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Introduction to Food Analysis 
 
1. Identify six reasons you might need to determine certain chemical characteristics of a food 

product as part of a quality management program. 

a. formulating and developing new products 
b. evaluating new processes for making food products 
c. identifying the source of the problem for unacceptable products 
d. nutritional labeling 
e. quality of raw ingredients 
f. check composition during processing  

 
2. You are considering the use of a new method to measure Compound X in your food 

product. List six factors you will consider before adopting this new method in your quality 
assurance laboratory. 

a. specificity 
b. precision 
c. accuracy 
d. sample size required 
e. reagents required 
f. equipment required 
g. cost of assay 
h. speed 
i. reliability 
j. safety 
k. procedures 

 
3. In your work at a food company, you mentioned to a coworker something about the 

Official Methods of Analysis published by AO AC International. The coworker asks you 
what the term "AO AC" refers to, what AO AC International does, and what the Official 
Methods of Analysis is. Answer your coworker's questions. 

AO AC International – Association of Official Analytical Chemists International 
Selects or develops new methods, tests the methods in collaborative studies, approves 
methods, and publishes approved methods. 

AOAC International Official Methods – summary of approved methods for foods and 
other materials. 

 
4. For each type of product listed below, identify a publication in which you can find 

standard methods of analysis appropriate for the product: 

a. ice cream – Standard Methods for the Examination of Dairy Products  
b. enriched flour – American Association of Cereal Chemists – Approved Methods of 

Analysis 
c. waste water (from food processing plant) – Standard Methods for the Examination 

of Water and Wastewater  
d. margarine – American Oil Chemists1 Society – Official Methods and 

Recommended Practices of the AOCS 
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United States Government Regulations and International Standards Related to Food 
Analysis 

 
1. Define the abbreviations FDA, USDA, and EPA, and give two examples for each of what 

they do or regulate relevant to food analysis. 

FDA – Food and Drug Administration  
USDA – United States Department of Agriculture 
EPA – Environmental Protection Agency 

 
2. Differentiate "standards of identity," "standards of quality," and "grade standards" with 

regard to what they are and which federal agency establishes and regulates them. 

Standards of identity 
- establishes or defines what a food product is; for some foods it establishes 

which ingredients they must contain 
- set by FDA 

Standards of quality 
- minimum standards for some canned fruits and vegetables 
- set by FDA 

Standards for grades 
- classify products from average to excellent in food quality; often used as 

quality control tool 
- set by USDA 
 

3. Government regulations regarding the composition of foods often state the official or 
standard method by which the food is to be analyzed. Give the full names of three 
organizations that publish commonly referenced sources of such methods. 

 
APHA – American Public Health Association (Standard Methods for the Examination 

of Water and Wastewater)  
EPA – Environmental Protection Agency (Methods of Chemical Analysis of Water and 

Wastes)  
ASTM – American Society for Testing Materials (Annual Book of ASTM)  
FDA – Food and Drug Administration (Pesticide Analytical Manual)  
AOAC International – (Official Methods of Analysis of AO AC International)  
AOCS – American Oil Chemists1 Society (Official Methods and Recommended 

Practices of the American Oil Chemists’ Society) 
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Evaluation of Analytical Data 
 
1. Method A to quantitate a particular food component was reported to be more specific and 

accurate than method B, but method A had lower precision. Explain what this means. 

Method A 
- has measured value closer to true value (more accurate) 
- better at detecting only compound of interest (more specific) 
- replicate measurements are not as reproducible (less precise) 

 
2. You are considering adopting a new analytical method in your lab to measure moisture 

content of cereal products. How would you determine the precision of the new method 
and compare it to the old method? Include any equations to be used for any needed 
calculations. 

Make ~ 10 moisture determinations by old and new method, on cereal products of 
various moisture content. Calculate and compare standard deviation and coefficient of 
variation. 

 
3. A sample known to contain 20 g/L glucose is analyzed by two methods. Ten 

determinations were made for each method and the following results were obtained: 
 

Method A Method B 
Mean = 19.6 Mean = 20.2 
Std. Dev. = 0.055 Std. Dev. = 0.134 

 
a. Precision and accuracy: 

i. Which method is more precise? Why do you say this? 
Method A   Has lower standard deviation. 

ii. Which method is more accurate? Why do you say this? 
Method B   20.2 is closer to 20 than is 19.6 

b. You have determined that values obtained using Method B should not be accepted 
if outside the range of two standard deviations from the mean. What range of 
values will be acceptable? 

20.2 ± [0.134 × 2] = 19.932 to 20.468 

c. Do the data above tell you anything about the specificity of the method? Describe 
what "specificity" of the method means, as you explain your answer. 
No; Specificity is how well the assay detects only the compound of interest. 

 
4. Differentiate "standard deviation" from "coefficient of variation", "standard error of the 

mean", and "confidence interval." 

Standard deviation – measures the spread of experimental values 
Coefficient of variation – relative standard deviation, relating standard deviation to the 
mean 
Standard error of the mean 
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5. Differentiate the terms "absolute error" versus "relative error." Which is more useful? 
Why? 

Absolute error – difference between the experimental value and the true value  
= x - T 

Relative error – difference between the experimental value and the true value, relative 
to the true value. 
= (x – T)/T 
Relative error is more useful because the value is related to the 
magnitude of the true value. 

 
6. Differentiate the terms "sensitivity" and "detection limit."  

Sensitivity – the magnitude of change of a measuring device with changes in 
compound concentration; how little a change we can make before we can note a 
difference 

Detection limit – the lowest possible increment that we can detect with some degree of 
confidence 

 
7. The correlation coefficient for standard curve A is reported as 0.9970. The coefficient of 

determination for standard curve B is reported as 0.9950. In which case do the data better 
fit a straight line? 

Data better fit straight line for standard curve B.  
Correlation coefficient = r  
Coefficient of determination = r2  
Standard curve A, r = 0.9970  

r2 = 0.9940  
Standard curve B, r2 = 0.995 
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Sampling and Sample Preparation 
 
1. As part of your job as supervisor in a quality assurance laboratory, you need to give a new 

employee instructions regarding choosing a sampling plan. Which general factors would 
you discuss with the new employee? Distinguish between sampling for attributes versus 
sampling for variables. Differentiate the three basic sampling plans and the risks 
associated with selecting a plan? 

 
General factors to consider 

− Purpose of the inspection 
− Nature of the product 
− Nature of the test method 
− Nature of the population being investigated 

Sampling for attributes – Sampling is performed to decide on acceptability of a population 
based on whether sample possesses a certain characteristic (i.e., is or isn't present) 

Sampling for variables – Sampling is performed to estimate quantitatively the amount of a 
substance or a characteristic on a continuous scale; obtain actual value and compare 
to expected value 

 
Sampling plans: 
a. Single sampling plan – Allow accept/reject decisions to be made by inspection of one 

sample of specified size 
b. Doubling sampling plan – Requires selection of two sample sets; Decision can be based 

on data from first sample set, or on data from both sample sets 
c. Multiple sampling plan – Amount of sampling depends on overall lot quality; Relate 

cumulative number of defects to number of samples taken from a lot 
Risks: 

Consumer's risk – The probability of accepting a poor quality population  
Vendor's risk – The probability of rejecting an acceptable product 

 
2. Distinguish nonprobability sampling from and probability sampling. Which is preferable 

and why? 

Non-probability sampling – the probability of including any specific portion of the 
population is not equal; investigator selects samples, without estimating sampling 
error 

− Judgment sampling 
− Convenience sampling 
− Restricted sampling 
− Quota sampling 

Probability sampling – statistically sound method for obtaining representative samples 
with elimination of human bias; probability of including any item in the sample is 
known; sampling error can be calculated 

− Simple random sampling 
− Systematic sampling 
− Stratified sampling 
− Cluster sampling 
− Composite sampling 

Probability sampling is preferable because it eliminates human bias. 
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3. Identify a piece of equipment that would be useful in collecting a representative sample 
for analysis. Describe precautions to be taken to ensure a representative sample is taken 
and a suitable food product that could be sampled with this device, (b) Identify a piece of 
equipment that would be useful for preparing a sample for analysis. What precautions 
should be taken to ensure the sample composition is not changed during sample 
preparation? 

Collecting sample 
Piece of equipment – mechanical (automatic) sampling device Types of products – 
powders, granules, pellets, liquids Precautions - sampling device working properly 

Preparing a sample for analysis 
Piece of equipment – grinders 
Types of products – dry or moist samples 
Precautions – avoid overheating; avoid metal contamination 

 
4. For each of the problems identified below that can be associated with the collection and 

preparation of samples for analysis, state one solution for how the problem can be 
overcome: 

a. Sample bias 
− Use probability sampling 
− Choose appropriate sampling plan 
− Understand the population distribution 

b. Change in composition during storage of sample prior to analysis 
− Store under conditions that prevent degradation (e.g., protect from light, oxygen; use 

low temperatures; add preservative) 

c. Metal contamination in grinding 
− Adjust grinder to prevent metal loss, or avoid use of bare metal mills. 

d. Microbial growth during storage of product prior to analysis 
− Freeze or refrigerate product 
− Dry product 
− Use chemical preservative 

 
5. The instructions you are following for cereal protein analysis specify grinding a cereal 

sample to 10 mesh before you remove protein by a series of solvent extractions. 

a. What does 10 mesh mean?  
10-mesh means 10 openings per linear inch of mesh 

b. Would you question the use of a 10 mesh screen for this analysis? Provide reasons for 
your answer. 

For protein extraction, should use 40 mesh to get good extraction 
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Moisture and Total Solids Analysis 
 
1. Identify five factors that one would need to consider when choosing a moisture analysis 

method for a specific food product. 

Expected moisture content 
Nature of other food constituents 
Equipment available 
Speed necessary 
Accuracy and precision required 
Intended purpose 

 
2. Why is standardized methodology needed for moisture determinations? 

Different methods measure more or less of the water present, and differ in how they 
affect other food constituents. If method is reported, it can be repeated. 

 
3. What are the potential advantages of using a vacuum oven rather than a forced draft oven 

for moisture content determination? 

By drying under reduced pressure, more complete removal of water and volatiles can be 
achieved without decomposition in a shorter period of time than with forced draft oven. 
 

4. In each case specified below, would you likely overestimate or underestimate the moisture 
content of a food product being tested? Explain your answer. 

a. forced draft oven 
- particle size too large – Underestimate; water in large particles will not be volatized 
- high concentration of volatile flavour compounds present – Overestimate; weight loss 

due to volatiles will be assumed as water 
- lipid oxidation – Underestimate; weight gain due to peroxides 
- sample very hygroscopic – Overestimate, if moisture absorbed before initial weighing; 

measure water absorbed as moisture in product. Underestimate, if moisture absorbed 
after drying and before final weighing. 

- alteration of carbohydrates (e.g., Maillard browning) – Overestimate; water generated 
measured as moisture 

- sucrose hydrolysis – Underestimate; water used in chemical reaction 
- surface crust formation – Underestimate; cannot remove residual water 
- splattering – Overestimate; material lost will be measured as water 
- desiccator with dried sample not sealed properly – Underestimate; increase weight of 

dried samples due to moisture absorption 

b.  toluene distillation: 
- emulsion between water in sample and solvent not broken – Underestimate; water will 

not be released from emulsion 
- water clinging to condenser – Underestimate; do not measure water clinging to 

condenser 
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c. Karl Fischer:  
- very humid day when weighing original samples – Overestimate; measure moisture in 

air 
- glassware not dry – Overestimate; measure water on glassware 
- sample ground coarsely – Underestimate; cannot extract all water 
- food high in Vitamin C – Overestimate; ascorbic acid oxidizes KFR 
- food high in unsaturated fatty acids – Overestimate; unsaturated fatty acids react with 

iodine 
 
5. The procedure for an analysis for moisture in a liquid food product requires the addition of 

1–2 ml of deionized water to the weighed sample in the moisture pan. Why should you 
add moisture to an analysis in which moisture is being determined? 

Moisture is added, e.g., with sand, to mix the sample well and create more surface 
drying area. Moisture added is not used in any calculations of moisture content. 

 
6. A new instrument based on infrared principles has been received in your laboratory to be 

used in moisture analysis. Briefly describe the way you would ascertain if the new 
instrument would meet your satisfaction and company standards. 

Need to check accuracy and precision. Analyze multiple samples of each of several 
types of samples with varying moisture content, using infrared analyzer and standard 
method (e.g., forced draft oven or vacuum oven). Calculate mean to compare accuracy 
and standard deviation to compare precision. Could also test a sample of known 
moisture content. 

 
7. To explain and contrast the principles (not procedures) in determining the moisture 

content of food products by the following method, complete the table below. (Assume that 
sample selection and handling has been done appropriately.) 

 
 What is actually 

measured? 
How is water removed/ reacted/ 

identified? 

What assumptions are made in 
trusting the data obtained (or 
precautions taken to ensure 

accurate data)? 

Microwave 
oven Weight change Heat from micrpwave energy causes 

water evaporation 

Proper power setting 
Proper time setting (to prevent 
decomposition, but want complete 
water loss) 

NIR Measure refleczion of 
NIR light from 
sample 

Reflected light is inversely related to 
absorption; Molecular vibration of 
functional groups of water 
determines absorption 

Right choice of wavelenght 
Instrument properly calibrated 

Karl 
Fischer 

Volume of KFR 
titrated indicates g 
water in sample 

Reduction of iodine by sulfur dioxide 
in presence of water 

No interferences 
No water in glassware 
Correct standardization of KFR 
No problem of atmospheric water 

Toluene 
distillion 

Volume of water 
distilled from sample 

Distill water from sample with e.g. 
toluene;Collect water and measure 

No water-food emulsion 
No water in glassware 
No decomposition due to heat 
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8. A technician you supervise is to determine the moisture content of a food product by the 
Karl Fischer method. Your technician wants to know what is this "Karl Fischer reagent 
water equivalence" that is used in the equation to calculate percentage of water in the 
sample, why is it necessary, and how is it determined. Give the technician your answer. 

KFR water equivalence is the equivalent amount of water that reacts with 1 ml of KFR. 
It is necessary to standardize the determination. This value is used to relate the amount 
of water in the sample with the amount of KFR with which it reacted. It is usually 
determined using an accurately weighed amount of sodium tartrate dihydrate, which has 
a known weight of water with which the KFR reacts. 

 
9. You are a manufacturer of processed cheese. The maximum allowed moisture content 

for your product is 40%. Your current product has a mean moisture content of 38%, 
with a standard deviation of 0.7. It would be possible to increase your mean moisture 
content to 39.5% if you could reduce your standard deviation to 0.25. This would result 
in a saving of $3.4 million per year. You can accomplish this by rapidly analyzing the 
moisture content of the cheese blend prior to the cooking step of manufacture. The 
cheese blend is prepared in a batch process, and you have 10 min to adjust the moisture 
content of each batch. 

a. Describe the rapid moisture analysis method you would use. Include your rationale for 
selecting the method. 

Many methods could have been chosen, but a microwave oven is an example of a 
good choice. It is simple, accurate, and can be performed in about 3 minutes 
(which is sufficient for this situation). 

b. How would you ensure the accuracy and precision of this method (you need to be sure 
your standard deviation is below 0.25)? 

You could compare your results to a primary method and run known reference 
standards (on a daily basis). Additionally, the standard deviation and coefficient of 
variation of your method need to be determined to ensure that they fall within the 
required ranges. 
 

10. You work in a milk drying plant. As part of the production process, you need to rapidly 
analyze the moisture content of condensed milk. 

a. What rapid secondary method would you use, and what primary method would you 
use to calibrate the secondary method? Additionally, how would you ensure the 
accuracy and precision of your secondary method? 

There are several possibilities. One example would be to use a microwave oven as 
the secondary method and a forced draft oven as the primary method.  
To ensure precision, calibrate the secondary method by performing multiple 
analyses on samples that are within the normal range of observed moisture 
contents and determine the standard deviation and coefficient of variation. 
To ensure accuracy, perform multiple analyses on a known sample and determine 
the percent relative error. 

b. Your results with the secondary method are consistently high (about 1%), based on the 
secondary method you chose. What are some potential problems, and how would your 
correct them? 

The systematic error is most likely caused by an equipment problem. Based on a 
microwave oven being the secondary method, the power setting may be too high 
and/or the time too long. 
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Ash Analysis 
 

1. Identify four potential sources of error in the preparation of samples for ash analysis, 
and describe a way to overcome each. 

a. Sample not representative – chose sample more carefully 
b. Microelement contamination  − adjust grinder properly 
      − use deionized-distilled water 
c. Loss of sample in drying before ashing – evaporate to dryness on steam bath or 
 with infrared lamp 
d. Ashing fat-extracted sample before ether removal – evaporate off ether before 
 ashing 

 
2. You are determining the total ash content of a product using the dry ashing method. 

Your boss asks you to switch to a wet ashing method because he/she has heard it takes 
less time than dry ashing. 

a. Do you agree or disagree with your boss concerning the time issue, and why? 
No. Dry ashing takes more total time to obtain results, but much less technician 
time than wet ashing. 

b. Not considering the time issues, why might you want to continue using dry ashing, 
and why might you change to wet ashing? 

