STAGE 2 AGRICULTURAL AND HORTICULTURAL SCIENCE

ASSESSMENT TYPE 2: Skills and Applications Tasks
Fermentation

RATE OF FERMENTATION

Abstract
The aim of this experiment was to investigate the effect of yeast concentration on rate of fermentation. This was done by adding different level of yeast in suspensions into 20mL of glucose solution that was in a test tube sitting in warm water. The CO₂ would be collected in the test tube and therefore measure the rate of fermentation. The results supported the hypothesis that showed that the more yeast that was in the suspension the faster the rate of fermentation that was occurring.

Introduction
All cells need to obtain energy through the breakdown of organic rich molecules (usually glucose). This process is known as respiration. If cells are unable to obtain oxygen that they need for the aerobic respiration, they start fermentation. Many plants and micro-organisms, such as yeast (fungi), carry out fermentation which is anaerobic respiration of glucose forming ethanol (Alcohol) and Carbon dioxide (refer to equation below).

Glucose


   Alcohol   +   Carbon dioxide

C₆H₁₂O₆


  2C₂H₅OH   +   2CO₂

It is possible to measure the rate of fermentation by either measuring the production of heat, carbon dioxide or alcohol. This reaction is catalysed by enzymes such as those found in yeast and therefore it can be affected by a number of factors. If enzymes do not have their optimal temperature and pH they will not function at their optimal and this will therefore change the rate of fermentation. Other things that would effect this reaction are the yeast cells, because the enzymes in the yeast cells should influence the rate of fermentation.

Aim

To investigate the effect of yeast concentration (g/L) on the rate of fermentation, measured by the amount of carbon dioxide production. 

Hypothesis

“If the yeast concentration (g/L) increases then the rate of fermentation will increase till an optimum is reached”.

Independent Variable

· Concentration of Yeast (10g/L, 20g/L, 30g/L, 40g/L, 50g/L)

Dependent Variable

· The rate of fermentation shown by Carbon dioxide production (mL)

Controlled Variables

· Amount of glucose
· Water Temperature (37°C)
· Volume of water in the yeast suspension

· Time of experiment

· Size of beakers

· Type of yeast

· Volume of water in the water bath
Materials
· Yeast



- 6 x Retort stand with clamp
· 6% Glucose solution

- 6 x Test tube with stopper
· 6 x 200mL Beakers

-  Measuring Scales
· 6 x 50mL measuring cylinders
- Spatula
· Pipette



- Ceramic bowl
· Thermometer 


- 6x 10mL measuring cylinders
Design

This fermentation practical consisted of 5 treatments of yeast solution with identical apparatus. Refer to the diagram below for the setup with labelled apparatus.
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Figure 1 – The setup of the experiment with labelled equipment and apparatus

Method

1. Measure out 2,4,6,8 and 10 grams of yeast and place them into separate 200mL appropriately labelled beakers.

2. Add 200mL of warm (35°C) water to each of the test tubes containing yeast and stir. This then forms the yeast suspension

3. Setting up the apparatus. (As per diagram above)

4. Using a measuring cylinder, add 20mL of the glucose solution to each of the six labelled test tubes.

5. Fill the 6 measuring cylinder with water, use your thumb to cover the end, then turn it upside down and place it in the bowl of water. The water will stay contained in the measuring cylinder (try to avoid having air bubbles). Any gases that are produced will be collected in the measuring cylinders. Use a retort stand and clamp to make sure the measuring cylinder is stable and off the bottom of the bowl to allow the delivery tube to be placed up the measuring cylinder.

6. Using a large beaker fill it with warm water at 35°C, this may be done by mixing hot and cold water, use a thermometer to reach the appropriate temperature. 

7. This water is then is place in the beaker that is holding the test tube and acts as a water bath.

8. Using the pipette add 2mL of a different yeast suspension in each of the 5 labelled test tubes containing 20 ml of glucose solution.

9. In the other test tube of glucose solution, add 2 ml of distilled water.

10. Then Insert the stopper that has the delivery tube attached and thoroughly mix the contents of the test tube make sure the end of the delivery tube is in the measuring cylinder.

11. Observe and recorded the volume of gas (CO₂) in the measuring cylinder whenever convenient for several hours. Refill the measuring cylinder if necessary.  

