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2024 Overview and
Author’s Comments

. The 2024 pulse quality report represents the
17th variation of a pulse quality evaluation

started by the Northern Crops Institute in 2008.
The data in this report includes both 5- and 10-

year mean data where available. The 10-year
mean represents a long-term assessment of
quality.

. Data from 278 samples received from major
US pulse growing regions were evaluated.
Mixed growing conditions (i.e., both dry and
wet) were experienced by growers in 2024.

. Six functionality tests and an RVA gel
firmness value were reported for the third
time in 2024.

. Higher mean protein contents were
observed in peas, lentils, and chickpeas
compared to the 5- and 10-year mean
protein contents. All pulse types had lower
fat content in 2024 compared to pulses from
previous years.

. Chickpea from 2024 had higher 1000-seed
weights and percentage retention on a
22/64-inch sieve than chickpea in 2023.
However, these values tended to be lower
than the 5- and 10-year mean 1000-seed
weights and percentage retention. Due in
part to the evaluation of more small-seeded
chickpea cultivars in 2024.

. Cold paste viscosity was lower for all pulses
compared to previous years and may have
contributed to the lower gel firmness in 2024
compared to 2023.

. Rehydration of peas and chickpea during
canning matched their respective 5-year
mean value. However, canned peas tended
to be less firm than the 5-year mean
firmness. In contrast, chickpea firmness
matched the 5-year mean firmness value.
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This report provides a summary of the 2024 pulse crop quality for
dry pea, lentil, and chickpea grown commercially in the USA. In 2024,
a total of 278 pulse samples were collected from the major US pulse
growing regions. The seeds evaluated included 127 dry pea, 97
lentils, and 54 chickpea samples, which were acquired from pulse
growers and industry representatives in pulse-growing areas in
Idaho, Montana, Nebraska, North Dakota, Oregon, and
Washington.

According to the USDA National Agricultural Statistics Service
and U.S. Dry Pea and Lentil Council, pulse harvested acres and
estimated total production for 2024 were 2.4 million acres and
approximately 1.6 million metric tons, respectively. Pulse harvested
acres were higher in 2024 compared to 2020-2023, while pulse
production was higher in 2024 compared to 2020-2023. The
exception was the higher production of peas in 2020.

The quality is grouped into three main categories, which include
proximate composition, physical parameters, and functional
characteristics. The canning quality was also a separate category.
Proximate quality parameters include ash, fat, moisture, protein, and
total starch content. Water hydration capacity, percentage
unhydrated seeds, swelling capacity, cooked firmness, test weight,
1000 seed weight, size distribution, and color represent the physical
parameters evaluated. The pasting characteristics represent the
functional characteristics of the pulses. In addition, six functionality
tests were completed for the third time in 2024. These included
emulsion activity and stability, foaming capacity and stability, water
holding capacity, and oil holding capacity.

Results from the proximate (e.g., moisture, protein) composition
analyses indicated that results were mixed and did not follow closely
the results from any one previous year. However, some results were
comparable to 5- and 10-year mean data.

In general, peas, lentils, and chickpeas from 2024 had the same
or higher moisture contents compared to pulses from previous crop
years. Lentils and chickpeas had moisture contents higher than the
5-year mean moisture values. However, the moisture contents of
the pulses from 2024 tended to be higher than the 10-year mean
moisture contents of their respective pulse crop. In contrast, pea
moisture content in 2024 was slightly lower than the 5- and 10-year
mean values. Collectively, the data suggests that the mean long-
term moisture is a good guide to predicting the moisture content of
pulses. The total starch contents of pea and chickpea from 2024
were comparable to their respective 5- and 10-year mean starch
content. The mean total starch percentage in lentils from 2024 was
comparable to the 5-year mean starch content. Total starch in peas
grown in 2024 was lower than that of peas from only the 2020
harvest. The chickpeas from 2024 had a mean total starch content
that was similar to that of chickpeas from 2020 and 2021. The winter
pea class had total starch that was lower than winter peas from
previous production years, except winter peas from 2022. The red
lentil class had lower mean total starch contents in 2024 compared
to the 5- and 10-year mean values. The green and Spanish Brown
lentil classes had mean starch contents comparable to the 5-year
mean starch content. The mean protein content in peas from 2024
was higher than the 5- and 10-year mean protein contents. The
protein content of green peas was comparable to that of the



samples from 2021, 2022, and the 5-year mean protein
content. In contrast, the protein content in yellow peas from
2024 was comparable to that of the yellow peas from 2022
and was higher than the 5- and 10-year mean values.
Winter peas from 2024 most closely matched winter peas
from 2023. Lentils from 2024 had protein contents similar
to lentils from 2020 and 2022. The red and Spanish Brown
lentils had protein contents that were most like samples
from 2020, while the green lentils were most similar to the
5-year mean protein content. The protein content in the
2024 chickpeas was higher than both the 5- and 10-year
mean values. Collectively, the protein data from recent
years supports higher protein compared to the long-term
mean value, with only a few exceptions. The fat contents
of the pulses evaluated were within the range reported in the
literature. The mean fat contents of peas, lentils, and
chickpeas from 2024 were lower than their respective
crops from previous years, including the 5-year mean fat
content.

The mean test weight, water holding capacity, and
swelling capacity of peas either matched or were higher
than the 5- and 10-year mean values. The mean 1000
seed weight and cooked firmness values were lower than
the long-term mean. The values of the physical parameters
of lentils were the same or higher compared to their 5- or
10-year mean values. Only the cooked firmness of lentils
was less than the 5- and 10-year mean. In general,
physical parameter values were slightly less than the 5- or
10-year mean values for chickpeas, except for the
hydration capacity and swelling capacity. The large
chickpea, such as Nash had 1000 seed weights of 591,
526, and 530 in 2024, 2023, and 2020, respectively. This
suggests that only minor differences in seed size existed
for the same cultivar over different years and that the
considerable number of small chickpea samples that were
included in the 2024 survey likely contributed to the lower
1000 seed weight. A size distribution analysis of chickpeas
indicated a slightly smaller seed size for chickpeas from
2024 compared to the 5-year seed size. The Nash and Quinn
chickpea cultivars had the highest percentage (93.6 and
92.0%, respectively) of seeds retained on a 22/64-inch
sieve in 2024. Overall, the chickpea from 2023 had a lower
percentage of seeds being retained on the 22/64- and
20/64-inch sieves compared to other years, except 2023.
However, the results were impacted by the Marvel cultivar,
as only 2% of their seeds were retained on the 22/64-inch
sieve. The physical parameter values of winter peas were
similar to values obtained in peas from 2023. However, the
green and yellow peas tended not to be like previous crop
years except for test weight and swelling capacity, which
were similar to the 5- and 10-year mean value and peas
from 2023. Unlike red lentil, green and Spanish brown
lentils from 2024 had similar physical parameter values as
lentils used to determine the 5- and 10-year mean values
for their respective color classes. The appearance of the
green and yellow peas in 2024 was either the same
(green) or slightly darker (yellow) than peas that made up
the 5- and 10-year mean lightness (L*). The color

difference values of dry peas vs. soaked peas from 2024 were
higher than those of peas from other harvest years. The
increased yellowness was the main reason for the higher color
differences in both the green and yellow peas from previous
years. The color tended to be lighter for all lentil classes than
lentils from previous years. The 2024 chickpea crop had
slightly higher lightness values compared to the 5- and 10-year
mean L* values. Overall, the color difference between dry and
soaked chickpeas was higher than the 5-year mean value.

The starch pasting properties for the 2024 peas, lentils, and
chickpeas were significantly lower compared to the 5- and 10-
mean values. The pastes that resulted from samples were less
viscous than the pastes of samples from other crop years. RVA
gel firmness test indicated that peas, regardless of class, from
2024 had gel firmness values that were lower than those of
samples from 2022 and 2023. Regardless of market class,
lentils from 2024 had significantly lower gel firmness values
compared to lentils from 2022 and 2023. However, the green
and red lentils did have the same or higher peak and hot paste
viscosities compared to the 5- and 10-mean values. In contrast,
Spanish Brown lentils had peak, hot paste, and cold paste
viscosities that were lower than those of samples from previous
years. Chickpea followed the same trend as the Spanish brown
lentils. Functionality tests showed that emulsion activity and
stability did not differ significantly among the pulse samples
from different years. The foaming capacity was lower in 2024
for pea, lentils, and chickpeas compared to samples from 2022
and 2023. However, foam stability was either greater than or
the same for all pulses from 2024 compared to pulses from
2022 and 2023. The oil holding capacities of all pulses were
higher in 2024 compared to values from pulses grown in 2023.
Water holding capacity was higher in samples from 2024
compared to pulses from 2022 and 2023, regardless of pulse
type.

Overall, the canning quality data of peas from 2024 supports
more rehydration of the peas and less canned firmness. The
water hydration capacity of canned peas in 2024 was
comparable to the 5-year mean values. Canning firmness was
significantly lower (i.e., less firm) in 2024 compared to peas from
2021 and 2023 and the 5-year mean value. Chickpeas from
2024 had hydration capacity and swelling capacity greater than
canned chickpeas from other years, except 2023. The mean
canned firmness of chickpea from 2024 was 6.7 N/g, which is
the same as the 5-year mean canned firmness value.

The focus of the pulse program is the quality evaluation and
utilization of pulses as food and food ingredients. The mission of
the Pulse Quality Program is to provide industry, academic, and
government personnel with readily accessible data on pulse
quality and to provide science-based evidence for the utilization
of pulses as whole food and as ingredients in food products. Thus,
| welcome any thoughts, comments, and suggestions regarding
the report. If a quality trait is of interest to you, please reach out
to me. | would like to thank the USA pulse producers for their
support of this survey.