 
Advantages of dry ashing − safe method 

− requires no added reagents 
− requires no blank subtraction 
− requires little attention 
− can handle large number of samples at once 
− can use ashed sample for several other analyses 

Advantages of wet ashing − minerals will usually stay in solution 
− little or no loss from volatilization 
− doesn't require muffle oven 
 

3. Your lab technician was to determine the ash content of buttermilk by conventional dry 
ashing, method. The technician weighed 5 g of buttermilk into one weighed platinum 
crucible, immediately put the crucible into the muffle furnace using a pair of all stainless 
steel tongs, and ashed the sample for 48 hr at 800 °C. The crucible was removed from 
the muffle furnace and set on a rack in the open until it was cool enough to reweigh. 
Itemize the instructions you should have given your technician before beginning, so 
there would not have been the mistakes made as described above. 

a. Use duplicate or triplicate samples 
b. Remove moisture on steam bath before ashing 
c. Use platinum crucibles (also use platinum tips tongs to handle) 
d. Ash ~ 12−18 hours at ~550 °C 
e. Place ashed crucibles in desiccator to cool before reweighing 
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4. How would you recommend to your technician to overcome the following problems that 
could arise in dry ashing various foods? 

a. You seem to be getting volatilization of phosphorus, when you want to later 
determine the phosphorus content. 

Use lower temperature of dry ashing. (Or, could switch to wet ashing or low 
temperature plasma ashing.) 

b. You are getting incomplete combustion of a product high in sugar after a typical 
dry ashing procedure (i.e., the ash is dark colored, not white or pale gray). 

There is incomplete ashing. After initial ashing, solubilize ash in water, then filter 
(with ash-less filter paper) to separate soluble ash from insoluble ash. Reash each 
portion separately (after drying soluble ash). Also ash a piece of ash-less filter 
paper as the blank for correction of insoluble ash sample. Use combined weight of 
ash. 

c. The typical procedure takes too long for your purpose. You need to speed up the 
procedure, but you do not want to use the standard wet ashing procedure. 

Use a combined wet ashing – dry ashing procedure, or use wet ashing, or use 
microwave ashing. 

d. You have reason to believe the compound you want to measure after dry ashing 
may be reacting with the porcelain crucibles being used. 

Use platinum crucible. 

e. You want to determine the iron content of some foods but cannot seem to get the 
iron solubilized after the dry ashing procedure. 

Use wet ashing procedure. 
5. Identify an advantage and disadvantage of using microwave wet digesters or microwave 

muffle furnaces compared to conventional units. 

Microwave wet digesters and muffle furnaces decrease time for ashing, but a 
limited number of samples can be ashed at one time. 
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Crude Fat Analysis 
 
1. What are some important considerations when selecting solvents to be used in 

continuous and non-continuous solvent extraction methods? 

Ideal characteristics: 
High solvent power for lipids 
Low solvent power for proteins, amino acids, and carbohydrates; evaporate relatively 
easily and leave no residue; have a relatively low boiling point 
Be nonflammable and nontoxic in both liquid and vapor states 
Penetrate sample particles readily 
Be in single component form to avoid fractionation 
Be inexpensive 
Be nonhygroscopic 
 

2. To extract the fat from a food sample, you have the choice of using ethyl ether or 
petroleum ether as the solvent, and you can use either a Soxhlet or a Goldfish apparatus. 
What combination of solvent and extraction would you choose? Give all the reasons for 
your choice. 

Petroleum ether (vs. ethyl ether) 
− more selective for more hydrophobic lipids 
− more nonhygroscopic 
− less flammable 
− cheaper 

Soxhlet extraction (vs. Goldfish) 
− doesn't cause channeling 
− soaks sample 
− doesn't heat sample 
 

3. Itemize the procedures that may be required to prepare a food sample for accurate fat 
determination by a solvent extraction method (e.g., Soxhlet method). Explain why each 
of these procedures may be necessary. 

Predrying sample − Fats cannot be efficiently extracted from moist foods with ethyl 
ether; ether saturated with water is inefficient for fat extraction; dried samples are 
easier to grind 

Particle size reduction − Increases the efficiency of extraction 

Acid hydrolysis − Breaks covalently and ionically bound lipids (i.e., bound to 
proteins and carbohydrates) so lipid is extractable 

 
4. You performed fat analysis on a new super-energy shake (high carbohydrate and 

protein) using standard Soxhlet extraction. The value obtained for fat content was much 
lower than expected. What could have caused the measured fat content to be low and 
how would you modify the standard procedure to correct the problem? 

The proteins and carbohydrates in the shake interact with the fat (causing it to be 
bound tightly), which makes it difficult to extract. Results may be lower than 
expected. Modify the procedure by adding an acid digestion prior to standard fat 
extraction. 
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5. Differentiate supercritical fluid extraction and accelerated solvent extraction methods. 
What are their advantages over traditional solvent extraction methods? 

Supercritical fluid extraction (SFE) 
A fluid (usually CO2) is brought to specific pressure-temperature combination, to 
have supercritical fluid solvent properties. The supercritical fluid dissolves the fat in 
the sample. Fat is precipitated from the supercritical solvent by dropping solution 
pressure, so precipitated fat can be dried and weighed. 

Accelerated solvent extraction (ASE) 
Fat is extracted when solid or semisolid sample is exposed to nonpolar solvent, in 
static mode (i.e., no outflow of solvent) or dynamic mode (i.e., fresh solvent 
continuously flows through sample), under elevated temperature and pressure 
conditions. Solvent is evaporated from extracted fat, and fat is dried and weighed. 

Advantages 
SFE − Uses no hazardous organic solvents 
ASE − Uses only low levels of organic solvents 

− Uses high temperatures to enhance solubilization and diffusion of lipids from 
sample into solvent 

− Shorter extraction time 
 

6. Which of the following methods are volumetric and which are gravimetric 
determinations of lipid content: Soxhlet, Gerber? 

Volumetric – Gerber  
Gravimetric – Soxhlet 

 
7. Explain and contrast the principles (not procedures) involved in determining the fat 

content of a food product by the following methods. Indicate for each method the type 
of sample that would be appropriate for analysis. 

Soxhlet 
refractive index 
detergent 

 
Method Principle Type of sample 
Soxhlet Fat is extracted, semicontinuously, with 

organic solvent. Fat content is measured by 
weight loss of sample or weight of fat 
removed. 

 

Dry to semi-dry sample 

refractive index Fat is extracted with a solvent, and 
refractive index of the solvent is compared 
to the refractive index of the extracted fat 
solution, pure fat, and pure solvent. 
 

Processed meats 
 

Detergent The detergent reacts with protein to form a 
protein-detergent complex to break up 
emulsions and release the fat. The percent 
fat is measured volumetrically. 

Mostly milk 
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Protein Analysis 
 

1. What factors should one consider when choosing a method for protein determination? 

Sample preparation 
Principle ~ basis of method; what is measured  
Sensitivity 
Amount of sample required  
Speed 
Cost of equipment  
Technical expertise 

 
2. The Kjeldahl method of protein analysis consists of three major steps. List these steps in 

the order they are done, and describe in words what occurs in each step. Make it clear 
why milliliters of HC1 can be used as an indirect measure of the protein content of a 
sample. 

a. Digestion – digest protein with H2SO4 in presence of catalyst to give N in form of 
(NH4)2S04 

b. Neutralization/distillation – neutralize with NaOH to convert (NH4)2SO4 to NH3; 
distill NH3 into boric acid to get NH4 and borate anions 

c. Titration – titrate borate anions with dilute HC1 to pH or colorimetric endpoint; 
volume of HC1 → moles borate anions → moles NH3 → moles (NH4)2SO4 → 
moles N → protein content 

 
3. Why is the conversion factor from Kjeldahl nitrogen to protein different for various 

foods, and how is the factor of 6.25 obtained? 

Average MW of N relative to MW of an amino acid is 16% 

100/16 = 6.25 
 
4. How can Nesslerization or the procedure that uses phenol and hypochlorite be used as 

part of the Kjeldahl procedure, and why might they best be put to use? 

These procedures can be used after an initial Kjeldahl digestion, to replace typical 
neutralization and titration. These procedures are faster and more sensitive. 
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5. Differentiate and explain the chemical basis of the following techniques that can be used 
to quantitate proteins in quality control/research: 

 

Kjeldahl method − presence of N, determined by method involving 
digestion, neutralization, distillation, and titration 

Dumas method (N combustion) − presence of N, released upon combustion of sample; 
N measured by GC using TCD 

biuret method − presence of peptide bond, which complexed with 
cupric ions in alkaline conditions, to give violet-
purple colour 

Lowry method − presence of peptide bond (biuret reaction), 
combined with reduction of Folin-Ciocalteau 
phenol reagent by tyrosine and tryptophan 

Bradford method − specific dye changes color when it binds to protein; 
colour is measured by absorbance 

absorbance at 280 nm − presence of tryptophan and tyrosine; absorbance is 
related to concentration, by Beer's law 

absorbance at 220 nm − presence of peptide bond 
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Carbohydrate Analysis 
 
1. Give three reasons why carbohydrate analysis is important. 

− Qualitative analysis ensures that ingredient labels present accurate compositional 
information. 

− Quantitative analysis ensures that added components are listed in proper order on the 
ingredient label, and ensures that labeled amounts of specific components of 
consumer interest are proper. 

− Both types of analysis can be used to detect adulteration of products such as fruit 
juices. 

 
2. "Proximate composition" refers to analysis for moisture, ash, fat, protein, and 

carbohydrate. Identify which of these components of "proximate composition" are 
actually required on a nutrition label. Also, explain why it is important to measure the 
nonrequired components quantitatively if one is developing a nutrition label. 

Components of "proximate composition" on nutrition label – protein, fat, carbohydrate. 
Quantitate also moisture and ash so total carbohydrate can be calculated as follows: 

% total carbohydrate = 100% – [% protein + % fat + % moisture + % ash] 
 
3. Distinguish chemically between monosaccharides, oligosaccharides, and 

polysaccharides, and explain how solubility characteristics can be used in an extraction 
procedure to separate monosaccharides and oligosaccharides from polysaccharides. 

− Monosaccharides are simple sugars. They are soluble in both water and 80% alcohol. 

− Oligosaccharides are also low molecular weight compounds. They are oligomers of 
220 monosaccharide units, most often 2–4 units, and yield monosaccharides upon 
hydrolysis. The monosaccharide units are joined via glycosidic linkages. Most 
oligosaccharides, like monosaccharides, are soluble in hot 80% ethanol. 

− Polysaccharides are high molecular weight polymers that yield monosaccharides upon 
hydrolysis effected by hot acid or specific enzymes. Polysaccharides are insoluble in 
hot 80% alcohol. 

 
4. Discuss why mono- and oligosaccharides are extracted with 80% ethanol rather than 

with water. What is the principle involved? 

Mono- and oligosaccharides are soluble in 80% ethanol, and almost all 
polysaccharides and proteins are insoluble in hot 80% ethanol. Mono- and 
oligosaccharides, most polysaccharides, and most proteins are soluble in water. 
Therefore, the extraction with 80% ethanol is rather specific for removing mono- and 
oligosaccharides. 
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5. Define reducing sugar. Classify each of the following as a reducing or nonreducing 
carbohydrate: D-glucose, D-fructose (Conditions must be described. Why?), sucrose, 
maltose, raffinose, maltotriose, cellulose, amylopectin, κ-carrageenan. 

Definition of reducing sugars: 
Those mono- and oligosacchraides that contain a free carbonyl (aldehyde or ketone) 
group and therefore, can act as reducing agents. 

D-glucose – reducing sugar 
D-fructose – reducing sugar, under alkaline conditions (nonreducing under neutral or 

acidic conditions) 
sucrose – nonreducing sugar 
maltose – reducing 
raffinose – non reducing 
maltotriose – reducing 
cellulose – nonreducing 
amylopectin – nonreducing 

 
6. What are the principles behind total carbohydrate determination using the phenol-

sulfuric acid method? Give an example of another assay procedure based on the same 
principle. 

Oligo- and polysaccharides are hydrolyzed to monosaccharides with hot acid solutions. 
Monosaccharides decompose to furan derivatives under similar conditions. The furan 
derivatives condense with phenol to form coloured compounds that can be quantitated. 
Addition of cone H2SO4 to an aqueous solution generates a hot, strongly acidic 
solution. 

Resorcinol, orcinol, α-naphthol, napthoresorcinol, and various aromatic nitrogen 
compounds may be used in place of phenol. Each method gives reaction products with 
different spectra in the visible range. 

 
7. What is the principle behind determination of total reducing sugars using the Somogyi-

Nelson and similar methods? 

The Somogyi-Nelson and similar methods are based on reduction of cupric ions to 
cuprose ions by reducing sugars. The cuprous ions may be measured in various ways. 
In the Somogyi-Nelson method, they are subjected to a second oxidation-reduction 
reaction, generating a colored compound that can be measured spectrophotometricall. 
A standard curve, with either glucose or the sugar being determined, is used to 
quantitate the reducing sugar. 

 
8. Describe the principle behind anion-exchange chromatography of carbohydrates. 

At a high pH, some of the hydroxyl groups of carbohydrates become ionized, 
providing negative charges (R−O−) that bind to an anion-exchange column (positive 
charge on the surface of the stationary phase). 

 
 
 
 
 
 



 19

9. Describe the general procedure for preparation of sugars for GC. What is required for 
this method to be successful? 

− Neutral sugars are reduced to alditols (using sodium borohydride). The alditols are 
acetylated with acetic anhydride to yield alditol peracetates, which can be subjected 
to GC analysis. 

− To be successful, the two preparation steps (1. Reduction of aldehyde groups to 
primary alcohol groups, and 2. Conversion of the reduced sugars into a volatile 
peracetate ester) must be 100% complete. 

 
10. Why has HPLC largely replaced GC for analysis of carbohydrates?  

HPLC analysis requires no prior derivatization of carbohydrates, as does GC. 
Derivatization is needed for GC analysis because carbohydrates are nonvolatile. Each 
of the two steps involved in derivatization must be 100% complete. 

 
11. Compare and contrast RI and PAD detectors. 

RI: Refractive index (RI) detectors measure changes in refractive index of a solution 
(due to carbohydrate present) eluting from an HPLC column. The RI detector is 
linear over a wide range of carbohydrate concentrations and can be applied 
universally to all carbohydrates. However, it is sensitive to changes in flow, pressure, 
and temperature, and is insensitive to low concentrations. A gradient elution cannot 
be used with RI detection. 

PAD: Pulsed amperometric detectors (PAD) rely on oxidation of carbohydrate hydroxyl 
groups. The PAD is used universally with anion-exchange chromatography, and can 
be used with gradient elutions. The PAD is more sensitive than RI detectors. 

 

12. What is the advantage of an enzymatic method? What is the limitation (potential 
problem)? 

Advantages 
- Usually specific for the substance being measured 
- In some cases, available commercially as kits, with detailed instructions 
- Generally have low detection limits 

Limitations 
- May be interfering compounds present 
- Not always 100% specific 
- Not useful for measuring total carbohydrate, a class of carbohydrates, or all 

carbohydrates individually 
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13. Describe the principles behind the enzymatic determination of starch. What are the 
advantages of this method? What are potential problems? 

Principles 
- Starch is converted totally into D-glucose by enzymes specific for starch, and D-

glucose is quantitated by an enzymatic assay. 

Advantages 
- Use of specific enzymes makes assay very specific so that the amount of starch in 

a complex, heterogeneous food material can be determined. 
- Kits for measuring glucose are available commercially. 

Potential Problems 
- Amylases must be purified so D-glucose released is only from starch 
- Method may not be quantitative for high-amylose starch or samples high in 

resistant starch. 
 
14. Describe the principles behind separation and analysis of cellulose, water-soluble gums, 

and starch. 

Cellulose 
Analysis relies on the prior removal of free sugars, then solubilization of starch and 
water-soluble gums, so cellulose in the insoluble fiber fraction can be hydrolyzed to 
D-glucose that is quantitated by HPLC or GC. 

Water-soluble gums  
Analysis relies on the extraction of the gums, and fractionation to remove free sugars 
and other water-soluble polysaccharides, such as starch. The isolated gum is acid 
hydrolyzed and its constituent sugars are quantitated by HPLC or GC. 

Starch 
Analysis relies on removal of free sugars, then enzymatic digestion of the starch to 
D-glucose, and enzymatic quantitation of the glucose, as described in Question 12. 

 
15. Describe two methods for determination of pectin. 

1. Pectin can be quantitated by precipitating the pectin as calcium pectate, then 
washing, drying, and gravimetrically measuring the precipitate. 

2. Pectin can be quantitated by isolating the crude pectin, then hydrolyzing the pectin 
to D-galacturonic acid, which is reacted with carbozole or m-hydroxydiphenyl to 
give a compound that can be measured spectrophotometrically. 

 
16. Define dietary fibre. 

Dietary fibre is the sum of the nondigestible components of a foodstuff or food 
product. 
Dietary fibre is "the edible parts of plants or analogous carbohydrates that are resistant 
to digestion and absorption in the human small intestine with complete or partial 
fermentation in the large intestine." 

 
17. List the constituents of dietary fibre. 

Dietary fibre constituents – cellulose, hemicellulose, pectins, lignin, gums/ 
hydrocolloids, resistant starch, certain oligosaccharides. 
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18. Below are four values for the fibre content (percent dwb) of wheat bran. Using your 
knowledge of methods to measure crude fibre, acid detergent fibre, neutral detergent 
fibre (with amylase), and the AO AC method for total dietary fibre, indicate which 
method most likely fits with each of the four values below. Justify your answer by 
listing the constituents measured by each method. 