Results
Table below displays the amount of carbon dioxide (mL) produced for the 5 treatments:
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	 INDEPENDENT VARIABLE yeast g/l

	
	Time from start (mins)
	0 (g/L)
	10(g/L)
	20(g/L) 
	30(g/L)
	40(g/L)
	50(g/L)

	
	0
	0
	0
	0
	0
	0
	0

	
	68 
	0
	0
	0.5
	0
	0
	3

	
	210
	0
	0
	2
	2
	6
	6

	
	255
	0
	3
	2
	4
	10
	14

	
	295
	0
	3
	2
	8.5
	15
	16

	
	345
	1
	3
	2
	10
	18
	19

	
	400
	1
	4
	2
	10
	18.5
	20

	
	480
	1
	4
	2
	14.5
	22.5
	29

	
	1350
	1
	4
	2
	16
	27.5
	60

	
	1620
	1
	4
	2
	19
	30
	63

	
	1800 
(last measurement)
	1
	4
	2
	20
	32
	65



	Yeast in suspension

(g L-1)
	Vol CO2  produced in 1760 mins

(ml)
	Rate of CO2  production

(ml h-1)

	0
	1
	0.03

	10
	4
	0.13

	20
	2
	0.07

	30
	20
	0.67

	40
	32
	1.07

	50
	65
	2.17
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Discussion
The results obtained did support the hypothesis that “If the yeast concentration increases increased then the rate of fermentation will increase till an optimal is reached”. Through analyses of the graph it can be seen that at a concentration of 10 and 20(g/L) was where the slowest rate of fermentation was recorded and at concentrations 30, 40 and 50(g/L) there was an increase in CO₂ production, therefore resulted in a faster rate of fermentation. This indicated that the rate of fermentation (measured by the CO₂ produced) increases as the amount of yeast concentration in the suspension solution increases. This happens because yeast provides the enzymes and glucose is the reactant in the reaction of anaerobic respiration and without them the reaction would not be able to produce the products. Therefore with limited amount of yeast there is going to be fewer products of alcohol and CO₂. That is why measuring the CO₂ production is an accurate way of determining the rate of fermentation. 
There was no evidence that an optimal level was reached.  This could have been because there was not a high enough concentration of yeast.
Possible Errors

Random Errors
· There were air bubbles already in the measuring cylinder of water when it was inverted.  This made the readings of the CO2 volume inaccurate.
· The volume of water added to the yeast suspension may not have been measured accurately in each case.  This would mean that the concentrations of yeast solution were not accurate.

· The measuring of the yeast may have been inaccurate.  This would also cause errors in the concentration of the yeast suspension.

· The measuring of the glucose when preparing the glucose solution may have been inaccurate but all the test tubes contained glucose solution from the same stock solution.  The measurement of 20 mL of this solution into each solution may have been inaccurate so that not all test tubes had the same amount of glucose in them.

· The volume of the water in the water baths may not have all been the same so there may have been some variation in the temperatures of the test tubes.
Systematic Errors
· The calibration of the measuring cylinder may have been inaccurate.

· The calibration of the electronic scales may have been inaccurate.
Possible Improvements
A weakness of this experiment was that we did not replicate the experiment using different equipment such as electronic balance and measuring cylinders.  This would have shown any potential effects of systematic errors. An improvement would have been to replicate the experiment.
This investigation was done with a sample size of one because there was only one test tube of each glucose concentration.  Because of this, the results are not very reliable.  To make them more reliable, results from other groups could have been combined to make a larger sample and then an average of these results could have been graphed.

The temperature was not kept at 35°C for the whole 30 hours of the investigation.  This could have affected the activity of the enzymes from the yeast.  An improvement would have been to have a thermostatically controlled water bath.  This would have meant that the temperature could have been kept constant all the time and so the results would not have been affected by any change of temperature.
Another improvement of this experiment would be if there had been a greater range of independent variables using higher yeast concentration e.g. 60, 70, 80 (g/L). This might have shown whether there was an optimal amount of yeast needed to produce the fastest fermentation. 

Conclusion
The hypothesis being tested was: If the yeast concentration (g/L) increases then the rate of fermentation will increase till an optimum is reached.  The data partly supports the hypothesis because there is an increase in the rate of respiration as the concentration of glucose increases.  

The increase is a small increase at low concentrations but a large increase at 50 g/L.  Further investigation would be needed to see if at a higher level of yeast concentration the rate will react at an optimum.
Review
The group I worked with worked well most of the time.  We agreed fairly quickly whose method to use for the experiment.  We worked out who was going to do each task such as measure out the glucose solution, weigh the yeast, and get the water bath ready.  We discovered that turning the measuring cylinders upside down really needed two people to work together to get as few air bubbles in the cylinder as possible.
There was one thing that didn’t work well for our group.  We had decided who was going the record the CO2 volumes at different times though the experiment.  Most of the time this worked well but one of the group members didn’t come to do the readings for two of their turns.  One time was because they forgot but the second time was because another class was running late so they didn’t have time before the bus left.  We could probably have worked out a way to remind each other so that no-one forgot but when the class was running late that person could have rung someone else to get the readings done.