Sincerely,

Clifford Hall, Ph.D.
clifford.hall@sdstate.edu
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Pulse Production

The Northern Plains region and Pacific Northwest are the largest pulse r_U

producing areas within the USA. The U.S. pulse harvested acres in % Dry Pea Production -f'h'
2024 was 2,396,468 (Table 1), which was approximately 603,000 and Viwites) Stakes
542,025 more acres than in 2023 and 2022, respectively. Total U.S. Million Hundredweight
pulse production (Metric Tons (MT)) in 2024 is estimated to be 0 s
1,634,595 which is up significantly from the 1,255,714 and 1,095,890 s e
produced in 2023 and 2022, respectively (Table 1). The favorable -
conditions affecting some of the pulse growing regions and higher acres P2 s L.
planted likely contributed to the higher production compared to the i 12
previous crop years (2020-2023). The USDA estimated that the dry pea e
acreage was 977,687, which was up from 908,527 and 872,544 from we
2023 and 2022, respectively (Table 1). Pea production (896,313 MT) sa I
was significantly more than the 791,760 and 676,289 MT in 2023 and 2022,
respectively (Table 1). The long-term production shows that the million 100- ¥ s ws wp »s ms »m wn ma ws  mx
weight of peas produced in 2024 matched the 2018 levels. _ )
ottt e wary 10, 2025
.. Lentil acreage was 895,770 in 2024. This value was more than acres
'% Lentil Production ‘ﬁ, harvest in the previous four years (Table 1). Lentil production in 2024
United States © was 429,768 MT, which is higher than 255,000 and 256,259 MT
Million Hundredweight produced in 2023 and 2022, respectively, and is nearly 2.5 times the
o 2021 production of 177,571 MT. The USDA estimate of 9.05 million
— 100-weight of lentil exceeds production from all previous years except
2016. Chickpea harvested acres (523,011) in 2024 was
e o 05 approximately 150,000 acres above the 2023 and 2022 acres of
20 748 141 374,003 and 361,714, respectively. Production was estimated at
—— - 565 50 308,514 MT, which is significantly higher than the production from
N < previous years (Table 1). Furthermore, the production of large
chickpeas more than doubled the production of small chickpeas. The
» I higher production of pulses supports the producer’s ability to meet the
“ 25 W6 WU W8 DL WM Hn  wWR OB DM demand for U.S. pUIseS'
United States Department of Agriculture R Chickpea Production
Mational Agricultural Statistics Service MUATY #2

United States

The yield for dry pea was 1775 Ibs./acre in 2024, which is up slightly from
1747 Ibs./acre in 2022 but slightly lower than the 1924 Ibs./acre in 2023.
Lentil yield (1002 Ibs./acre) was slightly lower than the 1089 Ibs./acre
observed in 2023 but was up from 900 Ibs./acre in 2022 and 606
Ibs./acre in 2021. However, this value is still lower than the 2020 yield
of 1,338 Ibs./acre. Like peas and lentils, chickpea yield (~1,144
Ibs./acre) was approximately the same as in 2022 (1049 Ibs./acre), but
slightly lower than the 1,306 Ibs./acre for the chickpea crop in 2023. ®Large Chickpea ®Small Chickpea
For additional in-depth  production data, please visit

https://www.usapulses.org/.

Million Hundredweight

I||I|I||I|
L I N 1L Lk

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Harvest Year

Table 1. United States pulses acreage and production summary for 2020-2024.

2024 2023 2022 2021 2020
Acres* Production® Acres Production Acres Production Acres Production Acres Production
Dry Peas 977,687 896,313 908,527 791,760 872,544 676,289 942,794 425,466 964,078 967,271
Lentil 895,770 429,768 511,133 255,000 620,185 256,259 661,803 177,571 450,113 298,260
Chickpea 523,011 308,514 374,003 208,954 361,714 163,342 362,740 130,204 248,292 178,470
Total 2,396,468 1,634,595 1,793,663 1,255,714 1,854,443 1,095,890 1,967,337 733,241 1,662,483 1,444,001

*Acres = Acres Harvested, *Production = Metric Tons, Source: USDA Farm Senice Agency, USDA NASS, and US Dry Pea and Lentil
Council
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Laboratory Methods Used to
Measure Pulse Quality

here applicable, standard methods were followed for the determination of each pulse quality attribute in 2024
(Table 2). For most analyses, data is provided on data collected between 2020 and 2024. The data is reported as a range, mean, and
standard deviation (SD) for the 2024 harvest year, while preceding years were provided as a mean plus SD. Data on cultivars was
reported only for the 2024 harvest years, and no comparisons were made in the tables to cultivars from the previous year. A summary
of the testing methods can be found in Table 2. Further information on the testing methods is provided below.

Moisture content is the quantity of water (i.e., moisture) present in a sample and is expressed as a percentage. Moisture
content is an important indicator of pulse seed handling and storability. Pulse crops are recommended for harvest at 13-14%
moisture. At lower moisture levels, the seeds are prone to mechanical damage such as fracturing. Pulses with higher moisture levels
are more susceptible to enzymatic activity and microbial growth, which reduce quality and increase food safety risks.

Pulses are rich in protein, which ranges from 20 to 30% depending on the growing location, cultivar, and year. Pulses are low
in sulfur-containing amino acids but high in lysine, an essential amino acid for human health. Protein content is the quantity of
protein present in a sample and is expressed as a percentage.

The fat (i.e., lipid) content is the quantity of fat present in the pulse. Usually, peas and lentils have fat contents under 3% while
chickpeas contain 5-8%.

Ash content is the quantity of ash present in a sample and is expressed as a percentage. Ash is an indicator of minerals. Higher
ash content indicates higher amounts of minerals such as iron, zinc, and selenium.

Total starch is a measure of the quantity of starch present in a sample and is expressed as a percentage. Starch is responsible
for a significant part of the pulse functionality, such as gel formation and viscosity enhancement. Enzymatic hydrolysis is the basis
for the starch determination. Starch functionality is measured using the RVA instrument. Pulses show a type C pasting profile, which
is represented by a minimally definable pasting peak, a small breakdown in viscosity, and high final peak viscosity. This type of
starch is ideal for glass noodle production.

Test weight and 1000 seed weight are indicators of seed density, size, shape, and milling yield. Each pulse crop has its own
market preference based on color, seed size, and shape. A grain analysis computer is used to determine test weight in Ibs./bu.

Water hydration capacity, percentage unhydrated seeds, and swelling capacity are physical characteristics of pulses that relate
to the ability of the pulse to rehydrate. The swelling capacity relates to the increased size of the pulse as a result of rehydration.
Cooking firmness provides information on the texture (i.e., firmness) of the pulse after a cooking process. The data obtained can
be used to predict how a pulse might change during cooking and canning processes.

Color analysis is provided as L*, a* and b* values. Color analysis is important as it provides information about the general pulse
color and color stability during processing. Color difference is used specifically to indicate how a process affects color. In this report, a
color difference between pre- and post-soaked pulses was determined.

e “L* represents the lightness on a scale where 100 is considered a perfect white and 0 is for black. Pulses such as chickpeas and yellow
peas typically have higher L* values than green or red pulses. The “a*” value represents positive for redness and negative for green,
and “b*” represents positive for yellow, negative for blue, and zero for gray. A pulse with a higher positive “b*” value would be indicative
of a yellow pulse, while a higher “a*” value represents a pulse with a red-like hue; thus, brown pulses have a higher red value than a
yellow pulse. Green pulses have negative “a*” values, and thus, the greater the negative value, the greener the pulse.

Canning quality evaluation. This evaluation serves as an Indicator of pulse quality after a canning process and a three-week
storage. The information allows for a relative difference in quality to be established following a canning process that used a brine
solution containing calcium chloride.

The functionality test includes emulsion activity and stability, foaming capacity and stability, water holding capacity, and oil
holding capacity.
e Emulsions are a heterogeneous combination or dispersion of two or more immiscible liquids, usually oil and water, which are formed
with the aid of mechanical agitation. Stability of an emulsion is simply a gravitational separation of the two primary phases of a mixture.
o Foams are a dispersion of gas bubbles in a liquid or solid phase. Foaming capacity is the amount of interfacial area that can be created
by whipping the flour. Foam stability is defined as the time needed to lose 50% of either the liquid or the volume of foam. These properties
can be important for products such as cakes.
e Water holding capacity and oil holding capacity are measures that allow for the determination of the amount of water or oil that can bind

to the flour. This information is important because it allows product developers to identify how much water or oil may be taken up by
flour and thus allows them to adjust formulations as needed.
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Table 2. Quality attribute, analytical method, and remarks for analyses conducted for the 2024 pulse quality survey.

Quality Attribute
1. Moisture (%)

N

. Protein (%)

3. Ash (%)

N

. Total starch (%)

[$)]

. Fat (Lipid)

(]

. Test weight (Ibs./bu)

~

. 1000 seed weight (g)

. Chickpea Size Determination

©

9. Water hydration capacity (%)

10. Unhydrated seed (%)

11. Swelling Capacity (%)

12. Color

13. Color Difference (AE ab)

14. Starch Properties (RVU)

15. Cook Firmness

16. Emulsion Properties

17. Foaming Properties

18. Water Holding Capacity

19. Oil Holding Capacity

20. Canning Quality

Method

AACC Approved Method of Analysis, Method 44-
15.02

AACC Approved Method of Analysis, Method 46-
30.01

AACC Approved Method of Analysis, Methods 08-
01.01

AACC Approved Method of Analysis, Method 76-
13.01

AOCS Method Ba 3-38

AACC Approved Method of Analysis, Method 55-
10.01
100-kernel sample weight times 10

Four samples of 250 seeds of chickpea were placed
on a series of sieves (22/64", 20/64", 18/64") and
rotated. The number of seeds retained on each
sieve was determined and reported as % of seeds
retained.

