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Figure 1 – Percent oxygen in can headspace  of 
split pea samples stored up to 34 years.
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Figure 2 - Water activity of split pea samples 
stored up to 34 years.

28.32.2950.334

29.62.3755.933

28.22.8550.332

27.62.4550.329

22.31.6951.425

25-3.8245.417

25.9-3.1747.515

25.8-3.9749.912

24.8-6.4245.9<1

b*a*L*

Age 

(years)

Table 1 - Hunter L*,a*,b* values for 
split pea samples of varying age
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Figure 3 - Hardness value of split pea samples 
stored up to 34 years.  Value represents the 
force (in Newtons) required to penetrate a 
single pea (n=40) with a 2 mm probe.
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Table 2. Mean hedonic scores of split pea soup. Common superscripts in the same 
column indicate no significant difference. p>0.05 (n=104)
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Figure 4 - Visual appearance of split pea 

soup prepared for sensory evaluation.  

Hyphenated numbers represent sample age 

(in years) and duplicate samples from the 

same lot.
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Figure 5 - Percentage of panelists who would eat split pea soup prepared from split peas 
samples stored up to 34 years. (a) Acceptability for regular use. (b) Acceptability for use in 
an emergency situation. Dashed line represents the 95% confidence interval,  (n=104)
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Figure 6 - Thiamin content of split pea 
samples stored up to 34 years.
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Figure 7 - Riboflavin content of split pea 
samples stored up to 34 years.

Introduction
The U.S. Department of Homeland Security encourages efforts by individuals to be prepared for natural disasters and

other emergencies, including the storage of food (Anon. 2006a). The American Red Cross also counsels that food be

kept in case of emergencies (Anon 2006b). Split peas packaged in nr 10 cans with a low oxygen atmosphere has been

available in the retail market for decades, but the effect of long-term storage on quality is unknown. Though the “hard-

to-cook” phenomenon in legumes is well known and has been extensively studied, very little data exist in the literature

concerning such effects as hardening, sensory acceptance, and vitamin content over long-term storage of split peas.

Therefore, the purpose of this study was to determine the sensory and nutritional quality of hermetically packaged split

peas during long-term storage at ambient temperatures.

Methodology
Samples

Nine samples of dry split peas packaged in nr 10 cans were analyzed. Samples ranged in age from <1 to 34 years.

Control samples (<1 year of age) were obtained from a commercial vendor. All other samples were obtained from

donors as described by Lloyd and others (2004), and had been stored in residential locations at ambient temperatures

(approximately 13-27 C.) Duplicates from the same lot were obtained for sample ages <1, 15, and 29 years.

Headspace Oxygen, Can Seam, Water Activity, Color, and Texture
Headspace oxygen was measured using a 6500-Series Headspace Oxygen Analyzer (Illinois Instruments, Inc.,

Johnsburg, Ill.). Can seams were evaluated using the SeamMate System (Onevision Corporation, Westerville, Ohio) to

measure the thickness, body hook, cover hook, width, and overlap. Seam tightness was rated on a scale of 0-100% by

an experienced evaluator. Water activity was measured via the chilled mirror technique using an Aqualab CX-2

(Decagon Devices, Inc., Pullman, Wash.). Color was quantified on the CIE L*, a*, b* scale using a HunterLab ColorFlex

spectrophotometer (Hunter Associates Laboratory, Inc., Reston, Va.). Using a method modified from Anzaldua-Morales

and others (1996), an objective measure of texture of the cooked split peas was quantified using a TA-XT2 Texture

Analyzer (Texture Technologies, Scarsdale, N.Y.) using a 2mm cylinder probe and defined as the hardness value, the

force (in Newtons) required to penetrate the peas. Forty randomly selected peas were tested from each sample.

