Bioethanol: Fermentation efficiency of glucose vs maltose
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In an effort to reduce global dependency on fossil fuels, renewable biofuels have been HPLC (High Performance Liquid Chromatography) and HPGC (High Performance Gas The results show that glucose media produce a greater amount of ethanol over a 22 hr
intensively researched. These fuels must compete with the price, producibility, and Chromatography) indicated the amount of sugar and ethanol (fig 1.5, 1.6) present in period, confirming my hypothesis and predictions. Multiple linear regression analysis
efficiency of fossil fuels in order to effectively replace them. Once they do, biofuels could§ §| media at each time point. The results suggest that glucose was fermented at a greater rate confirms that the type of sugar(principle carbon source) used has an effect on how much
reduce greenhouse gas emissions by, among other things, replacing ~30% of vehicular than maltose media, producing more ethanol over 22 hours. ethanol 1s produced via fermentation by S. cerevisiae. The sample size for this

gasoline consumed globally (Dale et Seungdo 2004). experiment (3 flasks/ timpoint) should be improved 1n future work.
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- Glucose, the simpler carbon source, 1s metabolized by S. cerevisiae faster.
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- In time, maltose will produce/exceed the bioethanol concentration in the glucose media,
but it 1s less efficient.
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Fig 1.1: Chemical structure of glucose. ~ Fig 1.2: Chemical structure of maltose.

- Industrial bioethanol plants rarely use pure monosaccharide carbon sources. Impure,
complex waste products such as cellulosic plant matter are common.
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Research Question: Is there a difference between the ethanol production rates of
glucose vs maltose media fermented by S. cerevisiae over 22 hours? 200 100

- Improving the fermentation efficiency of impure, complex substrates 1s an active area of
research where future efforts should be focused.

The objective of this experiment was to compare the bioethanol production rates of

glucose(fig 1.1) and maltose(fig 1.2) media fermented by S. cerevisiae(fig 1.3). The '
purpose was to determine whether these rates were significantly different. Based on I Y 5.0 100 15.0 200 50 - Efficient self-cycling methods (Wang et al 2017) are an innovative, effective method for
chemical complexity, it was hypothesized that the glucose treatments would have the +G_Um:{r:ﬂ£ N improving bioethanol yields.

greater fermentation rate. Higher amounts of ethanol were predicted to be found in the
glucose media.

Fig 1.5: Glucose and ethanol(g/L) present in glucose media over 22 hrs. Glucose content

in the 22 hr samples was below the detection of HPLC. - Addition of enzymes to solutions often increases bioethanol yields (Wang et al 2017),

but, at the industrial scale, are expensive treatments to apply.

S. cerevisiae was chosen as the fermenting species due to its high ethanol tolerance
(Bandera et al 2010).

In the absence of enzymes and efficient cycling methods, a pure monosaccharide
substrate has a greater ethanol production rate than a pure disaccharide
substrate when ferme@c(b »S. cerevisiae over 22 hours.

-Chemical complexity of the substrates in é,?rm ‘must be accounted for to maximize
bioethanol production.

Fig 1.3: S. cerevisiae
yeast cells.