AACC Approved Method of Analysis, Method 57-
12.02

AACC Approved Method of Analysis, Method 57-
12.02

Determined by measuring the volume before
hydration (i.e., soaking) and after. The percentage
increase was then determined.

Konica Minolta CR-410 Chroma meter. The L*, a*, and
b* values were recorded.

The color difference between the dried (pre-soaked)
and the soaked pulse was determined using L*, a*,
and b* values from the color analysis as follows

(Minolta): AE*ab= [(AL*)? + (Aa*)? + (Ab*)?]"?

Rapid Visco Analyzer following a modified AACC
Approved Method 61-02.01. Modification included a
different heating profile and longer running time. Gel
firmness was completed 2 hours after the RVA. The
sample was compressed at a speed of 4 mm/s to a
distance of 15 mm and trigger force of 2 g with a
cylindrical plunger (diameter=10 mm)

AACC Approved Method of Analysis, Method 57-
14.02

Maskus, et al. (2016). Cereal Foods World. 61(2):
59-64.

Stone, et al. (2015). Food Research International
76:31-38.

AACC Approved Method of Analysis, Method 57-
13.02.

Method of Wang et al. (2020). Cereal Chemistry
97:1111-1117.

Followed methods associated with quality attributes
9, 11, 13, and 15. Canning was completed in
laminated metal cans using calcium chloride brine,
with processing times of 20 minutes and 20 psi for
pea and 70 minutes at 20 psi for chickpea.

RENENS

An indicator of post-harvest stability, milling yield, and
general processing requirements.

An indicator of nutritional quality and the amount of
protein available for recovery.

An indicator of total non-specific mineral content.

An indicator of nutritional quality and the amount of
starch available for recovery.

An indicator of nutritional quality as related to the
amount of fat in the samples.

An indicator of sample density, size, and shape.

Indicator of grain size and milling yield.

Indication of the size distribution within a sample of
chickpea.

An indicator of cooking and canning behavior.

An indicator of cooking and canning behavior and the
number of seeds that may not rehydrate.

An indicator of the amount of volume regained by a
pulse after being rehydrated.

An indicator of visual quality and the effect of processing
on color.

An indicator of the general color difference between
pre- and post-soaked pulses. The lower the value,
the more stable the color.

An indicator of texture, firmness, and gelatinization
properties of the starch.

An indicator of pulse firmness after the cooking process.
The information allows for a relative difference in texture
to be established.

An indicator of the ability of the flour to facilitate the
formation of an emulsion from oil and water when
subjected to shear.

An indicator of the ability of the flour to foam when flour
or protein is made into a solution and subjected to
shear.

An indicator of the weight of water that will bind to one
gram of flour. An important parameter for producing
meat and bakery products.

An indicator of the weight of oil that will bind to one
gram of flour. An important parameter for producing
meat and salad dressing products.

Indicator of pulse quality after a canning process and 3-
week storage. The information allows for a relative
difference in quality to be established following a
canning process that used a brine solution containing
calcium chloride.
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Sample distribution

A total of 127 dry pea samples were collected from Montana, Nebraska, North Dakota, and
Washington from August 2024 to November 2024. Samples were delivered to SDSU
between November 2024 and February 2025. The growing location, number of samples,

market class, and genotype details o : .
Table 3. Description of dry pea samples used in the 2024 pulse quality survey.

of these dry pea samples are No. of
provided in Table 3. The majority of Stato SamploSEMatketiClase Cultivars
the pea Samp'eS ’ were Obtained Montana 100 Green Arcadia Banner
Passion Patrick
from Montana. Green peas Striker
accounted for 39 of the Samples Mottled or Maple CDC Acer CDC Mosaic
CO”eCted Where PaSSion Yellow AAC Ironhorse  AAC Profit
’ CDC Meadow Early Star
accounted for eight of the green Montech Salamance
pea samples and Arcadia WEEETE
. Nebraska 5 Yellow AAC Chrome  AAC Julius
accounted for SIX SamplES' North Dakota 11 Green Shamrock
Yellow peas accounted for 78 of the pea samples collected. The Yellow 11402822  AAC Chrome
samples collected were a mix of cultivars listed in Table 3, but CDC AAC Harrison  AAC Julius
Meadow, AAC Julius, and AACC Chrome accounted for six, four, ﬁgﬁ:"mu’phy g:l’;':;ca
and four of the samples, respectively. Six winter peas were Winter Vail (green)
evaluated in 2024. The Blaze and Vail cultivars accounted for all the Washington 10 Green Ariel Banner
samples evaluated. Passion
Winter Blaze (Yellow) Vail (Green)

Proximate composition of dry pea (Tables 4-6)

Moisture

The moisture content of dry pea ranged from 5.1-13.8% in 2024 (Table 4). The mean moisture content of all pea samples
was 9.9%, which is slightly lower than the 5-year mean of 10.1% and the 10-year mean of 10.2%. The moisture content is lower
than the 14% recommended for general storability; however, long term storage under dry conditions could reduce seed
moisture to lower levels where damage during storage and handling could occur. In 2024, only three samples had moisture
contents greater than 13%. Most pea samples had moisture contents between 8.5% and 10.5%. The mean moisture contents
between the three market/color classes varied by approximately 2 percentage points. Mean moisture contents ranged from 8.5
% in winter peas to 10.2% for the yellow peas (Table 5). The green pea moisture percentage of 9.6% was comparable to both
the 5- and 10-year mean moisture contents of 9.8%. The yellow pea mean moisture percentage was 10.2%, which was less
than the 5- and 10-year mean values of 10.5 and 10.6%, respectively (Table 5). Overall, the mean moisture contents of the green
peas from 2024 were most like moisture contents in peas from 2023. In contrast, moisture content in yellow peas from 2024 were similar to
moisture contents in peas from 2020. Winter peas had lower moisture percentages in 2024 compared to winter peas from 2022 but
similar to the values for winter peas from 2023 and 2021. The highest moisture contents were observed in the Striker (i.e.,
green pea) and Caphorn (yellow pea) cultivars (Table 6). Most of the green peas had values less than 10% while most of the
yellow pea cultivars had mean moisture contents around 11%. The cultivars of winter and mottled peas had moisture contents
below 10%.

Table 4. Proximate composition of dry pea grown in the USA, 2020-2024 plus the 5- and 10-year means.

Proximate
Composition 2023 2022 2021 2020 5-year 10-year
(%)* Range Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean(SD) Mean (SD)
Moisture 51138 99(13) 94(12) 93(11) 9.7 (1.3) 95(1.3) 10.1(1.3) 10.2 (1.3)
Ash 1.6-3.3 25(0.3) 23(0.3) 28(0.1) 26(0.2) 25(0.5) 25(0.2) 25(0.1)
Fat 02-1.8 1.0(0.3) 1.0(0.2) 12(0.2) 1.0(0.2) 1.7 (0.6) 14(04) **
Protein 18.3-336 230(1.9) 229(22) 234(15) 231(11) 214(15 224(1.1) 219(1.1)

Total Starch 336-523 428(35) 409(20) 426(3.2) 429(19) 444(31) 428(1.3) 42.8 (1.0)
*composition is on an "as is" basis; **not previously reported prior to 2017
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Table 5. Proximate composition of different classes of dry pea grown in the USA, 2020-2024 plus the 5-
and 10-year means.

Proximate Mean (SD) of green pea 5-year 10-year
Composition (%)* 2024 2023 2022 2021 2020 Mean (SD) Mean (SD)
Moisture 9.6 (1.0) 96(1.3) 94(15) 94(09 92(13) 98(09) 9.8(08)
Ash 24(0.3) 24(02) 28(02) 26(02) 26(03) 26(02) 25(0.1)
Fat 1.0 (0.4) 10(02) 12(02) 10(02) 16(06) 14(05  1.7(0.7)
Protein 233(1.7)  239(23) 232(21) 233(1.0) 235(1.3) 23.0(1.0) 224(1.1)
Total Starch 426(4.1) 399(20) 43.1(22) 427(14) 451(30) 428(19) 425(15)
Proximate Mean (SD) of yellow pea 5-year 10-year
Composition (%)* 2024 2023 2022 2021 2020 Mean (SD) Mean (SD)
Moisture 102 (14) 95(1.0) 93(14) 108(06) 99(1.1) 105(1.5) 106(1.2)
Ash 25(0.3) 23(01) 28(0.1) 25(01) 24(06) 25(02) 25(0.1)
Fat 1.0(0.3) 11(02) 12(01) 11(01) 17(06) 14(04) 1.7(06)
Protein 227(19) 21.7(14) 226(09) 23.0(1.0) 214(1.3) 219(09) 215(0.9)
Total Starch 433(3.1)  418(1.7) 456(1.1) 435(25) 439(3.0) 436(14) 43.1(12)
Proximate Mean (SD) of winter pea 5-year 10-year
Composition (%)* 2024 2023 2022 2021 2020 Mean (SD) Mean (SD)
Moisture 8.5 (14) 86(04) 92(05) 84(09) 7.8(09) 9.1(06) nd
Ash 26(04) 28(02) 29(01) 27(02) 25(0.1) 27(02) nd
Fat 0.8 (0.4) 10(0.2) 1.1(0.4) 08(0.1) 1.7(04) 13(05) nd
Protein 236(11) 234(26) 241(12) 231(15) 213(1.3) 227(12) nd
Total Starch 406 (1.7)  419(18) 40.0(28) 435(1.3) 46.1(24) 424(14) nd

*composition is on an "as is" basis; nd = not determined due to test not being performed for 10 years on samples.

