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ABSTRACT

The aim of the study was to compare the growthldachass yield efficiency of baker’s, wine and bingwyeast
strains on cane molasses using different nitrogmirees. Biochemical composition of cane molassesasaayed
before it was used for the growth of the yeastisttaThe result indicated that, biochemical compiosi of cane
molasses was in the acceptable value. Followingh®mical analysis, the three yeast strains wertuced in YPD
medium and in different cane molasses concentrstio? (w/v), (10% w/v) and (15% wi/v), using diffénaitrogen
sources to compare biomass production and growth efficiency of these strains. The result reveétad biomass
production and growth kinetics was higher in 10 W#v) and 15% (w/v) sugar concentration of bakeeast than
the others. However, in 5% (w/v) substrate sugarceatration, wine yeast showed higher biomass ol and
growth kinetics than the rest of the other straimsaddition, results of the study showed thatniass yield and
growth kinetics of the three strains were signffitta affected by the type of nitrogen source ustigh yield of
biomass and growth rate was achieved in fermematizedium containing 2 % (w/v) ammonium sulphate
(NHy),SQ,. However, potassium nitrate (KNhad suppressive effect. From the result of thidys it is concluded
that yeast biomass production can be industrialiaethg baker’s yeast strain, 10 % to 15% (w/v) camaasses
sugar concentration as a substrate and ammoniuphsié as a nitrogen source.

Keywords: Biomass yield, growth kinetics, molasssaccharomayces cerevisjagngle cell protein, yeast strains.

INTRODUCTION

Yeasts can be used in many industrial processeh, &sithe production of alcoholic beverages, bienfpaker’s
and fodder) and various metabolic products. Amohgsé categories, biomass in general and baker'st yea
specifically has developed from sugarcane moldsgesing different strains and substrate conceotrdd ]

Now a day, the scientific knowledge and technolatigw the isolation, construction and industriabguction of
yeast strains with specific properties to satisfy lemands of the baking and fermentation indu&tegr, wine,
baking) [2]. Yeasts are included in starter cukurir the production of specific types of fermehfeods like
bread, sourdoughs, fermented meat and vegetabthigisgetc. The significance of yeasts in food technology as
well as in human nutrition, as an alternative seuw€ protein to cover the demands in a world of kgvicultural
production and rapidly increasing population matkesproduction of food grade yeasts extremely irgtr]3]

A large part of the earth’s population is malnoled, due to poverty and inadequate food produc8erentists are
concerned whether the food supply can keep uptiétworld’s increase in population. Therefore, gheduction of
microbial biomass for food consumption is a maima@n for the industry and the scientific community
minimizing the above mentioned problem. The impresadvantages of microorganisms for single ceditgin
(SCP) production compared with conventional sourodsprotein (soybeans or meat) are well known.
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Microorganisms have high protein content and sgmtvth times, leading to rapid biomass productighich can
be continuous and is independent from the enviraniaheonditions [4]. In addition, these cells reguonly cheap
and widely available substrate in the environméiie most widespread and commonly used substrateSGe
production have been those where the carbon andjyeseurce is derived from carbohydrates, molassésy,

methanol and cellulose. This is because their mgldlocks (mono and disaccharides) are naturakahial

substrates, and that the raw materials are a rdiewssource, which are widely distributed.

The principal raw materials used in developing Ibakgeast were the pure yeast culture and mola&ssse and
beet molasses were used as the principal carbonesoto promote yeast growth and supplies all tigausthat yeast
needs for growth and energy source along with gfatie needed nitrogen [5]

The rationale of this work was to investigate tfeciency of cane molasses in supporting the indalsproduction
of baker's Gaccharomyces cerevisjaavine and brewerySaccharomyces carlsbergensygast and evaluating the
growth kinetics and biomass yield of these threairss at different substrate concentration andedifit nitrogen
sources.

MATERIALS AND METHODS

Materials

Cane molasses, were collected from Wonji Shoa Seaetory and analyzed for its biochemical compositiefore

it was used for fermentation. Baker's yeaSa¢charomyceserevisiag, brewery yeast strainSaccharomyces
carlsbergensisand wine yeast strain were collected from comiaéroarket, Meta Abo Brewery Factory, and from
the laboratory, respectively. All strains were laleand kept in the refrigerator to avoid contartioraand activity
loss.

Methods
Biochemical compositions analysis of cane molasses
The biochemical composition of cane molasses wal/aed by using the method described by Ethiopiandard

[6].

