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7.3 Water Activity  

 

Reference: AquaLab Quick Start Guide (2015). Decagon Devices, Inc. Retrieved from < 

http://manuals.decagon.com/Quick%20Start%20Guides/13909_Series%204.pdf>. 

Decagon Devices, Inc. Pullman, WA. 

1. Materials needed: 

a. Food processor, cutting board, and knife 

b. AquaLab meter 

c. Water activity cups 

2. Calibrate AquaLab meter using calibration vials (0.760 aw: 6.0mol/kg NaCl in 

H2O; 0.984 aw: 0.5mol/kg KCl in H2O). 

3. Pack cup about halfway full with sample processed to fine particles. 

4. Read cup in meter. 

5. Samples were measured in duplicate. 
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7.4 Salt Concentration 

 

Reference: Sebranek, J. G., Lonergan, S. M., King-Brink, M., Larson, E., & Beerman, D. 

H. (2001). Meat Science and Processing (pp. 275). Peerage Press, Zenda, MN. 

1. Materials needed: 

a. Food processor, cutting board, and knife 

b. Plastic beakers 

c. Electric hot water kettles 

d. Glass stir rods 

e. Whatman #1 filter paper 

f. Plastic funnels 

g. Quantab® strips (high chloride range Chloride titration strips; Hach 

Company, Loveland, CO) 

2. Boil distilled water in electric kettle. 

3. Homogenize samples into fine particles using food processor. 

4. Weigh 10 g of sample into plastic beaker (2 beakers per treatment). 

5. Add 90 ml of boiling water to beaker. 

6. Stir for 30 s; wait 60 s; stir 30 s using a glass stir rod. 

7. Fold circle of filter pater into a cone shape, set in beaker and allow liquid to 

permeate paper. 

8. Place Quantab® strip in solution in cone. 

9. Leave strip in place until yellow strip at top turns blue. 

10. Locate white peak along scale and convert to percentage salt. 

11. Multiply percentage of salt from the Quantab® unit conversion table by 10 to 

adjust for dilution. 

12. Samples were measured in duplicate. 
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7.5 Proximate Analysis: Protein, Moisture, Ash, and Fat 

  

7.5.1 Protein: LECO FP-528 Sample Preparation and Analysis 

 

Reference: [AOAC] Association of Official Analytical Chemists. 1990. Crude protein 

in meat. Official Method 960.39. Official Methodss of Analysis (15th ed.), Arlington, 

VA, 0.937.  

 

 Preparation using foil method: 

1. Place sample cup holder with tin foil cup on the balance and tare. 

2. Weigh out into foil 0.10g EDTA (if for a standard) or 0.25 g (powdered meat 

sample), record weight. 

3. Remove foil from the sample cup holder and twist to seal. 

4. Set the analysis method parameters and system control parameters on FP-528. 

5. Turn the gas supplies, including the carrier gas ON. 

6. Select the proper analysis mode: Nitrogen or Protein. 

7. If unit has not run in a while, run enough blanks (blank on air) to stabilize the 

machine (10-15) before loading in standards and samples. 

8. Once the machine is stable, load 5 standards followed by samples into the 

autosampler. 

9. The autosampler will continue to run, dropping samples into the analyzer as 

needed. 

10. Make sure to enter sample ID, sample weight, and nitrogen factor into computer 

program for calculations to be accurate 

11. Samples were measured in duplicate. 

 

Combustion Furnace Temperature: 850°C. 

Reduction Heater: 750°C. 

Gas Conversion Timeout: 15 sec. 

Carrier Gas: Helium. 

Atmospheric Gas: Oxygen. 

Nitrogen Conversion Factor: 6.25. 
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7.5.2 Moisture and Ash  

 

Reference: [AOAC] Association of Official Analytical Chemists. 1990. Ash of meat. 

Official Method 920.153. Official Methods of Analysis (15th ed.), Arlington, VA, p.932. 

 

1. Turn on the TGA 701 Gravimetric analyzer, computer and printer.  Select the 

ANALYZE screen on the TGA 701. 