 

Precent Constituents 

Fiber Method Measured Procedure 

46.0 TDF Cellulose, 
hemicellulose, 
lignin, pectin, gums 

Uses enzymatic digestion of starch 
and protein, then ethanol to 
precipitate soluble fibre, and filtration 
to separate out all fibre. Correct 
residue for proteins and ash. 

8.9 Crude fibre Some cellulose 
some lignin  

Extract with dilute NaOH then dilute 
H2S04 Filter to obtain residue. Correct 
for ash.  

40.2 Neutral 
detergent 
fibre 

Cellulose, 
hemicellulose 
lignin 

 

Extract with detergent solution at 
neutral pH (which loses pectin).  

Filter to obtain residue. Correct for 
ash.  

11.9 Acid 
detergent 
fibre 

Cellulose, lignin Extract with detergent solution at acid 
pH (which fibre loses hemicellulose 
and pectin). Filter to obtain residue. 

 
19. Explain how both gravimetric and chemical methods allow differentiation of soluble, 

insoluble, and total dietary fibre. 

Gravimetric methods 
- Insoluble material after enzymatic digestion contains insoluble fibre 
- Soluble fibre is precipitated from solution by addition of ethanol 
- Sum of soluble and insoluble, or adding ethanol to sample that has soluble fibre 

in solution and insoluble fibre in residue, will give total dietary fibre 

Chemical methods 
- For Englyst-Cummings procedure: TDF = neutral sugars + uronic acid 
- Modify procedure (that measures neutral sugars and uronic acid) to get insoluble 

fibre; Soluble fibre = Total fibre – Insoluble fibre 
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Vitamin Analysis 
 

1. What factors should be considered in selecting the assay for a particular vitamin? 

Accuracy 
Precision 
Economic factors – time, instrumentation, personnel  
Number of samples to be analyzed 
Applicability of certain methods for a particular matrix – (i.e., type of sample)  
Need for bioavailability information 
 

2. To be quantitated by most methods, vitamins must be extracted from foods. What 
treatments are commonly used to extract the vitamins? For one fat-soluble vitamin and 
one water-soluble vitamin, give an appropriate extraction procedure. 

Commonly used: heat, acid, alkali, solvents, enzymes 
Fat-soluble vitamin (e.g., A, D or E): extract with organic solvent; saponify fats with 

ethanolic KOH; reextract with organic solvent 
Water-soluble vitamin (e.g., niacin): autoclave in acid (noncereal products) or alkali 

(cereal products) 
 
3. Explain why it is possible to use microorganisms to quantitate a particular vitamin in a 

food product, and describe such a procedure. 

Growth of microorganisms is proportional to their requirement for a specific vitamin. 
Growth of microorganism in extract of vitamin-containing sample (unknown 
concentration) is compared to growth in known amount of vitamin. Growth is 
measured by turbidity, acid production, gravimetry, or by respiration.  

 
4. Niacin and folate both can be quantitated by microbiological methods. What extra 

procedures and precautions are necessary in the folate assay compared to the niacin 
assay, and why? 

In folate analysis, samples should be protected from oxidation and photochemical 
degradation, and strict adherence to microbiological assay techniques is necessary. 

 
5. There are two commonly used AO AC methods to measure the vitamin C content of 

foods. Identify these two methods; then compare and contrast them with regard to the 
principles involved. 

2,6-Dichloroindophenol titrimetric method 
L-ascorbic acid is oxidized to L-dehydroascorbic acid by the indicator dye 2,6-
dichloroindephenol. At the endpoint, excess unreduced dye in rose-pink in acid 
solution. 

Fluorometric method 
Ascorbic acid, is oxidized to dehydroascorbic acid then reacted with o-
phenylenediamine, to form a quinoxaline compound that can be quantitated by 
fluorescence spectroscopy. 
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6. During processing and storage of foods, L-ascorbic acid can be oxidized to L-
dehydroascorbic acid. Using the 2,6-dichloroindophenol titrimetric method for vitamin 
C, how could you quantitate total vitamin C and each form individually? 

Use titration procedure, to give L-ascorbic acid content, then use a reducing agent to 
convert any L-dehydroascorbic acid to L-ascorbic acid and repeat titration. 
Difference between two assays gives L-dehydroascorbic acid content. 
 

7. What are the advantages and disadvantages of using HPLC for vitamin analysis? 

Advantages 
HPLC methods are relatively simple, accurate and precise. It is applicable to most 
vitamins and in some cases can be used to analyze several vitamins and/or isomers 
of vitamins. 

Disadvantages 
HPLC is a separation method and not an identification method, so peak identity and 
purity must be established for any method developed or adapted for vitamin analysis 
of a particular food. Also, HPLC requires a high initial capital outlay. 
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Mineral Analysis 
 
1. What is the major concern in sample preparation for specific mineral analysis? How can 

this concern be addressed? 

Contamination − use purest water and reagents possible 
 − use a reagent blank 
 

2. If the ammonia buffer is pH 11.5 rather than pH 10 in the EDTA complexometric 
titration to determine the hardness of water, would you expect to overestimate or 
underestimate the hardness? Explain your answer. 

Hardness of water would be underestimated at pH 11.5 because magnesium and 
calcium in the water could be precipitates as their hydroxides, so would not be 
available to react with the EDTA. 

 
3. The Mohr and Volhard titration methods often are used to determine the NaCl content of 

foods. Compare and contrast these two methods, as you explain the principles involved. 

Mohr titration 
- a forward titration 
- chloride (in NaCl) is titrated with silver nitrate in the presence of potassium 

chromate; silver reacts with the chloride; when all chloride is reacted, the excess 
silver reacts with chromate to form an orange-coloured solid, silver chromate; 
volume of AgN03 is used to calculate amount of chloride, which relates to 
amount of NaCl. 

Volhard titration 
- a back or indirect titration 
- an excess of a standard solution of silver nitrate is added to a chloride-containing 

solution; the excess silver nitrates back titrated with a standardized solution of 
potassium or ammonium thiocyanate with ferric ion as an indicator; the volume 
of thiocyanate solution used is proportional to the excess silver, which is used to 
calculate the volume of silver that reacted with the chloride. 

 
4. In a back-titration procedure, would overshooting the endpoint in the titration cause an 

over- or underestimation of the compound being quantitated? Explain your answer. 

Overshooting the endpoint in a back titration would cause an underestimation of the 
compound being quantitated. The excess titrate would indicate there was more e.g., 
Ag+ unreacted, which would indicate that less Ag+ was reacted and that there was less 
e.g., CI− present. 
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5. This chapter includes descriptions of the EDTA complexometric titration method and 
ISE methodology for quantifying calcium. Differentiate these techniques with regard to 
the principles involved, and discuss primary advantages and disadvantages of these two 
techniques. 
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Ethylenediaminetetraacetic acid (EDTA) forms a 
stable 1:1 complex with calcium or magnesium at 
pH 10. The metal ion indicators, Calmagite and 
eriochrome black T (EBT), are pink when 
complexed to metal ions but blue when no metal ions 
are complexed to them. The indicators bind to metal 
ions less strongly than does EDTA. 

When the indicator is added to a solution containing 
metal ions, the solution becomes pink. When EDTA 
is added as titrant to the mineral- containing sample, 
metal ions preferentially complex with the EDTA, 
leaving the indicator without a metal ion 
complexed.When enough EDTA has been titrated to 
complex with all the metal ions present, the indicator 
appears blue. This blue color is the endpoint of the 
titration.  

The volume and concentration of the EDTA used in 
the titration are used to calculate the concentration of 
calcium in the sample, expressed as mg calcium 
carbonate/liter. Stoichiometry of the reaction is 1 
mole of calcium complexing with 1 mole of 
EDTA.� 

 
Advantages 

Rapid, especially when done 
with test strip  

Inexpensive 

 
Disadvantages 

Can be interfering compounds 
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- Principle is the same as for measuring pH, but by 
varying the composition of the glass in the 
sensing electrode, the electrode can be sensitive 
to sodium ions. -Sensing and reference 
electrodes are immersed in solution that 
contains element of interest. Electrical potential 
that develops at surface of sensing electrode is 
measured by comparing reference electrode 
with fixed potential. Voltage between sensing 
and reference electrode relates to the activity of 
the reactive species. 

- Activity (A) is related to concentration (C) by 
A=yC, where y is activity coefficient, which is 
a function of ionic strength. 

- By adjusting the ionic strength of all test samples 
and standards to a nearly constant (high) level, 
the Nernst equation can be used to relate 
electrode response to concentration of species 
being measured. 

 

Advantages 
- Does not require expensive 

equipment (only pH meter), 
highly trained personnel, or 
ashing of sample.  

- Analysis is independent of 
turbidity, colour, or 
viscosity. 

Disadvantages 
- Cannot measure at low 

concentration.  
- Electrode response can be 

slow. 
- Sensing and reference 

electrode specific to element 
being measured.  

- High rate of premature failure 
for some electrodes. 
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6. Explain the principles of using an ISE to measure the concentration of a particular 
inorganic element in food. List the factors to control, consider, or eliminate for an 
accurate measure of concentration by the ISE method. 

Principle: 
- Principle is the same as for measuring pH, but by varying the composition of the 

glass in the sensing electrode, the electrode can be sensitive to other ions. 
- (Immerse sensing and reference electrodes in solution that contains the element 

of interest. Get electrical potential developing at electrode surface. Measure the 
potential by comparing to reference electrode with fixed potential. Voltage 
between sensing and reference electrode relates to the activity of the reactive 
species.) 

- Activity is related to concentration by A = γC, where γ is activity coefficient, 
which is a function of ionic strength. 

- By adjusting the ionic strength of all test samples and standards to a nearly 
constant (high) level, the Nernst equation can be used to relate electrode 
response to concentration of species being measured. 

Factors to control, consider, or eliminate: 
An analyst selects the electrode according to its performance considering such 

factors as selectivity (to minimize interference), detection limit (to allow 
measurement of mineral in all samples), sensitivity (to ensure differences among 
samples are detected), and response time (to ensure ease of use). 

Careful control of measurement conditions and calibration of the electrode ensures 
accurate and precise results. Measurement conditions of pH and ionic strength are 
controlled using ionic strength adjustment buffers, while temperature is controlled by 
allowing sufficient time for samples to equilibrate to temperature (25 °C is 
internationally accepted for ISE measurements). Calibration of electrode should 
consider interferences, which must be eliminated from the sample and /or accounted 
for by employing reagent blanks and spikes (see the previous question). 

 
7. You have decided to purchase an ISE to monitor the sodium content of foods produced 

by your plant. List the advantages this would have over the Mohr/Volhard titration 
method. List the problems and disadvantages of ISE that you should anticipate. 

Advantages 
- Can measure many anions and cations directly. 
- Simple (only requires pH meter). 
- Analyses are independent of sample volume, turbidity, color and viscosity.  

Disadvantages 
- Cannot measure below 2–3 mg/kg. 
- Electrode response time is slow below 10−4 M. 
- High rate of premature failure for some electrodes. 

 
8. What factors should be considered in selecting a specific method for mineral analysis 

for a food product? 

Number of samples (analytical volume); Requirements of sensitivity; Equipment cost; 
Analytical time 
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pH and Titratable Acidity 
 
1. Explain the theory of potentiometry and the Nernst equation as they relate to being able 

to use a pH meter to measure H– concentration. 

Potentiometry involves the use of an electrolytic cell composed of two electrodes 
dipped into a test solution. A voltage develops, which is related to the ionic 
concentration of the solution. Hydrogen ion concentration (activity) is determined by 
the voltage that develops between the two electrodes. The Nernst equation relates 
the electrode response to the activity. Voltage produced by the electrode system is a 
linear function of the pH. The electrode potential is ~+ 60 millivolts for each change 
of one pH unit. 

 
2. Explain the difference between a saturated calomel electrode and a silver-silver chloride 

electrode; describe the construction of a glass electrode and a combination electrode. 

Saturated calomel electrode 
- Based on reaction: Hg2Cl2 + 2 e− ↔ 2 Hg + 2 Cl− 
- The potential is dependent on the Cl ion concentration, which is regulated by the 

use of saturated KCl solution in the electrode. 
- Made of platinum wire covered with calomel, a filling solution (saturated KCl), 

and a permeable junction. 

Silver-silver chloride electrode 
- Based on reaction: AgCl + e− ↔ Ag + Cl− 
- Used rather than saturated calomel electrode for high temperatures or in strongly 

basic samples. 
- Has same three parts as saturated calomel electrode, but platinum wire is coated 

with silver rather than calomel, and filling solution has both KCl and AgCl. 

Glass electrode 
- Has three parts: 1) silver-silver chloride electrode with Hg connection that is a lead 

to the potentiometer, 2) buffer of HC1 and KC1, and an acetate buffer to maintain 
a constant pH, and 3) a small pH-sensitive glass membrane whose potential varies 
with pH of the test solution. 

Combination electrode 
- Combines reference and indicator electrodes. 
- Use either a silver-silver chloride or a calomel reference element. 

 
3. You return from a two-week vacation and ask your lab technician about the pH of the 

apple juice sample you gave him or her before you left. Having forgotten to do it before, 
the technician calibrates a pH meter with one standard buffer stored next to the meter 
and then reads the pH of the sample of unpasteurized apple juice immediately after 
removing it from the refrigerator (40 °F), where it has been stored for two weeks. 
Explain the reasons why this stated procedure could lead to inaccurate or misleading pH 
values. 

- Sample stored for 2 weeks would be fermented, so have a reduced pH. 
- Should have used 2 standard buffers; using only 1 buffer assumes temperature is 

related to slope. 
- Should do standards at same temperature as sample. 
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4. For each of the food products listed below, what acid should be used to express the 
titratable acidity? 

a. orange juice – citric 
b. yogurt – lactic 
c. apple juice – malic 
d. grape juice – tartaric 
 

5. How would you recommend determining the endpoint in the titration of tomato juice to 
determine the titratable acid? Why? 

Use potentiometric method. Titrate to certain pH. 

 
6. The titratable acidity was determined by titration to a phenolphthalein endpoint for 

boiled and unboiled clear carbonated beverage. Which sample would you expect to have 
a higher calculated titratable acidity? Why? Would you expect one of the samples to 
have a fading endpoint? Why? 

Unboiled carbonated beverage (which would contain CO2) would have a higher 
calculated titratable acidity. The NaOH used for titration reacts with CO2 to produce 
sodium carbonate (Na2CO3), which reduces alkalinity and sets up a carbonate buffer. 
Unboiled carbonated beverage would have a fading endpoint, because CO2 would 
continue to react with the NaOH and create more buffer. 

 
7. Why is volatile acidity useful as a measure of quality for acetic acid fermentation 

products, and how is it determined? 

volatile acidity = fixed acidity – total acidity 

 
8. Could a sample that is determined to contain 1.5 percent acetic acid also be described as 

containing 1.5 percent citric acid? Why or why not? 

No. Acetic acid is monoprotic. Citric acid is triprotic. Equivalent weight and 
molecular weight differ. 

 
9. An instructor was grading lab reports of students who had determined the titratable 

acidity of grape juice. One student had written that the percent titratable acidity was 
7.6% citric acid. Give two reasons why the answer was marked wrong. What would 
have been a more reasonable answer? 

Grape juice titratable acidity should be expressed in terms of tartaric/malic acid. The 
typical percent acid for grapes is 0.84 – 1.16. The value of 7.6% is much higher than 
the 0.2 – 2.23% range reported for the fruits.  
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Fat Characterization 
 
1. You want to compare several fat/oil samples for the chemical characteristics listed 

below. For each characteristic, name one test (give full name, not abbreviation) that 
could be used to obtain the information desired: 

a. degree of unsaturation – Iodine value 

b. predicted susceptibility to oxidative rancidity  − Schaal oven storage 
 − Oil stability index 

− Active oxygen method test 
− Oxygen bomb 

c. present status with regard to oxidative rancidity  − Peroxide value 
− Anisidine value and totox value 
− Hexanal 
− Thiobarbituric acid number 
− Conjugated dienes and trienes 

d. average fatty acid molecular weight – Saponification number  

e. amount of solid fat at various temperatures – Solid fat index  

f. hydrolytic rancidity – Free fatty acid  
 
2. Your analysis of an oil sample gives the following results. What does each of these 

results tell you about the characteristics of the sample? Briefly describe the principle for 
each method used: 

a. large saponification number − short fatty acid chain length 
The mg KOH required to saponify triglycerides in the fat (to get glycerol plus fatty 
acids) is related to average fatty acid chain length. 

b. low iodine value − low degree of unsaturation (i.e. highly saturated) 
The amount of iodine absorbed by a quantity of fat or oil is related to the amount 
of unsaturation; with more iodine absorbed, the iodine value is higher as is the 
degree of unsaturation. 

c. high TBA number − high level of oxidative rancidity 
Malonaldehye (or malonaldehyde-type products) generated in lipid oxidation react 
with TBA to give a coloured end product that can be quantitated by absorbance. 

d. high FFA content − high level of hydrolytic rancidity 
The mg KOH required to neutralize the free fatty acids present in a quantity of fat 
or oil reflects the amount of fatty acids hydrolyzed from the triacylglycerol. 

 
3. Peroxide value, TBA number, and hexanal content all can be used to help characterize a 

fat sample. 

a. What do the results of these tests tell you about a fat sample?  
Measure present status regarding lipid oxidation 

b. Differentiate these three tests as to what chemical is being measured. 