Methodology

Media with maltose or glucose as a carbon source were prepared and heated to an 1deal
growth temperature of 30 °C(fig 1.4). After yeast innoculation, samples developed for
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- Glucose is an expensive, impractical carbon source !DI' bioethanol production.
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22 hrs in shake flasks at 200 rpm. pH levels, sugar and ethanol content were measured § § e et e el , ) : - : :
at 3 hr intervals starting at 10 hrs until 22 hrs. | Fig 1.6: Maltose (g/L) and glucose( g/L) present in maltose media over 22 hrs. At 22 hrs, _Prlztreangg}i[ mct ¢ being extensively researched(Kumar etal 2016) to improve
maltose was present in media but glucose content was measured by HPLC to be 0.0 g/L. yicld.
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- Enhanced cycling methods (Wang et al 2017) also promote greater ethanol yields.
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Incubate yeast ml filtered 30°C and 200 13,16, 19 and _ DependentVariable: EtOH(g/L) - Many factors require optimization before bioethanol can compete with fossil fuels as a
inoculum mediainto 300 rpm. Note 22 hrs. . IndependentVariable(s): Treatment, Time, Treatment * Time pragtlgal pOWEr source. p—
- ml shake time. Measure pH. 25 1 ®  Y=-11.10+6.229 Group + 1.744 Time + -0.7189 Group * Time T—
overni .
: flasks. . Mmmm
20 1 Treatment 6.229 1.833 #0 26 3.399 0.0022
- Time 1.744 0.07829 #0 26 22.28 <0.0001 . . ) . )
S A Special thanks to Jie Wang, Dr. Bressler, and Dr. Leskiw for granting me the use of their
~— - Treatment * Time -0.7189 0.1107 #0 26 -6.493 <0.0001 . . . . .
Darf L 151 v biofuel lab equipment and extensive knowledge. Many thanks to Matt Kingston, Dr. Spila
errorm ~ Summary of fit: . : . - : S
Pertorm GC,LC T Y S~ td and Michael Kowalski as well for their continued guidance and insight.
Filter and prep analysis, gather multiple linear . Root MSE: 1.286
2 Cleanand regressiﬂn _ H - RZ: 0.9683 SLR for glucose group:-11.10 +1.744 time
samples for data about S o+ ﬁ; X 101 P L R2(adjusted):0.9646  |SLR for maltose group: -4.869 + 1.025 time
dasS5ess tne errec
HPGC, HPLC sugarand -y 517 : lvsis ind;
e ethanol glassware. of substrate on F W o Fig 1.7: Regression analysis indicates a
dnalysls. o e - - - . .
cO nte nt Eth E_] L Dl 5 t i'# SlgnlﬁcanCt dlfference n etha’nOI prOduCtlon - Dale B. E., Kim S. 2004. Global potential bioethanol production from wasted crops and crop residues. Biomass and Bioenergy. [Accessed Jan 2.().18] 26:4. . . .
prﬂd uctionrate. . . . " " . : r at es Of glu cose VS m alt ose me d 1 q. }Eslrllgigaz 8&1,8 ??grglzli;::rlsigiFraser S., Stanley D., Stanley G.A. 2010. The ethanol stress response and ethanol tolerance of Saccharomyces cerevisiae. Journal of Applied Microbio[Accessed
Fl 1 4‘ FIOWChaI't de ICtln eX erlmental I‘Ocedure 10 12 14 . 16 18 20 22 - http://pinit.dearbornschools.org/pin/sugar-glucose-chemical-structure/
g © e p g p p . Tim E‘( h r5) - http://chem-guide.blogspot.ca/2010/04/carbohydrates.html
- https://www.wattagnet..com/articles/Z9749—hovy—piglet—weaping—stresses—impact—gut—health?v=p.re.view . . . .
Mlﬂtlpl e 1 11,1 ear re gr ess 1 ONn was use d t 0 St at 1 St 1 C ally t e St th e s 1 g n 1ﬁ cance Of th e effe Ct Of ifs:::lz; ]?égﬁaf}l,lzz i\;lﬁcilgf:ll;?:tuvageau Dominic, Wang Jie. 2017. Improving ethanol productivity through selfcycling fermentation of yeast: a proofof concept. Biotech for Biofuels

- https://interfacelift.com/wallpaper/tags/129/color/orange/index34 . html

gIU.COSG VS maltOSC on blOethaIlOl pI‘O dU.CGd over 22 hI‘S by S . cer €VZS l dae. -Kumar R, Tabatabaei M, Karimi K, Horvath IS. Recent updates on lignocellulosic biomass derived ethanol—a review. Biofuel Res J. 2016;3:347-56.




