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Stage 2 Scientific Studies:

Effect of yeast on sugar content of apple juice

Introduction:

Aerobic respiration is the chemical process of releasing energy from glucose to essentially create Adenosine TriPhosphate (ATP) - a nucleotide which stores energy (BioTopics, 2012). Throughout the human body, two types of respiration are used constantly for cellular function; anaerobic respiration -produced without oxygen and aerobic respiration- with oxygen (TutorVista.com, 2010). Glucose is a simple sugar, essential for the release of energy and cellular respiration. Glucose is made up of made up of carbon, hydrogen and oxygen (C6H12O6) and is often obtained by the body through digested foods (Edelman, 2008). Other sugars, such as Fructose are composed of both Glucose and Sucrose. Below is the chemical equation for the process of aerobic respiration (Purchon, 2012).

C6H12O6 + 6O2 = 6CO2 + 6H2O + Energy

Energy is released from glucose when the chemical bonds are broken (BioTopics, 2012). Enzymes are biochemical substances present in all living organisms. Inside cells, enzymes act as catalyst's, by speeding up chemical reactions (Brain, 2012). In this instance, enzymes assist in all chemical reactions inside the cell, including the complex steps in respiration (Brain, 2012). In respiration, each stage involves an intricate bio-chemical process involved with the breakdown of glucose and as a result, the production of ATP molecules. The energy released then acts as a 'fuel' for most cells in the human body, specifically the muscular

Since Glucose is an essential energy source in the body, this investigation focuses specifically on the aerobic respiration and breakdown of Fructose and thus glucose, found in apple juice by yeast. Yeast are living organisms, known specifically for the fermentation of carbohydrates into alcohol or the leavening of bread (Transgalactic Ltd, 2005). Since Yeast are living organisms, they contain the enzymes for respiration as well as the breakdown of Fructose into Glucose. Hence, with more yeast there will be more enzymes to speed up the reactions that breakdown glucose in respiration. When apple juice is fermented to produce cider, the more yeast that is present the more breakdown of glucose should occur.
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Aim: To investigate how different amounts of yeast affect the sugar content of apple juice. Independent variable: Amount of yeast (gm/100ml)

Dependent variable: Sugar content of fresh apple juice (Brix %)

Control variables:

· Volume of apple juice (5.0ml)

· Volume of yeast solution (10 drops)

Hypothesis:

As the amount of yeast increases, the sugar content found in apple juice will decrease.

Materials:

· Electric juicer
-
4 x circular filter paper

· Square ice-cream container
-
Small Funnel

· 4x Red Gala apples
-
12x test tubes

· 5x 250ml beaker
-
3x test tube rack

· Strainer

-
Labels

· Watch glass
-
 Refractometer

· Electronic scale
-
Distilled water

· 20gm dried yeast
-     10ml measuring cylinder

· Electric jug
-
Stirring rod

· 400mIs warm water
-      4x 125ml conical flasks

· 5 x teat pipette

Method:

1. Using an electric juicer, carefully juice the 4 Red Gala apples into an ice-cream container. Let the juice sit for 2 minutes or until all the foam has formed on top of the juice.

2. Using the strainer, strain the apple juice into a 250ml beaker and set aside. Discard of the foam.

3. Using a new 250ml beaker boil 1/2 cup (125ml) of water in the electric jug.

4. Combine the boiled water with 2 cups (500ml) of cold water in the clean ice-cream container. The water should be a lukewarm temperature.

5. Label a beaker and conical flask with `0.5gm yeast solution' and measure 100ml of lukewarm water into the beaker.

6. Tare the electronic scales and watch glass, and weigh 0.5gms of dried yeast into the watch glass.

7. Carefully pour the yeast into the labeled beaker and stir for two minutes using a stirring rod until combined.

8. Using the funnel and filter paper filter the lumps from the yeast solution and pour the remaining liquid into the conical flask labeled 0.5gm yeast solution and set aside. See the diagram below.
(csuan.edu, 2012)
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9. Using the remaining lukewarm water, repeat steps 5-8 substituting 0.5gms for the 3 other yeast amounts (1.0gm, 1.5gm, 2.0gm per 100ml). These are the four yeast solutions.

10. Using the 10ml measuring cylinder and a teat pipette, measure 5.0ml of apple juice and pour into an empty test tube labeled with '0.5gm yeast'.

