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*Apologies to he who reads this, the method is long, leading to a long equipment list, leading to a long 
risk assessment, leading to a long paper 😊😊* 
 
 

Abstract 
My Experiment asks the question, “Which fruit produces the most ethanol when fermented?” Juice 
collected from various fruits, Red Apples, Green Apples, Navel Oranges, Tomatoes and Pineapples. 
The following table shows the amount of sugars in 500g of fruit and the cost of the fruit per kilogram 
in Woolworths. 
 

Fruit Sugar Content of Fruits per 
500g (g) [1] 

Cost of fruit per Kilogram ($) 

[4] 

Apple-Red Delicious 51 4.9 
Apple-Granny Smith 48 4.9 
Pineapple 50 3.8 
Oranges 43 4.72 
Tomato 13 8.9 

 
When fermenting the yeast will convert the sugar (glucose) into ethanol and carbon dioxide as follows 

 
More glucose means more possibility for ethanol production as shown in the formula, therefore the 
table above can be used as a method to hypothesise which fruit will produce the most ethanol. The 
cost of this fruit per kilogram is necessary for determining which fruit will be the most cost effective 
in producing 1 Litre of ethanol. The amount of ethanol produced and cost will be the factors used to 
calculate cost of producing 1 Litre of ethanol. 
 
The selected fruits will be processed then that solution diluted to avoid the yeast dying if the ethanol 
content is higher than 14-18% [5], after dilution the solution will be fermented. Prior research states 
that a temperature of approximately 37°c and an anaerobic environment are ideal in promoting the 
fermentation process that follows the above formula with yeast as the catalyst [3]. 
 
It is estimated that oil resources will be depleted within 53 years [2], therefore ethanol will be more 
heavily relied on as a fuel source. Hence it is important to identify the most cost efficient plant for 
ethanol production as to minimise monetary loss to manufacturers. My experiment will identify the 
fruit that yields the most ethanol per gram, and therefore allowing cost analysis for 1L of ethanol per 
fruit. 
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Sources 
[1] Sugar Stacks- An educational website that compiled its data base “from package labels, 
manufacturer websites, or the USDA nutrient database”. Due to the sources used and openness of the 
website to divulge such information are the reasons that this is a reliable source. Companies may lie 
on their package labels however fruits don’t have packaging therefore the data came from the USDA 
which is a government database therefore reliable. 

http://www.sugarstacks.com/fruits.htm 

[2] How long will fossil fuels last? – Online article written by Siddharth Singh [who] works at The Centre 
for Research on Energy Security at The Energy and Resources Institute, Delhi. Due to his position an 
article written by Siddharth will contain reliable information this is therefore a reliable source 

http://www.business-standard.com/article/punditry/how-long-will-fossil-fuels-last-
115092201397_1.html 

[3] Easy Chem - online study notes for HSC chemistry course. The HSC course covers fermentation 
therefore the article contains relevant information to this experiment. The information is repeated on 
other study sites therefore the information is reliable. 

http://www.easychem.com.au/production-of-materials/renewable-ethanol/fermentation-
conditions 

[4] Woolworths Online Store – Information online for the cost of the different fruits per kilogram. The 
information is replicated on the Coles online store therefore the information is reliable. It is 
understood that the cost will be higher than a wholesaler however the cost per kilo of fruit will be in 
similar ratios to the big supermarkets. 

https://www.woolworths.com.au/Shop/Browse/fruit-veg/fresh-fruit 

[5] University of Hawaii – notes on the “Role of Yeast in Production of Alcoholic Beverages”. The notes 
were part of a subset of notes on the university course “Botany 135”. Due to these notes being part 
of a university course the information is very reliable. 

http://www.botany.hawaii.edu/faculty/wong/BOT135/Lect14.htm 

 

  

http://www.sugarstacks.com/fruits.htm
http://www.business-standard.com/article/punditry/how-long-will-fossil-fuels-last-115092201397_1.html
http://www.business-standard.com/article/punditry/how-long-will-fossil-fuels-last-115092201397_1.html
http://www.easychem.com.au/production-of-materials/renewable-ethanol/fermentation-conditions
http://www.easychem.com.au/production-of-materials/renewable-ethanol/fermentation-conditions
https://www.woolworths.com.au/Shop/Browse/fruit-veg/fresh-fruit
http://www.botany.hawaii.edu/faculty/wong/BOT135/Lect14.htm
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Aim 
To determine which fruit (per gram) yields the highest amount of ethanol when fermented, therefore 
which fruit will be the most cost effective to produce 1 Litre of ethanol. 

Hypothesis 
The Red Delicious apples will yield more ethanol than the other fruits due to a higher sugar content. 
However due to the sugar difference of only 1g between red apples and pineapples the ethanol 
content of pineapples will be slightly less, pineapples are 26% less expensive than red apples therefore 
will be the most cost effective for producing 1 Litre of ethanol. 
 