Sensory Evaluation
A 52-member consumer taste panel was conducted on prepared split pea soup at the Brigham Young University

Sensory Laboratory. The split pea soup was made by initially soaking 454 grams of dried split peas overnight at a ratio

of 3:1 water:peas (Charley and Weaver, 1998). The soaked split peas and 7.5g of salt were added to 2130 mL water

then cooked at a constant boil for 1 hr 20 minutes; the pan was uncovered for the last 25 minutes of cooking. After

cooking, the soup was blended using a GE Hand Blender (Model 106757, Fairfield CT) to a uniform consistency. The

soup samples were then held on a steam table at 170°C and served to the panelists in a randomized order during 4

visits. Six samples (in sets of three) were presented each visit and every sample was evaluated twice by each panelist.

Panelists evaluated the prepared split pea soup for aroma, flavor, texture, appearance, and overall acceptability using a

9-point hedonic scale where 1=dislike extremely and 9=like extremely. Acceptance was determined by asking panelists

if they would eat the sample as part of their regular diet and if they would eat it in an emergency situation.

Thiamin and Riboflavin
Thiamin and riboflavin in raw split peas were determined using the method of Arella and others (1996) with

modifications. The split pea samples were first ground using a coffee grinder (model E160B Proctor Silex, Southern

Pines, NC) and further ground using a cyclone sample mill (UDY Corp., Fort Collins, CO). Five g of sample were

accurately weighed into a 250 mL autoclavable bottle. Fifty mL of 0.1 M hydrochloric acid was added and stirred with a

wooden dowel. The bottle was placed in a boiling water bath for 30 min. To prevent clumping, the samples were stirred

with a wooden dowel every 10 min. After cooling, the solution was adjusted to pH 4.5 with 2.5 M sodium acetate. Then

500 mg of takadiastase (Fluka, St. Louis, MO) was then added during swirling to prevent clumping. The solution was

incubated for 18 h at 37°C then filtered (Whatman # 41) and diluted to 250 mL.

The filtrate was filtered through a cellulose acetate filter (0.2μm) into an amber sample vial and analyzed for riboflavin

using HPLC. One mL of the first filtrate was added to a test tube containing 3 mL alkaline potassium ferricyanide (1 mL

of 1% (v/v) potassium ferricyanide and 24 mL of 3.75M sodium hydroxide). The solution was shaken by hand, left to

stand for 1 min, then 1 mL was removed and diluted to 25 ml using 0.6 M acetic acid solution. The final solution was

filtered through a cellulose acetate filter (0.2μm) into an amber sample vial and analyzed using HPLC for thiamin (as

thiochrome). The fluorometric detector was operated at an excitation wavelength of 366 nm and at an emission

wavelength of 435 nm for thiochrome and at an excitation wavelength of 422 nm and at an emission wavelength of 522

nm for riboflavin, as recommended by Arella and others (1996).

Data Analysis
Data was analyzed for significance at α = 0.05 using Statistical Analysis System software (SAS Institute, Cary, NC).

Analysis of variance (PROC GLM) was used to analyze color and nutrition data. Sensory data was analyzed using a

mixed model repeated measures analysis of variance (PROC MIXED). Both models used the Tukey-Kramer procedure

to determine significant difference among means. Correlations were calculated using Microsoft Excel software.

Results and Discussion
Headspace Oxygen, Can Seams, Water Activity, Color, and Texture

Headspace oxygen levels in the cans showed wide variation, ranging from 0.19 to 20.1% (Figure 1). Samples 17 and 25

had atmospheric levels of oxygen, suggesting an ineffective oxygen removal treatment. Only one third of the samples

had < 2% headspace oxygen. All can seams were found to be satisfactory (data not shown). Water activity ranged from

0.41 to 0.56 (Figure 2). CIE L* values ranged from 45.4 to 55.9 (Table 1). CIE a* values ranged from -6.4 to 2.9. CIE b*

values ranged from 22.3 to 29.6. The a* values significantly increased as the sample ages increased, suggesting the

split peas decreased in green color during storage. L* and b* values did not change significantly as sample age

increased.

Figure 3 shows the hardness values of each sample. Hardness values ranged from 5.21 to 15.66 N. The hardness

values significantly increased as sample age increased.

