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PAG10 Investigation using a data logger OR computer modelling
 10.2 Turbidity change in microbial growth in different sugars

Turbidity change in microbial growth in different sugars				TEACHER/TECHNICIAN	Notes for all OCR PAG activities
· These practical activities are not controlled assessments, do not need to be carried out under exam conditions and can take place as part of normal teaching and learning.
· Students can collaborate during the activities but each student must individually demonstrate competence in each of the practical skills being assessed (see Practical Skills below). 
· It is possible for a student to achieve some but not all of the practical skills involved in an activity (and this can be recorded as individual skills achieved or not achieved in the OCR PAG Tracker).
· The practical activities can be adapted by the Centre to make use of the materials and equipment available in the Centre. If adaptations are made to this practical, please be aware that this may affect the practical skills and/or assessment criteria covered. 
· Centres are free to carry out alternative practical activities to fulfil any of the required practical skills / assessment criteria (see below for those covered in this practical activity).
· Centres should trial each activity before giving it to students. 



Introduction
The turbidity (cloudiness) of a microbial broth increases as the culture grows and the density of cells increases. This process can be monitored over time by a colorimeter.

Aims and skills covered
· Designing an investigation to use measures of turbidity to monitor the growth of microbial culture over time with different sugar substrates.

Intended class time
· 60 minutes planning time including the opportunity to set up some trial cultures for growth all day or overnight. 
· 60 minutes initial set up time for the main experiment.
· Data collection over several hours.
· 45 minutes data processing.

Practical Skills
· 1.2.1 (a) Apply investigative approaches and methods to practical work
· 1.2.1 (b) Safely and correctly use a range of practical equipment and materials
· 1.2.1 (d) Make and record observations/measurements
· 1.2.1 (e) Keep appropriate records of experimental activities
· 1.2.1 (f) Present information and data in a scientific way
· 1.2.1 (g) Use appropriate software and tools to process data, carry out research and report findings 
· 1.2.1 (j) Use a wide range of experimental and practical instruments, equipment and techniques appropriate to the knowledge and understanding included in the specification
· 1.2.2 (a) Use of appropriate apparatus to record a range of quantitative measurements (to include time and pH)
· 1.2.2 (b) Use of appropriate instrumentation to record quantitative measurements, such as colorimeter or potometer 
· 1.2.2 (l) Use of ICT such as computer modelling, or a data logger to collect data, or use of software to process data



CPAC
2, 3 and 4
Links to the specifications
Biology A
· 2.1.2 (d) The ring structure and properties of glucose as an example of a hexose monosaccharide and the structure of ribose as an example of a pentose monosaccharide
· 2.1.2 (e) The synthesis and breakdown of a disaccharide and polysaccharide by the formation and breakage of glycosidic bonds
· 5.2.2 (c) The process and site of glycolysis
· 5.2.2 (i)(i) The process of anaerobic respiration in eukaryotes
· 5.2.2 (i)(ii) Practical investigations into respiration rates in yeast, under aerobic and anaerobic conditions
· 5.2.2 (l) Practical investigations into the effects of factors such as temperature, substrate concentration and different respiratory substrates on the rate of respiration
· 6.2.1 (h)(i) The standard growth curve of a microorganism in a closed culture
· 6.2.1 (h)(ii) Practical investigations into the factors affecting the growth of microorganisms

Biology B
· 2.1.2 (e) The structure of the ring form of α-glucose as an example of a simple monosaccharide, and lactose as a disaccharide
· 4.1.1 (a) An outline of glycolysis as an enzyme controlled metabolic pathway
· 4.1.1 (e) An outline of the process of anaerobic respiration in muscle cells and in yeast
· 4.1.1 (g) (i) The use of respirometers and other methods to investigate the rate of respiration
· 4.1.1 (g) (ii) Practical investigations into the effect of temperature, substrate concentration, anaerobic conditions and different respiratory substrates on the rate of respiration

Mathematical Skills
M0.1Recognise and make use of appropriate units in calculations
M0.2 Recognise and use expressions in decimal and standard form
M0.5 Use calculators to find and use power, exponential and logarithmic functions
M2.5 Use logarithms in relation to quantities that range over several orders of magnitude
M3.1 Translate information between graphical, numerical and algebraic forms
M3.2 Plot two variables from experimental or other data
M3.3 Understand that  y = mx + c  represents a linear relationship
M3.5 Calculate rate of change from a graph showing a linear relationship
M3.6 Draw and use the slope of a tangent to a curve as a measure of rate of change

Chemicals
	Label 
	Identity 
	Hazard information 

	Yeast
	Yeast suspension in distilled water
	No known hazard.