Equipment Selection 
 

Equipment Use Alternatives 

500g of the following 
fruits per repeat 

• Apple-Red 
delicious 

• Apple-Granny 
smith 

• Orange- Navel 
• Pineapple 
• Tomato 

Woolworths* 

To juice for fermentation Other fruit alternatives such 
as bananas and pears could 
be used as long as they can 
be juiced to pulp and are 
accessible 

Electronic balance 
Pre-owned* 

To weigh the amount of fruit to juice 
exactly 500g of the fruits 

- 

Small bowl 
Pre-owned* 

To hold the fruit in one place over the 
scales 

A plate could easily be 
substituted 

Nutri-Bullet 
 
 
 

Pre-owned* 

To turn the fruit into pulp so that the 
yeast can access the sugar more easily in 
solution 

Any food processor capable 
of pulping fruits with their 
skin on could be used, 
similarly a juicer could be 
used if only the juice is 
fermented 

Knife 
Pre-owned* 

To cut the fruit into more easily 
processed pieces 

- 

500 ml Measuring jug 
with at least 100 ml 
measuring intervals 
Pre-owned* 

To precisely measure the amount of 
water added to solution 

Smaller jugs could be used 
however they must be able 
to measure increments of 
100ml  

Funnel 
Home-made* 

To easily pour all of the blended fruit 
into the containers 

A bought plastic funnel will 
work just as well 
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6 1 Litre Glass Bottles 
(Per repeat) 
 
 
Reject Shop* 

To store the liquid prior to fermentation Larger vessels such as 5L 
drums could be used to 
ferment larger amounts or 
juice. 

Balloons 
 
 

Woolworths* 

To place upon the top of the bottles to 
both ensure an aerobic environment 
allowing for the CO2 gas to blow up the 
balloon so the bottle doesn't explode. 
And as a method to estimate how much 
ethanol was produced by size of balloon 

A one-way valve can be used 
as a method to release the 
pressure ensuring the 
bottles don’t explode whilst 
ensuring an anaerobic 
environment 

Centrifuge Vials 
UNE* 

For use in the centrifuge Must be used if using 
centrifuge 

Infrared 
Spectrophotometer 
UNE* 

To analyse and assist in quantifying the 
percentage of ethanol present in 
solutions 

Gas chromatography is 
another method that may be 
used 

Glass Vial 
 
 
UNE* 

To store the solution from filtering to 
testing 

Solution could be placed 
back into the jugs however 
vials provide ease for 
removal. 

Bench Centrifuge 
UNE* 

To separate the solids from liquid prior 
to infrared spectroscopy 

A centrifuge doesn’t have to 
be used 

 20ml Volumetric Flasks 
 
UNE* 

To make the standard solutions as 
accurate as possible 

A beaker may be used 
however will not be as 
accurate 

Yeast 
Woolworths* 

To be the catalyst to ferment the sugars 
into ethanol and carbon dioxide 

Not optional 

½ Tablespoon or 15 ml 
measure 
 
Pre-owned* 

To measure 15 ml of yeast prior to 
adding it to the solution 

The yeast could be divided 
by weight and a set weight 
weighed and added, as long 
as the same is added to all 

100g of White Sugar 
 
Pre-owned* 

To add to the control bottles 50g each. 
50g was an average of the fruits sugar 
content 

Brown or caster sugar may 
be used and different 
amounts may be used 

Pantyhose 
(New is very 
preferable) 
Pre-owned* 

To use as a method for straining away 
the pulp so that the specific gravity can 
be measured 

A store-bought strainer may 
be used however the small 
holes of pantyhose offered a 
finer strain  

Measuring Cylinder 
 
UNE* 

To fill with strained juice so that the 
specific gravity can be measured 

A larger vessel may be used 
however a larger amount of 
juice would then be needed 
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Hygrometer 

 

Pre-Owned* 

To measure the specific gravity of the 
fermented solution 

Other methods of ethanol 
measurement may be used 
such as gas chromatography 
however Hygrometric 
measurement is cost 
effective 

Auto-Pipette 
 
UNE* 

To very accurately measure small 
amounts of ethanol for preparation of 
standard solutions 

A regular pipette may be 
used however accuracy will 
not be as great 

Lab Wipes 
UNE* 

For use cleaning the infrared 
spectrophotometer 

- 

 
*Where this equipment was obtained 
 

Identification and Treatment of Variables 
 

Independent Variable: Type of fruit to be juiced and subsequently fermented 

Dependent Variable: Amount of ethanol produced via fermentation of the fruits 

Variables to Control: 

• Amount (grams) of fruit juiced, if the grams of fruit changes then the measure will be of 
amount of fruit rather than sugar and makeup of the fruit therefore needs to remain constant. 

• Amount of water (ml) used, if more water is used in one test than another than the yeast will 
be able to access more of the solution therefore fermenting more sugars than otherwise 
accessible. This therefore needs to remain constant. 

• Amount of yeast added (ml), if more yeast is added there will be more opportunities for 
fermentation to occur, this therefore needs to remain constant as to not distort results. 

• Amount of time left to ferment (h), if the bottles are left longer or not as long as others then 
the yeast will have a longer or shorter time to ferment the sugars therefore distorting the 
results. 

• Bottles in the same location at the same time, as stated in the abstract there are many factors 
influencing fermentation. By having all of the bottles in the same location then the 
temperature will be the same for all bottles therefore the results are not being affected by 
temperature difference. It is also important that the experiments all be run on the same day 
so that weather is constant for all bottles therefore temperature will be the same and yield 
the same impact on all fermentation processes. 

• Fruits are blended to the same point, ensure that when processing the fruits, they are 
processed to the same consistency so that the yeast has the same opportunity for access to 
the sugars for fermentation. 
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Method 
Fruits 

1. Weighed the fruits using the electric scales 500g of Red-Delicious Apples, Granny smith apples, 
Navel oranges, Pineapples, and Tomatoes were measured and gathered. [Image 1]. More fruit 
types may be used to juice and then ferment to increase runs and therefore validity of the 
experiment, however monetary and time restrictions may force a more conservative 
approach to fruit selection such as that occurred in this experiment. 