2. Open up the TGA program on the computer. 

a) This should contain the parameters to run moisture and ash.   

3. Type in sample ID in the sample column, then either A or B, or 1 or 2, in the 

second column to designate number of replicates. 

4. Select FILE, then SAVE AS and type in the run name (e.g. ham1). 

5. Select ANALYZE.  The program will now prompt you to load the crucibles.  Use 

only clean, oven-dried crucibles that have been cooled down in the dessicator. 

6. Load empty crucibles in the oven.  There is always a reference crucible in the first 

position.  The maximum number of sample crucibles in each oven is 19.  We 

usually use 18 (9 samples in duplicate for a full run). 

7. After loading, the analyzer screen will prompt you to press any key.  The analyzer 

will then count and tare the crucibles. 

8. Load 1 g of sample using the loading spoon (if using liquid nitrogen-powdered 

sample, use a spoon cooled in liquid nitrogen, then return samples to  -80°C 

freezer). 

9. After all samples are loaded and weighed, the analysis will begin. 

10. When the analysis is complete, export data to a flash drive.  The oven must be at 

25°C before you can use it to analyze another set.  

11. Remove crucibles after they have cooled down, wash in soapy water, and allow 

crucibles to dry in a drying oven for at least 90 minutes. 

12. Samples were run in duplicate. 

 

Parameters for moisture and ash: 

Name Covers RampRate RampTime StartTemp EndTemp 

Moisture Off 6 d/m 17 min 25 °C 130 °C 

Ash Off 20 d/m 30 min 130 °C 160 °C 

 

Name Atmosphere Hold Time Const. Wt. Const. Wt. 

Time 

Flow Rate 

Moisture N 0 min 0.05% 9 min High 

Ash O 0 min 0.05% 9 min High 
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7.5.3 Fat Extraction: Soxhlet Method 

 

Reference: [AOAC] Association of Official Analytical Chemists. 1990. Fat (Crude) 

or ether extract in meat. Official Method 960.39. Official Methods of Analysis (15th 

ed.), Arlington, VA, p.931. 

 

1. Weigh 2 g of each sample into filter paper, fold, and paperclip.  Record weight of 

filter paper and paper clip, and weight of folded packet with sample. 

2. Place folded filter paper packet with sample into Soxhlet tubes, arranging them so 

that no samples are above the level of the top bend in the narrower tubing on the 

outside of the Soxhlet. (The Soxhlet will only fill with the solvent up to this point 

before cycling back down into the boiling flask.)  In general, the large soxhlets 

will hold about 20 two-gram samples and the small soxhlets from 4-6. 

3. Fill the large (500 ml) boiling flasks with approximately 400 ml of solvent.   

4. Fit the Soxhlet onto the boiling flask.  The ceramic fiber sheet could be covering 

the bare metal surfaces of the burners completely.   

5. Turn the heating element control dials between three and four.  Each burner has 

its own dial.    Ether has a very low boiling point and violent boiling is dangerous.  

Double check fittings, boiling stones, etc. 

6. Fat extraction will take from 24 to 72 hours depending on the sample (Beef: 48 

hours, Bacon: 72 hours).  Check extractions twice daily while they are running. 

7. When done, turn off the burners and let solvent cool completely before removing 

samples. 

8. After it has cooled down, slowly uncouple the flask and Soxhlet tube from the 

condenser.  Cover the top of the Soxhlet with one palm so as to reduce ether 

vapors while transporting it to the fume hood.  Allow samples to air dry in the 

fume hood for two hours to get rid of the remaining ether in the samples.  Pour 

ether back slowly into an approved container for reuse or discarding.   

9. Place samples in the drying oven (105°C) for about 4 hours or overnight before 

weighing back. 

10. Calculation: {[(Original weight including filter paper and paper clip – Fat 

extracted sample weight)/Sample weight]*100}-%Moisture=%Fat. 