Determination of total solids: About Ten gram cane molasses was weighed, welldvaxel diluted with 50gm of
distilled water to get 60gm of total weight. Thesuking solution was stirred with glass rod untilngpletely

dissolved. Then, it was fluted through whatmand4dofilter paper covered on the funnel with a watgass to

minimize evaporation. The first 20ml was ejectedl aufficient filtrate were collected in a 150ml kea for

determination of refractometric brix and readingnfrrefractometer was taken after adjusting the ssela solution
at 20°C using water bath [6].

Determination of sulphated ash:A 1:1 w/w solution, 20g of water with 20g of canelasses, was prepared. After
the solution was mixed, 10g of distilled water veaitled and mixed. Then, 2 ml of sulphuric acid wdded and
heated in a fume cupboard until the solution wasmpletely carbonized. The solution was placed in wflm
furnace at 550C for 2 hrs. Two milliliters of HSO, acid solution was added after it was cooled awedh ih was
allowed to evaporate on Bunsen burner in a fuméaeagl. Finally, it was incinerated at 6%D for 30 minutes and
cooled in the desiccators. The final weight of $henples was taken and used to calculated sulphatedf the cane
molasses in percent [6].

Determination of total reducing sugars: This method rely upon the reducing of Fehling susoh by reducing
sugars present in the molasses under standardtiomsdi50 g/l hydrolyzed cane molasses solution prapared
and 25ml of the cane molasses solution was tranesfén to a 250ml volumetric flask. Five ml of te84 N HCI
acids was added to the flask and mixed gently.flés& was immersed in the water bath aP6Gnd swirled gently
for 3 minutes to raise the temp of the sample.ds veft in the water bath for further 12 minutebeTlask was
cooled and diluted with water to approximately tov@lume of 125ml with water and then a few drops of
phenolphthalein solution were added in to it. Abdut ml of 2N NaOH solution was added to impareddish
color to the solution. During the addition of thikadine, the solution was gently agitated. The oatbr of the
solution was discharged by adding a few drops BNOHCI, 4.0ml of the EDTA solution. Twenty ml Fetndj's
solution was pipetted in the boiling flask whickdi20 ml of the hydrolyzed cane molasses solutiah @i- 4 drops
of paraffin. The flask which had Fehling's solatiand standard invert solution was boiled on Bursener and 4
drops of the methylene blue solution was addedafldn was preceded by initial addition of 2ml nxsdas solution
and progressively reducing the additions down BmD.and attempting to obtain the end point in aliauat minutes
from the time the solution commencing boiling. Tem point was denoted by the disappearance ofitieecblor.
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Further testing was carried out on the next sarbgladding 20ml of Fehling's solutions to the bajliflask and
adding sufficient water to give volume of 75 ml.téf 2 minutes of boiling four drops of methylenaélsolution
were added. Titration was made by adding the hydeal molasses solution drop wise and the totalaiedusugar
concentration was calculated according to modifiesthod of John [5, 6] .

Determination of nitrogen: Molasses sample was weighed and transferred imtoador tube. Five ml of NiTI
solution was added in to each tecator tubes and ®ired acid (5 parts of conc. Orthophosphoric agith 100
parts of conc. Sulphuric acid) and the solution wieed carefully. Hydrogen peroxide (3.5 ml) wasled step-by-
step. Then, 3 grams of the catalyst mixture wedieddor 30 min before digestion. Distillation wasned out on a
250 ml conical flask containing 25 ml of the boaicid, indicator solution under the condenser ofdistiller with
its tip immersed into the solution. The digested diuted solution was transferred in to the sangampartment
and 25 ml of the 40 % sodium hydroxide solution weded into the compartment, it was rinsed dowh wismall
amount of water, and the steam was switchedltowas distilled until it becomes 100 ml then contd till it
becomes a total volume of a few ml of water befitve receiver was removed. Then it was titrated WithN
sulphuric acid to a reddish color using the radieten pH stat. The percentage of nitrogen in a sannas
calculated6].

Determination of calcium: Wet Ashing method was used to test calcium cordétite cane molasses using 60ml
tri-acid solutions to 4g molasses sample in beakeonical flask cover with a watch glass and adidvio stand for
8hours. Initially, it was digested at low heat ohat plate but after a while temperature was ratse?00°C and
digested until oxidation is completed. Three ml camtrated HN@was added and reheated. Temperature was
increased until more fumes were evolved. The smiutvas cooled and 20ml 2N HCI| was added. The iagult
solution was boiled for 2-4 hrs, transferred to rh0®olumetric flask and filtered through whatman 1. One
ppm, 2ppm and 3ppm standard solution were predarechlibration and reference reading of samplértgsn the
atomic absorption. Atomic absorption reading weileeh and used to calculate calcium content of dinepte cane
molasse$6].