2. The fruit was cut into manageable pieces so that it was able to be processed more easily. 
200ml of water was added with the Nutri-Bullet and blended until pulp.  

3. The pulp was poured into the jugs ensuring with the final 200ml that as much matter as 
possible was transferred into the jugs for fermentation [Image 2]. (Controls of 400ml water 
and 50g sugar were prepared and placed into their bottles at this point, this involved 
measuring 400ml of water with 50g of sugar until it was all dissolved). All bottles were labeled 
[Image 3]. 

4. 15ml or ½ tbsp. of yeast was added into each of the bottles and shaken vigorously as to ensure 
the yeast was well spread through the solution. A balloon was placed on the top of each of 
the bottles [Image 3]. 

5. The bottles were placed in a well-ventilated area to allow any escaped 𝐶𝐶𝐶𝐶2 to disperse and 
were left for 3 days. Repeat steps 1-5 optimally 5 times for increased reliability when 
measured, it is advised for an odd number of runs as outliers can be accounted for, money 
and time may prove a restricting factor again however do ensure there are at least 2 runs 
undertaken as that happened in this experiment. 

6. Balloon was removed and bottles shaken to make it easier to pour. 
7. The pantyhose was stretched over the funnel and solution poured through this filter with 

collection in the measuring cylinder, 250ml of the strained solution was needed so that the 
hygrometer could work without touching the bottom of the cylinder [Image 4]. 

8. The hygrometer was used to measure the specific gravity of each of the solutions, and results 
recorded [Image 5]. After a measurement was taken a sample of the solution was placed into 
a 20ml vile for further testing. (Safety Glasses were worn at all times to minimise the possibility 
of ethanol getting into the eyes causing irritation). 

9. Solutions were transferred from their vials into centrifuge containers, the containers were 
numbered with corresponding numbers on vials to avoid confusion of the samples. Samples 
were centrifuged ensuring the centrifuge was balanced [Image 6].The solutions were 
centrifuged until (relatively) clear, this took longer for orange, the ethanol content was the 
same over the solution so further centrifuge didn’t effect results. (Safety Glasses were worn 
at all times to minimise the possibility of ethanol getting into the eyes causing irritation). A lab 
tech was on hand for this step. 

10. A sample of this solution was pipetted onto the infrared spectrophotometer, this was used to 
record an infrared spectrum [Image 7]. The area under the curve was recorded between 1200 
and 1000 wavelengths using the value at 1200 as a baseline. A lab tech was on hand for this 
step. (See appendix for how Infrared Spectroscopy, IRS, works). 

11. Step 10 was repeated until all solutions were tested and recorded. 
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Standards 
1. A volumetric flask was half filled with distilled water, precision wasn’t an issue with this step. 

The water was to ensure that as much as possible of the volatile ethanol was contained in the 
flask. 

2. 0.125ml or 125 microlitres of ethanol was measured carefully and added to the flask ensuring 
that all ethanol was in the flask.  

3. The flask was filled with distilled water until under the measuring line. A pipette was used to 
manually fill the rest of the flask until the meniscus was in line with the measuring line, this 
was precise to prevent the percentage being incorrect.  

4. The flask was inverted to ensure solution was the same concentration throughout. 
5. A sample of this solution was pipetted onto the infrared spectrophotometer, this was used to 

record an infrared spectrum [Image 7] [Image 8]. The area under the curve was recorded 
between 1200 and 1000 wavelengths using the value at 1200 as a baseline. A lab tech was on 
hand for this step. 

6. Steps 1-5 were repeated with 250, 500, 750, 1000, 1250, 1750 and 2500 microlitres of ethanol. 
This yielded standard of 0.5%, 1%, 2%, 3%, 4%, 5%, 7% and 10% [Image 8]. The 
spectrophotometer after every test was cleaned with lab wipes [Image 7]. 
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Image 1 {Weighing} 

 
 
Image 2 {Collecting all substances} 

 

 

 

Electronic Balance 

Ceramic Bowl prevents 
fruit from rolling off the 
balance 

500g of fruit 

200ml of water used for 
rinsing the residual 
matter into the jug for 
fermentation 

Juicer jug, funnel and blades 
with residual matter from 
juicing still remaining 

Note the funnel was crafted 
from a plastic cup because 
a funnel wasn’t available at 
this time 
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Image 3 {Bottles prior to fermentation commencing} 

 

 
 
 
 
 
 
 
 
 
 
Image 4 {Straining of Solution} 

 

Solutions in Bottles 
LABELLED 

Balloons completely 
covering the top of the jugs 
so that no 𝐶𝐶𝐶𝐶2 escapes 

Plastic Funnel 

Pantyhose stretched over the 
top of the funnel to act as a 
straining device for the solution 

Measuring Cylinder containing 
the strained solution, minus large 
pulp and sediment 
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Image 5 {Measuring specific gravity} 

 
 

Image 6 {Centrifuge} 

 

 

 

Hygrometer taking the specific 
gravity of the solution. Note that 
the hygrometer must be 
suspended by itself in the solution 
for measurement. 