11. Using a teat pipette, place one drop of apple juice onto the plate of the refractometer. Measure and record the sugar content of the juice, by looking through the eye piece. The white line indicates the amount of sugar (brix %) (See diagram below). Wash the refractometer with distilled water.

(ROCOL North America, 2009)

12. Using a teat pipette, place 10 drops of the 0.5gm yeast solution, into the corresponding test tube. Shake the tube for 10 seconds to combine, set aside for 2 minutes.

13. Using the refractometer and a teat pipette, re-measure the sugar content in the juice. Record the change in sugar content.

14. Repeat steps 10-13, substituting the 0.5gm yeast solution for the 3 other yeast amounts (1.0gm, 1.5gm, 2.0gm).

15. Repeat steps 10-14 twice.

Word count: 794 words
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Results:
Raw data:
Trial 1

	Yeast Concentration (gm/100ml)
	Sugar content (brix %)
	Change in sugar content

	
	Before
yeast
	After yeast
	

	0.5gm
	13.2
	12.1
	1.1

	1.0gm
	13.1
	11.3
	1.8

	1.5gm
	13.3
	11.9
	1.4

	2.0gm
	13.1
	11.2
	1.9


Trial 2

	Yeast Concentration (gm/100ml)
	Sugar content (brix %)
	Change in sugar content

	
	Before
yeast
	After yeast
	

	0.5gm
	13.0
	12.1
	0.9

	1.0gm
	13.1
	11.8
	1.3

	1.5gm
	13.0
	11.1
	1.9

	2.0gm
	13.1
	10.9
	2.2


Trial 3

	Yeast Concentration (gm/100ml)
	Sugar content (brix %)
	Change in sugar content

	
	Before
yeast
	After yeast
	

	0.5gm
	13.0
	11.2
	1.8

	1.0gm
	13.1
	11.0
	2

	1.5gm
	13.0
	10.8
	2.2

	2.0gm
	13.0
	10.6
	2.4


Stage 2 Scientific Studies:

Effect of yeast on sugar content of apple juice

Effect of yeast on the sugar content of apple juice

	Yeast

concentration (gm/100ml)
	Change in sugar content in 2 minutes (brix %)

	
	Trial 1
	Trial 2
	Trial 3
	Average
	Scatter

	0.5gm
	1.1
	0.9
	1.8
	1.3
	0.9

	1.0gm
	1.8
	1.3
	2
	1.7
	0.7

	1.5gm
	1.4
	1.9
	2.2
	1.8
	0.8

	2.0gm
	1.9
	2.2
	2.4
	2.2
	0.5




Discussion:

The trend suggests a linear relationship between increasing the amounts of yeast and the sugar content of apple juice. The lowest yeast solution (0.5gm/100ml) produced the lowest change in sugar content in two minutes of 1.3 brix %. This indicates that with less yeast, there are fewer enzymes to digest the sugar and as a result, there is not a significant change in sugar content. Both the 1.0gm and 1.5gm yeast solution produced an average sugar change of 1.7 brix% and 1.8 brix% respectively. Since the difference between these variables in not significant, the trend suggests an error in the data. The 2.0gm yeast solution produced the greatest change in sugar content of 2.2 brix %. Thus indicating that with more yeast, there are more enzymes to digest the sugar and the presence of sugar was reduced. The hypothesis was supported as when the amount of yeast increased, the sugar content decreased and as a result, the change in sugar content was therefore greater.

A possible source of random error was the varying temperatures of the 'lukewarm' water used for each of the yeast solutions. Since the temperature of the four yeast solutions was not measured, the yeast was liquefied at different temperatures. In this instance, the temperature of the water can alter the effectiveness of the yeast as a catalyst; in terms of digesting the sugar. If the temperature
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of the water is too cold, the enzymes in the yeast are not activated and not able to effectively digest the sugar. If the temperature was too hot the degree will kill the yeast and once again reduce the effectiveness of yeast as a catalyst. Focusing specifically on the 1.0gm and 1.5gm yeast solution, there is a 0.1 difference in the average change in sugar content. In this instance, the water used to activate the 1.5gm yeast solution may not have been warm enough and as a result, cause scatter in the data, and thus reduce the reproducibility of the results. Furthermore, the scatter reduces the precision and therefore the reliability of the results.