Sensory Evaluation
Hedonic score means for the split pea soup ranged from: 4.2 to 6.3 for appearance, 3.7 to 6.5 for texture, 4.1 to 6.8 for

flavor, 4.9 to 6.4 for aroma, and 3.9 to 6.7 for overall acceptability (Table 2). There was significant decrease as sample

age increased in hedonic scores for aroma, flavor, texture, appearance, and overall acceptability, with the smallest

change occurring in the aroma of the samples and the largest change occurring in the texture of the samples. Split pea

appearance hedonic scores correlated with CIE a* values (r2=0.66). Texture hedonic scores were correlated (r2=0.87)

with hardness values obtained from the texture analyzer. Overall hedonic scores also were correlated (r2=0.90) with

hardness values. Figure 4 is a photograph of prepared split pea soup samples that were served to panelists and shows

differences in soup thickness and color.

Everyday acceptance ranged from 11 to 68% but emergency acceptance for all samples remained above 75% (Figure 5).

Conclusions
There was a loss of some quality attributes of the split pea samples as sample age increased such as thiamin levels,

sensory scores, and texture. Thiamin was lower in samples older than 17 years, but riboflavin was not significantly

different. Emergency acceptance remained above 75% for all samples. Sensory scores appeared to reflect the

hardness of the peas which, as measured objectively, increased with sample age. Inasmuch as the seed coat of split

peas is ruptured, there may be other factors in the hard-to-cook phenomenon besides the water penetration through the

seed coat or the hilum of legumes. Split peas can become an important part of a long-term storage plan because of its

their general stability when properly packaged and stored.

Thiamin and Riboflavin
Thiamin values ranged from 3.5 to 8.1 μg/g of sample (Figure 6). The USDA database value of 6 μg/g is higher than

most of the samples. There was a significant decrease of thiamin values over time. However, a correlation (r2=0.88)

was found between thiamin levels and water activity, which suggests that the decrease in thiamin levels may have had

more to do with too high of water activity than storage time.

Riboflavin values ranged from 1.6 to 2.4 μg/g of sample (Figure 7). The USDA database lists a value of 2.2 μg/g of

sample, meaning that most of the samples were below the listed value. There was not a significant decrease in

riboflavin content with increasing sample age.
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Abstract
There is a market for low moisture foods that can be stored for long periods of time for use in disaster relief and other

emergency situations. Split peas hermetically sealed in cans having a reduced oxygen atmosphere are available in the

retail market, but the effect of long-term storage on the quality of the product is unknown.

Nine samples of split peas representing 5 retail brands packaged in nr 10 cans and stored at room temperature were

obtained from donors. Two fresh samples of split peas were purchased as controls. Samples ranged in age from <1 to

34 years. Can headspace oxygen, can seam integrity, and raw product water activity, color, and hardness were

evaluated. Using a basic formulation consisting of split peas, salt, and water, split pea soup was prepared using each

of the samples. A 52-member consumer panel evaluated the split pea soup for appearance, aroma, texture, flavor, and

overall acceptability using a 9-point hedonic scale. Acceptance for use in everyday and emergency situations was also

determined. Thiamin and riboflavin was measured for each sample.

Can headspace oxygen ranged from 0.19 to 20.1%. All can seams were determined to be satisfactory. Water activity

of the raw split peas ranged from 0.41 to 0.56. The green color of the raw split peas decreased over time as shown by

increasing CIE a* values. Hardness was found to significantly increase over time. Flavor, appearance, texture, and

overall acceptability hedonic scores ranged from 6.7 to 4.4 and decreased over time. Hedonic scores for appearance

were correlated with the decrease in raw product green color (r2 = .928). Hedonic scores for texture declined over time,

corresponding with increasing hardness of the peas. All samples had an acceptance in an emergency situation of over

75%. Thiamin was significantly lower in older samples while riboflavin remained unchanged.

Results indicate split pea quality declines over time, but the product maintains sufficient sensory acceptance to be

considered for use in applications requiring long-term storage.
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