Measuring cylinder containing 
the strained solution from image 
4 

Solutions in centrifuge vials 
prior to being centrifuged. 
Notice how the centrifuge is 
balanced 
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Image 7 {Infrared Spectrophotometre} 

 

 

Image 8 {Volumetric Flasks} 

 

Infrared Spectrophotometre 

Lab wipes for use cleaning 
the spectrophotometre 

Volumetric flasks with 
standard solutions 

Pipette for use in placing 
sample on spectrophotometre 
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Results  
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Specific Gravity Recordings [Table 1] 
Fruit Specific Gravity Assumed ethanol (%) 
Tomato 1 1.001 11.3 
Tomato 2 1.005 11.2 
Pineapple 1 1.003 11.4 
Pineapple 2 1.001 11.7 
Apple-Green 1 1.003 11.2 
Apple-Green 2 1.002 11.6 
Apple-Red 1 1.029 6.2 
Apple-Red 2 1.000 1.8 
Orange 1 N/A N/A 
Orange 2 N/A N/A 
Sugar 1 0.992 13.0 
Sugar 2 0.992 13.0 

 
The specific gravity was a good way to estimate the ethanol percentage however after further 
measurements it was proven to be very inaccurate. The hygrometer was acquired through a home 
beer kit therefore the conclusion was reached that the specific gravity of beer was measured with 
other items in the solution hence the same test is not accurate with the solutions tested. 

Results for Orange were not acquired through specific gravity due to the solution proving too thick 
to strain. 
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Results for Fruit Solutions [Table 2] 
Fruit Area Under Curve 
Sugar 1 1.07 
Sugar2 0.89 
Tomato 1 0.1 
Tomato2 0.11 
Pineapple1 0.51 
Pineapple 2 0.44 
Apple-Green 1 0.44 
Apple-Green 2  
Apple-Red 1 0.59 
Apple-Red 2  
Orange 1 0.71 
Orange 2 0.89 

 

Note the absence of samples of Apple-Green 1 and Apple-Red 1 as samples of these solutions were 
not transferred to vials for further testing on spectrophotometer. 

The results of these meant nothing as at this stage there is no way of quantifying the ethanol from 
just the area under the curve. To get quantifiable data standard solutions of known data had to be 
tested to relate the amount of area under the curve of the tested solutions to the area of the 
standards, then a percentage of ethanol could be produced. Note that the area under the curve is 
the area under the curves in Graph 1 and 2 graphing fruit and standard solutions respectively. 

Results for Standard Solutions [Table 3] 
Percent Ethanol (%) Area Under Curve 
0.5 0.05 
1 0.14 
2 0.26 
3 0.37 
4 0.48 
5 0.6 
7 0.85 
10 1.21 

 

This data is presented in {Graph 3}. With data plotted on a graph comparing ethanol percentage to 
area under the curve a trend could be identified. The line of best fit could be used to estimate 
accurately the ethanol percentage if the area under the curve is known. This is accurate due to the 
high R2 value. The formula (using the line of best fit formula {Chart 3}) is as follows 

 𝐸𝐸𝐸𝐸ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑙𝑙% =  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑈𝑈𝑈𝑈𝑈𝑈𝐴𝐴𝐴𝐴 𝐶𝐶𝐶𝐶𝐴𝐴𝐶𝐶𝐴𝐴−0.007
0.120

. Once subbed into this formula the results are as follows.  
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IRS Quantified Ethanol Percentage [Table 4] 
Fruit Ethanol Volume % 
Sugar 1 8.84 
Sugar2 7.35 
Tomato 1 0.77 
Tomato2 0.86 
Pineapple1 4.19 
Pineapple 2 3.60 
Apple-Green 1 3.60 
Apple-Red 1 4.85 
Orange 1 5.85 (3.77 Revised) 
Orange 2 7.35 (4.27 Revised) 

  

With the assumption (Based upon observations), a solution of ≈500ml could be (relatively) easily 
obtained by straining. Using the results above the amount of ethanol produced by percent the grams 
of fruit required per litre of ethanol can be estimated. 

Cost Analysis [Table 5] 
Fruit Mass Required per 

litre of ethanol (kg) 
Cost of fruit per 
kilogram ($) 

Cost for production 
of 1L of ethanol ($) 

Sugar 1 11.30621 1 11.30621 
Sugar2 13.61063 1 13.61063 
Tomato 1 129.0627 8.9 1148.658 
Tomato2 116.5485 8.9 1037.282 
Pineapple1 23.8903 3.8 90.78315 
Pineapple 2 27.75129 3.8 105.4549 
Apple-Green 1 27.75129 4.9 135.9813 
Apple-Red 1 20.61279 4.9 101.0027 
Orange 1 26.52643 4.72 125.2047 
Orange 2 23.42473 4.72 110.5647 

 

Data for oranges is worked with the revised data. 

Cost of fruit from Woolworths. 

Formula for grams of fruit is 1000
%

  (See appendix [1] for working if needed) 

Formula for Cost of Production is [Mass Required per litre of ethanol × Cost of fruit per kilogram] 

All working completed by excel. 
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Assessment of Results 
The different methods for analysing the ethanol percentage offered differing levels of accuracy 
however were all useful. The initial process of measuring specific gravity was cost effective and it 
enabled the collection of estimates for ethanol percentage, this proved inaccurate due to the 
hygrometer being tuned to beer. This is an issue due to beer having other things like malt in solution 
which the hygrometer would account for then giving a reading, this is therefore an inaccurate measure 
for the solution tested that didn’t have malt and other things within. The process of quantifying 
ethanol percentage via infra-red spectrophotometry is very accurate because of the instrument. This 
is proved with the standard solutions, the dots yielding an R2 value of 0.999 showing the precision of 
equipment and then the results of ethanol in the fruit samples will be accurate due to the level of 
precision. 