Peroxide value – measure formation of peroxide or hydroperoxide groups  
TBA test – measure malonaldehyde (or malonaldehyde type products)  
Hexanal – measure formation of hexanal 
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4. What methods would be useful in determining the effectiveness of various antioxidants 
added to an oil? 

Accelerated tests, such as Schaal oven storage test, oil stability index, active oxygen 
method, or oxygen bomb 

 
5. You are responsible for writing the specifications for vegetable oil purchased from your 

supplier for use in deep-fat frying several foods processed by your company. Itemize the 
tests you should require in your list of specifications (specific values for the tests are not 
needed). For each test, briefly state what useful information is obtained. 

 
Tests Useful Information Obtained Values 

- Melting point reflects degree of saturation/ 
stability  

38 °C for heavy duty (Wiley) 

- Smod odorke point degree of hydrolysis, oxidation  225 °C for light duty;  

235°C for heavy duty   

- Colour improper refinement or abuse  1.5 R, 15 Y max. (Lovibond) 

- Flavour and odour sensory acceptability/degree of 
oxidation  

bland, neutral 

- Free fatty acid degree of hydrolysis 0.05% max. (as oleic acid) 

- SFC or SFI proportion of solid to liquid fat; 
influences mouthfeel of finished 
product 

See below 

- Peroxide value degree of oxidation – current 
status 

1 meg/kg max.  

- OSI degree of oxidation – predicts 
future stability  

10 hr. minimum for light duty; 
80 hr. minimum for heavy duty 
(equivalent values for AOM 
are 25 hr for light duty and 200 
hr for heavy duty) 

 
6. The Nutrition Education and Labeling Act of 1990 requires that the nutrition label on 

food products contains information related to lipid constituents. In addition to the 
amount of total fat, the label must state the amount of saturated fat and the cholesterol 
content. 

For a product such as traditional potato chips, explain an appropriate method for the 
analysis of each of these lipid constituents. 

Calories from fat − calculation (g fat × 9 Kcal/g fat)  
Total fat − Soxhlet, Mojonnier, etc.  
Saturated fat − GC  
Cholesterol − GC 
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7. You have developed a new butter containing added fish oil, which is high in 
polyunsaturated fat. Before placing the product on the market, you need to determine its 
shelf life. What method or methods would you use and why? 

Option 1. Determine the actual shelf life at ambient conditions of storage (usually 
room temperature), which could require months or even years. If shelf life is defined 
as how long the product remains acceptable to the consumer, the best method is 
sensory analysis. Other methods for measuring oxidation, such as peroxide value, 
TBA or hexanal, must be correlated to sensory analysis.  

Option 2. Use an accelerated method of oxidative stability such as oven storage 
method, OSI, or oxygen bomb. Results are much more rapid; however, the results 
will only give a general indication of oxidative stability relative to some control 
unless it is correlated with actual shelf life determinations at ambient conditions. In 
practice, because of time constraints, many companies will conduct an accelerated 
method of oxidative stability and make an estimate of shelf life based on past 
experience with the method and familiarity with the product line, then begin storing 
the specific product to determine actual shelf life over a matter of months or years. 

 
8. You work in quality control for a company that makes peanut butter. You received 

information that between July and August several lots of peanut butter may have been 
improperly stored and you are concerned about potential lipid oxidation in the product. 
A total of 50 lots of peanut butter are involved. 

a. What test(s) would you use to measure lipid oxidation? Include your rationael for 
selecting the method. 

The preferred method is sensory analysis. Other methods for measuring 
oxidation, such as peroxide value or hexanal, may be used if correlated to 
sensory analysis of the product. Rationale: The consumer is the ultimate judge of 
product quality. Conducting consumer taste panels will determine product 
acceptability. 

b. How would you decide what to do with the peanut butter?  

Answer 1. Using the methods discussed in part a, test representative samples 
from the 50 lots for lipid oxidation and report the results to management. 
Management will make a decision based on quality standards adopted by the 
company. Quality standards will reflect the level of consumer rejection deemed 
permissible by the company. 

Answer 2. If the issue is whether or not the product will be different than other 
samples, then run tests of oxidative stability: OSI, oven test or oxygen bomb. 
Using as the control a sample known to be of high quality, any differences will 
be apparent. To determine the degree to which the samples may have been 
harmed would require correlation of such tests with sensory evaluation. 
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Protein Separation and Characterization Procedures 
 
1. For each of the techniques listed below, identify the basis by which it can be used to 

separate proteins within a protein solution (e.g., precipitation, adsorption, size, charge) 
and give a brief explanation of how/why it works in that way. 

a. dialysis 
- Size 
- Semipermeable membrane permits passage of small molecules but not larger 

molecules; pores in membrane have certain size, specified certain molecular 
weight cutoff 

b. adjustment of pH to pI 
- Precipitation (i.e., differential solubility characteristics) 
- Protein has no net charge at pi, so it aggregates and precipitates from solution. 

c. addition of ammonium sulfate 
- Precipitation 
- Proteins are precipitated from solution as ionic strength increases, using a neutral 

salt, such as (NH4)2SO4 

d. ultrafiltration 
- Size 
- Pressure is applied to solution sitting on semipermeable membrane with certain 

molecular weight cutoff; Small molecules pass through and large ones are 
retained 

e. heating to high temperature 
- Precipitation 
- Proteins are denatured to different extents by high heat, to precipitate from 

solution 

f. addition of ethanol 
- Precipitation 
- Water miscible organic solvents decrease the dielectric constant of an aqueous 

solution and decrease the solubility of most proteins, so proteins precipitate from 
solution 

g. affinity chromatography 
- Adsorption 
- Protein is adsorbed to chromatographic matrix that contains a ligand covalently 

bound to a solid support; The ligand used has reversible, specific, and unique 
binding affinity for the protein of interest; Protein that binds to ligand can be 
unbound by changing the pH, temperature, or concentration of salt or ligand in 
the eluting buffer. 

h. size-exclusion chromatography 
- Size 
- Porous beads with specific average pore size is used in a chromatography 

column; Large molecules are excluded from the pores and move quickly through 
the column; Small molecules enter the pores and are retarded, to move slowly 
through the column. 
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2. You have a protein system with the following characteristics: 
 

Protein Solubility in 
(NH4)2SO4 

Solubility in 
 ethanol pI Denaturation 

temperature 

1 10 – 20% 5 – 10% 4.6 80 °C 

2 70 – 80% 10 – 20% 6.4 40 °C 

3 60 – 75% 10 – 20% 4.6 40 °C 

4 50 – 70% 5 – 10% 6.4 70 °C 

Describe how you would separate protein 4 from the others. 

Precipitate protein 1 by adding 45% (NH4)2SO4 , perform dialysis to remove salt, 
heat to 50 °C to precipitate proteins 2 and 3, then separate by filtration. You now 
have protein 4 isolated. 

 
3. Compare and contrast the principles and procedures of SDS-PAGE versus isoelectric 

focusing to separate proteins. Include in your explanation how and why it is possible to 
separate proteins by each method and what you can learn about the protein by running it 
on each type of system. 

SDS-PAGE 
- Separate based on size 
- Proteins bind SDS to become negatively charged, so they move through the gel 

matrix toward the anode (pole with positive charge) at a rate based on size 
alone, since all molecules are highly negatively charged; 

- Can determine protein composition of sample, purity of a protein extract, 
subunit composition, and molecular weight (estimate) 

IEF 
- Separate based on charge 
- Proteins are separated by charge in an electric field on a gel matrix in which a 

pH gradient has been generated using ampholytes; Proteins are focused long 
enough (so size is not a factor) so they migrate to the location on the gradient 
at which pH equals the pi of the protein 

- Can determine isoelectric point of proteins, and determine purity 
 
4. Explain how capillary electrophoresis differs from SDS-PAGE. 

In capillary electrophoresis, capillary tubing is used in place of the acrylamide gels 
cast in tubes or slabs as in SDS-PAGE; Separation of proteins in capillary 
electrophoresis is based on size or charge, but also can be influenced by 
electroosmotic flow within the capillary. 
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5. Briefly describe what each of the following tells you about the characteristics of the 
proteins of interest described in the statement (note: protein is not the same one in each 
statement): 

a. When subjected to dialysis using tubing with a molecular weight cutoff of 3,000 
daltons, a protein of interest is found in the retentate (i.e., not in the filtrate). 

Protein is larger than 3,000 daltons. 

b. When subjected to ultrafiltration using a membrane with a molecular weight cutoff 
of 10,000 daltons, a protein of interest is found in the filtrate (i.e., not in the 
retentate). 

Protein is smaller than 10,000. 

c. When the protein was subjected to ion exchange chromatography using an anion 
exchange column and a buffer of pH 8.0, a protein of interest bound to the column. 

Protein has pI < pH 8.0. 

d. When a protein of interest was subjected to JEF, the protein migrated to a position 
of approximately pH 7.2 in the pH gradient of the gel. 

pI point of protein is ~ pH 7.2. 

e. When a protein of interest was subjected to SDS-PAGE in both the presence and 
absence of mercaptoethanol, the protein appeared as three bands at molecular 
weight 42,000, 45,000, and 48,000 daltons. 

Protein has three subunits, not held together by disulfide bonds. 

f. When a solution with various proteins was heated to 60 °C, the protein of interest 
was found in the precipitate obtained upon centrifugation of the solution. 

Protein is heat stable to 60 °C. 
 
6. You are submitting a soy protein sample to a testing laboratory with an amino acid 

analyzer (ion-exchange chromatography) so that you can obtain the amino acid 
composition. Explain how (a) the sample will be treated initially and (b) the amino acids 
will be quantified as they elute from the ion exchange column. Describe the procedures. 
(Note: You want to quantify all the amino acids.) 

a. How samples will be treated initially 
Hydrolyze protein to amino acids with 6 M HC1 for 24 hours; Cleave at peptide 
bonds. 
Exceptions: 
- Losses of threonine and serine by hydrolysis can be estimated by hydrolysis 

for several time periods 
- Valine and isoleucine can be best estimated from a 72 hr. hydrolysate 
- Cysteine and cystine are converted to cysteic acid by hydrolysis in performic 

acid, followed by 6 M HC1 hydrolysis before chromatography 
- Tryptophan is base hydrolyzed 

b. How amino acids will be quantified 
Quantified by reaction with ninhydrin to produce a coloured product that is 
measured spectrophotometrically; or derivatize hydrolyzed amino acids before 
separation then quantitate by UV spectroscopy. 
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7. In amino acid analysis, a protein sample hydrolyzed to individual amino acids is applied 
to a cation-exchange column. The amino acids are eluted by gradually increasing the pH 
of the mobile phase. 

a. Describe the principles of ion-exchange chromatography. 
Charged molecules and ions are reversibly adsorbed to a charged solid support 
matrix; Opposite charges attract each other; Proteins bound to the exchangers are 
eluted by gradually changing the ionic strength or the pH of the eluting solution 

b. Differentiate anion- versus cation-exchangers. 
Anion-exchangers have positively charged matrix, that binds negatively charged 
ions or molecules. 
Cation-exchangers have negatively charged matrix, that binds positively charged 
ions or molecules. 

c. Explain why changing the pH allows different amino acid to elute from the column 
at different times. 

By increasing the pH of the mobile phase, the positive charge on each amino 
acid is eliminated (in order of pI); When amino acid charge changes to neutral 
then negative with increasing pH, it is desorbed from the column matrix. 

 
8. You work for a manufacturer of protein supplements sold to body builders. You need to 

screen several proteins that may be used in a new protein supplement. You have three 
samples (A, B, and C) to evaluate. The amino acid profiles of these three samples and 
the reference profile (i.e., amino acid requirements of preschool age children) are shown 
below. 

 
Amino acid Reference Profile Sample A Sample B Sample C 
Isoleucine 28 50 55 35 
Leucine 66 65 46 32 
Lysine 58 80 92 80 
Methionine/cysteine 25 70 48 50 
Phenylalanine/Tyrosine 63 70 90 85 
Threonine 34 51 40 39 
Tryptophan 11 16 22 25 
Valine 35 60 64 42 
Histidine 19 26 35 24 

a. Calculate the PDCAAS for each supplement. (Assume that the true digestiblities 
of Sample A, B, and C are 87%, 93%, and 64%, respectively.) 

PDCAAS = amino acid score for 1st limiting amino acid x true digestibility 

The 1st limiting amino acid for all three samples is leucine. (Determine by 
determining ratio of each amino acid compared to reference profile.) 

Sample A = (65/66) × 0.87 = 0.85  
Sample B = (46/66) × 0.93 = 0.65  
Sample C = (32/66) × 0.64 = 0.31 
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b. Which sample would you use if Sample A costs $1.25/lb., Sample B costs 
$3.25/lb., and Sample C costs $1.15/lb.? 

The cost to protein quality ratio for each sample is: 

Sample A = ($1.25 /0.85) = $1.47  
Sample B = ($3.25/0.65) = $5.00  
Sample C = ($1.15/0,31) = $3.71 

Sample A provides the highest amount of usable protein per dollar, suggesting it 
would be best to use. 

9. For each of the protein quality assay methods listed below, state what are the method 
measures, and briefly describe an appropriate application of the method (e.g., for what 
situations/food samples is each required and/or ideally used): 

 
 What is measured? Application 
PDCAAS Amino acid content of 1st limiting 

amino acid compared to requirements of 
preschool age children, and true 
digestibility based on rat feeding 
experiment 

Nutrition labeling for all 
but infant foods (to 
express g protein as % 
Daily Value) 

PER Weight gain of rats per g protein 
consumed 

Nutrition labeling for 
infant foods (to express g 
protein as % Daily Value)

pH stat Amount of standardized sodium 
hydroxide needed to maintain constant 
pH during enzymatic digestion of 
protein under standard conditions 

Rapid test of protein 
digestibility 

DNFB 
method for 
available 
lysine 

Amount of lysine that has not already 
reacted with other food constituents, to 
become unavailable as an essential 
amino acid 

Determine effect of heat 
treatment on availability 
of lysine 

 
10. Briefly describe the differences between the following assay procedures: 

a. amino acid score versus essential amino acid index 
Amino acid score utilizes only first limiting amino acid, while essential amino 
acid index utilizes the 8 essential amino acids plus histidine. 

b. PDCAAS versus amino acid score 
Protein digestibility-corrected amino acid score vs. amino acid score PDCAAS 
includes both amino acid score and % true digestibility, based on N balance 
study with rats. Amino acid score alone may compare amino acid content of test 
protein with that of reference protein or reference pattern, but in PDCAAS 
method the amino acid score must be based on reference pattern for preschool 
age children. 

c. pH-shift versus pH-stat method for in vitro digestibility 
pH-shift method measures drop in pH when enzymes digest protein under 
controlled conditions, while pH-drop method measures the volume of a standard 
alkali required to maintain a constant pH when enzymes digest protein under 
controlled conditions. 
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11. You are helping to develop a new process for making a high-protein snack food from 
cereal grains and soy. You want to determine the protein quality of the snack food under 
various processing (toasting and drying) conditions. Considering the number of samples 
to be tested, you cannot afford an expensive in vivo assay, and you cannot wait more 
than a few days to get the results. 

a. What method would you use to compare the protein quality of the snack food 
made under different processing conditions? Include an explanation of the 
principles involved. 

Use pH-stat method, measuring amount of standardized NaOH required to 
maintain a constant pH during enzymatic hydrolysis of test protein; More NaOH 
required means more extensive digestion. This method would not include any 
assay for amino acid composition, because composition of product is presumably 
constant. 
(Chose pH-stat method vs. pH-shift method because in pH-stat method the pH is 
maintained at a pH optimum for the enzymes used in the assay.) 

b. You suspect that certain time-temperature combinations lead to overprocessed 
products. Your testing shows that these samples have a lower nutritional quality. 
What amino acid(s) in the snack food would you suspect to be the most adversely 
affected by thermal abuse? 

Lysine 
c. What test(s) could you use to confirm that amino acid(s) have become nutritionally 

unavailable by the overprocessing? How are these tests conducted? 

Use assay with l-fluoro-2,4-dinitrobenzene (DNFB). 
The DNFB reacts with free e -amino groups in lysine. Any lysine that does not 
react with DFFB has been chemically reacted with other food constituents. The 
DNFB-reactive lysine, upon protein hydrolysis of the sample with acid, can be 
measured spectrophotometrically. 

 
12. Define "protein functionality" and list three important functional properties of foods. 

Protein functionality − the physical and chemical properties of protein molecules that 
affect their behaviour in food products during processing, storage and consumption. 

Functional properties of foods: 
solubility, emulsification, foaming, gelation, dough formation 

 
13. Describe a functional test used to measure: 

a. protein solubility 
A protein is dispersed in water or buffer at a specified pH. The dispersion is 
centrifuged using defined conditions. The protein contents of the total sample 
and of the supernatant are measured. Percentage protein solubility is measured 
by dividing the protein in the supernatant (soluble protein) by the total protein, 
and multiplying by 100. 
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b. emulsifying activity 
For an emulsion of water (or buffer), oil, and protein, the particle size 
distribution of the dispersed phase is measured by determining droplet size, 
using turbidimetric techniques, microscopy, or using a Coulter counter. The 
droplet size is related to interfacial surface area of the droplets, which is related 
to emulsifying activity index. The turbidity is used in the equation to calculate 
the area of the interface stabilized per unit weight of protein in the emulsion. 

c. emulsion stability 
An emulsion is centrifuged or agitated at a given speed and time to determine the 
amount of creaming or oil separation that occurs. An alternate method is to 
measure the change in particle size distribution of the dispersed phase over time. 

d. foam volume 
Under standardized conditions of whipping, shaking, or sparging, air is 
incorporated into a mixture of liquid and protein to form a foam. The volume of 
the foam is measured (e.g., in a graduated cylinder, or as foam overrun or 
expansion). 