	20% sucrose
	20% sucrose in distilled water
	No known hazard.

	20% glucose
	20% glucose in distilled water
	No known hazard.

	20% galactose
	20% galactose in distilled water
	No known hazard.

	20% fructose
	20% fructose in distilled water
	No known hazard.

	20% sorbose
	20% sorbose in distilled water
	No known hazard.



Equipment (per group)
· Colorimeter
· Cuvettes
· Clock
· 20% solutions of sucrose, glucose, galactose, fructose and sorbose
· Starter culture of yeast
· Pasteur pipettes
· 12 boiling tubes
· Distilled water 
· Thermostatically controlled water bath

Health and Safety
· Health and safety should always be considered by a centre before undertaking any practical work. A full risk assessment of any activity should be undertaken including checking the CLEAPSS website (https://www.cleapss.org.uk).
· The starting materials present no known hazard.
· Yeast cultures should be disposed of down the sink immediately after use.

Notes
· Waterbaths have been included in the equipment list on the assumption that students will decide on an incubation done over the course of a school day at higher temperature, with students re-visiting the lab at regular intervals to take readings. It would also be possible to set up this experiment using a data-logger (in which case warm temperatures are less important since it can be left for a longer time, but avoiding fluctuations in temperature remains an issue).

· Microbial hazard: note that microbes from the environment are likely to contaminate the broth culture. Some of these microbes may be associated with disease. This particularly applies to cultures that have been kept for longer than a school day. 
· For cultures made during a school day, students should wash their hands thoroughly after carrying out the activity.
· For cultures that are fermenting longer than a school day, see the CLEAPSS website for information on safety with fermentation experiments.

· If fermenting yeast cultures for longer than a school day, the fermentation needs to be set up so that growth of possible pathogens is reduced to a minimum, and disposal is done safely. 
· The cultures containing substrates that the yeast cells can’t metabolise are of particular concern as there is no competition from “safe” yeast cells, and pathogens from the environment may grow in the culture. 
· General advice is to use sterile equipment (including the fermenter). 
· CLEAPSS advise that the fermenter and its contents should be sterilised with steam at 1210C for 15 minutes before disposal. 

· Refer to the CLEAPSS website for more detailed information on safety in fermentation experiments.
· If students choose to use data-loggers they will need to consider the issue of the culture settling when left undisturbed. Magnetically stirred cultures monitored using a light source and a light intensity meter (rather than a colorimeter) could offer a solution.

· Active dried yeast or fresh yeast (bakers yeast) are suitable for this activity.

· The initial yeast suspension provided to students should be dilute (low turbidity). Trials to establish the best starting concentration combining initial low turbidity with detectable growth in a reasonably short time could be done beforehand to get the students started quicker, or as part of the students’ own preliminary trials.

· Getting good growth of yeast cultures in sugar medium over a reasonable timescale is challenging. Centres might wish to consider setting up a culture in white grape juice and taking turbidity measurements over 2-3 days. Various datalogger set-ups would allow this or samples can be taken at regular intervals on behalf of the students and then refrigerated until the lab session in which measurements are made by students.

· This activity offers an opportunity to address the only two ‘A Level only’ mathematical skills: M0.5 and M2.5 relating to logarithms. Gathering data, making a linear plot (producing a curved line of best fit during log phase growth) and then seeing how plotting the same data as a semi-log plot (with a region of apparent ‘straight line’ growth) can be a good way of introducing the concept and utility of logs.

Answers to extension questions
Answers to the extension questions on student sheet are available on Interchange in the Science Coordinator Materials area. 

Records
As evidence for the Practical Endorsement:
· Students should not need to re‐draft their work but rather keep all their notes as a continuing record of practical activity.
· Students should have:
· their written plan of their investigation
· their calibration curve
· their raw experimental data
· processed experimental data: graphs and tables
· discussion including reference to data.

In preparation for the indirect assessment of practical skills in the written examinations, and to help students develop their understanding of the underlying biological theory, students should answer the extension questions and ensure that their data are recorded appropriately, for example the correct format of tables, graphs, units and significant figures.


Document updates
V1.0	15 May 2016	 Original version
V2.0         17 Feb 2020   	Answers removed from teacher document and added to separate file on Interchange. No other changes have been made.

This document may have been modified from the original – please check the master version on the OCR qualification page if in doubt.
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