Production of yeast

Preparation of culture media from sugar cane molass

The amount of sugar in the substrate cane molagseestimated by Dinitrosalicylic acid method. Hixsorbance
readings taken at 540nm wave length were convéntéd the corresponding sugar amount from standarse.
Based on this result, culture media from sugar caoksses substrate was prepare8l #% (w/v), 10 % (w/v) and
15 % (w/v) sugar concentration. Finally, the pH wadfusted within the range of 5-5.6 and steriliaéd 20 °C for
20 minutes in the autoclave [7].

Preliminary yeast growth experiment

The experiment was carried out by taking 5 g bakexine and brewery yeast strains into YPD medial, 3%
(w/v) molasses and 5 %(w/v) molasses having 1.8M4NDs. Yeast growth was measured every two hrs for $4 hr
at 540 nm wave length. Based on the data the malrglowth curves were plotted for each strain.

Biomass yield of the three strains in different sustrate concentration

Five gram pure strain of baker’s, wine and brewgrgst were inoculated in 100 ml of YPD medium ahaksd

with 120rpm for more than 12 hrs. Ten millilitersaultured yeast was transferred in to a test tute centrifuged
with 4500 rpm for 20 minutes. Supernatant was resdaand the pellet was collected and inoculated5rite (w/v),

10 % (w/v) and 15 % (w/v) cane molasses samplestwhias enriched with 2 % (w/v) NNOs, (NH,),SO, or

KNOs.

Analytical method used for measuring and analyzingyeast growth

Yeast growth kinetics

Five ml of cultured medium sample was taken in @vE2 hours time interval until the 8éhour. The resulting
solution optical density was measured at 540 nmewargth. A blank solution was used for referereaaing. The
results were recorded and used in plotting growttves of the yeast cells in different sugar conceign of cane
molasses [8].

Biomass estimation

At the end of the yeast growth, the biomass wasdsted centrifuging the culture medium at 4500 fom20
minutes. During centrifuging the supernatant anilep&as separated. The liquid part of the cultsgpernatant,
was utilized for the determination of the residsabar estimation. The remaining pellet was diluséth 5 ml
distilled water and its optical density was meagdwae540 nm [8, 9].
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Residual sugar estimation by Dinitrosalicylic acid DNS) method

The glucose concentration in different substrataceatration was determined by the 3, 5-dinitrogéicacid
(DNS) method [7]. Standard glucose solutions weep@red in concentrations of 0.1, 0.2, 0.3, 08, @.6, 0.7, 0.8,
0.9, and 1.0 g il One ml of standard glucose solution was pipétitala test tube and 3 ml of DNS reagent was
added to it. The mixture was placed in boiling wéoe 5 minutes to develop color. After 5 minutdse sample was
cooled at room temperature. About 2 ml of the semyds placed in a cuvette and the absorbance wasuneel at
540nm. The readings were used in plotting the graph

Total protein concentration estimation

Estimation of protein concentration in baker’s, i@ brewery yeast in different substrate conceiutnadf sample
was determined following standard procedures [Balmple to be analyzed was centrifuged at 4500rpn2@o
minutes after testing the yeast cell growth. Sugiamt was removed; the remaining pellet was dilutét 5 ml
distilled water and added 1 ml of 0.85 % (w/v) Na®lution. Pellet solution, 0.1 ml, was dissolvad2i9 ml of
distilled water in different test tubes which idldeved by the addition of 1ml alkaline copper sudphreagent. The
resulting solution was mixed and incubated at raemperature for 10 minutes. Then, 0.5 ml of theittmh was
added to each tube, vortexed and incubated for iBOmdark area. Spectrophotometer readings wererded at
720 nm. Protein concentration (g/l) was calibratsihg appropriate standard graph BSA (Bovine Sehibamin).

Statistical analysis of the experiments

Completely randomized design (CRD) for the expentakanalysis was used and data were analyzed using
SPSS/14.0 software. Analysis of variance (ANOVA)swmnducted to test least significance different&D).
Significance was accepted at 0.05 level of prolig{jh<0.05).

RESULTS AND DISCUSSION

Biochemical composition of cane molasses

Molasses composition shows wide variation. Its cosifipn is influenced by factor such as soil typenbient
temperature, moisture, season of production, wa@eid technology of sugar mills which all thesetdas can
control the amount of sucrose extracted [11]. Beeanf this the sugar content of molasses producetifferent
countries varies according to the production tetdmoemployed. According to Curtin [12], changeghie design
of centrifuges used to separate sugar and syrugtitge one of the major advancements in the cagardandustry.
Continuous centrifugation results in more sugarastion with a corresponding decrease in the amotstigar left
in molasses. Molasses biochemical composition amahgsult of this study was acceptable to thedstahset by
Ethiopian standards [6] and was in agreement wighstudy of John [5] and Curtin [12] as it is présd in Table 1.