The 5 fruit types were used to grasp a view of results from differing fruits increasing the validity of the 
experiment. More fruits may be used however as stated prior cost and time restraints prevented the 
testing of more fruit types. As stated in the method more than 2 runs for the experiment is 
recommended ideally 5 would be optimal for increased reliability of results and for the possibility of 
averages and outlier identification, with 2 data points averages would have been unreliable as one of 
the results may have been an outlier but it wasn’t possible to identify which result was the outlier with 
2 data points.  

The data was reliable in that the different runs preformed similarly to the other run. This is clearly 
shown in Chart 1, also the balloons of the corresponding fruits were similarly inflated showing the 
accuracy of the data. The precision of results was quite good with a line of best fit of for the standards 
going almost through the origin {Chart 3} and the fruits {Appendix 3} yielding differences of 0.007 and 
0.317 respectively. The graph in Appendix 3 shows that not all the sugar was fermented otherwise the 
trend would be through the origin and that ethanol percentage was not above 0% for 0g of sugar 
yielding a precise experiment. The trendline of Chart 3 should go through the origin as for 0% ethanol 
there should be 0% absorbance and it almost does with an intercept on 0.007 showing the experiment 
to be accurate. 

The data showed that the most cost effective fruit for ethanol production was pineapple at ≈$97 per 
litre with tomato at ≈$1190 per litre. Pineapple was still not as effective as sugar in water however it 
should be noted that sugar must be obtained from plants in the first place so it isn’t a viable solution. 
It is also advised to not use orange for ethanol production because separation of juice from pulp was 
only possible by centrifuge which would not be financially viable for mass production. 

The results for are under the curve of orange is not accurate as the graph for orange seems to be 
translated up and therefore adding area that shouldn’t be measured. After manipulation of the data 
more realistic results were obtained of Orange 1 = 0.46 and Orange 2 = 0.52, this changes the results 
to ethanol percentages of 3.77% and 4.27% respectively this results of $125.2047 and $110.5647 per 
litre. It is still not advised to use orange due to the energy required to obtain solution. 
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Discussion 
The experiment was a success, the aim to determine which fruit produces the most ethanol when its 
juice is fermented was successfully evaluated with Red-Apple producing the highest ethanol 
percentage [Table 4]. When the cost of producing one litre of ethanol was calculated it was in fact 
pineapple that was the most cost effective because of a store price of $1.1 less than Red-Apples [Table 
5]. These were not achieved without their difficulties. 

The method worked well however not flawless. When processing the fruit, it was inevitable that some 
of the juice will not be transferred into the bottles, this was prevented as much as possible with the 
200ml of water however the more viscus solutions such as the orange proved far harder to transfer, 
therefore more of this solution was not transferred into the bottle this may have effected results 
however as the missed juice was small so the impact on the results was negligible. More water can be 
used to flush the pulp into the bottles, for this to work the bottles must be larger 1.5L or 2L instead of 
1L otherwise the solution would overflow from the bottles differing the amount of water in the jugs 
affecting the results. 

The transfer of the strained solution into vials in step eight proved costly not in terms of inaccuracy 
however in terms of forgetting to transfer them to vials. This occurred with samples Apple-Green 2 
and Apple-Red 2. Apple-Red 2 performed the best with the hygrometer so it would have been 
interesting to see the actual ethanol percentage. This absence of data was not pivotal in the success 
of the experiment with samples from the other run offering an idea of percentage. This was an 
annoying mistake that if the experiment is replicated, effort should be placed upon ensuring all 
samples are placed in vials. 

Apple-Red 1 had the yeast first mixed with 30ml water before placement in the bottle, this was 
thought to make it easier to pour however it had the adverse effect. The yeast created a paste that 
made it only possible to use fingers to get the paste in affecting the results due to missed yeast. The 
process was modified for the other samples with the yeast being added dry. The fact the yeast was in 
a paste affected the fermentation process, as seen in the balloons the A-R 1 was far less inflated than 
its counterpart A-R 2 and returning a specific gravity reading of far less than any other solution. The 
solution however yielded a higher ethanol percentage. This is due to fermentation in the vials prior to 
testing via IRS. The mixing prior to filtering seemed to have mixed the yeast into the solution better 
than before and after transfer to the vials the vial it was in was releasing gas (expected CO2) far more 
than any other meaning that it fermented within the vial, this will have distorted the results however 
they were still used to get a measure for the red apple as the fermentation in the vial was “catch up” 
for what didn’t ferment in the bottles therefore retaining the validity of the sample. It is advised that 
the samples be tested as soon as possible after removal from fermentation bottles as the samples will 
be distorted if left for long periods of time in the vials as fermentation will still continue. 

The results of the experiment are as predicted in the hypothesis. The results of ethanol percentage 
[Table 4] show Red-Apple at 4.85%, Red-Apple also had the highest sugar prior to fermentation at 51g 
which was the basis of the hypothesis and it held true. Pineapple was close with ≈3.9% ethanol, this 
and its shelf price of $3.8 led to pineapple to be the most cost effective for producing 1L of ethanol 
with a cost of ≈$97 just less than red apple with ≈$101. This was just enough to make it the most cost 
effective confirming the hypothesis however by not as much as first thought, the ethanol percentage 
was further apart than hypothesised. Possibly the sugars in pineapple were less accessible or the yeast 
wasn’t able to convert them as easily into ethanol. 