Ash

The ash content of dry peas ranged from 1.6 to
3.3%, with a mean of 2.5%. The mean ash
content (2.5%) of dry peas grown in 2024 was
identical to the 5- and 10-year mean ash

Table 6. Mean proximate composition of dry pea cultivars grown in the USA in 2024.
Concentration (%)"

Market Class
Green

Protein
22.7

Moisture As at
9.7 2.5 0.8

Cultivar
Arcadia

tarc
42.7

. Ariel** 9.9 1.9 0.5 24.4 39.2

contents (Table 4). Ash content is a general Banner 9.3 2.7 1.1 24.3 43.4
indicator of minerals present and has been Passion 8.6 24 i 228 (512
. . Patrick 10.8 2.7 1.0 23.5 43.9
consistent over the ten-year evaluation of peas. STarToak 8.8 21 10 21.9 444
The ash contents of green and yellow peas Striker 1.7 23 1.3 24.5 412
were 2.4 and 2.5%, respectively (Table 5). The Yellow 1148-2822** 10.7 25 e 250 LR
AAC Chrome 1.1 2.6 0.6 23.1 44.6

green and yellow pea ash contents were O e {0 25 04 221 440
essentially the same as their respective 5- and AAC Ironhorse*  10.1 2.6 0.9 226 47.5
10-year mean ash values of approximately AAgJU"US (i 26 ne 230 =t0
0 . 0 AAC McMurphy** 10.3 2.1 1.1 241 441
2.5%. Winter peas had a 2.6% ash content, T 107 o1 i1 ol op
which was slightly lower than the 5-year mean Caphorn** 125 2.9 0.9 20.4 493
ash content of 2.7 (Table 5). The ash CDC Meadow 7.9 25 0.9 25/ it
P ) Early Star** 8.8 2.6 1.5 22.7 45.2
percer.mtagel in |nd|V|dua! samples ranged frqm Hyline™ 112 20 05 213 s
1.9% in Ariel to 2.7% in Banner and Patrick Montech** 11.0 2.5 14 20.3 415
green peas (Table 6). For yellow peas, Hyline Salamanca 11.0 24 08 225 44.0
0, 0, Treasure 9.4 2.5 1.1 23.4 42.9
(20 A)) and Caphorn (29 /0) had the IOWGSF and Winter Green  Vail 9.7 2.5 0.7 23.7 39.6
highest ash contents, respectively. Interestingly, Winter Yellow Blaze 7.9 26 08 23.6 4.1
Hyline had the highest ash content in 2023. One Mottled/Maple CDC Acer** 8.5 1.9 0.7 27.1 39.1
CDC Mosaic 9.6 2.7 0.8 25.8 38.3

possible reason could relate to the soil where the
Hyline pea was grown, since soil mineral

composition has a slight impact on ash content. Vail and Blaze winter peas had similar ash contents, while the ash content of
mottled peas varied from 1.9 to 2.7% (Table 6). Although small variations were observed in ash content, overall, the ash

contents were consistent.
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Fat (Lipid)

The fat content of dry peas ranged from 0.2 to 1.8%, with a mean of 1.0% (Table
4). The mean fat content (1.0%) of peas harvested in 2024 was lower than the
fat content of peas harvested in 2022 and 2020. In addition, the fat content
(1.0%) was lower than the 5-year mean fat content (1.7%). The fat contents of
the green and yellow classes were slightly higher than the fat contents in winter
peas (Table 5). Overall, the mean fat contents in the green and yellow peas were
lower than the 5- and 10-year mean values (1.4 and 1.7%, respectively). The
mean fat content (0.8%) of winter peas was also lower than the 5-year mean
value (1.5%). The Striker cultivar had the highest fat content (1.3%) among green
pea cultivars, while Early Star had the highest fat content of the yellow peas
(Table 6). Regardless of color, most other cultivars had fat contents around 1.0-
1.1% (Table 6). The fat content of winter and mottled pea samples was
approximately 0.8% and differed by only 0.1 percentage point. Regardless of the
sample, all peas had a very low-fat content.

Protein

Protein content of dry peas harvested in 2024 ranged from 18.3 to 33.6% with a mean of 23.0% (Table 4). The mean protein
content of peas from 2024 was comparable to the value for peas from 2021-2023. Furthermore, the mean protein (23%) was
higher than the 5- and 10-year mean protein contents of 22.4 and 21.9%, respectively (Table 4). The mean protein contents
of the green, yellow, and winter pea samples were 23.3, 22.7, and 23.6%, respectively (Table 5). Green pea samples had a
mean protein content that was higher than the 5- and 10-year mean values of 23.0 and 22.4%, respectively. Yellow peas had
a mean protein content that was higher than the 5- and 10-year mean protein contents of 21.9 and 21.5%, respectively (Table
5). The protein content of Winter peas was 23.6%, which was higher than the 5-year mean value of 22.7%. The data support
higher protein content in recent years compared to long-term mean values. The Striker cultivar had the highest mean protein
content (24.5%) while Shamrock had the lowest (21.9%) among green peas (Table 6). AAC McMurphy and Montech cultivars
had the highest (24.1%) and lowest (20.3%) protein contents of the yellow market class, respectively (Table 6). In winter peas,
Vail and Blaze had similar protein contents, while the CDC Acer had the highest (27.1%) mean protein content of the mottled
pea.

Total starch

Total starch content of dry pea ranged from 33.6 to 52.3% with a mean of 42.8% (Table 4). The mean total starch content of dry
peas grown in 2024 was comparable to total starch in dry peas from the 2021 and 2021 harvest years and the 5- and 10-year
mean total starch values of 42.8%. The starch contents of the green and yellow classes were 42.6 and 43.3%, respectively (Table
5). Green peas had a mean starch content (42.6%) that was approximately the same as the 5-year and 10-year mean values of
42.8% and 42.5%, respectively. The 5- and 10-year mean starch contents for the yellow peas were 43.6 and 43.1%, respectively.
These values were slightly higher than the mean starch content (43.3%) of yellow peas harvested in 2024. Winter peas from
2024 had a mean starch content (40.6%) that was lower than winter peas from previous harvest years, except 2022 (Table 5).
Furthermore, the mean starch value of winter peas from 2024 was lower than the 5-year mean value of 42.4%.

Among green peas, Shamrock and Ariel had the highest (44.4%) and lowest (39.2%)
mean total starch contents, respectively. CDC Meadow and Caphorn had the lowest
(41.2%) and highest (49.3%) mean total starch contents among yellow peas. Vail and
Blaze had the lowest (39.6%) and highest (41.1%) mean total starch contents among
winter pea samples (Table 6). The Blaze cultivar also had the highest (43.4 and
49.6%) total starch in 2023 and 2021, respectively, and suggests that production year
may impact the starch content (Table 6).

The general trend for all samples supports higher protein, comparable starch, and lower
fat contents in samples grown in 2024 compared to previous years. The higher starch
contents may have been impacted more by varieties evaluated than by environmental
conditions. However, the general temperature trend during June-August 2023
averaged 65.5°F, while the same period in 2024 had a mean temperature of 63.3°F.
Warmer temperatures tend to cause less starch formation, which may be another
reason for the lower starch in 2023.
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Physical parameters of dry pea (Tables 7-11)

Test weight ranged from approximately 58.9 to 63.1 Ibs./Bu with a mean of 63.1 Ibs./Bu. This mean value was approximately
the same as the 5- and 10-year mean values of 63.2 and 63.3 Ibs./Bu (Table 7). The mean test weight for all pea samples
harvested in 2024 was slightly lower than that of those harvested in previous years. The test weights of peas in the green
and yellow classes were 63.0 and 63.2 Ibs./Bu, respectively (Table 8). The mean value for green pea was comparable to
the 5- and 10-year mean test weights. In contrast, the mean test weight for the yellow peas in 2024 was higher than both
the 5- and 10-year mean values. Winter peas had a mean test weight of 62.7 Ibs./Bu, which was lower than the winter peas
from previous harvest years. The test weight of individual cultivars varied within their respective green and yellow classes, with
few exceptions (Table 9). Shamrock (green) and AAC Harrison and CDC Meadows (yellow) had the highest test weights in
their respective classes. The lowest test weights were 59.9 and 61.5 Ibs./Bu for the Ariel (green) and 1140-2822 (yellow)
varieties, respectively (Table 9). Among the winter peas, the Blaze cultivar had slightly higher test weight than Vail, both of

which were less than the test weights of the mottled peas (Table 9).

Table 7. Physical parameters of dry pea grown in the USA, 2020-2024 plus the 5- and 10-year means.

Physical 2023 2022 2021 2020

5-year

10-year

Parameter Range Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Test Weight (Ib/bu) 589670 63.1(14) 637(12) 595(59) 64.7(13) 636(19) 632(2.1)
1000 Seed Wt (g) 120-305 190 (28) 194 (34) 182(41) 199 (40) 233(33.0) 206 (21)
Water Hydration Capacity (% 80-169  115(13.0) 102(9)  112(6)  100(6) 97(80)  101(6)
Unhydrated Seeds (%) 0-6 0(1) 2(3) 1(4) 0(1) 2(3) 1(1)
Swelling Capacity (%) 89-223  144(21) 133(14) 141(19) 146(12) 118(124) 137 (12)

Cooked Firmness (N/g) 81-39.1 220(55) 226(62) 221(73) 240(52) 249(63) 22.9(20)

63.3(1.4)
210 (16)
102 (5)
2(1)
142 (10)
nd

nd = not defermined due o testnot being performed for 10 years.