In addition, another possible source of random error relates to the inconsistent shaking the tube after the yeast is added. Once the yeast solutions were added to the juice, the two liquids were effectively combined by shaking for ten seconds. Furthermore, shaking the tube was vital for the practical, as it helped to speed up the respiratory reaction by activating the yeast and thus causing the enzymes to digest the sugar faster. Therefore, if a tube was shook more often than another, it is likely that that trial would produce a higher change in sugar content. Since the method does not specify how to shake the tube or how many times, each time was inconsistent thus causing a considerable scatter in the results and reducing the reproducibility of the data. Since the 0.5gm yeast solution, indicates the highest scatter of 0.9 brix %, this suggests that the tubes were shaken inconsistently throughout trials. Therefore, the inconsistent shaking reduces the precision and therefore the reliability of the results.

Furthermore, another source of random error is the incorrect focusing of the refractometer. Although the refractometer comes with an adjustable focus for easy reading, the focus was not appropriate for my eyesight. In this instance, the defining line was cloudy and as a result the brix % for each trial could have been interpreted incorrectly. As a result, poor focus is likely to cause scatter in the results and therefore reduce precision.

A possible source of systematic error was the quality of the yeast used. Although the longevity and quality of yeast is not commonly effected by the storage, poor quality or outdated yeast could have been used. Poor quality yeast impacts the enzyme's ability to breakdown and digest fructose. As a result, it is highly likely that the lacking function of the yeast can cause all results to deviate from the true value. Since the same yeast was used consistently for all trials, this affects all values and therefore decreases the accuracy of the results.

A considerable strength in the practical was the number of trials. Each yeast solution was separately trialed three times and the final results were averaged to reduce the effects of potential random errors.

A significant weakness in the practical was the time between the adding of yeast and recording of the sugar content. As instructed in the method, the sugar content was re-measured two minutes after the yeast solution was added. Since fructose is the dominant sugar found in apple juice, the yeast must first break it down into sucrose and glucose before then completing the final process involving aerobic respiration. In this case, two minutes was not long enough for the enzymes to breakdown and digest the two sugars.

To reduce the effects of random error, a significant improvement to the practical would be to have a consistent temperature of the water for all yeast solutions. By measuring an appropriate
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temperature of the water, the enzymes found in the yeast would all essentially be activated to the same level. This will allow each solution to digest the sugars at its full or equal potential. As a result, this would reduce the scatter and therefore increase the reliability of the results.

To reduce the effects of systematic error, the quality of the yeast should be trialed before the practical. First and foremost, the yeast should be within the expiry date. To ensure that the yeast is still active, a trial could be completed with a combination of warm water and sugar. As a result, the yeast would be of purer quality and essentially have the potential to breakdown the sugars successfully. Therefore reducing the skew in the data and increasing the accuracy of the results.

To reduce the effects of significant weakness, a longer time period should be given for the yeast to counteract with the sugar. Although two minutes did indicate an obvious change in the sugar content, a longer time period would have allowed for the enzymes to breakdown more molecules of fructose and thus digest more Glucose.

Conclusion:

The amount of yeast effectively altered the sugar content found in apple juice. The results indicated a linear trend which suggests that the higher the amount of yeast, the higher the change in sugar content. The hypothesis was supported as the 2.0gm yeast solution produced the highest change in sugar content and the 0.5gm yeast solution produced the lowest change in sugar content. Various errors such as varying temperatures of the yeast solution resulted in a considerable scatter and thus reduced the reliability of the results.

Results/ discussion/conclusion word count: 1, 167 words

Total word count:
= 825 + 1167 = 1, 992 words
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Performance Standards for Stage 2 Scientific Studies
	
	Investigation
	Analysis and Evaluation
	Application
	Knowledge and Understanding

	A
	Designs logical, coherent, and detailed plans for scientific investigations.

Critically and logically selects and consistently and appropriately acknowledges information about science and issues in science from a range of sources.

Manipulates apparatus and technological tools carefully and highly effectively using well-organised safe and ethical investigation procedures.

Obtains, records, and displays findings of investigations using appropriate conventions and formats accurately and highly effectively.
	Critically and systematically analyses data and their connections with concepts, to formulate logical and perceptive conclusions and make relevant predictions.

Critically and logically evaluates procedures and suggests a range of appropriate improvements.


	Applies scientific concepts and evidence from investigations to present substantiated personal views and to suggest solutions to complex problems in new and familiar contexts.

Uses appropriate scientific terms, conventions, formulae, and equations highly effectively.

Demonstrates initiative in applying constructive and focused individual and collaborative work skills.
	Consistently demonstrates a deep and broad knowledge and understanding of a range of scientific concepts.