It is strongly advised against the use of orange as a biofuel as the solution was extremely hard to 
separate. The pulp in the oranges was so abundant that it clogged the pantyhose blocking any solution 
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to pass through. Therefore, straining was not effective meaning more energy was needed to 
centrifuge the sample and that only yielded little amounts of solution. The increased energy necessary 
for getting an orange sample renders it a non-viable fruit from which to make biofuel. 

The data followed a relatively predictable trajectory with the fruit with highest sugar content 
producing the most ethanol and fruit with least sugar producing the least ethanol. Orange was the 
surprise result with even the revised results performed better or just as well as pineapple which has 
10g more sugar. This is an interesting finding perhaps the sugars were harder to access for the yeast 
or harder for the yeast to convert. This data as shown in Appendix 3 follows a predictable path with 
an r2 value of 0.91 the data is accurately following the trend. 

The control bottles of 400ml water and 50g sugar were prepared for a comparison to fermenting the 
sugar directly without the fruit pulp. 50g of sugar was used because it was in the range of sugar content 
of the fruits and a high range average of this. The sugar solutions performed better than the fruits as 
expected, showing the impact of the pulp on fermentation. It should be noted that sugar first must be 
extracted from a plant such as sugar cane so fermenting sugar is not a viable method of producing 
biofuel when the costs of extracting the sugar is factored in. 

A recurring theme is how a relatively small sugar difference can yield a difference of 0.9% and a larger 
difference be negligible. Experimenting by changing the amount of water in every sample and a set 
amount of sugar will measure the effect of how hard the sugars are to be fermented by the yeast. 
Similarly, solutions with different types of sugar i.e. glucose, sucrose, fructose could be fermented 
showing which sugars are more easily broken down by yeast. 

Applications can be found for the use of this data in the field of biofuel. By knowing which fruit will 
yield the most ethanol per dollar producers can more effectively save money by using those that are 
more cost effective. Prices of the fruit were taken from a supermarket however those prices reflect 
the cost of producing and transporting the fruit, all factors that potential producers will have to 
account for if making biofuels. This will become increasingly important as the oil in the earth’s crust 
becomes harder to access increasing the price of conventional fuels. 

 

Conclusion 
The results point to a strong correlation between sugar content and ethanol produced. The as the 
sugar increased, sugar within the fruits, there was an increase in ethanol production as expected. As 
a result of this the calculation of the most cost effective fruit was calculated satisfying the aim of the 
experiment.  

This experiment was awesome, thanks for reading. 

 
  



20 
 

Acknowledgements 
Mr Fittler 
Provided advice on how to conduct the experiment in terms of how to achieve maximum fermentation 
of the solution. Mr Fittler has knowledge in the field of fruit fermentation as he makes biofuel from 
apples regularly and with success. Without his input, incorrect procedures may have been used, 
therefore important to the success of the experiment. 
 
Peter Lye 
Advised on the best ways for measurement of the solutions and assistance in navigating the UNE lab. 
He ran the IRS machine that otherwise wouldn’t have been open for access as well as the centrifuge. 
As head of chemistry Peter has experience in using the measurement equipment therefore the results 
will be more precise. Without the access to the measurement equipment and instruction incorrect 
results would have been measured. Peter was extremely important in the success of the experiment. 

Appendix 
[1] Formula for grams per Litre ethanol: 
 500 × % = 𝐸𝐸𝐸𝐸ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑙𝑙 𝑝𝑝𝑝𝑝𝑝𝑝 500𝑔𝑔𝑝𝑝𝑎𝑎𝑔𝑔𝑔𝑔 𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓𝐸𝐸 

[500 × %] × 𝑎𝑎 = 1000𝑔𝑔𝑙𝑙 where n is an integer representing how many lots of 500g fruit is needed 
for 1L ethanol 

Therefore 𝑎𝑎 = 1000
500×%

  from above 

𝑎𝑎 × 500 = 𝐺𝐺𝑝𝑝𝑎𝑎𝑔𝑔𝑔𝑔 𝑎𝑎𝑓𝑓 𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓𝐸𝐸 𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑓𝑓𝐸𝐸𝑝𝑝𝑝𝑝 due to n is how many lots of 500g is needed for 1L ethanol.  

Sub 1000
500×%

  for n in above equation therefore 1000
500×%

× 500 = 𝐺𝐺𝑝𝑝𝑎𝑎𝑔𝑔𝑔𝑔 𝑎𝑎𝑓𝑓 𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓𝐸𝐸 𝑝𝑝𝑝𝑝𝑝𝑝 𝑙𝑙𝑓𝑓𝐸𝐸𝑝𝑝𝑝𝑝 

The 500’s cancel leaving the result of 1000
%

 where the percentage is in decimal notation, achieved by 

dividing the shown percent by 100. 