Table 8. Physical parameters of different classes of dry pea grown in the USA, 2020-2024 plus the 5-and 10-

year means.
Physical Mean (SD) of green pea 5-year 10-year
Parameter 2024 2023 2022 2021 2020 Mean (SD) Mean (SD)
Test Weight (Ib/bu 63.0(1.6) 63.1(1.0) 59.3(5.9) 644(1.9) 64(2 62.8(20) 629(14
1000 Seed Wit (g) 180 (16) 193 (29) 182(45) 193 (26) 220 (31) 196(14) 200 (13)
Water Hydration Capacity (%) 118(12) 102(12) 111(8)  105(3) 99 (7) 105 (5) 105 (5)
Unhydrated Seeds (%) 0(0) 3(4) 3(6) 0(0) 2(2) 2(1) 1(1)
Swelling Capacity (%) 144 (25) 133(12) 137(31) 149(12) 120(12) 138(12) 141 (9)
Cooked Firmness (N/g) 202(4.2) 230(45) 242(5.8) 214(55) 21.7(4) 22.1(1.6) nd
Physical Mean (SD) of yellow pea 5-year 10-year
Parameter 2024 2023 2022 2021 2020 Mean (SD) Mean (SD)
Test Weight (Ib/bu) 63.2(1.3) 64.6(1.1) 542(59) 63(2) 64 (1) 62.1(45) 626(3.1)
1000 Seed Wit (g) 198 (30) 207 (36) 221 (30) 244(28) 222 (31) 226 (14) 223 (11)
Water Hydration Capacity (%) 114 (14) 98 (5) 108 (5) 93(7) 102 (8) 99 (6) 100 (6)
Unhydrated Seeds (%) 0(0) 3(2) 0(0) 2(3) 0(2) 1(1) 1(1)
Swelling Capacity (%) 144 (21) 131(14) 143(20) 116(12) 146 (14) 135(12) 140 (11)
Cooked Firmness (N/g) 23.1(54) 245(6.5) 283 (7.1) 27.2(6.6) 22.0(7.1) 255(2.5) nd
Physical Mean (SD) of winter pea 5-year 10-year
Parameter 2024 2023 2022 2021 2020 Mean (SD) Mean (SD)
Test Weight (Ib/bu) 62.7 (0.5) 63.2(1.1) 636(09) 65.0(0.7) 65(04) 644(09) 644(0.9)
1000 Seed Wit(g) 162 (15) 161 (24) 152(12) 156(14) 175(12) 160 (9) 160 (9)
Water Hydration Capacity (%) 114(09) 110(3) 115(2) 103 (5) 96 (5) 102(12) 102 (12)
Unhydrated Seeds (%) 0(1) 0(1) 1(1) 0(0) 1(1) 2(3) 2(3)
Swelling Capacity (%) 154 (8) 141(24) 141(6) 156(7) 119(8) 138(14) nd
Cooked Firmness (N/g) 174(7.0) 16.1(6.7) 16.0(2.1) 243(3.7) 216(16) 20.5(4.2) nd

nd = not determined due to test not being performed for 10 years.
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Table 9. Mean physical parameters of USA dry pea cultivars grown in 2024.

Market Class

Cultivar

Arcadia
Ariel**
Banner

Green

Passion
Patrick
Shamrock**
Striker
1140-2822**
AAC Chrome
AAC Harrison**
AAC Ironhorse*
AAC Julius
AAC McMurphy
AAC Profit**
Caphorn**

CDC Meadow
Early Star**
Hyline**
Montech**

Salamanca

Yellow

Treasure
Vail

Blaze

CDC Acer**
CDC Mosaic

Winter Green
Winter Yellow
Mottled/Maple

Water Swelling Cooked
Test Weight 1000 Seed Hydration Unhydrated Capacity  Firmness
(Ib/bu) Weight(g) Capacity (%) Seeds (%) (%) (N/g)
63.5 185 122 0 152 20.9
59.9 177 109 0 140 19.4
64.3 152 129 0 160 19.7
61.8 183 118 0 122 22.4
61.6 163 130 0 150 21.8
66.0 211 113 0 177 20.1
64.7 200 103 0 134 20.8
61.5 195 104 0 140 23.5
62.2 201 109 0 154 234
64.8 189 106 0 161 19.2
64.6 252 94 0 144 24.3
62.1 183 108 1 146 20.9
63.3 200 110 0 149 17.8
63.3 265 98 0 103 30.2
63.2 305 99 0 150 28.2
64.8 169 124 0 152 15.6
61.6 230 103 0 136 25.0
62.6 249 94 0 139 29.9
63.3 208 104 1 146 22.8
62.2 248 103 0 140 30.1
63.6 184 126 0 174 21.5
62.3 173 106 0 143 16.1
62.9 156 118 1 159 18.0
63.6 120 104 6 100 23.5
64.2 166 101 4 136 271

*composition is on an "as is" basis; **Only one sample of cultivar tested.

The range and mean 1000 seed
weight of dry peas grown in 2024 were
120-305 g and 190 g, respectively
(Table 7). The mean value (190 g) was
lower than the 5- and 10-year mean
1000 seed weight of peas. This
supports lighter seeds for the peas
harvested in 2024 compared to long-
term averages. Peas of the green class
had a mean 1000 seed weight of 180
g, which is lower than the 5- and 10-
year mean value 1000 seed weights of
196 and 200 g, respectively (Table 8).
Green peas had the same 1000 seed
weight as green peas grown in 2022.
Peas in the yellow class had a mean
1000 seed weight of 198 g, which is
lower than the 5- and 10-year mean
1000 seed weight (Table 8). Winter pea
samples harvested in 2024 had a
higher 1000 seed weight compared to
peas harvested in previous years,
except 2020.

The individual cultivars (Table 9)
varied extensively in 1000 seed weight,
where the Banner and Shamrock
cultivars in the green market had the
lowest (152 g) and highest (211 g)

mean 1000 seed weight. CDC Meadow
(169 g) and Caphorn (305 g) had the
lowest and highest 1000-seed weight in
the yellow class, respectively (Table 9).
The Blaze and Vail winter peas had the
lowest (156 g) and highest (173 g) 1000-
seed weight, respectively. CDC Mosaic
had the highest 1000-seed weight
among mottled peas.

The water absorption or hydration
properties of peas are important for
understanding how peas will hydrate
and increase in size and weight.

Water hydration capacity of dry
peas ranged from 80 to 169%, with a
mean of 115% (Table 7). In 2024, the
mean water hydration capacity was
higher than the value from previous
years, including the 5- and 10-year
mean values of 101 and 102%,
respectively. The mean water hydration
capacity of peas in the green market
class was 4% points higher than the
mean hydration capacity of both the
yellow and winter market classes (Table
8). The mean water hydration capacity
of the green peas in 2024 was higher,
by 13 percentage points, than the 5- and

10-year mean water hydration capacities
(Table 8). The yellow peas from 2024
had a mean water hydration capacity
that was higher than the 5- and 10-year
mean water hydration capacities. The
mean hydration capacity for the winter
class was also higher than the 5- and
10-year means. In the green market
class, Striker and Patrick had the lowest
(103%) and highest (130%) water
hydration  capacities, respectively.
Striker also had the lowest water
hydration capacity in 2023. The water
hydration capacity ranged from 94% in
AAC Ironhorse and Hyline to 126% in
the Treasure cultivar of yellow peas
(Table 9). The Vail and Blaze cultivars
had the lowest (106%) and highest
(118%) water hydration capacity in the
winter peas.

The water

hydration

capacity  for

mottled peas

ranged from

101 to 104%.
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Unhydrated seed percentage ranged
from 0-6% with a mean of 0%, which is
less than the 5- and 10-year mean
unhydrated seed percentage (Table 7).
Green and yellow peas had unhydrated
seed values of 0% (Table 8). Winter
peas also had a 0% unhydrated seed
rate. The yellow pea samples had lower
unhydrated seed percentages than the
5- and 10-year mean values (Table 8).
All the green pea -cultivars had
unhydrated seed rates of 0% (Table 9).

The yellow cultivars had 0-1%
unhydrated seed counts, where only
AAC Julius and Montech had

unhydrated seeds (1%). The Blaze
cultivar in the winter peas had 1%
unhydrated seeds, while the mottled
peas had unhydrated seed
percentages of 4% and 6 % for the

CDC Mosaic and CDC Acer,
respectively. Overall, the low
unhydrated seed rates, especially

those of (0%), suggest that no issues
should occur during rehydration of the
peas.

The swelling capacity is the
amount of swelling that occurs during
rehydration of the dry pea. The swelling
capacity of all peas ranged from 89%
to 223%, with a mean value of 144%
(Table 7). The mean swelling capacity
for peas from the 2024 harvest was
comparable to the 5- and 10-year
mean swelling capacity (Table 7). The
mean swelling capacity was
significantly higher than values from
samples from 2020 and 2023 harvest
years. The swelling capacity of green
peas from 2024 was the same as the
mean swelling capacity of yellow peas
(Table 8). However, the green and
yellow peas had lower swelling
capacities than winter peas.