 
14. You need to reconstitute non fat dry milk (NFDM) powder for use in a yogurt formula. 

You have experienced a large amount of variation in the hydration times required for 
different lots of NFDM. As the quality control manager, you need to develop a test to 
measure the solubility and hydration characteristics of each lot of NFDM before it is 
used (in hopes of avoiding future rehydration problems). 

a. How would you measure solubility and what precautions would you take with the 
method you develop? 

Develop a solubility test that simulates the rehydration conditions actually used 
in the yogurt manufacturing process (i.e., use the same water, temperature, 
mixing, etc.) 

b.  Assume that you did the following for the test you developed: 1) mix 20 g of 
NFDM with 200 g water at 60 °C, 2) blend for 2 min, 3) transfer 50 ml to a 
centrifuge tube, 4) centrifuge at 10,000 x g for 5 min, and 5) measure the protein 
content of the supernatant after centrifugation. If the supernatant contains 2.95% 
protein and the starting NFDM contained 36.4% protein, what is the % protein 
solubility? 

{% Protein in supernatant/[(% protein in NFDM × g NFDM)/(g NFDM + g water)]} × 100 = 
= {2.95/[36.4 × 20)/(20 + 200)]} × 100 = 89.1% 

 
15. You work for a fluid milk manufacturer that sells milk used in steamed coffee products. 

With this application, the milk needs to form large amounts of stable foam. Periodically, 
you have been receiving complaints that the milk does not produce adequate foam when 
steamed. As a result, you need to design a quality control method to measure foam 
characteristics of each lot of milk before it is shipped. Describe the test(s) you would 
perform. 

In this situation it is important to have a simple and rapid test for foam volume and 
foam stability. A simple method would be to: 1) blend a set amount of milk for a set 
time, 2) transfer the foamed milk to a volumetric cylinder and measure the foam 
volume, and 3) transfer the foam to a funnel and measure the half life of the foam 
(i.e., time for half of the original weight of the foam to drain through the funnel. 
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Application of Enzymes in Food Analysis 
 
1. Explain, on a chemical basis, why extremes of pH and temperature can reduce the rate 

of enzyme-catalyzed reactions. 

- Can get denaturation of enzyme at high temperatures, to reduce enzyme activity. 
- pH affects 1) enzyme stability (tertiary and quaternary structure of enzymes), and 2) 

rate of substrate to product conversion, because pH may affect binding of substrate to 
enzyme and the ionization of catalytic groups (e.g., carboxyl or amino groups). 

 
2. Differentiate among competitive, noncompetitive, and uncompetitive enzyme inhibitors. 

Competitive inhibitors 
- A reversible inhibitor. 
- Usually resembles the substrate structurally. 
- Competes with substrate for binding to the active site of the enzyme (only one 

molecule of substrate or inhibitor can be bound to the enzyme at one time). 

Noncompetitive inhibitors 
- A reversible inhibitor. 
- Binds to enzyme independent of the substrate, and is bound outside the active site of 

the enzyme. 

Uncompetitive inhibitors 
- A reversible inhibitor. 
- Binds only to the enzyme substrate complex. 

 
3. You believe that the food product you are working with contains a specific enzyme 

inhibitor. Explain how you would quantitate the amount of enzyme inhibitor (I) present 
in an extract of the food. The inhibitor (I) in question can be purchased commercially in 
a purified form from a chemical company. The inhibitor is known to inhibit the specific 
enzyme E, which reacts with the substrate S to generate product P, which can be 
quantitiated spectrophotometrically. 

- Prepare a standard curve with different amounts of inhibitor, added to mixture of 
E + S. 

- With more inhibitor, get less product so lower absorbance. 

- Use standard curve to quantitate amount of inhibitor in food product. 
 
4. What methods can be used to quantitate enzyme activity in enzyme-catalyzed reactions? 

Absorbance spectrometry  
Fluorimetry  
Manometric methods  
Titration 
Isotope measurement  
Viscosity 
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5. What is a coupled reaction, and what are the concerns in using coupled reactions to 
measure enzyme activity? Give a specific example of a coupled reaction used to 
measure enzyme activity. 

Coupled reactions involve 2 or more enzyme reactions so that a substrate or product 
concentration can be readily followed; involves an indicator reaction and a measuring reaction. 

Concerns 
- The measuring reaction always must be rate-determining (i.e., E2 activity should be 

much greater than El activity). 
- Can be problems if pH optima of the coupled enzymes are quite different. 

Examples 
- Measuring sulfite with the enzyme combination sulfite oxidase and NADH peroxidase. 
- Measuring glucose with the enzyme combination glucose oxidase and peroxidase, or 

the enzyme combination hexokinase and glucose-6-phosphate dehydrogenase. 
- Measuring glutamate with the enzyme combination glutamate dehydrogenase and 

lactate dehydrogenase, or with the enzymes glutamate dehydrogenase and diaphorase. 
 

6. Explain how D-malic acid can be quantitated by an enzymatic method to test for 
adulteration of apple juice. 

D-malic acid + NAD+   pyruvate + CO2 + NADH + H+ 

DMD = D-malate dehydrogenase  

- Measure NADH photometrically. 
- Addition of synthetic D/L malic acid to apple juice would change amount of D-malate 

measured. 
 
7. Why is the enzyme peroxidase often quantitated in processing vegetables? 

Heat treatment adequate to destroy all peroxidase activity in a plant material is usually 
more than adequate to destroy other enzymes and most microbes present. Therefore, 
adequacy of blanching is monitored by disappearance of peroxidase activity. 

 
8. Explain the purpose of testing for phosphatase activity in the dairy industry, and explain 

why it can be used in that way. 

The thermal stability of alkaline phosphatase in milk is greater than that of the non 
spore forming microbial pathogens in milk. The phosphatase assay is used to 
determine whether pasteurization has been done properly, and to detect the addition of 
raw milk to pasteurized milk. 

 
9. Explain how glucose can be quantitated using a specific immobilized enzyme. 

Use a glucose electrode in which glucose oxidase is combined with an oxygen 
electrode to determine glucose concentration. Glucose in a solution diffuses into the 
membrane of the electrode, where it is converted to gluconolactone by glucose oxidase 
with the uptake of oxygen. Oxygen uptake is a measure of glucose concentration. 
Glucose can also be measured by the action of glucose oxidase with the detection of 
H2O2, in which the H2O2 is detected amperometrically at a polarized electrode. 

DMD 
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Immunoassays 
 
1. What is the relationship between an antigen and an antibody? 

An antigen is any molecule that induces the formation of antibodies. Antibodies are 
proteins produced by animals in response to an antigen. 

 
2. What is the difference between monoclonal and polyclonal antibodies? 

Polyclonal antibodies – collection of different antibodies that bind different epitopes 
on the antigen. 

Monoclonal antibodies – antibodies with only one binding site, produced by cells 
that can be cultured 

 
3. All immunoassays have two conditions that they must satisfy; what are they? 

There must be some method to separate or differentiate free antigen from bound 
antigen. Antigen or antibody must be quantifiable at low concentrations for 
maximum sensitivity. 

 
4. Give the advantages and disadvantages of establishing an indirect format for 

immunoassays. 

Disadvantages 
Adds a step 
Uses more antibody  

Advantages 
Anti-species antibodies of all types are commercially available. 
Anti-species antibodies come with a variety of label options that offer 

advantages in specific applications and gives increased sensitivity. 
Anti-species antibodies can be prepared in a selective manner, so antibody 

classes can be differentiated. 
 
5. Describe, in general terms, how you would use immunoaffinity purification to isolate a 

protein for which you have developed antibodies. 

Antibody is immobilized on some support. 
Expose the antibody-bound solid to a food extract to bind antigen. 
Wash the solid phase free of all unbound material. 
Release the pure antigen (e.g., using changes in pH or solvent). 

 
6. Give four common applications of immunoassays in food analysis. 

Food residue analysis (e.g., pesticides, drugs) 
Identification of bacteria and viruses (e.g., food-borne pathogens, bacterial toxins)  
Protein detection  
Determination of allergens  
Meat species authentication 
Detection of genetically modified organisms in foods 
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7. All commercial potatoes contain the toxic glycoalkaloids α-solanine and α-chaconine. 
Both of these glycoalkaloids have the same large alkaloid portion, known as solanidine. 
Therefore polyclonal antibodies can be developed in rabbits against solanidine by 
chemically linking it to a foreign protein (foreign to the rabbit) and injecting the protein-
bound hapten (solanidine linked using a succinic acid derivative) into rabbits. The 
antibodies that develop in the rabbit against the hapten bind to the alkaloid portion of 
both toxic glycoalkaloids. 
To develop an appropriate competitive ELISA, solanidine is again linked to a protein, 
but this time a different protein, and this conjugate is used to coat plastic microtiter 
plates. After excess conjugate is washed away the plates are ready for the competitive 
ELISA procedure. 
The glycoalkaloids in potatoes are extracted with methanol and this extract is further 
diluted with water for use in the ELISA procedure. A standard curve is prepared by 
diluting standard solutions of α-chaconine at low, medium, and high concentrations with 
similar aqueous methanol solutions. In addition a negative control is prepared using 
methanol and water at similar concentrations to the diluted potato extracts and standards, 
but without any glycoalkaloid present. Now the various extracts, standards, and negative 
controls are placed in individual wells with equivalent amounts of diluted rabbit serum 
containing the polyclonal antibodies. After incubation for 30 min at room temperature, 
all of the wells on the plate are again washed. Next a solution of commercially available 
goat anti-rabbit antibody conjugated to peroxidase is added to each well. After another 
30 min. incubation the wells are again thoroughly washed. 
Finally phenylenediamine substrate solution is added to each well along with peroxide 
and again the plate is incubated for 30 min. After 30 min the plate is rapidly read (in 
under one minute) using an ELISA plate reader. The wells all contain differing amounts 
of yellow colour. 

a. Tomatidine is a glycoalkaloid found in tomatoes and contains the alkaloid portion 
tomatine. Would the polyclonal antibodies detect tomatidine? 

No, the alkaloid is different, and antibodies are very specific. 

b. Why is the protein that the hapten is attached to different for the ELISA procedure 
than for the injection? 

Antibodies also develop against the protein and you do not want these to interfere 
with the test. Therefore, use a different protein that will not bind to the antibodies 
developed in the immunization. 

c. Is the ELISA protocol direct or indirect? Indirect (goat anti-rabbit) 

d. Which wells would you expect to contain the most colour, standards, potato 
extracts, or negative controls? 

Negative control. Others have glycoalkaloids decreasing absorbance. 

e. Would you be concerned if a potato extract gave almost no colour at the end of the 
ELISA procedure? 

Yes, this sample would have very high toxic glycoalkaloid levels. 
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Agricultural Biotechnology (GMO) Methods of Analysis 
 
1. You have been asked for help by your neighbor farmer who sells some of his sweet-corn 

crop to the local organic Coop. He is required to deliver cobs from plants that have not 
been genetically modified. Organic certification guidelines require that all of the steps in 
production be completely documented. They also restrict the seed (e.g. non-GMO) and 
the different methods the farmer can use to control weeds and crop pests. He is late with 
deliveries and in the rush cannot find the paperwork that confirms the contents of his 
storage bins. Can you advise him on a quick way to confirm his selection of produce 
bins for delivery to the store? 

a. Take representative samples of the bins. 

b. Use the lateral flow strip method to detect a common GMO, e.g., MON810 or a Bt 
detection strip. A positive result would indicate bins that are not non GMO, while 
a negative result should be a good indicator of the non GMO corn. 

c. Select the sub-sample and numbers of strips to give the probability, e.g, 95% or 
99%, that he will be required to test for the level of risk he has to confirm. Buyer 
and sellers risk will depend on: safety, regulations, consumer acceptance, and 
concern for negative publicity. This is usually agreed up front when the contracts 
are negotiated. 

 
2. You work for a large North American food producer and are responsible for advising 

your export department on a new opportunity to sell breakfast cereal, with added soy for 
health benefits, to customers in Europe. Your responsibility is to advise on the 
appropriate analytical testing that they will need for a sale to Europe. You know that 
they do not want to label the product for GMO and there is a 1% European labelling 
regulation in place. You also know that soybeans and corn are possibly modified for Ag 
biotech traits. Needless to say they are trying to make a good profit on this sale. 

a. What testing will you advise for the raw ingredients? 

Test the soybeans for the Roundup Ready trait using a protein ELISA test. You 
will need a result that is less than 1%. You also need to consider the other 
ingredients, particularly if you are using corn since modified soybeans can cross 
contaminate the corn, both in the field and during transportation or storage. 

You could also use PCR testing but this will be more expensive and it will take 
longer to obtain a result. You will need to have warehouse space available to 
store the product during testing and the cost of inventory will affect profits. 

b. Finally how will you confirm that the finished products meet the contract 
specifications with respect to GMO? 

The surest way to guarantee will be to test for all known GM traits. However a 
more realistic approach will take representative samples and test using the 35S 
PCR screening test (or another screening method if one is available that suits the 
purpose more closely). If the results of the qualitative test are positive a 
quantitative PCR must be run with results reporting less than 1% for acceptance 
of the product in Europe without labelling. 
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3. You have just turned on the TV news in the morning and been very surprised to hear 
your company accused of using "unapproved GMOs" in their corn chips. As the Quality 
Director you realize that you will have a long day ahead. This is the situation that all 
your previous training has prepared you for, it has just never happened. You know to 
expect an urgent meeting and you need to think and speak clearly with the senior 
management team. List all the things you will need to check before you get to this 
meeting. Later in the day you will have some of the product that is in question available 
and you will need to send it to the lab. What testing will you request? 

Things vou need to check: 
a. Where and when the chips were manufactured (lot numbers, manufacturing 

codes, etc.) 
b. All of the documentation that your ingredient suppliers have provided to 

guarantee a non-GMO product. 
c. All of the validation documentation and test results that you have available to 

show your company did everything possible to prevent an accidental 
contamination. 

d. A list of all the steps in the manufacturing process where an accidental 
contamination might have occurred. 

e. Plans to take the corresponding (manufacturing lot/date) product off the store 
shelves as fast as possible. 

What testing vou should request: 
Request PCR testing for the total GM and trait specific testing for the unapproved 
event. You should be prepared with previous validation tests to know which 
laboratory is going to perform the tests for you. 

 
4. You work for a small agricultural research company that is developing new varieties of 

grains for pasta products. The research team has developed an exciting new genetic trait 
that will guarantee that spaghetti noodles will never get soggy in cooking. It will always 
be "al dente". The new trait is a protein that binds the starch such that it retains a firm 
gel. This is a very important development for your company. You are responsible to 
ensure that your seed division can guarantee that the trait is present 95% of the time, in 
seed to be planted. What type of analytical testing will you advise? 

a. To develop an ELISA test for the new protein. 
b. Have it available in both lateral flow strip (LFS for possible field or transport and 

storage facilities testing where fast results are required) and ELISA plate format 
(for quantitative testing in the research laboratory). 

c. Sample and test the plants growing in the field using LFS to ensure growing the 
correct plants for seed. 

d. Test seeds using ELISA to ensure delivering 95% level. 
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5. The consumer complaints department of your company has asked you to test the soup 
they have sent to you in the GMO testing lab. The consumer claims that they had an 
allergic reaction to the soup. They had purchased two cans of corn soup on the same day 
and carefully checked the label. They know they are allergic to soybeans and they found 
no soy ingredients listed on the label. They opened one can and this is the second one on 
your desk. The quality department has determined that the cans are from the same 
production lot. What test methods can you use to decide if the consumer was indeed 
allergic to something in the soup? 

You know that corn and soybeans are often grown in the same agricultural areas so 
one possibility is that there may have been some cross contamination either at the 
farm or in the transportation and storage locations. 

It is possible that a low level of soybeans were present in the corn ingredients that 
were used to make the soup. These do not have to be GM soybeans. You could 
detect any accidental contamination using a PCR reaction designed to detect a gene 
found in all soybeans such as the lectin gene. 

If soy was/is present you can expect the soup to be fairly homogeneous by the time it 
is canned (mixing, blending, etc.). This can be taken into account when sampling the 
soup. You can also expect that a positive result for the soy PCR analysis is a strong 
indicator of soybean contamination in the soup. You would not be able to prove or 
disprove if you had a negative PCR analysis result, although you may be able to give 
an indication of the level of your analytical certainty. 