 

[2] IRS: 
Infrared Spectroscopy works by shining an infrared beam through a sample and measuring the 
result. The beam fired is one of known intensity for all wavelengths so that a receptor at the other 
end of the sample can detect how much of each wavelength was absorbed in the sample. Each 
molecule absorbs differing amounts of light over differing wavelengths therefore using a guide the 
peaks representing ethanol absorption can be identified, this happened to be over the domain 1000-
1200 for ethanol. If there is more ethanol in a sample the peak representing ethanol absorption will 
be higher therefore a larger area will be measured.  
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[3] Sugar content to Ethanol percentage: 

 

This graph shows the relationship between the content of sugar in the solutions fermented (fruits 
only) to the ethanol percentage yielded when fermented. The information collected by quantifying 
the IRS results and information from Sugar Stacks. The intercept should be through the origin if all 
sugars were fermented therefore the negative intercept means that the solutions, if left for longer, 
could have fermented further. The R2 value of 0.9185 is relatively high therefore there is a strong 
correlation between sugar content and amount of ethanol produced which is to be expected. This 
shows the precision of the fermentation part of the experiment. 

  

y = 0.0915x - 0.3173
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Risk Assessment 
 
Balloon 

Potential hazards 

CHOKING HAZARD. ALLERGY ALERT. May lead to death due to choking or suffocation. Latex balloons 
may cause an allergic reaction in some individuals. Check for latex allergies before use. Do not fill 
with flammable or toxic gas. 
 
Standard handling procedures 

Do not allow students 8 years old and under to blow up balloons. Store out of reach of students. 
 
Bench centrifuge 

Potential hazards 

Rotating head may disintegrate, with pieces flying tangentially outwards. The outer container of the 
centrifuge should be designed to safely retain the pieces, so that no person is injured. A centrifuge 
may vibrate violently if the opposite tubes are not of equal mass; a vibrating centrifuge may bounce 
about ("walk") on a bench and fall off. 
  

Standard handling procedures 

Check centrifuge for corrosion or damage before each use. The outer container, responsible for 
retaining flying pieces in the event of a failure of the head, should be examined carefully. If the 
containment is damaged in any way, e.g. by corrosion, the centrifuge should be replaced. Ensure 
that opposite tubes are always closely balanced before starting a centrifuge. Glass centrifuge tubes 
may break in the centrifuge, especially if damaged in any way; ensure centrifuge tubes are not too 
long for their holders. Broken glass and solution must be cleaned carefully. Check for electrical safety 
before each use. 
 

Ceramic bowl 

Potential hazards 

Possibility of cuts if bowl chipped or damaged. May break, if dropped. 
  

Standard handling procedures 

Inspect and discard any chipped or cracked bowls. Sweep up broken pieces with brush and dustpan; 
do not use fingers. 
 

Cook's knife 

Potential hazards 

Sharp blade may cause cuts if used incorrectly. Always cut on or against a wooden surface. Never 
cut on or against a hard surface, since this will blunt blade. May be used to stab another person, 
causing grievous injuries. 
  

Standard handling procedures 

Keep knife sharp by means of sharpening stone using kerosene as lubricant. Blunt knives are more 
likely to cause injury due to the excessive force required to cut. 
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Electronic balance 

Potential hazards 

Can be knocked off bench, with potential injury to feet. Keep back from edge of bench. Danger of 
electrocution, especially in wet areas or if wiring is defective. 
  

Standard handling procedures 

Keep clean and tidy; remove spilled chemicals immediately. Check wiring for damage each time 
before use. Test and tag at regular intervals. 
 

Fruit 

Potential hazards 

Do not eat in Science laboratory, due to the possibility of chemical contamination. 
 

Glass bottle 

Potential hazards 

Glass bottle may break. Filling with hot liquids may cause cracking, due to differential expansion of 
glass inside and outside. 
  

Standard handling procedures 

Inspect and discard any chipped or cracked bottles no matter how small the damage. Sweep up 
broken glass with brush and dustpan; do not use fingers. 
 

Hygrometer 

Potential hazards 

Hygrometer may break, producing sharp fragments that may cause injury to skin or eyes. 
  

Standard handling procedures 

Sweep up broken glass with dustpan and brush. 
 

Juicer 

Potential hazards 

If juicer is electric, possibility of electrocution, especially in wet areas. 
  

Standard handling procedures 

Check for electrical safety each time before use. Test and tag at regular intervals. 
 

Measuring cylinder, glass, medium (100 mL to 500 mL) 

Potential hazards 

Glass cylinder may break; possibility of cuts from broken glass. 
  

Standard handling procedures 
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Discard any cracked or broken measuring cylinders. Do not heat any liquid in a measuring cylinder, 
since not designed for heating. Sweep up broken glass with brush and dustpan; do not use fingers. 
 

Measuring jug, plastic 

Potential hazards 

Organic solvents may affect the plastic, causing leaks. May contain harmful residues, if used for 
experiments. 
  

Standard handling procedures 

In general, do not put organic solvents in plastic containers. 
 

Measuring spoon, plastic 

Potential hazards 

Flammable. May release toxic fumes if burnt. Organic solvents may affect the plastic, causing leaks. 
May contain harmful residues, if used for experiments. 
  

Standard handling procedures 

In general, do not put organic solvents in plastic containers. Do not heat in Bunsen burner flame. 
 

Plastic funnel 

Potential hazards 

Organic solvents may affect the plastic, causing leaks. 
  

Standard handling procedures 

Do not use with organic solvents. 
 

Specimen tube, glass 

Potential hazards 

May break; broken glass may cause cuts. May contain live animals, e.g. insects, that bite or sting. 
May contain preservative liquid. 
  

Standard handling procedures 

Inspect and discard any chipped or cracked containers. Sweep up broken glass with brush and 
dustpan; do not use fingers. 
 