Table 1 Summary of laboratory results and comparinghe result with other publications

- John Curtin  Laboratory
Parameter Ethiopian standards(w/v) Wiv) (Wh) Results(w/v) Remarks
Total solids 85% 79% 79.5%  80% v
Total reducing sugar  50% 45-55% 46% 47.7% 4
Reducing sugar 14% 10-15%  ----- 11.16% v
Nitrogen 0.15-8%  ----—-- 0.88% v
calcium 0.08-5% 0.8% 0.42% v
Ash 14% 8.1% 8.1% 8.3% v

[5, 6, 12]= Acceptable or within the standard range

Preliminary growth kinetics analysis of the yeasttsains in molasses

Many studies reported that sugar cane molassebecased as a substrate for the production of yeastiass [13,
14, and 15]. The preliminary study conducted t¢ ties potential of the cane molasses in suppottieggrowth of
yeast cells indicated that, the yeast strains veaymificantly able to grow by assimilating the sugmesent in
molasses regardless of the initial amount of thgaswoncentration (Fig 1, Fig 2, Fig 3 and Table Eigher
efficiency of sugar utilization was observed by &2k yeast and wine yeast strains.
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Fig 1. Baker's yeast growth on YPD, molasses and tiasses with NHNO3
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Fig 2. Wine yeast growth on YPD, molasses and mokes with NHNO3
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Fig 3. Brewery yeast growth on YPD, molasses and fagses with NHNO3

Table 2 Percentage of sugar assimilation efficienayn baker’s, wine and brewery yeast strain in YPDmolasses & molasses with 1.8 %

NHsNO3
Types Baker's yeast Wine yeast Brewery yeast
Mol. Mol. Mol.
Media YPD Mol. + YPD Mol. + YPD Mol +
NH;NO; NH;NO; NHsNO;
Sugar assimilation (%) 92.7 88.6 79 93 71 30.8 24 49 5.5

YPD=Yeast extract, peptone and dextrose medium, #MBhne molasses

Growth Kinetics and biomass yield of the strains onlifferent substrate sugar concentration

Elevated sugar consumption by yeasts causes ashlgirate conversion to ethanol and other bi-prisdddis will
severely affect cell physiology, bioprocess perfange, and biomass yield [16]. As a result, it ispeital to
determine the optimum substrate sugar concentratigtable for production of yeast biomass. In ttisdy after
growing for 36 hrs, baker’'s, wine and brewery yesigins showed the least residual sugar condenmtran 5%,
15% and 10% (w/v) substrate sugar concentrati@speively (Table 3). Wine yeast used more than 69%he
available sugar and also produced high proteirdya¢l5% (w/v) substrate sugar concentration tharother strains
during their 36 hrs of fermentation (Table 3, &j¢b and 6 ).

Table 3 Residual sugar concentration at 5%, 10% &1% molasses sugar concentrations of the yeast strain

Baker's yeast Wine yeast Brery yeast
Timethr) 5% 10% 15% 5% 10% 15% 5% 10% 15%
W) (wiv)  (wiv)  (wiv)  (wiv)  (wiv)  (wiv)  (wiv)  (wiv)
0 63.5 103 1615 715 145 162 825 102 165
12 43 89 92 31 295 1305 78 72 62
24 40 695 79 245 60 645 73 72.6 403
36 40 54.2 86 24 58 61 645 245 36.5

Even though brewery yeast showed higher sugaratiitin potential (around 75 %) than the other ysaisins in
10% and 15 % ( w/v) sugar concentration of theuraltmedia, the strains were unable to produce feignt
amount of protein as it is presented on Table 455 and 6. This might be due to the conversaifdhe available
sugar in to alcohol rather than to assimilate ithteir biomass [17]. On the other hand, baker'ssyeaed only less
than 50% of the available sugar in the media duB@dnours of fermentation period. However, theydpiaed high
protein yield than the other yeast strains in 10%b 85% of sugar concentration (Table3, Fig 4, 5@&ndhe study
of Highina [18] also showed that around 17% molassegar concentration were optimal for the growithaker’s
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yeast. Similarly, Ortiz-Mu"nizt al [20] showed that, some strains of baker's yeagsewsmotolorant and showed
high growth rate and biomass yield between 10 %)(t@' 20% (w/v) of molasses sugar concentration.