 
6. You are the "food technical person" working for a venture capital investment company 

and the financial analyst has just passed you a file. They have a proposal from a 
company claiming to have "instant GMO testing." You remember from college that this 
was not the way your textbook presented the situation. You wonder if things have 
indeed changed. Perhaps this is really an exciting opportunity. You vaguely remember 
that methods have to be suitable for the different food materials to be tested, something 
about validated for each matrix. What other considerations do you need to look at before 
deciding whether or not this new test is "too good to be true"? List all the things you will 
need to question. 

a. What is the test method analyzing for – DNA or a new protein? 
b.  If DNA, does this sequence occur in all GMOs? 
c. If protein, is the protein expressed in all traits? Do you find it at the same level in 

all plant tissues (e.g., seed, leaf, etc.)? 
d. Can the DNA or protein be separated easily from the food substance to be tested; 

does it extract the same each time; is this a relatively simple process (you know 
that the simpler a method is, the more likely it is to be reproducible and reliable)? 

e. Can the test be delivered in a simple-to-use format? 
f. Can it be made relatively cheaply; do any parts of the test require large or very 

expensive equipment (will it be affordable in all applications, locations)? 
g. Can it be reused or is it disposable? 
h. Can it be stored, kept without special storage (refrigerator, on the shelf, etc.)? 

There are surely more considerations but these will start you in the right direction. 
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Analysis of Pesticide, Mycotoxin, and Drug Residues in Foods 
 
1. What is meant by the "tolerance level" for a pesticide on a fresh agricultural product? 

Tolerance level - legal limit of pesticide residue at harvest 
- expressed in units of concentration (e.g., mg/kg) 
- must be established prior to registration 
 

2. Why is it that all analytical methods provide only estimates of the level(s) of an analyte 
within the sample? In your opinion, how exact are these estimates? 

Numbers generated are subject to uncertainties, even if sample is homogenous and 
representative. 
Estimates are ± 10% if present at 1–10 mg/kg, and ± 30–60% if present at 1–10 ug/kg. 

 
3. Multiresidue, single-residue, and screening methods are the three most commonly used 

approaches to pesticide residue analysis. Differentiate these three types of methods with 
regard to their purpose/application, and give a comparative advantage of each type of 
method. 

 
 Purpose/Application Advantage 

Multiresidue To detect and measure multiple 
residues in a range of foods; Provide 
reliable estimates 

Multi-pesticide 
application  

Single-residue To measure a single residue (its 
principle metabolites and 
transformation products); To support 
application for registration 

Very accurate  

Screening Semiquantitative and qualitative; 
Assay large number of samples for 
limited number of pesticides in a 
short time 

Fast  

 
4. Briefly outline the five major steps involved in a quantitative single-residue method for 

residues of a pesticide in a fresh plant food. 

1. Sample preparation – separate by edible and nonedible, chop, grind, macerate 
sample 

2. Extraction – solubilize pesticide residues in suitable solvent, by blending chopped 
sample with solvent in a homogenizer; filter sample 

3. Cleanup (isolation) – remove coextracted compounds that would interfere with a 
separation and detection steps 

4. Separation – separate components in extract by differential partitioning between 
mobile and stationary phases 

5. Detection and quantitation – use detector to measure some physical parameter of the 
separated compounds; use signal to quantitate 
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5. What strategies can be followed in an attempt to corroborate the presence of a pesticide, 
a mycotoxin, or a drug residue in a sample? What is the value, if any, of these 
approaches? 

- Ideal to use two independent methods based on entirely different analytical 
principles, if available. 

- Use GC-MS to record the mass spectrum of the analyte and estimate quantity. 
- Use a selective detector different from the one used in the original analysis, or use 

a column with a different stationary phase.  
- Chemically alter compound then rechromatograph to ensure signal has moved.  
- Value of these approaches is to increase the level of confidence concerning the 

identity and amount of the analyte present. 
 

6. For immunoassay-based analytical methods, what is meant by the term cross-reactivity? 

Crossreactivity – the affinity the antibody shows for related chemical structures. 
 
7. Why haven't microbiological assays been developed to detect the presence of 

toxicogenic fungi in fresh or stored produce and used as an indicator of possible 
mycotoxin contamination of that product? 

There is not a good correlation between the level of fungal infection and the level of 
mycotoxin(s) in the contaminated produce. 

 
8. Why are sampling procedures for pesticide residues appreciably different from sampling 

procedures for mycotoxins even when dealing with the same sample matrix? 

Typically, the method of sampling is directed/optimized not only to the target food 
crop but also for the target analyte(s) as well. The great majority of pesticides are not 
systemic (they are not translocated throughout the plant) and occur as surface residues. 
They are not distributed evenly across the surfaces of the fresh produce. Mycotoxins 
(toxic fungal metabolites) present a more difficult sampling problem in that they can 
occur at very high concentration(s) but are located sporadically on the contaminated 
surface. 

 
9. What are the advantages and disadvantages of analytical screening procedures for 

pesticide, for mycotoxin, and for drug residues? 

Advantages 
- A large number of samples can be analyzed in a short time 
- Methods are generally robust and not limited to highly controlled lab 

environments 
- Rapid 
- Low cost 
- Simple methods 

Disadvantages 
- Are not specific to a particular analyte (Typically, give a positive response to any 

one of a group of compounds) 
- Provide only an estimate of the concentration range (i.e. positive response if at or 

above a critical concentration) 
- In some procedures, other compounds can interfere with detection and 

quantitation 
- In some procedures, several factors affect the results 
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10. Selected food products can be screened for certain mycotoxin residues using a simple 

mini-column and for antibiotic residues by using a commercial kit such as the Charm II 
test. A different approach for aflatoxin or for certain sulfonamide antibiotic residues 
would be to perform an HPLC separation coupled with a selective, yet sensitive, 
detection process. Briefly explain how each of these three methods might be applied to 
solve these analytical problems. Include in your answer a description of the principles 
involved and the limitations of each approach. (See also Chapters 27 and 28 for general 
column chromatography and for HPLC, and Chapter 17 on immunoassays.) 

Minicolumn  
Application – Intended to provide a preliminary indication of the presence of certain 
compounds that fluoresce naturally. 

Principle – After sample cleanup, an extract is applied to a small chromatography 
column packed with layers of different adsorbents. The aflatoxins, zearalenone and 
ochratoxins, which are naturally fluorescent, adsorb to the column while many other 
extracted compounds do not. A second mobile phase combination is used to move 
the mycotoxin residues from the upper part of the column into a Florisil-lover layer, 
where these analytes appear as a blue fluorescent band (when viewed at 365 nm). 

Limitations − Only semiquantitative 
 − Doe not distinguish between the types of analytes identified above 

Charm II Test  
Application – Intended as simple and rapid screening assay for antibiotic residues 
that may be present at or above a critical concentration. 

Principles – A radioreceptor assay, based on competition between labeled drug and 
the drug residues in milk, both of which will react with limited number 
of specific binding sites on bacteria. With more antibiotic residues 
present in a milk sample, less radiolabeled tracer is bound to the 
microorganism. 

Limitations – Assay is nonspecific, responding to numerous antibiotic groups. 

HPLC 

Application – Intended for quantitative analysis of specific aflatoxins and drug 
residues 

Principle – Like with analysis for pesticide residues, the HPLC procedures for 
mycotoxins and drug residues often involve separate steps of extraction, 
filtration, cleanup, concentration, chromatographic separation, 
detection/ quantitation, and confirmation. The chromatographic 
separation may be reversed-phase HPLC, which uses a nonpolar 
stationary phase and a polar mobile phase, so analytes separate on the 
basis of polarity. 

Limitations – Procedure is time consuming, requires the use of expensive equipment, 
results are dependent on operator expertise, and requires that conditions 
be rigorously controlled. 
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Basic Principles of Spectroscopy 
 

1. Which phenomena associated with light are most readily explained by considering the 
wave nature of light? Explain these phenomena based on your understanding of 
interference. 

The phenomena associated with light propagation. 
This includes refraction, diffraction and interference, all of which are important in 
spectroscopy. 
 

2. Which phenomena associated with light are most readily explained by considering the 
particulate nature of light? Explain these phenomena based on your understanding of the 
quantum nature of electromagnetic radiation. 

The phenomena associated with the interaction of light with matter, absorption being 
the most important for spectroscopy. Experiments related to the photoelectric effect 
illustrate that the light is quantized. Absorption is a simple capture of this bundle of 
energy, which must match the energy differences in the molecule/atom. 

 
3. What does it mean to say that the energy content of matter is quantized? 

The energy levels of matter are not continuous. For any given matter there are specific 
energy levels in which it can reside. If plotted, the energy levels would have a digital 
type readout rather than an analog type readout. 

 
4. Molecular absorption of radiation in the UV-VIS range results in transitions between 

what types of energy levels? 

Electronic energy levels 
 
5. Molecular absorption of radiation in the IR range results in transitions between what 

types of energy levels? 

Vibrational energy levels 
 
6. Why is an applied magnetic field necessary for NMR spectroscopy? 

The applied magnetic field is necessary in NMR to create an energy difference 
between specific orientations of the nuclei. If no magnetic field is applied then the 
energy associated with the different orientations of the nuclei would be so small as to 
be indistinguishable by classical NMR methods. 

 
7. How do the allowed energy levels of molecules differ from those of atoms?  

Molecules will have many more energy levels due to the vibrational and rotational 
energy levels that occur in multiatom structures. Atoms will have only electronic 
energy levels. Within each electronic energy level, molecules will have their 
vibrational and rotational energy levels. 
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8. In fluorescence spectroscopy, why is the wavelength of the emitted radiation longer than 
the wavelength of the radiation used for excitation of the analyte? 

The wavelength of the emitted light is longer because typically some of the energy 
associated with the absorbed light is dissipated as heat (vibrational relaxation) and, 
thus, the emitted light is of lower energy. The lower energy associated with the 
photons of the emitted light means that the corresponding light waves are of longer 
wavelength. 
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Ultraviolet, Visible, and Fluorescence Spectroscopy 
 
1. Why is it common to use absorbance values rather than transmittance values when doing 

quantitative UV-Vis spectroscopy? 

T and %T are not directly proportional to the concentration of the absorbing analyte 
in the sample solution (i.e., nonlinear relationship). Under appropriate conditions, 
absorbance is directly proportional (i.e., linear relationship) to the concentration. 
 

2. For a particular assay, your plot of absorbance versus concentration is not linear. 
Explain the possible reasons for this. 

- Analyte concentration may be too great, so its absorptivity is altered. 
- There may be reversible association-dissociation of analyte molecules or the 

ionization of a weak acid in an unbuffered solvent. Since different forms of the 
analyte have different absorptivities, the linear relationship may not hold. 

- Radiation passing through sample may be polychromatic (vs. monochromatic). 
 
3. What criteria should be used to choose an appropriate wavelength at which to make 

absorbance measurements, and why is that choice so important? 

Choose the wavelength at which the analyte demonstrates maximum absorbance, 
and where the absorbance does not change rapidly with changes in wavelength, if 
possible. This provides maximum sensitivity (i.e., absorbance change per unit 
change in analyte concentration), and greater adherence to Beer's law. 

 
4. In a particular assay, the absorbance reading on the spectrophotometer for one sample is 

2.033 and for another sample 0.032. Would you trust these values? Why or why not? 

The 2.033 value is too high and the 0.032 value is too low to be ideal for good 
precision. Ideally use range of -0.2 to 0.8 absorbance units (maybe up to 1.0 to 1.5 
absorbance units). With too high or too low of values, relative concentration 
uncertainty is too high. 

 
5. Explain the difference between electromagnetic radiation in the UV and Vis ranges. 

How does quantitative spectroscopy using the UV range differ from that using the Vis 
range? 

UV range ~ 160 nm through 375 nm 
– use deuterium electrical-discharge lamps 
– use quartz sample holders (because glass absorbs radiation below 350 nm)  

Vis range ~ 380 nm through 720 nm  
– use tungsten filament lamp, that emits radiation at 350 to 2500 nm  

For UV range, turn on UV lamps, and use quartz cuvettes 
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6. What is actually happening inside the spectrophotometer when the analyst "sets" the 
wavelength for a particular assay? 

- You are adjusting the monochromator to set the wavelength. 
- A monochromator disperses radiation, so radiation of a specific wavelength can be 

made to exit the monochromator and be directed to the sample. 
- A monochromator consists of entrance and exit slits, concave mirrors, and a dispersing 

element. 
- It is necessary to obtain monochromatic radiation that passes through the sample. 

Beer's law, which relates absorbance to concentration, holds only for monochromatic 
radiation. 

 
7. Considering a typical spectrophotometer, what is the effect of decreasing the exit slit 

width of the monochromator on the light incident to the sample? 

Light incident to the sample will be more monochromatic (narrower band width), but 
of lower radiant power. 

 
8. Your lab has been using an old single-beam spectrophotometer that must now be 

replaced by a new spectrophotometer. You obtain sales literature that describes single-
beam and double-beam instruments. What are the basic differences between a single-
beam and a double-beam spectrophotometer, and what are the advantages and 
disadvantages of each? 

Single-beam instrument 
- Radiant beam follows only one path (i.e., from source through the sample to the 

detector) 

Double-beam instrument 
- Radiant beam is split so half the beam goes through one cell-holding compartment 

and the other half of the beam through the second, or beam is alternately passed 
through the sample and reference cells by means of a rotating sector mirror 

Advantages of double-beam instrument 
- Can simultaneously measure and compare relative absorbance of a sample and a 

reference cell 
- Can compensate for deviations or drifts in the radiant output of the source 

Disadvantages of double-beam instrument 
- Radiant power of the incident beam is decreased because beam is split, causing 

inferior signal-to-noise ratios 
 

9. Explain the similarities and differences between UV-Vis spectroscopy and fluorescence 
spectroscopy with regard to instrumentation and principles involved. What is the 
advantage of using fluorescence spectroscopy? 

Similarities 
- Essentially the same instrument components. 
- Both are based on the absorption of radiant energy by the analyte, and the 

detection of radiant energy at the detector. 
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Differences 
- Fluorescence spectroscopy depends on measuring radiation emitted by the analyte 

as it relaxes from an excited electronic energy level to its corresponding ground 
state. The analyte is originally activated to the higher energy level by the 
absorption of radiation in UV or Vis range. 

- Fluorometers have 2 wavelength selectors (i.e., excitation beam and emission 
beam) vs. 1 for spectrometer). 

- Fluorometers have detector arranged so that emitted radiation is traveling at an 
angle of 90 ° relative to the axis of the excitation beam (to minimize signal 
interference due to transmitted source radiation and radiation scattered from the 
sample). 
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Infrared Spectroscopy 
 
1. Describe the factors that affect the frequency of vibration of a molecular functional 

group and thus the frequencies of radiation that it absorbs. Also, explain how the 
fundamental absorption and overtone absorptions of a molecule are related. 

- Factors include strength of the bond and mass of the molecular system. 
- Fundamental absorption is the initial frequency of vibration of the bond. 
- Overtone absorptions are of a frequency 2–3 times that of the fundamental 

frequency; intensity of these absorptions is much lower than the fundamental 
absorption, since these transitions are less favoured. 

 
2. Describe the essential components of an FT mid-IR spectrometer and their function, and 

compare the operation of the FT instrument to a dispersive instrument. What advantages 
do FT instruments have over dispersive IR spectrophotometers? 

Fourier transform instrument  
IR source 
interferometer (splits then recombines a light beam) 
mirrors and mirror drive 
sample cell 
detector 
amplifier 
computer 

Fourier transform operation 
- Radiation is not dispersed, but rather all wavelengths arrive at the detector 

simultaneously; a mathematical treatment (a Fourier transform) is used to convert the 
results into a typical IR spectrum. 

- Uses an interferometer to split then recombine a light beam.  

Dispersive instrument operation 
- Use a monochromator to disperse the individual frequencies of radiation and 

sequentially pass them through the sample so that the absorption of each frequency 
can be measured. 

Advantages of Fourier transform instruments (vs. dispersive) 
Can acquire spectra more rapidly, with greatly improved signal-to-noise ratio. 

 
3. Of the three antioxidants, butylated hydroxytoluene (BHT), butylated hydroxyanisole 

(BHA) and propyl gallate, which would you expect to have a strong IR absorption band 
in the 1700–1750 cm−1 spectral region? Look up these compounds in a reference book if 
you are uncertain of their structure. 

A strong absorption band in the 1700–1750 cm−1 region is indicative of the presence 
of a carboxyl group. Since propyl gallate is the only one of the three compounds to 
have a carboxyl group in its structure, only propyl gallate should exhibit a strong 
band between 1700 and 1750 cm−1 
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4. Describe the steps involved in calibrating an NIR reflectance instrument to measure the 
protein content of wheat flour. Why is it usually necessary to make measurements at 
more than one wavelength? 

- Select a set of calibration, or training, samples (representative, contain constituents 
of interest, with uniform distribution of concentrations). 

- Analyze by classical analytical method for the constituent, and obtain spectral data 
on each sample with the NIR instrument at all available wavelengths. 

- Use multiple linear regression to select optimum wavelengths for measurement 
(select 2–6 wavelengths, and check selection to see if reasonable from a 
spectroscopic standpoint). Test regressions using all possible combinations of 
wavelengths being tested, to get combination that provides the best results (i.e., 
maximize correlation coefficient and minimize standard error). 

- Test the calibration obtained using the instrument to predict the composition of a 
set of test samples that are independent of the calibration set. 



 56

Atomic Absorption and Emission Spectroscopy 
 

1. Explain the significance of energy transitions in atoms and of atomization for the 
techniques of AAS and AES. 

The energy change associated with a transition between two energy levels for an atom 
(e.g., ground state and excited state) is directly related to the frequency of the absorbed 
radiation by the atom. For a given electronic transition, radiation of a discrete 
wavelength is either absorbed or emitted. Each element has a unique set of allowed 
transitions and therefore a unique spectrum. 