Stockings 

Potential hazards 

May be used to strangle another person or as a restraint device. 
  

Sugar 

Potential hazards 
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Do not eat in Science laboratory, due to the possibility of chemical contamination. 
 

Volumetric flask, small (<100 mL) 

Potential hazards 

Flat bottom of flask prone to crack or break if dropped; chips around rim may cause cuts. 
  

Standard handling procedures 

Inspect and discard any chipped or cracked flasks no matter how small the damage. Sweep up 
broken glass with brush and dustpan; do not use fingers. 
 

Yeast 

Potential hazards 

Do not eat in Science laboratory, due to the possibility of chemical contamination. Dust may cause 
lung irritation if inhaled. 
  

Standard handling procedures 

Wash hands after use. 
 

Chemicals to be used and produced 

CO2 

Carbon dioxide, gas generated during experiment 

Class: 2.2 

PG: none 

(K-12) 

Users: (1,2,3,4,5,6) 

CAS: 124-38-9 

UN: 1013 

GHS data: Not classified as a hazardous chemical. 

Potential hazards 

Harmless, in quantities generated during experiments. Toxic at high concentrations in air due to 
absorption through lungs into blood, lowering the ph. 
  

Standard handling procedures 

DO NOT GENERATE CARBON DIOXIDE IN A CLOSED CONTAINER SINCE THE CONTAINER MAY 
EXPLODE. Magnesium burns in carbon dioxide to form magnesium oxide and carbon. 
 

CH3CH2OH 

Ethanol, pure liquid, absolute 

(ethyl alcohol) 

https://www.riskassess.com.au/info/chem_codes
https://www.riskassess.com.au/info/ghs_data
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Class: 3 

PG: II 

7-12 

Users: 1,2,3,4,5 

CAS: 64-17-5 

UN: 1170 

GHS data: 

DANGER 

 

Highly flammable liquid and vapour 
Causes serious eye irritation 

 

Potential hazards 
HIGHLY FLAMMABLE; DO NOT USE NEAR IGNITION SOURCES. Liquid irritates eyes. Prolonged 
contact with skin causes irritation. Low toxicity, if pure. May be highly toxic if prepared by azeotropic 
distillation with benzene, due to residual benzene. Forms violently explosive mixtures with nitric acid 
and other oxidising agents. Reaction of ethanol with acidified dichromate solution is is diluted with 
water; 50% ethanol is barely flammable at room temperature and <24% ethanol is not classified as 
a dangerous good. 
  

Standard handling procedures 

Store and use away from ignition sources. Do not heat ethanol in a container over an open flame; 
use a water bath that is spark proof. Any experiments involving the combustion of ethanol are 
potentially hazardous. ETHANOL BURNS WITH A NEARLY COLOURLESS FLAME THAT IS DIFFICULT 
TO SEE IN STRONG LIGHT. Many serious injuries have resulted from "topping up" containers of 
burning ethanol used for heating purposes when it was thought that the flame was extinguished. If 
a fuel is required, consider using metaldehyde or hexamine tablets. Ethanol is a controlled substance, 
not usually available in schools. Methylated spirits is the usual form in which ethanol is obtained in 
schools; it contains methanol (5%), water (5%) and small amounts of pyridine and other coal-tar 
products to make the liquid unpalatable. Methylated spirits are adequate for most experiments 
carried out in schools. 
 

CH3CH2OH(aq) 

Ethanol <5 M (<24% wt/wt) 

(ethyl alcohol) 

Class: nc 

PG: none 

7-12 

Users: 1,2,3,4,5 

CAS: 64-17-5 

UN: 1170 

GHS data: Not classified as a hazardous chemical. 

Potential hazards 

https://www.riskassess.com.au/info/chem_codes
https://www.riskassess.com.au/info/ghs_data
https://www.riskassess.com.au/info/chem_codes
https://www.riskassess.com.au/info/ghs_data
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Low toxicity. Not flammable. 
  

Standard handling procedures 

Ethanol is a controlled substance, not usually available in schools. Aqueous methylated spirits are 
the usual substitute in schools. 
 

H2O 

Water, liquid (water) 

Class: nc 

PG: none 

(K-12) 

Users: (1,2,3,4,5,6) 

CAS: 7732-18-5 

GHS data: Not classified as a hazardous chemical. 

Potential hazards 

Water in a laboratory should not be drunk, due to the possibility of chemical contamination. Water 
spilled on the floor may be a slip hazard. Hot water and boiling water cause burns. 
  

Knowledge 

• I have read and understood the potential hazards and standard handling procedures of all the 
equipment, chemicals and living organisms. 

• I have read and understood the (Material) Safety Data Sheets for all chemicals used and produced. 
• I have copies of the (Material) Safety Data Sheets of all the chemicals available in or near the 

laboratory. 

 
Risk assessment 

I have considered the risks of: 

• fire 
• breakage of equipment 
• electrical shock 
• radiation 
• explosion 
• cuts from equipment 
• escape of pathogens 
• waste disposal 
• chemicals in eyes 
• sharp objects 
• heavy lifting 
• inappropriate behaviour 
• inhalation of gas/dust 
• rotating equipment 
• slipping, tripping, falling 
• allergies 
• chemicals on skin 
• vibration and noise 

https://www.riskassess.com.au/info/chem_codes
https://www.riskassess.com.au/info/ghs_data
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• falling objects 
• special needs 
• runaway reaction 
• pressure 
• heat and cold 
• other risks 
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