Color Scale*

2024 2023 2022

The green and yellow peas had swelling
capacities that were higher than their
respective 5- and 10-year mean swelling
Variability in the swelling
capacity among cultivars was observed
(Table 9). Passion and Shamrock had the
(177%)
swelling capacity of the green peas. AAC
lowest
(103%) and highest (174%) swelling
capacities among the cultivars evaluated
(Table 9). The swelling capacity among
winter peas ranged from 100% (CDC

capacities.

lowest (122%) and highest

Profit and Treasure had the

Acer) to 159% (Blaze).

The cooked firmness values for all
peas combined were slightly lower in the
peas from 2024 compared to the 5-year
mean cooked firmness. The cooked
firmness for all peas ranged from 8.1 to
39.1 N/g with a mean value of 22.0 N/g
(Table 7). The cooked firmness of peas
was different between market classes
(Table 8). The winter peas had lower
firmness values than those of the green
and yellow peas. Similar to the overall
cooked firmness, the mean cooked
firmness of green and yellow peas
obtained in 2024 was lower than the 5-
year mean value (Table 8). The winter
peas had mean cooked firmness values
well below the firmness of cooked winter
peas from 2020 and 2021 but slightly
higher than winter peas from 2022 and
2023. Among the green cultivars, Ariel
had the lowest cooking firmness (19.4
N/g) while Passion (22.4 N/g) was the
firmest among commercial cultivars
(Table 9). CDC Meadow and AAC Profit
had the lowest (15.6 N/g) and highest
(30.2 N/g) cooked firmness, respectively
(Table 9). The winter peas had cooked
firmness values that ranged from 16.1 to
27.1 N/g.

Table 10. Color quality of dry pea grown in the USA before and after soaking in water 16 hours, 2021-2024 plus the 5- and 10-year mean values.

Mean (SD) of Green Pea
Before Soaking

2021 5-Year 10-Year 2024

Color quality was measured using L*,
a*, and b*, and from these values, a color
difference can be determined between
peas before and after soaking. Color
quality for the pea samples in 2024
indicated that the green peas had L*
values that were essentially the same as
the 5- and 10-year mean L* values (Table
10). The L* values for green peas in 2024
were lower than the L* values for peas
from 2021 to 2023. Overall, the lower L*
indicates that the green peas from the
2024 crop year were darker in color than
those from the 2021-2023 harvest years.
The negative value for red-green (i.e., a*
value) in 2024 indicates slightly less
green color compared to samples from
2021-2022 (Table 10). The a* value for
green peas from 2024 was comparable to
the 5-year mean a* values, indicating
that the peas had similar greenness.
However, the samples were greener
compared to the 10-year mean a* value.
The b* value was most comparable to the
5-year mean b* for the green peas from
2024, but was significantly lower than the
other recent harvest years and the 10-
year mean b* values. The lower b* value
indicates a bluer color. The lower (more
negative) a*, combined with a lower b*
value, indicates that the peas would be a
blue-green color. Therefore, the green
peas in 2024 appear slightly blue-green in
color compared to peas from recent years
and the long term.

The mean L* value of yellow peas was
slightly lower than the 5- and 10-year
mean L* values (Table 10), indicating that
the peas in 2024 were slightly darker than
samples from peas that made up the 5-
and 10-year mean L* samples. The L*
values for the yellow pea in 2024 were
also significantly lower than L* values for
samples from 2021 to 2023.

After Soaking

2023 2022 2021 5-Year 10-Year

L (ightess) | 56.68 (4.78)] 58.27 (2.11) | 58.45 (2.23)[ 57.34 (2.63)[56.37 (3.72)]56.26 (4.37)[ [50.79 (4.24)|52.93 (3.72)[52.55 (2.15)| 53.41 (2.63)[ 52.80 (1.39) [ 51.68 (3.80)
a(red-green)  |-1.82(1.37)| -1.25 (1.73) | -1.97 (0.56) | -2.21 (1.25) |-1.85 (0.47)|-1.48 (1.39) | | -7.52 (2.19)|-6.65 (3.11)|-7.40 (0.59) |-7.43 (1.67) | -6.85 (0.48) |-6.78 (1.15)
b (yellow-blue) | 9.84 (1.88) | 9.63 (1.64) |10.16 (0.68)|10.14 (1.28)| 9.80 (0.35) [11.64 (2.51)| |16.96 (3.19){18.01 (3.44)[17.73 (1.98)|16.11 (2.57)| 16.40 (1.99) |20.78 (5.37)
Color Diflerence |12.82 (2.99)[ 11.78 (1.59) [11.10 (1.98)| 9.04 (2.18) | 9.83 (1.92) [12.10 (2.93)
Mean (SD) of Yellow Pea

Color Scale* Before Soaking After Soaking

2024 2023 2022 2021 5-Year 10-Year 2024 2023 2022 2021 5-Year 10-Year
L (ighess) | 61.48 (4.34)] 63.45 (1.35) [ 63.57 (1.34)[ 63.30 (1.01)[62.08 (2.70)[62.24 (4.25)[ [62.23 (3.12)[62.73 (1.44)[62.54 (1.13)[63.91 (0.64)[ 62.99 (1.44)[63.77 (3.00)
a(red-green) | 4.34(0.97) | 4.97 (0.50) | 4.80 (0.95) | 4.29 (1.16) | 4.80 (0.26) | 5.61 (1.05) | |4.77 (1.04)|5.16 (0.61)| 4.74 (0.65) | 5.16 (1.16) | 4.89 (0.56) | 5.93 (1.94)
b (yellow-blue) [ 14.39 (2.14)| 15.34 (0.59) | 15.53 (0.33)| 11.73 (2.32)|14.34 (1.37)|16.61 (3.20)| |29.63 (3.79)[31.04 (2.71){29.76 (0.62)|22.06 (2.57)| 26.58 (4.13)|29.96 (5.78)
Color Difference |16.61 (3.55)| 16.31 (0.99) | 14.29 (0.50)| 13.53 (2.18)[13.44 (2.65)|14.64 (3.85)

*color scale: L (lightness) axis — 0 is black and 100 is white; a (red-green) axis — positive values are red, negative values are green, and zero is
neutral; and b (yellow-blue) axis — positive values are yellow, negative values are blue, and zero is neutral. **Winter peas were grouped into green or

yellow.
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The a* value of the yellow peas was
on the red side of the scale, indicating
the lack of a green appearance. The
yellow pea in 2024 had a* values that
were similar to the a* values in peas
from 2021. However, the a* values for
yellow peas from 2024 were less than
the 5- and 10-year mean a* (Table 10).
Similarly, the b* values for peas in
2024 were less than the 10-year mean
b* value but comparable to the 5-year
mean b* value. This indicates that the
peas from 2024 were similar in
yellowness compared to the 5-year
mean but less yellow compared to
samples that made up the 10-year
mean. The b* value for the peas from
2024 was lower than for peas from
2022 and 2023, but significantly higher
than the b* value of peas from 2021.
This indicates that the yellowness of
peas from 2024 was less than that of
peas from 2022 and 2023, but was
greater than that of peas from 2021. A
higher b* value combined with an a*
value on the red part of the scale
indicates that the samples would be
light yellow in color. A lower a*
combined with a lower b* value
indicates that the pulses would be a
darker yellow to light brown color.
Therefore, the yellow peas in 2024
appeared light vyellow in color
compared to peas from 2022 and
2023.

The color of the dry peas changed after
the soaking process. The change in
color as measured by color difference
was greater for green peas from 2024
compared to the peas from previous
crop years (Table 10). The green peas
became darker (lower L*) while the a*
value became more negative (i.e.,
greener), but more yellow (i.e.,
increased b* value). This trend was
like previous crop years. In 2024,
lightness increased slightly after
soaking the green peas. The color
changes (12.82) were more than the 5-
and 10-year mean (9.83 and 12.10,
respectively). However, the 5 and 10-
year mean L* value indicates lighter
peas after soaking compared to the
samples from 2024 (Table 10). In
addition, soaking caused a substantial
change in greenness (i.e., more
negative a* values post-soak) and
yellowness (i.e., lower b* value than
the 10-year mean) of the green peas.
This suggests that the peas appeared
greener after soaking (Table 10),
including being greener than peas
compared to peas that made up the 5-
and 10-year mean color values.

Table 11. Color quality of USA dry pea cultivars before and after soaking, 2024.

Mean Color Values*
Before Soaking
Cultivar a
Arcadia -1.90
Ariel** -3.00
Banner -2.99
Passion -2.07
Patrick -0.41
Shamrock** -4.00
Striker -1.63
1140-2822** 5.14
AAC Chrome 4.98
AAC Harrison** 6.09
AAC Ironhorse** 4.50
AAC Julius 5.40
AAC McMurphy** 6.32
AAC Profit** 59.35 5.61
Caphorn**
CDC Meadow
Early Star**
Hyline**
Montech**
Salamanca
Treasure
Winter Green Vail
Winter Yellow Blaze
Mottled/Maple CDC Acer**
CDC Mosaic

Market Class
Green

Yellow

7.32
4.08
5.55
6.22
4.74
63.05 5.41

3.42
-3.50
2.39
3.08
3.64

The Shamrock
cultivar had the
least color
change during
soaking. The
cultivars of the
yellow peas
had L* values
between 55.97
and 65.88, with
Early Star being
the lightest
(Table 11).
AAC Profit had
the lightest
color after
soaking, while
CDC Meadows
became the
darkest (i.e.,

After Soaking Color

a Difference
-8.30
-7.13
-6.93
-8.43
-7.35
-7.94
-6.62
5.40
5.58
6.03
4.84
5.48
5.86
5.90
6.36
3.88
5151
7.56
4.86
5.85
3.88
-1.94
2.82
4.45
5.04

*color scale: L (lightness) axis — 0 is black and 100 is white; a (red-green) axis — positive values are red,
— positive values are yellow, negative
values are blue, and zero is neutral. **Only one sample of cultivar tested.

negative values are green, and zero is neutral; and b (yellow-blue) axis

The color difference between dry and
soaked yellow peas was greater in
peas from 2024 compared to previous
years (2020-2022) and the 5- and 10-
year mean values, but the same as
peas from 2023. The yellow market
class underwent more color change
during soaking than did the green
peas (Table 10). Although color
difference is a general indicator of
change, visual observations support
an increase in yellowness (increased
b*) after the soaking process in the
yellow peas. The soaked peas from
2024 had L* values that were
comparable to the peas from 2022
and 2023 and lower than the peas
from 2021. The yellowness (b*) was
slightly less intense than that of peas
from 2023 but was more intense than
the yellow peas from 2021. However,
the yellowness of the yellow peas
matched the 10-year mean
yellowness.