- For absorption, transitions involve primarily the excitation of electrons in the ground 
state, so number of transitions is small (as compared to more lines for emission). 

- Atomization (i.e., separating particles into individual molecules and breaking 
molecules into atoms) is required before atomic absorption or emission 
measurements can be made. 

 
2. Describe the similarities and differences between AAS and AES for mineral analysis. 

Similarities 
- Used to quantitate elements 
- Heat energy from a flame generates free atoms 
- Have interferences 
- Sample preparation (destruction of organic matter by ashing, then solubilizing ash 

in dilute acid) 

Differences 
AAS – Based on atoms absorbing energy at a specific wavelength, as they go from 

ground to excited state. 
– Energy from a hollow cathode lamp is used to raise atoms from ground to 

excited state. 
AES – Based on atoms emitting energy at specific wavelength as they drop from 

excited to ground state. 
– Heat energy from a flame is used to raise atoms from a ground to excited state. 

 
3. A new employee in your laboratory is somewhat familiar with the application, principles 

involved, instrumental components, and quantitation procedure for UV-Vis 
spectroscopy. The employee must now learn to do analyses using AAS. Explain to the 
new employee the (a) applications, (b) principles, (c) instrumental components and their 
arrangement, and (d) quantification procedure for AAS by comparing and contrasting 
these same items for UV-Vis spectroscopy.  

a. Applications 
UV-VIS – Any compound that when reacted produces molecules that absorb 

radiant energy. 
AAS – Inorganic elements 
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b. Principles  

UV-VIS 
- Based on absorption of energy by molecules; Energy is from tungsten or UV 

lamp. 
- Measure difference between amount of energy emitted by lamp and that 

reaching the detector. 
- Absorption is linearly related to concentration. 

AAS 

- Based on absorption of energy from hollow cathode lamp, by atoms, once heat 
energy from a flame has converted molecules to atoms, ions, and free radicals. 

- Measure difference between amount of energy emitted by hollow cathode lamp 
and that reaching detector. 

- Absorption is linearly related to concentration. 

c. Instrument Components and Their Arrangement  

UV-VIS 
UV or Vis Lamp → Monochromator → Sample → Detector → Readout  

AAS 
HCL → Sample → Monochromator → Detector → Readout  

Same 
– Both have lamps (but of different types) 

- Both have choppers and mirrors 
- Both have detectors and readouts 

Different 
- Different types of lamps 
- Monochromator sits in different place 

d. Quantitation Procedure 

For both – Use standard curve or standard addition; Plot of absorbance vs. 
concentration is linear (but may be curve for AAS) 

 
4. What would be the advantages of having an atomic absorption unit that had a graphite 

furnace? 

Can accommodate smaller samples.  
Detection limits are lower. 
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5. The analytical laboratory in your company plans to purchase an inductively coupled 
plasma-atomic emission spectrometer. 

a. Explain the instrumentation and principle of its operation to analyze foods for 
specific minerals. 

Instrumentation (may be simultaneous or sequential or charge injection device (CID) 
spectrometer) 

Atomization excitation source – ICP torch (plasma)  
Monochromator – for sequential ICP-AES  
Polychromator – for simultaneous ICP-AES  
Eschelle gratings – for CID instrument  
Detector  
Readout 

Principle 
- Measure emission of energy (at specific wavelength) as atom excited by plasma 

returns to ground state. 
- Amount of radiant energy emitted is proportional to concentration of specific 

element. 

b. Explain how AAS differs in instrumentation and principle of operation from what 
you described previously for ICP-AES. 
AAS 

- Use hollow cathode lamp as radiation source to excite atoms (vs. ICP torch in 
ICP-AES). 

- Use flame only to convert molecules to atoms. 
- Measure amount of radiant energy absorbed as atoms go from ground state to 

excited state. 

c. What are the advantages of ICP-AES over AAS?  
Multiple element capabilities in a single sample with a single aspiration 
Detection limits higher (more sensitive) for some elements 
Better for refractory compounds (i.e., those stable at high temperatures) 
Fewer interferences 
Larger linear working range 

d. The analytical lab in your company handles a large number of samples and analyzes 
them for multiple elements. Would you request purchase of a simultaneous PMT 
spectrometer, a sequential PMT spectrometer, or a charge injection device (CID) 
spectrometer? Explain your answer. 

Request purchase of a CID spectrometer because, like the simultaneous 
photomultiplier tube (PMT) spectrometer, it measures multiple elements 
simultaneously rather than sequentially, but it uses a CID detector, which can 
detect a much larger number of elements than instruments with a PMT detector. 

e. For most types of food samples other than clear liquids, what type of sample 
preparation and treatment is generally required before using ICP-AES, AES, or AAS 
for analysis? 

Ash sample, solubilize ash in dilute acid, dilute to volume, and analyze. 
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6. You are training a new technician in your laboratory on mineral analysis by AAS and 
ICP-AES. Briefly describe the purpose of each of the following items associated with 
those instruments/analysis. 

a. Hollow cathode lamp in AAS – Generates light of specific wavelength to be 
absorbed by element of interest, so atoms are excited 

b. Plasma in ICP-AES – Atomization-excitation source 
c. Monochromator in ICP-AES – Selects wavelength of light emitted by atoms as they 

go from excited to ground state 
d. Nebulizer in AAs and ICP-AES – Converts sample solution to fine mist or aerosol 

7. In the quantitation of Na by atomic absorption, KCl or LiCl was not added to the sample. 
Would you likely over- or underestimate the true Na content? Explain why either KCl or 
LiCl is necessary to obtain accurate results. 

- Underestimate, due to ionization interference, since Na is easily ionized. 
- Add ionization depressant to increase the concentration of electrons in the flame, to 

shift equilibrium to the left: M ↔ M+ + e− 

8. Atomic emission spectrophotometry has one type of interference that atomic absorption 
spectrophotometry does not have – spectral interferences. Explain what this type of 
interference means, and how it can be minimized. 

Spectral interference is when an element in the sample other than the element of 
interest absorbs at the wavelength of the spectral band being used to quantitate the 
element of interest. The problem can be solved by choosing an alternative emission 
line for measuring the element of interest. 

9. Give five potential sources of error in sample preparation prior to atomic absorption 
analysis. 

- Not using distilled and/or deionized H2O 
- Not using reagent grade chemicals 
- Not using sufficiently cleaned labware 
- Using glass rather than plastic labware 
- Not diluting sample properly 

10. You are performing iron analysis on a milk sample using AAS. Your results for the 
blank are high. What could be causing this problem and what is a possible remedy? 

This problem is most likely caused by contamination. Check to make sure the 
reagents are pure and that the glassware was all acid washed. 

11. The detection limit for calcium is lower for ICP emission than it is for flame atomic 
absorption. How is the detection limit determined, and what does it mean? 

Detection limit is the lowest concentration of the element that can be distinguished 
from the blank at a given level of confidence, calculated as follows: 

 

where: Sbl = blank signal    
Sm = minimum distinguishable analytical signal 
m = slope of the calibration curve at the concentration of interest 

m
SS

limitDetection blm −
=
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12. As the manager of the quality assurance laboratory for your company, you ask one of 

your technicians to find the AO AC methods for sodium determination in a specific food 
product. Your technician finds the following methods listed: Volhard titration, ion 
selective electrode, and ICP-AES. Your technician asks you about the differences 
between these methods. To answer the question, differentiate the principles involved, 
and explain why your lab might choose to use one method over the other.  

 

Method Principle Advantages/Disadvantages 

Volhard 
titration 

− A back or indirect titration method to 
quantitate chloride ions, to then calculate 
sodium ions. 

− An excess standard solution of silver 
nitrate is added to the chloride-
containing solution. The excess silver 
nitrate is back titrated with a 
standardized solution of potassium or 
ammonium thiocyanate, with ferric ion 
as an indicator. The volume of 
thiocyanate solution used is proportioned 
to the excess silver, which is used to 
calculate the volume of silver that 
reacted with the chloride. 

Advantages 

− Does not require expensive 
equipment, highly trained 
personnel, or ashing of 
sample. 

 

Disadvantages 

− Subjectivity of determining 
endpoint of titration. – Only 
applicable to sodium analysis.

Ion 
Selective 
Electrode 

− Principle is the same as for measuring pH, 
but by varying the composition of the glass 
in the sensing electrode, the electrode can 
be sensitive to sodium ions. – Sensing and 
reference electrodes are immersed in 
solution that contains element of interest. 
Electrical potential that develops at surface 
of sensing electrode is measured by 
comparing reference electrode with fixed 
potential. Voltage between sensing and 
reference electrode relates to the activity of 
the reactive species. 

− Activity (A) is related to concentration (C) 
by A=γC, where y is activity coefficient, 
which is a function of ionic strength. 

− By adjusting the ionic strength of all test 
samples and standards to a nearly constant 
(high) level, the Nernst equation can be 
used to relate electrode response to 
concentration of species being measured. 

 

Advantages 
− Does not require expensive 

equipment (only pH meter), 
highly trained personnel, or 
ashing of sample. – Analysis 
is independent of turbidity, 
colour, or viscosity. 

 
Disadvantages 
− Cannot measure at low 

concentration.  
− Electrode response can be 

slow. 
− Sensing and reference 

electrode specific to element 
being measured.  

− High rate of premature failure 
for some electrodes. 
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ICP-
AES� 

− Measure emission of energy (at specific 
wavelength) as atom excited by plasma 
returns to ground state. 

− Amount of radiant energy emitted is 
proportional to concentration of specific 
element. 

Advantages 
− Can measure more than 

sodium 
− Sensitive to 0.2 ng/ml for 

sodium 
− Few interferences 
− Response linear over large 

range of concentrations 
 

Disadvantages 
− Very expensive equipment 
− Requires highly trained 

personnel 
− Requires ashing of most types 

of samples 

 
13. Calibration curves (i.e., standard curves) are used in (a) ultraviolet-visible spectroscopy, 

(b) ion-selective electrodes, and (c) AES. For each method, state what factors are plotted 
against each other, and state what type of curve is expected (i.e., linear or nonlinear, 
positive or negative slope).  

 
a.) UV-VIS Plot absorbance vs. 

concentration 
Linear Positive slope 

b.) ISE Plot mV vs. log 
concentration 

Linear except at low cone Positive or negative 
slope 

c.) AES� Plot emission vs. Linear but may be nonlinear at Positive slope 
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concentration higher cone 
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Mass Spectrometry  
 

1. What are the basic components of an MS? 

Sample Introduction → Ion Source → Mass Analyzer → Detector → Data System 
 
2. What are the unique aspects of data that an MS provides? How is this useful in the 

analysis of foods? 

Provides for detection and identification of an unknown compound. Useful when you 
need to identify a specific component of food. 

3. What is EI ionization? What is CI ionization? 

Electron impact (EI) ionization 
- A fragmentation method. 
- Once in the ion source, the compound is exposed to a beam of electrons emitted 

from a filament composed of rhenium or tungsten metal. 
- When a direct current is applied to the filament, it heats and emits electrons that 

move across the ion chamber toward a positive electrode on the other side. 
- As the electrons pass through the source region, they come in close proximity to 

the sample molecule and extract an electron, forming an ionized molecule. 
- Once ionized, the molecules are unstable and, through a series of reactions, breaks 

into smaller molecular fragments. 

Chemical ionization (CI) 
- A fragmentation method. 
- A gas is ionized (e.g., methane), which then directly ionizes the molecule. 
- "Soft ionization". 
- Only a few fragments are produced. 
- Most important use is to determine the molecular ion. 

 
4. What is the base peak on a mass spectrum? What is the molecular ion peak? 

Base peak (base ion) 
- The fragment that has the highest abundance or intensity.  

Parent ion (molecular ion) peak 
- Peak that has the highest mass number and represents the positively charged intact 

molecule with an m/z equal to the molecular mass. 
 
5. What are the major ions (fragments) expected in the EI mass spectrum of ethanol  

(CH3-CH2-OH)? 
CH3-CH2-OH+, CH2-OH+, CHO+, CH +

3  
 

6. What are the major differences between the magnetic sector, quadrupole, and ion trap 
mass analyzer? What are the advantages of using each analyzer? 

Magnetic sector – Uses a magnet to separate ions, it is slower and takes up more lab 
space, but can have higher resolution (i.e., can measure ion fragment masses down to 
0.001 or lower mass units in special MS instruments). 

Quadrupole – Uses four rods with varying electrical potentials that selectively filter 
ions very rapidly to scan a range of masses. It is fast and the detector can be made very 
small (relative to a magnetic sector) which explains its popularity in bench top MS 
instruments. However, resolution is not very good (about 0.5 mass units). 
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Ion trap – Has been called a 3D quadrupole and is somewhat similar except ALL ions 
are trapped and then released over time to produce the MS spectra. It is also small in 
size and fast. Resolution is not as good as the magnetic sector and is about the same as 
quadrupoles. With a good resolution ion trap can perform tandem MS experiments 
(i.e., multiple MS/MS) 
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Basic Principles of Chromatography 
 

1. For each set of two (or three) terms used in chromatography, give a brief explanation as 
indicated to distinguish between the terms. 

a. Adsorption versus Partition Chromatography  

 Adsorption Partition 

Nature of stationary phase solid Liquid 

Nature of mobile phase liquid or gas liquid or gas 

How solute interacts with 
the phases 

van der Waals forces, 
electrostatic interactions, 
hydrogen bonding, 
hydrophobic interactions 

Solute partitions between 
liquid and stationary phases, 
according to partition 
coefficient 

 
b. Normal-Phase versus Reversed-Phase Chromatography 

 Normal Phase Reversed-Phase 

Nature of stationary phase Polar Nonpolar 

Nature of mobile phase Nonpolar Polar 

What elutes last Most polar compounds Most nonpolar compounds 

 
c.  Cation versus Anion Exchangers 

 Cation Exchanger Anion Exchanger 

Charge on column Negative Positive 

Nature of compounds bound Cations Anions 

 
d. Internal Standards versus External Standards 

 Nature of 
Stds. 

How Stds. are Handled in 
Relation to Samples 

What is Plotted on Std. Curve 

 

Internal 
Standard 

Not present 
in sample 

 

Added in constant amount 
to sample and standard 
compounds 

Plot ratio of peak height, area (or 
mass) of internal std. versus 
other standard compounds (y-
axis) vs. concentration of 
standard compounds (x-axis) 

External 
Standard 

Same as 
present in 
sample 

Prepare standards of 
different concentrations and 
inject separate from sample 

Plot peak height, area (or mass) 
of each standard versus 
concentration of standards 
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e. Thin-Layer Chromatography versus Column Liquid Chromatography 

 Thin-Layer Column Liquid 

Nature and location of 
stationary phase 

Solid stationary phase in thin 
layer on plate or sheet 

Liquid (or solid) inside 
column 

Nature and location of 
mobile phase 

Liquid at bottom (and/or top) 
of chamber 

Liquid passes through 
column 

How sample is applied Apply as dot on stationary 
phase at bottom of plate 

Apply to top of column 

Identification of solutes 
separated 

Visualize bands by chemical 
reaction or fluorescence 

Detectors 

 
f. HETP versus N versus L (from the equation HETP = L/N) 

HETP – height equivalent of a theoretical plate  
N – number of theoretical plates  
L – length of column 

 
2. What is the advantage of bonded supports over coated supports for partition 

chromatography? 

With bonded supports, the stationary phase may be covalently attached to the 
support material, so the stationary phase is not stripped off with continued use of the 
column. 

 
3. You applied a mixture of proteins, in a buffer at pH 8.0, to an anion-exchange column. 

On the basis of some assays you performed, you know that the protein of interest 
adsorbed to the column. 

a. Does the anion-exchange stationary phase have a positive or negative charge? 
positive charge 

b. What is the overall charge of the protein of interest that adsorbed to the stationary 
phase? 

negative 

c. Is the isoelectric point of the protein of interest (adsorbed to the column) higher or 
lower than pH 8.0? 

lower 

d. What are the two most common methods you could use to elute the protein of 
interest from the anion-exchange column? Explain how each method works. 

- change the mobile phase pH, to change charge on protein so it no longer binds 
to the column 

- increase the ionic strength (e.g., add NaCl) to mobile phase, to weaken the 
electrostatic interactions 
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4. Explain how you would use SEC to estimate the molecular weight of a protein molecule. 
Include an explanation of what information must be collected and howr it is used. 

- Need to calibrate column by running: 
- Blue Dextran, to determine Vo 
- Coloured low molecular weight compound, to determine Vt 
- Proteins of known M.W. (read A280), then use their Ve to calculate their Kav 

[(Kav = (Ve – Vo)/(Vt – Vo)] 
- Make a plot of Kav vs. log M.W., for proteins of known M.W. 
- Run protein of unknown M.W., obtain Ve, calculate Kav, then use plot to get estimate 

of M.W. 
 

5. Would you use a polystyrene- or a polysaccharide-based stationary phase for work with 
proteins? Explain your answer. 

Use polysaccharide-based (vs. polystyrene-based) stationary phase for work with 
proteins, since they are softer (vs. more rigid), hydrophilic (vs. hydrophobic), and 
have larger pore size and lower charge densities. 

 
6. Explain the principle of affinity chromatography, why a spacer arm is used, and how the 

solute can be eluted. 