Uses knowledge of science perceptively and logically to understand and explain social or environmental issues.

Uses a variety of formats to communicate knowledge and understanding of science coherently and highly effectively.

	B
	Designs well-considered and clear plans for scientific investigations.

Logically selects and appropriately acknowledges information about science and issues in science from different sources.

Manipulates apparatus and technological tools carefully and mostly effectively using organised safe and ethical investigation procedures.

Obtains, records, and displays findings of investigations using appropriate conventions and formats mostly accurately and effectively.
	Clearly and logically analyses data and their connections with concepts, to formulate consistent conclusions and make mostly relevant predictions.

Logically evaluates procedures and suggests some appropriate improvements.


	Applies scientific concepts and evidence from investigations to present logical personal views and to suggest solutions to problems in new and familiar contexts.

Uses appropriate scientific terms, conventions, formulae, and equations effectively.

Applies mostly constructive and focused individual and collaborative work skills.
	Demonstrates some depth and breadth of knowledge and understanding of a range of scientific concepts.

Uses knowledge of science logically to understand and explain social or environmental issues.

Uses a variety of formats to communicate knowledge and understanding of science coherently and effectively.

	C
	Designs considered and generally clear plans for scientific investigations.

Selects with some focus, and mostly appropriately acknowledges, information about science and issues in science from different sources.

Manipulates apparatus and technological tools generally carefully and effectively using safe and ethical investigation procedures.

Obtains, records, and displays findings of investigations using generally appropriate conventions and formats with some errors but generally accurately and effectively.
	Analyses data and their connections with concepts, to formulate generally appropriate conclusions and make simple predictions, with some relevance.

Evaluates some procedures in science and suggests some improvements that are generally appropriate.


	Applies scientific concepts and evidence from investigations to present reasonable personal views and to suggest some solutions to basic problems in new or familiar contexts.

Uses generally appropriate scientific terms, conventions, formulae, and equations with some general effectiveness.

Applies generally constructive individual and collaborative work skills.
	Demonstrates knowledge and understanding of a general range of scientific concepts.

Uses knowledge of science with some logic to understand and explain one or more social or environmental issues.

Uses different formats to communicate knowledge and understanding of science with some general effectiveness.

	D
	Prepares the outline of one or more scientific investigations.

Selects and may partly acknowledge one or more sources of information about science or an issue in science.

Uses apparatus and technological tools with inconsistent care and effectiveness and attempts to follow safe and ethical investigation procedures.

Obtains, records, and displays findings of investigations using conventions and formats inconsistently, with occasional accuracy and effectiveness.
	Describes basic connections between some data and concepts, and attempts to formulate a conclusion and make a simple prediction that may be relevant.

For some procedures, identifies improvements that may be made.


	Applies some evidence to describe some basic problems and identify one or more personal views and simple solutions, in familiar contexts.

Attempts to use some scientific terms, conventions, formulae, and equations that may be appropriate.

Attempts individual work inconsistently, and contributes superficially to aspects of collaborative work.
	Demonstrates some basic knowledge and partial understanding of scientific concepts.

Identifies and explains some scientific information that is relevant to one or more social or environmental issues.

Communicates basic information to others using one or more formats.

	E
	Identifies a simple procedure for a scientific investigation.

Identifies a source of information about science or an issue in science.

Attempts to use apparatus and technological tools with limited effectiveness or attention to safe or ethical investigation procedures.

Attempts to record and display some descriptive information about an investigation, with limited accuracy or effectiveness.
	Attempts to connect data with concepts, formulate a conclusion, and make a prediction.

Acknowledges the need for improvements to one or more procedures.


	Identifies a basic problem and attempts to identify a personal view or solution in a familiar context.

Uses some scientific terms or formulae.

Shows emerging skills in individual and collaborative work.
	Demonstrates some limited recognition and awareness of scientific concepts.

Shows an emerging understanding that some scientific information is relevant to social or environmental issues.

Attempts to communicate information about science.
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Investigation


The plan is logical, coherent and detailed.





Investigation


Data is displayed using appropriate units and formats accurately and highly effectively.





Analysis and Evaluation


Critically and systematically analyses the results and their connection with the relevant scientific concepts.





Analysis and Evaluation


Critically and logically evaluates the effects of several relevant random errors on the results.





Application


Appropriate scientific terms used highly effectively.





Knowledge and Understanding


Knowledge and understanding displayed coherently and highly effectively.
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