The Shamrock cultivar had the
lowest L* value (Table 11) among
green peas. Shamrock also had the
most negative a* value and the highest
b* values, giving it a green-yellow
appearance. CDC Striker had the
highest L, which contributed to the
pale green color of the dry sample.
The L* value decreased in all cultivars
upon soaking. The a* values became
more negative (i.e., greener) and
more yellow (i.e., increased b* value)
after soaking. This combination of
changes resulted in peas that
appeared greener. Of the cultivars,
the CDC Striker cultivar had the
greatest color difference.

lowest L*). Of

the cultivars,
Treasure had

the lowest redness (a*) value and the
lowest yellowness (b*) value, while the
highest values were observed for the
Caphorn cultivar (Table 11).

After soaking, CDC Meadow and Treasure
cultivars had the lowest redness values,
while Hyline had the highest redness.
Treasure had the highest yellowness
values while CDC Meadows had the lowest
after soaking. The most significant color
difference was observed in the Treasure
cultivar. The substantial increase in
yellowness during soaking likely
contributed to the most significant color
difference for Treasure. Caphorn had the
least color change during soaking.

In 2024, two cultivars of mottled pea
were evaluated (Table 11). Overall, the
CDC Mosaic was darker brown compared
to the CDC Acer. The same color trend
was observed after soaking. However, the
CDC Acer cultivar had a higher color
difference. The mottled pea cultivars were
less susceptible to color change compared
to the yellow cultivars. However, both
cultivars tended to undergo significant
changes in vyellowness values when
soaked (Table 11).
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Starch Properties (Tables 12-14)

The peas from 2024 had mean peak viscosity, hot and cold paste viscosities, and setback values that were significantly lower
than 5- and 10-year mean values for these same parameters (Table 12). Mean peak time was the same as the 5-year mean peak
time values, but slightly longer than the 10-year mean peak time. This indicates that the samples begin to form a paste at the same
time as most samples from the 5-year period. The pasting temperature of the samples ranged from 71.0-84.7 °C, with a mean of
80.2°C. The mean value is nearly 2 °C higher than the 5- and 10-year mean pasting temperatures. The starch characteristics
were like those of the samples from 2022 and 2023, except for cold paste viscosity, which tended to be lower in samples from
2024. The green and yellow peas had similar pasting properties, while the winter peas tended to have lower viscosity values
(Table 13).

The pasting values
for the green and
yellow peas were

Table 12. Starch characteristics of dry peas grown in the USA, 2020-2024 plus the 5- and 10-year mean values.
Starch 2024 2023 2022 2021 2020 5-Year 10-Year
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)Mean (SD) Mean (SD)

Characteristic

Peak Viscosity (RVU) 62-170 125 (19) 126 (22) 114 (23) 126 (17) 134 (5) 129 (12) 135 (12) slightly higher than
Hot Paste Viscosity (RVU) 51-154 112 (16) 116 (17) 105 (20) 118 (15) 124 (14) 119 (10) 124 (9) the pasting viscosity
Breakdown (RVU) 1-54 14 (12) 10 (7) 9 (5) 9 (5) 10 (5) 11 (3) 10 (2) for the winter peas.
Cold Paste Viscosity (RVU)  63-210 139 (25) 162 (35) 176 (33) 204 (38) 229(38) 201 (31) 220 (30) Only the cold paste
Setback (RVU) 1-91 27 (16) 46 (20) 71 (15) 86 (24)  105(26) 82 (25) 96 (22) viscosity was higher
Peak Time (Minute) 507684 548(043)  551(041) 594(0.89) 537 (0.31) 529(041) 545(0.31) 532(039) . green peas
Pasting Temperature (°C) 71.0-84.7  80.2 (2.3) 80.0 (1.7)  80.6(2.8) 79.9(1.8) 77.7(1.8) 78.9(1.8) 78.1(1.8)

RVA Starch Gel Firmness (g) 63-341 193 (65) 270 (86) 243 (73) e = nd nd compared to yellow

peas. For example,
a mean cold paste
viscosity of 148 RVU was recorded for the green peas, while values of 134 and 129 RVU were recorded for the yellow and winter peas,
respectively (Table 13). For the green and yellow peas, pasting properties followed the same trend, where the 5- and 10-year mean
viscosities were substantially higher than the values for peas from 2024. Hot paste and peak viscosities for the winter pea samples
were comparable to winter peas from previous years, except 2022 (Table 13). The pasting temperature was about 1to 2 °C higher
for green and yellow pea samples in 2024  Table 13. Starch characteristic of different market classes of dry peas grown in the USA, 2020-2024 plus 5-
compared to the 5- and 10-year mean pasting  and 10-year mean values.

**not previously reported; nd = not determined due to test not being performed for 5 or 10 years.

temperatures. Winter peas from 2024 had Physical Mean (SD) of Green Pea S-year  10-year
identical pasting temperatures as the 5_year Parameter 2024 2023 2022 2021 2020 Mean (SD) Mean (SD)
mean value. Collectively, the data indicate PeakViscosity (RW) 125(19) 131(26) 131(13) 127(23) 138(16) 134(7) 137(7)
that the starch is behaving in a manner HotPaste Viscosity RW) 1M5(16)  119(21) 118(13) 120(20) 127(13) 122(4)  125(5)
similar to that of the starch from peas in prior ~ Breakdown (RW) 10(8) 11(9) 13(4) 6(5) mE 120 1@)
years, except for the cold paste viscosity. ColdPasteViscosty(RW) ~ 148(26) 167(45) 194(28) 209(53) 239(40) 206(27)  221(26)
New in 2022 was the RVA gel firmness Seback(RW) 33(17)  48(26) 75(17) 89(35) 112(29) 83(24)  96(22)
measure. The RVA gel firmness was run PeakTime (Minut) 552(0.36) 5.45(0.35) 5.26(0.21) 5.48 (0.40) 529 (0.30) 533 (0.13) 5.9 (0.36)
again in 2024. The gel firmness varied PasingTemperature (C)  807(19) 803(17) 794(22) 804(16) 783(16) 791(15) 782(16)
significantly (63-341 g), where winter pea RVAGel Firmness (g) 194 (61) 266 (87) 249 (89) * * nd nd
produced a gel that was the least firm, while Starch Mean (SD) of Yellow Pea S-year  10-year
green and yellow pea samples had Characteristics 2024 2023 2022 2021 2020 Mean (SD) Mean (SD)
essentially the same mean (195 g) RVA gel PeakViscosity RW) 126(19) 122(14) 127(16) 130(13) 132(15) 132(10)  136(8)
firmness (Tables 12 and 13). Hot Paste Viscosity (RVU) M1(16)  13(13)  117(13) 120(12) 122(13) 121(7)  126(7)
Breakdown (RW) 15(13)  944)  11(6)  9¢4)  13()  12(3) 1)
Within each class, variabilty in starch COUPasieVicosyRW) 13426 157(24) 196(28) 205(30) 223(34) 204(31)  221(29
characteristics  was observed among  SPKRW) 23(13)  43(14)  79(15) 84(19) 101(23) 83(26)  96(22)
cultivars, In the green pea, the Ariel, FekTime(Minue) 547 (0.45) 539(0.24) 5.22(0.23) 537 (0.14) 529 (0.48) 527 (0.13) 526 (0.13)
Arcadia. and CDC Striker cultvars had the  PeSingTemperatie () 800(25) 789(1.15) 781(16) 799(07) T72(17) 781(18) 773(15)
highest’peak hot paste, and cold paste RVACFMEs@ 195(69) 304 (74) 200(71)  ** = nd nd
. i ’ tivel ’ (Table 14). In Physical Mean (SD) of Winter Pea 5-year 10-year
\(/;Iosrcl:t(: :Islest,heregﬁ:ﬁ”lroci cultivar ha d. the Parameter 2024 2023 2022 2021 2020 Mean (SD) Mean (SD)
et ,peak and hot paste viscosities, e scosyRY) 118(9)  118(21)  91(13) 121(14) 126(11) 118(16) nd
, COSIUES. 1ot Paste Viscosity (RW) 103(9) 112(18) 85(13) 111(12) 113(12) 108(13) nd
Montech had the highest peak viscosity, g iioun Ru) 15(13)  6(6) 60 106) 13(2)  10(4) nd
while Hyline had the highest hot paste and ¢ 1o o viscosityRW) ~~ 120(20)  157(30)  147(19) 197(28) 216(33) 185 (31) nd
cold paste viscosities among yellow gy o myy) 25(11)  45(13)  62(7)  86(19) 103(22) 78(24) nd
cultivars. The lowest peak, hot paste, and  peay time (Minute) 542(0.37) 6.04(0.60) 6.98(0.05) 5.25(0.33) 5.18(0.17) 641(203)  nd
cold paste viscosities in the yellow market b ging Temperature (°C) 805 (14) 818(14) 834(07) 809(22) 788(14) 805(4)  nd
class were observed in the Early Star RVAGel Firmness (g) 167(54) 186(32) 203 (36) o e nd .

cultivar (Table 14). The Vail and Blaze
winter peas had similar peak and hot paste
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viscosities. However, Vail had the highest cold paste viscosity. The CDC Mosaic cultivar of mottled peas had peak, hot paste,
and cold paste viscosities that were significantly higher than the CDC Acer cultivar. The breakdown ranged from 1 to 54 RVU,
which represents a small breakdown value of the starch pastes. The setback values ranged from 1 to 91 RVU, which represents
a small setback for some of the samples. This was observed in samples that had minimal breakdown.