Principle 
A type of adsorption chromatography, in which separation is based on the specific, 
reversible interaction between a solute molecule and a ligand immobilized on the 
stationary phase. 

Why spacer arm is used 
To hold the ligand away from the support surface, enabling it to reach into the 
binding site of the analyte 

How the solute is eluted 
Nonspecific methods – disrupting ligand analyte binding by changing the mobile-

phase pH, ionic strength, dielectric constant, or temperature  
Biospecific methods – free ligand is added to mobile phase, so it competes for 

binding sites on the analyte 
 

7. What is gradient elution from a column, and why is it often advantageous over isocratic 
elution? 

Gradient elution refers to changing the mobile phase (e.g., increasing the ionic 
strength or pH) during elution to enhance resolution and decrease analysis time. 

 
8. How can chromatographic data be used to quantitate sample components? 

Use peak height, peak area, or peak mass, to plot against concentration. 
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9. Why would you choose to use an internal standard rather than an external standard? 
Describe how you would select an internal standard for use. 

Use of internal standards can minimize errors due to sample preparation, apparatus, 
and operator technique. Injection volumes need not be accurately measured, and 
detector response need not remain constant. 
Internal standard must not interfere chromatographically with components of interest 
in the sample. It must not be naturally present in the sample, but it should have a 
chemical structure similar to compounds of interest. 

 
10. Explain how SFC differs from LC, including the advantages of SFC. 

- Supercritical fluid chromatography (SFC) uses a supercritical fluid (vs. liquid) 
mobile phase, conditions that can be varied include pressure, the stationary phase is 
similar to those used for HPLC, and detectors can be of many types (including those 
designed for GC). 

- SFC gives decreased analysis time and improved resolution, and makes possible the 
analysis of nonvolatile, thermally labile compounds (that cannot be analyzed by GC). 
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High Performance Liquid Chromatography 
 
1. Why might you choose to use HPLC rather than traditional low-pressure column 

chromatography? 

Speed 
Improved resolution  
Greater sensitivity  
Reusable columns 
Ideal for ionic species and large molecules  
Easy sample recovery 

 
2. What is a guard column and why is it used? 

A guard column is a short, expendable column used to protect the analytical column 
from strongly adsorbed sample components. It is installed between the injector and 
analytical column. It contains the same packing material as in the analytical column, 
but the particle size may be larger. 

 
3. Give three general requirements for HPLC column packing materials. Describe and 

distinguish among porous silica, bonded phases, pellicular, and polymeric column 
packings, including the advantages and disadvantages of each type. 

General requirements 
- Availability in a well-defined particle size, with a narrow particle size distribution. 
- Sufficient mechanical strength to withstand pressure. 
- Good chemical stability. 
- Serves role as support and/or stationary phase. 

Porous silica 
- Silicon dioxide (SiO2) has surface hydroxyl groups that can be modified 
- Can select particle size and pore diameter 
- Dissolves slowly in aqueous solutions 

Bonded phases 
- Hydrocarbon groups are covalently bonded to the surface of silica particles via 

surface silanols 
- Dissolves slowly in aqueous solutions  

Pellicular 
- A thin layer or coating (with desired functional groups) is deposited onto the 

surface of an inert, usually nonporous microparticulate core (organic or inorganic) 
- Rigid core gives good physical strength 
- Thin stationary phase layer gives rapid mass transfer and good column efficiency 
- The thin layer surface coating limits the number of interactive sites, so binding 

capacity is low (has been used also on porous supports; useful for large molecules) 
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Polymeric column packing 
- Synthetic organic resins of two types: microporous and macroporous 

Microporous (microreticular) – crosslinked copolymers in which the apparent 
porosity is determined by degree of crosslinking  

Macroporous (macroreticular) – highly crosslinked, and consist of a network of 
microspheric gel beads joined together to form a larger bead  

Advantages – good chemical stability 
– possibility to vary interactive properties through direct chemical 

modification 
 
4. What is the primary function of an HPLC detector (regardless of type)? What factors 

would you consider in choosing an HPLC detector? Describe three different types of 
detectors and explain the principles of operation for each. 

Primary function of detector 
Translates concentration changes in the HPLC column effluent into electrical 
signals. 

Factors to consider in selecting detector 
Solute type and concentration 
Sensitivity 
Linear range 
Selectivity 
Compatability with the solvent  
Effect of temperature or flow rate changes  
Possibility of use with gradient elution  
Initial and operating costs 

UV-Vis absorption detector (fixed wavelength, or continuously variable wavelength 
and photodiode-array instrument) 
- Measures absorption of radiation in UV and visible wavelength range, according 

to Beer's law. 
- Is a selective detector 

Fluorescence detector 
- Measures the emission of electromagnetic radiation by molecules that fluoresce 

(i.e., absorb at one wavelength and emit at another). 
- More sensitive and selective than UV detector. 

Refractive index detector 
- Measures change in refractive index of the mobile phase due to presence of solutes. 
- Universal detector, since it responds to all solutes. 
- Sensitive to changes in temperature and flow rates. 
- Cannot be used with gradient elution. 

Amperometric detectors 
- Measure the change in current as analyte is oxidized or reduced by the application 

of voltage across electrodes of the flow cell. 
- Sensitivity and selectivity improved by adding pulse techniques (i.e., pulsed 

amperometric detection). 

Conductivity monitor 
- Responds to presence of ions eluting from the column (e.g., ion chromatography). 
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5. You are performing HPLC using a stationary phase that contains a polar nonionic 
functional group. What type of chromatography is this, and what could you do to 
increase the retention time of an analyte? 

This is normal phase chromatography. You could increase the retention time of the 
analyte by decreasing the polarity of the mobile phase, which will make the solute 
want to interact more with the column and not the mobile phase. 

 
6. A sample containing compounds A, B, and C is analyzed via HPLC using a column 

packed with a silica-based Cig bonded phase. A 1:5 solution of ethanol and H20 was 
used as the mobile phase. A UV detector was used and the following chromatogram was 
obtained. 

 
Assuming that the separation of compounds is based on their polarity. 

a. Is this normal- or reversed-phase chromatography? Explain your answer. 
Reversed-phase chromatography, because stationary phase is nonpolar and mobile 
phase is polar. 

b. Which compound is the most polar?  
Compound A 

c. How would you change the mobile phase so Compound C would elute sooner, 
without changing the relative positions of Compounds A and B? Explain why this 
would work. 

After ~ 6 min., change to less polar (i.e., more nonpolar) solvent (i.e., less H2O). 
This would make Compounds A and B elute as normal, but then would make the 
mobile phase to be more like the stationary phase, so Compound C, which is 
nonpolar, would elute sooner. 

 
7. You have used HPLC to achieve good chromatographic separation of Compounds A and 

B in your sample. You now plan to use external standards to help quantitate Compound 
A and B. You have purchased standards identical to what you believe are Compounds A 
and B. To describe how using external standards work for this purpose, answer the 
following questions.  

a. What specifically will you do with the standards?  
Individually inject each standard (A and B) at several concentration, at times 
others than when sample is injected. 

b. What do you actually measure? 
Measure peak height or area 

c. What do you plot? 
For both standards A and B, plot peak height versus concentrations of standard. 
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d. How do you use the plot?  
Calculate the equation of the line for the standard curves for Standards A and B. 
Determine peak height of Compounds A and B in sample, then use those values in 
equations to calculate concentrations of Compound A and B in sample. 

e. Why are external standards commonly used for HPLC (unlike in GC, for which 
internal standards are more commonly used)? 

HPLC uses larger sample volumes, and autosampler or sample loading loop allow 
for uniform volumes injected. 

 
8. Ion chromatography has recently become a widely promoted chromatographic technique 

in food analysis. Describe ion chromatography and give at least two examples of its use. 

Ion chromatography is high-performance ion-exchange chromatography performed 
using a relatively low-capacity stationary phase (either anion or cation exchanger) 
and a conductivity detector (usually). 
Examples of applications: 

Inorganic ions in milk 
Organic acids in coffee extract and wine 
Chlorine in infant formula 
Trace metals, phosphates, and sulfites in foods 
 

9. Describe one application each for ion-exchange and size-exclusion HPLC. 

Ion-exchange HPLC 
- See ion chromatography example above 
- Carbohydrates 
- Amino acids 

Size-exclusion HPLC 
- Average molecular weight and degree of polydispersity of polysaccharides 

(amylose, amylopectin, etc.) 
- Assessing plant cultivars by proteins present 
- Determining polymerized triacylglycerols in oils and fats 
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Gas Chromatography 
 

1. For each of the following methods to isolate solutes from food prior to GC analysis, 
describe the procedure, the applications, and the cautions in use of the method: 

a. headspace methods 
Procedure – directly inject the headspace vapors above a food product; may instead 

concentrate headspace by cryogenic or adsorbent trap 
Applications – measurement of hexanal as indicator of oxidation; other compounds 

as indicators of nonenzymatic browning 
 – determination of volatiles in packaging materials  

Cautions - adsorbent traps have differential adsorption affinity and limited capacity, 
but adsorbent traps are often needed to get H2O-free flavor isolate 

b. distillation methods 
Procedure – product moisture or outside steam is used to heat and codistill the 

volatiles from the food, then a solvent extraction of the distillate is 
needed to get concentrate 

Applications – distill volatiles from a food 
Cautions – volatile isolate may be contaminated by artifacts from solvents used in 

extraction, antifoam agents, steam supply, heat induced chemical 
changes, and leakage of lab air into system 

c. solvent extraction 
Procedure – use organic solvent (usually) to extract solutes, then concentrate as 

necessary 
Applications – fat-free foods (e.g., wines, some breads, fruits and berries some 

vegetables, alcoholic beverages), unless additional procedure is used to 
separate the extracted fat from the isolated volatiles 

Cautions – choose solvent carefully, based on solubility of solutes being extracted – 
watch for interference from fats 

 
2. What is solid-phase extraction and why is it advantageous over traditional liquid-liquid 

extractions? 

In solid-phase extraction, a liquid sample is passed through a column filled with 
chromatographic packing. Solutes with affinity for the packing are retained and 
others elute. Then rinse packing with an eluant that will remove solute of interest. 

Advantages  -  Less solvent required 
- Faster 
- Less glassware needed 
- Better precision and accuracy 
- Minimal solvent evaporation for GC analysis 
- Readily automated 

 
3. Why must sugars and fatty acids be derivatized before GC analysis, while pesticides and 

aroma compounds need not be derivatized? 

Compounds that must be derivatized are those that are thermally unstable, too low in 
volatility, or yield poor chromatographic separation due to polarity. 
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4. Why is the injection port of a GC at a higher temperature than the oven temperature? 

Injection port is at higher temperature to rapidly vaporize the sample, so the sample 
can pass through the column for separation. 

 
5. Differentiate packed columns from capillary columns (microbore and megabore) with 

regard to physical characteristics, and column efficiency. 

Parameter Packed columns Capillary columns 
Column material stainless steel or glass hollow fused or silica glass 
Position of stationary phase  on solid support on walls 
Length 0.5–5 m 5–100 m 
Diameter 1.6–12.7 mm (o.d.) 0.1 mm(i.d.) microbore 

0.2-0.32 mm (i.d.) normal  
0.53 mm (i.d.) megabore 

Column efficiency N 5,000 100,000–500,000 
 
6. You are doing GC with a packed column and notice that the baseline rises from the 

beginning to the end of each run. Explain a likely cause for this increase. 

Column bleeding – liquid coating on column is coming off the solid support at high 
temperatures 
 

7. The most common detectors for GC are TCD, FID, ECD, FPD, and PID. Differentiate 
each of these with regard to the operating principles. Also, indicate below which 
detector(s) fits the description given. 

a. least sensitive TCD 
b. most sensitive ECD 
c. least specific TCD 
d. greatest linear range FID, PID 
e. nondestructive to sample TCD 
f. commonly used for pesticides ECD 
g. commonly used for volatile sulfur compounds FPD 

TCD – As carrier gas passes over a hot filament (tungsten), it cools the filament at a 
certain rate depending on carrier gas velocity and composition. The temperature 
of the filament determines its resistance to electrical current. When a compound 
elutes with the carrier gas, it has less of a cooling effect, so temperature increases 
and resistance increases. 

FID – As compounds elute from the column, they are burned in a hydrogen flame. A 
potential is applied across the flame. The flame will carry a current across the 
potential that is proportional to the organic ions present in the flame from the 
burning of an organic compound. The current flowing across the flame is 
amplified and recorded. 

ECD – The ECD contains a radioactive foil coating that emits electrons as it undergoes 
decay. The electrons are collected on an anode, and the standing current is 
monitored by instrument electronics. As an analyte elutes from the column, it 
passes between the radioactive foil and the anode. Compounds that capture 
electrons reduce the standing current and give a measurable response. 
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FPD – Works by burning all analytes eluting from the analytical column, and then 
measuring specific wavelengths of light that are emitted from the flame using a 
filter and photometer. The wavelengths of light that are suitable in terms of 
intensity and uniqueness iare characteristic of sulfur and phosphorus. 

PID – Uses UV radiation to ionize analytes eluting from the analytical column. The ions 
are accelerated by a polarizing electrode to a collecting electrode. The small 
current formed is magnified by the electrometer of the GC to provide a 
measurable signal. 

8. What types of chromatography does GC rely upon for separation of compounds?  

Size-exclusion chromatography  
Adsorption chromatography  
Partition chromatography  
(Also relies on solute boiling point) 
 

9. In GC, explain why a balance has to be maintained between efficiency and capacity. 
Also, give an example situation in which you would sacrifice capacity for efficiency. 

In any separation, to have high efficiency, capacity is sacrificed. Likewise, to have 
high capacity, you sacrifice efficiency. However, you can improve both capacity and 
efficiency by using a small column with a thick film. If you had a sample with 
numerous compounds that needed to be separated, and it was not necessary to collect 
the solutes, you could sacrifice capacity for efficiency. 

 
10. You plan to use GC to achieve good chromatographic separation of Compounds A, B, 

and C in your food sample. You plan to use an internal standard to quantitate each 
compound. By answering the following questions, describe how using an internal 
standard works for this purpose.  

a. How do you choose the internal standard for your application? 
Not a compound present in the samples to be tested. 
Has the same characteristics as compounds to be quantitated. 
Elutes at time different from compounds of interest. 

b. What do you do with the internal standard, relative to the standard solutions for 
Compounds A, B, and C, and relative to the food sample? Be specific in your answer. 

Add a constant amount of internal standard to food sample and to solutions of mixed 
standard compounds. Inject constant volume of sample of each type. 

c. What do you measure? 
Measure peak height, area or mass 

d. If you were to prepare a standard curve, what would you plot? 
[Peak height of internal standard versus Peak height of Standards A, B, and C] 
versus Concentration of Standards A, B, and C 

e. Why are internal standards commonly used for GC? 
Sample volumes injected for GC are very small, so it is difficult to always inject the 
exact same volume. 
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11. A fellow lab worker is familiar with HPLC for food analysis but not with GC. As you 
consider each component of a typical chromatographic system (and specifically the 
components and conditions for GC and HPLC systems), explain GC to the fellow 
worker by comparing and contrasting it to HPLC. Following that, state in general terms 
the differences among the types of samples appropriate for analysis by GC versus HPLC, 
and give several examples of food constituents appropriate for analysis by each. (See 
also Chapter 28.) 

 
Parameter GC HPLC 

Mobil phase inert gas liquid 

Stationary phase liquid or solid liquid or solid 

Column length 0.5 – 100 m 10 – 25 cm 

Phase of analytes 
− injected 
− detected 

 
gas or liquid 
gas 

 
liquid 
liquid 

Temperature of column 100 – 300 °C ambient → 85 °C 

Detectors TCD, FID, ECD,  
PID, ELCD,  
NPD, FPD 

UV-VIS, R.I.,  
fluorescence,  
amperometric,  
conductivity 

Gradient temperature mobile phase 

Nature of sample volatile not volatile 

Identification of peaks same same 

Quantification of peaks same same 

Descriptiontion of column 
efficiency 

same same 

 
GC Applications 

fatty acids, triglycerides, cholesterol, pesticides, herbicides, polychlorinated 
biphenyls, drugs, flavor compounds, volatiles in packaging materials, separation of 
stereoisomers, headspace analysis 

HPLC Applications 
carbohydrates, proteins, fat-soluble and water-soluble vitamins, caffeine, aspartame, 
pigments, organic acids 
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Thermal Analysis 
 
1. What types of information can you obtain from thermal analysis work? What types of 

thermal analyzers might you use for each of the thermal analyses listed in the text? 

Information to obtain: 
Thermal analysis work can give information about the chemical and/or physical 
changes in a sample due to changes in temperature. There are many examples of these 
changes in the text. The most common ones in food science include: heat capacity 
changes, energy of transition (AH), and temperature of transition. These changes can 
be measured by differential scanning calorimetry (DSC), differential thermal analysis 
(DTA), thermogravimetric analysis (TGA) and dynamic mechanical thermal analysis 
(DMTA). 

Thermal analysis: 
Temperature of transition – DSC, DTA  
Heat capacity changes – DSC, DTA  
Weight losses or gains – TGA 
Energies of transition of enthalpic changes – DSC, DTA  
Dimensional changes – TMA 
Viscoelastic property changes during phase changes or chemical reactions – TMA 
Changes in electrical polarization – polarization DSC 
Evolved gases – Gas chromatography with detector appropriate for gas evolved; or use 

TGA connected to GC or MS detector 
 