11. Samples were run in triplicate. 
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7.6 Texture Profile Analysis  

 

Reference: Bourne, M. C.  (1978). Texture profile analysis. Food Technology, 32(7), 62-

66,72. 

   

 Materials needed: 

a. 4.0x4.0cm square, cutting board, and knife 

b. Instron Universal Testing Machine model 1123 

c. 2,500 kg load cell 

d. 140 mm plate 

2. Cut ham samples to 4.0x4.0cm square that is 13mm thick. 

3. Place sample square into Instron. 

4. Run sample with a head speed of 30mm/min to 75% of its thickness, twice. 

5. Obtain values from computer for hardness, springiness, cohesiveness, gumminess, 

and chewiness.   

6. Samples were measured in duplicate. 

 

Hardness: the maximum force during the first cycle of compression. 

Springiness: the distance that the product is extended during decompression 

before separating from the probe. 

Cohesiveness: the ratio of the positive force area during the second cycle of 

compression to that of the first cycle, calculated as (Area B/Area A). 

Gumminess: calculated as hardness * cohesiveness. 

Chewiness: calculated as gumminess * springiness. 
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7.7 pH  

  

Reference: Redfield, A. L., & Sullivan, G. A. (2015). Effects of conventional and 

alternative curing methods on processed turkey quality traits. Poultry Science, 94(12), 

3005-3014. 

 

1. Materials needed 

a. Food processor, cutting board, and knife 

b. Plastic beakers 

c. Graduated cylinder 

d. Double Distilled Deionized (DDD) water 

e. Polytron 

f. pH meter and calibration liquids 

2. Grind sample into fine particles 

3. Weigh 10 g into plastic beaker (2 beakers per treatment) 

4. Add 90 ml DDD water to beakers, and mix with Polytron on low speed for 1 

minute. 

5. Calibrate pH meter with calibration standards (pH values of 4.01, 7.00, and 

10.01). 

6. Read pH with pH meter while mixture is stirred with the stir bars. 

7. Samples were measured in duplicate. 
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7.8 Color  

 

Reference: Hunt, M. & King, A. (2012). Section X: Laboratory Procedures for Studying 

Myoglobin and Meat Color. AMSA Meat Color Measurement Guidelines, P.59.  

 

1. Materials needed: 

a. Minolta Colorimeter (Konica Minolta Chroma Meter CR-400, Ramsey, 

NJ) 

2. Set colorimeter to the following settings:  

a. PrinterOn 

b. Color SpaceOff 

c. ProtectOn 

d. Auto Average6 

e. IlluminantD65 

f. Back LightOff 

g. BuzzerOn 

3. Calibrate colorimeter to the white tile for D65: 

a. Y=93.13 

b. x=0.3164 

c. y=0.3330 

4. Read L*, a*, and b* values on both slices per treatment, 3 measurements per slice, 

for an average of 6 measurements. 

5. Calculate a/b ratio where a/b ratio = a*/b*.   

6. Calculate Hue angle as HA = [arctangent(b*/a*)].  Larger values are indicative of 

a less red, more cooked color. 

7. Calculate Saturation Index, or chroma, as C = [(a*2+b*2)^1/2].  Larger values are 

indicative of more saturation of the hue of the sample.  This is useful for 

indicating intensity of the hue of the product. 

8. Calculate ΔE as ΔE*ab=√[(L2-L1)
2+(a2-a1)

2+(b2-b1)
2].  This is useful for showing 

color differences over time with one value.  While various periods of time can be 

compared depending on your selection of timepoints, in this study, all weeks 2-16 

were compared to week 0, to measure the change of color over time. 
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7.9 Nitrite Determination  

 

Reference: [AOAC] Association of Official Analytical Chemists. 1990. Nitrites in cured 

meat.  Official Method 973.31. Official Methods of Analysis (15th ed.), Arlington, VA, 

p.938. 