3
bakers
wine
Brewery
2.5
2
a
2
§ 1.5
c
Jo)
B 1
0.5
(0]
(0] 12Time (hr) 24 36 48

Fig 4. Protein conc. on baker's, wine and brewerysast on 5% sugar conc.

Bakers
wine
Brewery

PRaanaat.g)

12 1ime(hr) 24 36 48

Fig 5. Protein yield of baker’s, wine and brewery gast strains on 10 % sugar conc.
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protein coc.(g/l)

0 12 Time (hr) 24 36 48

Fig 6. Protein yield of baker’s, wine and brewery gast strain on 15 % sugar conc

Aaalaoss at 50T

Ohr 12hr 24hr 36hr 48hr
Ti me( hr)

Fig 7. Growth of 10 % sugar conc. on baker's yeastith NH4NOs, (NH4SO; and KNO3

Effect of NH;NO3, (NH4),SO, and KNOson the kinetic and biomass yield of the three yeastrains in 10 %
molasses

According to Curtin [12], cane and beet molassesrat rich in basic elements like nitrogen, phosphoalcium
and magnesium which are vital for the growth ofsgestrains. Nitrogen is the basic nutrient in emitag yeast
growth. According to Gutierreet al [20] nitrogen deficiencies are one of the mainseasuof stuck or sluggish
FermentationsThus addition of nitrogen sources is needed; generallyhe form of ammonium salts, aqueous
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ammonia, soluble proteins or uréaaddition to the amino acids present in molasses [21]. In tkjseement,
nitrogen was supplied as 2 % (w/v) M, (NH,)>,SO, and KNG salts in investigating which of these nitrogen
sources are effective for high biomass yield ofttiree strains.

Aosalaoss a 50T

Ohr 12hr 24hr )36hr 40hr

Ti me (hr

Fig 8. Growth of 10 % sugar conc. on wine yeast WitNH4NOs, (NH4;SO,; and KNO3

0.4

NH4NO3

0.35

0.3

0.25

0.2

0.15

Absorbances at 540 nm

0.1

0.05

0
Ohr 12hr 24hr ¢ e (nry 36hr 40hr

Fig 9. Growth of 10 % sugar concentration of brewey yeast with NHNO3, (NH,),SO, and KNO3

Generally, there was growth in all yeast strainallmitrogen sources at different level. Yieldstmbmass varied
considerably and were found to be dependent otyfies of the yeast strain and the type of nitrogeurce used.
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From the growth curve indicated on Fig 7, Fig 8 dng 9, substrate with 2 % (w/v) ammonium sulfated h
maximum growth rate and biomass production in @ilst strains than the other nitrogen sources téstbis study.
The study of Arrizon and Gschaedler [22] also diesinowed that ammonium sulfate was efficient mjgo sources
of different yeast strains.

Preson [23demonstrated that, if sugars are fermented in thsgmce of adequate amount of nitrogen, less dlcoho
is formed because the environment is more favorédnlethe growth of the yeast. Moreover, the addticof
ammonia on the molasses will hydrolysis some ofstierose to a reducing sugar. As the data indidat@éble 4,
baker’s yeast had high protein yield than the o#texins. However, wine and brewery yeast strhiomass yield
were insignificant during 36 hrs of fermentationipd. Gellissen [24] reported that very few spetiase ability to
utilize nitrate as nitrogen source.

Table 4 Protein concentration of 10 % (w/v) substree concentration in all three strains at every 1&rs in (g/L)

Baker's yeast strain Wine yesistin Brewery yeast strain
Time(hr) a b c d a b c d a b c d
0 113 082 12 146 09 13 10 108 11 10 082 1
12 140 187 14 200 15 23 11 13 05 09 111 1
24 217 353 17 33 11 18 12 127 11 10 110 1
36 452 507 27 311 15 12 13 21 10 10 101 1

NH:NOs;, b = (NH4)SQ, ¢ = KNG, d = blank
CONCLUSION

From the result of this study it is concluded tttiet best strain for the production of biomass a¥%l(/v) and 15%
(w/v) molasses sugar concentration was baker’'styéasaddition they also higher growth kineticsthis sugar
concentration. Similarly, 5% (w/v) concentrationsasuitable for wine yeast biomass yield and to ehibetter
growth kinetics. On the other hand, brewery yeast unable to produce significant amount of bioneass though
the strain had the highest sugar assimilation ieffiy than the other strains. Among the nitrogenraes,
ammonium nitrate was the best for all yeast strimitee production of biomass.
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