on initiation efficacy
under prevailing ambient
conditions  (Berding  and
Moore, 1996, 2001; Berding
et al,, 2004, 2007).

Shanmugavadivu and
Gururaja Rao (2009) the
reduction in flowering ability
of clones in the traditional

breeding plots could be due
to high temperature prevailing
prior to and during the floral
initiation period and deficient
rainfall. Both night and day
time temperatures are
important factors in promoting
the physiological change from
vegetative to reproductive
phase in sugarcane (Chris La
Borde, 2014). Average daily
maximum temperatures
during the vegetative, pre-
initiation, and boot had a
significant effect on tasseling
percentage for the overall
artificial photo period regimes
examined. Critical
temperatures identified in this
study during the pre-initiation
stage (»32.1 °C) and boot
stage (*33.1 °C) have
identified some weaknesses
in the time frame of the
artificial photo period regimes
(LaBorde et al., 2014).

Maximum temperoturca  are
frequently associated with
cloudless skies, lack of
rainfall, and low humidity, all
of which might lead to water
deficiency and drought stress,
both of which are known to
inhibit flowering (Moore and
Berding, 2014). Sugarcane
plants different in flowering
from plant cane to first ratoon
(Mohamed et al, 2016). The
objectives of these
experiments were to study
behavior of selected
germplasm, its results from
sugarcane selection program
in Mattana, Luxor, Egypt
under natural flowering and
make synchronization for
crossing.

10|Page
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MATERIALS AND
METHODS

Two experiments were
conducted at  El-Sabahia
Research Station (31° 12 N),
Alexandria, Egypt, during
2013/2014/2015 season
(plant cane crop) and
2015/2016  season  (first
ratoon crop). The experimen-
tal procedures: Thirty-seven
sugarcane genotypes from
different origins and three
checks commercial GT 54-9,
G 84-47 and G 2003-47 were
used in this study (Table 1). In
the middle of August, 2013
three-budded/cuttings of
each genotype were planted
in 3 ridge plots. Each row was
5 m long and 1 m apart. Thus,
the plot size was 15 m?.

The experimental design
used was Randomized
Complete block with two
replications.  After  flowering
season, all plots of 2013
plant-cane were cut in June
14, 2015 and allowed to grow
the ratoon in June 14,

2016. The following
measurements were recorded
three stages as (Mehareb,
2008). Duration of Pre flag
leaf stage: This stage was
calculated as a number of
days from planting date until
stopping formation of new
leaves and beginning of the
flag leaf formation and
emergence. Duration of flag
leaf stage: was calculaled as
a number of days from the
beginning of flag leafl
formation to as soon as the
emergence of the
inflorescence form flag leaf
sheath occurred.
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