Performance Standards for Stage 2 Agricultural and Horticultural Science
	
	Investigation
	Analysis and Evaluation
	Application
	Knowledge and Understanding

	A
	Designs logical, coherent, and detailed agricultural and horticultural science investigations.
Critically and logically selects and consistently and appropriately acknowledges information about agricultural and horticultural science and issues in agricultural and horticultural science from a range of sources.

Manipulates apparatus, equipment, and technological tools carefully and highly effectively to implement 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 agricultural and horticultural science concepts and evidence from investigations to suggest solutions to, or make effective recommendations to address, complex problems in new and familiar contexts.

Uses appropriate agricultural and horticultural science terms, conventions, formulae, and equations highly effectively.

Demonstrates initiative in applying constructive and focused approaches to individual and collaborative work skills.
	Consistently demonstrates a deep and broad knowledge and understanding of a range of agricultural and horticultural science concepts and practices.
Uses knowledge of agricultural and horticultural science perceptively and logically to understand and explain social, economic, or environmental issues.

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

	B
	Designs well-considered and clear agricultural and horticultural science investigations.

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

Manipulates apparatus, equipment, and technological tools carefully and mostly effectively to implement 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 agricultural and horticultural science concepts and evidence from investigations to suggest solutions to, or make recommendations to address, problems in new and familiar contexts.

Uses appropriate agricultural and horticultural science 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 agricultural and horticultural science concepts and practices. 

Uses knowledge of agricultural and horticultural science logically to understand and explain social, economic, or environmental issues.

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

	C
	Designs considered and generally clear agricultural and horticultural science investigations.

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

Manipulates apparatus, equipment, and technological tools generally carefully and effectively to implement 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 agricultural and horticultural science and suggests some improvements that are generally appropriate. 


	Applies agricultural and horticultural science concepts and evidence from investigations to suggest some solutions to, or make recommendations to address, basic problems in new or familiar contexts.

Uses generally appropriate agricultural and horticultural science 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 agricultural and horticultural science concepts and practices. 

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

Uses a variety of formats to communicate knowledge and understanding of agricultural and horticultural science with some general effectiveness.

	D
	Prepares the outline of one or more agricultural and horticultural science investigations.

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

Uses apparatus, equipment, and technological tools with inconsistent care and effectiveness and attempts to implement 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 simple solutions or recommendations in familiar contexts.

Attempts to use some agricultural and horticultural science 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 agricultural and horticultural science concepts and/or practices. 

Identifies and explains some agricultural and horticultural science information that is relevant to one or more social, economic, or environmental issues.

Communicates basic information to others using one or more formats.

	E
	Identifies a simple procedure for an agricultural and horticultural science investigation.

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

Attempts to use apparatus, equipment, and technological tools with limited effectiveness or attention to safe or ethical work practices.

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 in one or more procedures.


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

Uses some agricultural and horticultural science terms or formulae.

Shows emerging skills in individual and collaborative work.
	Demonstrates some limited recognition and awareness of agricultural and horticultural science concepts or practices. 

Shows an emerging understanding that some agricultural and horticultural science information is relevant to social, economic, or environmental issues.

Attempts to communicate information about agricultural and horticultural science.


Knowledge and Understanding


Introduction demonstrates depth and breadth of knowledge and understanding of concepts of aerobic fermentation. Factors affecting rate of respiration accurately identified.





Investigation


Logical, coherent, and detailed plan, including appropriate hypothesis, dependent, independent and controlled variables, detailed method, and materials.





Water Bath at 35˚C





20mls of Glucose





Bowl





Delivery Tube





Stopper





Beaker





Yeast





Measuring


Cylinder





Test tube





Retort Stand





Investigation


Obtains, records, and displays findings of investigations using appropriate conventions and formats accurately and highly effectively. (e.g. table with appropriate headings, clear labelling).





Investigation


Obtains, records, and displays findings of investigations using appropriate conventions and formats accurately and highly effectively. (e.g. graph has appropriate headings, scale, and clear labelling).





Effect of yeast concentration on rate of fermentation 





Rate of CO2  production


(ml h-1)





Concentration of yeast (g L-1)





Analysis and Evaluation


Critically and logically evaluates procedures and suggests a range of appropriate improvements. (e.g. suggestions for improvements are logical and comments on random errors, weaknesses and demonstrates critical thinking).





Analysis and Evaluation


Critically and systematically analyses data and their connections with concepts to formulate a logical and perceptive conclusion.





Application


Demonstrates understanding of constructive collaborative work skills.





Additional comments


This assessment contributes to an overall decision for the Skills and Applications Tasks about the student’s deep and broad knowledge of a range of agricultural and horticultural science concepts. (Knowledge and Understanding)


Teacher observation, together with the student’s review, provides evidence towards the assessment of the student’s collaborative skills (Application).


Teacher observation, together with data recorded in data table, provides evidence towards the assessment of the student’s careful manipulation of apparatus and highly effective implementation of investigation procedures. (Investigation)
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