 

Reagents, Standard Curve, and Residual Nitrite 

1. The reacting solutions sulfanilamide and N-(1-naphthyl) ethylenediamine 

dihydrochloride (NED) were prepared. 

a. 0.50 g sulfanilamide was dissolved in 150 ml 15% (v/v) glacial acetic acid 

and stored in a brown glass bottle. 

b. 0.20 g NED was dissolved in 150 ml 15% (v/v) glacial acetic acid and 

stored in a brown glass bottle. 

2. Nitrite standard solutions were prepared to make a standard curve. 

a. For the stock solution (1000ppm), 0.50 g sodium nitrite was dissolved in 

approximately 100 ml double-distilled deionized (DDD) water, poured 

into a 500 ml volumetric flask, and brought to volume with DDD water. 

b. For the intermediate solution (100 ppm), 50 ml of stock solution was 

added to 450 ml DDD water in a 500 ml volumetric flask. 

c. For the working solution (1 ppm), 5 ml of intermediate solution was added 

to 495 ml DDD water in a 500 ml volumetric flask. 

3. Standard curve solutions were made by adding 0, 10, 20, 30, and 40 ml of 

working solution to 50 ml volumetric flasks.  

a. To each flask, 2.5 ml of sulfanilamide solution was added, and allowed to 

react for 5 mins. 

b. 2.5 ml NED solution was added to each flask and 15 min was allowed for 

color development. 

c. To each flask, DDD water was added to bring the solution to volume. 

d. The sodium nitrite concentrations for these solutions were 0, 0.20, 0.40, 

0.60, and 0.80 ppm, respectively. 

4. The 0 ppm solution was read as a blank at 540 nm, and the absorbance (A540) of 

each standard solution was evaluated at 540 nm. 

5. Simple linear regression was used to develop a linear formula (y=mx+b) to relate 

nitrite concentration (x) to A540 (y). 

6. Residual nitrite concentrations (in duplicate) were determined in the following 

manner: 

a. 5 g of ground meat sample was placed in a 150 ml plastic beaker. 

b. 50 ml of hot DDD water was added to the beaker, and the mixture was 

stirred with a glass rod. 

c. The beaker’s contents were transferred into a 500 ml volumetric flask, and 

an additional 300 ml hot water was added to the beaker and then poured 

into the flask to ensure entire transfer of the 5 g meat sample. 

d. Flasks were corked and placed in an 82°C water bath for 2 h where flasks 

were uncorked, swirled, and recorked, every 30 minutes. 
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7.12 Deli Ham Microbial Plate Counts 

 

Plate and peptone buffer preparation: 

1. Add 47 g brain heart infusion agar to 1000 ml DDD water.  Mix and microwave 

until boiling (be careful to avoid boiling over). 

2. Add peptone buffer to 750 ml DDD water.  Mix and microwave until particles are 

dissolved (be careful to avoid boiling over). 

3. Autoclave the agar and peptone buffer. 

4. Refrigerate peptone buffer until use. 

5. Allow agar to cool at room temperature approximately 1 h, or until bottle can be 

handled. 

6. Pour approximately 10 ml agar into a 10 cm petri dish until all agar is used 

(1000ml makes approximately 100 plates).  Refrigerate plates once agar has set. 

Sampling day: 

1. Transfer meat sample (two 2mm thick slices per treatment) to a sterile WhirlPak 

bag in a sterile environment and weigh samples. 

2. Add 50 ml peptone buffer to the WhirlPak bag, seal, and place in a paddle blender 

stomacher for 3 mins. 

3. Add 2 ml sample solution to a test tube and perform serial dilutions as necessary 

(1:1, 1:10, 1:100, 1:1,000, and 1:10,000 were used). 

4. Using a spiral plater, plate the sample solution of the appropriate dilution onto the 

plates (2 plates per sample for aerobic plate count, and 2 plates per sample for 

anaerobic plate count). 

5. Cover and invert plates and store in the appropriate environment for 48 hours.  

Anaerobic plates will be stored in an anaerobic chamber with Oxygen absorbent 

packs.  The Oxygen absorbers will need to be replaced at 24 hours after counting 

plates. 

6. Count plates at 24 and 48 hours. 

7. Convert counts to log CFU/g. 

 