Table 14. Mean starch characteristics of dry pea cultivars grown in the USA in 2024.

Peak Hot Paste Cold Paste Pasting Gel
Viscosity Viscosity Breakdown Viscosity Setback Peak Time Temperature Firmness 1 1
Market Class Cultivar (RW) (RW) (RW) (RW) (RW) (Min) (°C) () FunCtlonallty
Arcadia . -
Ariel™ 141 % 49 92 1 493 76.8 292 Propertles (Tables 15-17)
Banner 112 104 9 138 34 5.24 81.0 194 . . .
Passion 131 121 1 153 32 5.46 80.9 196 FUnCtlonallty property eVaantlon was
Patrick 121 13 8 141 28 5.67 82.8 207 new in 2022 and was run again in 2023
Shamrock** 104 90 14 129 39 5.20 77.5 239 . .o
Striker 126 122 4 102 70 572 73 172 and 2024. The emulsion activity and
Yellow 1140-2822** 127 101 26 109 8 5.33 81.5 263 Stabmty for a" Samp|es both ranged from
AAC Chrome 123 98 26 124 26 5.57 78.1 277 o
AAC Harrison** 122 96 26 107 12 5.13 79.2 285 53-58% (Table 15). The mean value was
AAC lIronhorse** 138 99 39 112 13 5.07 76.8 312 the same as that Of peaS from 2023 bUt
AAC Julius 132 109 23 136 27 5.21 79.0 253 B}
AAC McMurphy* 121 100 2 108 8 5.20 80.1 238 slightly less than that of peas from 2022.
AAC Profit** 97 92 5 141 48 7.00 83.2 293 :
— 122 . . 103 s 507 o o The peas frqm the various class§§ had the
CDC Meadow 124 110 14 136 26 5.33 80.5 183 same emulsion activity and stability (Table
Early Star** 78 73 5 88 15 5.80 80.7 110 :
Hyline** 136 118 18 156 37 5.06 80.3 243 16) Furthenjnlore’ no On_e. CUlthar had
Montech** 148 98 50 102 4 5.00 75.8 290 emulsion activity and stability values that
Salamancs 135 o 2 129 2 i il gl were substantially different from those of
Treasure 105 101 4 116 16 5.87 82.8 183 y
Winter Green Vail 115 106 9 140 34 5.55 82.5 152 others. Foaming capacity varied to a
Winter Yellow Blaze 122 101 21 117 17 5.30 78.6 181 o, . .
Mottled/Maple CDC Acer* 87 51 36 128 78 4.93 76.7 276 greater extent (87-247%). Differences in
CDC Mosaic 120 112 8 150 38 5.73 80.4 161 foaming Capacity among different Classes
**Only one sample of cultivar tested
of peas were observed (Table 16);
Table 15. Functional properties of dry pea grown in the USA, 2022-2024. however, less variability was observed in the foam stability of the peas
from different market classes. In contrast, at the cultivar level,
Functional 2023 2022 differences in foaming capacity and stability were evident (Table 17).
Among cultivars, Caphorn had the highest water holding capacity
Properties GELCERUCEREED RS GRS EELIEDN - while AAC Chrome had the lowest. In oil holding capacity, only minor

Emuision Aoty (%) 53-58  56(1) 56(1) 59(1) differences were present, with Patrick having the highest value (0.35
Em”'?'°” Stab"'t_y((f) dees sdll) L i) g/g) and Caphorn the lowest (0.14 g/g).
oaming Capacity (%) 87-247 149 (35) 166 (29) 215 (27)

Table 17. Mean functional properties of dry pea cultivars grown in the USA, 2024.

Foam Stability (%) 28135 69 (16) 71(11) 62 (10)
Water Holding Capacity (glg)  0.35-259 1.70(0.30)  1.30(021)  1.28(0.12) Water oil
0il Holding Capacity (g/q) 012056 020(0.10)  0.21(0.06)  0.37(0.27) Emulsion Emulsion Foaming Foam  Holding Holding
Activity Stability Capacity Stability Capacity Capacity
Table 16. Functional properties of different classes of dry pea grown in Market Class Cultivar (%) (%) (%) (%) (g/g) (9/9)
the USA, 2022-2024. Green Arcadia 57 56 136 74 1.61 0.28
Physical Mean (SD) of Green Pea Ariel** 56 56 160 64 1.53 0.32
Banner 56 56 116 84 1.46 0.24
Farameter 2024 2022 2022 Passion 56 56 154 65 162 026
Emulsion Activity (%) 56 (1) 56 (1) 59 (1) Patrick 56 56 183 38 202 0.35
Emulsion Stability (%) 56 (1) 57 (1) 58 (1) Shamrock™ 56 56 17 79 1.54 0.22
Foaming Capacity (%) 147 (32) 165 (27) 221 (33) Striker 54 56 157 54 1.66 0.23
Fezm Stilisy () & () (EL) (e Yellow  1140-2822 55 56 133 80 1.98 0.24
Water Holding Capacity (g/g) 1.57 (028) 1.30 (022) 1.34 (014) AAC Chrome 55 56 157 73 1.31 0.26
Oil Holding Capacity (9/g) 0.27 (0.07) 0.20 (0.06) 0.17 (0.04) AAC Harrison*™ 56 56 143 69 1.60 0.23
Physical Mean (SD) of Yellow Pea AAC Ironhorse™ 54 55 153 76 1.69 0.30
Parameter 2024 2023 2022 AAC Julius 55 55 145 77 1.58 0.25
Emulsion Activity (%) 56 (1) 56 (0.7) 59 (1) AAC McMurphy 55 53 103 88 1.63 0.23
Emulsion Stability (%) 56 (1) 57 (0.8) 59 (1) AAC Profit** 57 57 180 53 1.86 0.17
Foaming Capacity (%) 152 (38) 168 (30) 208 (25) Caphom™* 54 55 143 79 2.59 0.14
Foam Stability (%) 71 (17) 68 (10) 67 (14) CDC Meadow 56 56 151 59 1.62 0.22
Water Holding Capacity (g9/g) 1.75 (0.29) 1.40 (0.16) 1.31 (0.10) Early Star** 57 56 150 64 1.71 0.21
Oil Holding Capacity (a/g) 0.23 (0.06) 0.22 (0.06)  0.16 (0.03) Hyline** 56 56 127 64 1.80 0.17
Physical Mean (SD) of Winter Pea Montech** 55 55 127 63 1.41 0.27
Parameter 2024 2023 2022 Salamanca 56 56 126 75 1.53 0.22
Emulsion Activity (%) 57 (1) 56 (1) 58 (1) Treasure 55 56 152 83 2.01 0.17
Emulsion Stability (%) 56 (1) 57 (1) 58 (3) Winter Green Vail 56 56 117 78 1.61 0.22
Foaming Capacity (%) 128 (19) 162 (33) 215 (26) Winter Yellow Blaze 57 56 152 82 1.59 0.17
Foam Stability (%) 79 (5) 72 (18) 63 (8) Mottled/Maple CDC Acer** 56 57 163 7 1.86 0.21
Water Holding Capacity (g/g) ~ 1.60 (0.16)  1.10(0.13)  1.22(0.11) CReiMosaic &y &y 15 72 (250 0.k
Oil Holding Capacity (g/g) 0.21(0.04)  0.18(0.05)  0.68(0.15)  ~Only one sample of cultivar tested
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Sample
distribution
A total of 97 lentil samples were collected from

Montana and Washington between August 2024
and October 2024. Samples were delivered to

SDSU between November 2024 and January 2025.

The growing location, number of samples, market
class, and genotype details of these dry pea
samples are provided in Table 18. CDC Richlea
(48) accounted for most of the lentil samples. In
addition, CDC Viceroy (13) and Pardina (13)
accounted for the other significant number of samples
evaluated in 2024.

Table 18. Description of lentils used in the 2024 pulse quality survey.
No. of

State Samples Market Class Cultivars
Montana 76 Green Avondale CDC Richlea
CDC Viceroy Laird
Red Red Chief
Spanish Brown Pardina
Washington 21 Green Brewer Merrit
Spanish Brown Morena Pardina

Proximate composition of lentils (Tables 19-21)

Moisture

The moisture content of lentils ranged from 6.8 to 13.1% in 2024 (Table 19). The mean moisture content (8.9%) was slightly
higher than the 5- and 10-year mean moisture content of 8.1 and 8.8%, respectively. In general, the mean moisture in 2024 was
higher than mean moisture values from 2020-2022, but comparable to the lentils from 2023. Overall, all samples evaluated had
moisture contents below the 13-14% recommended maximum for general storability. The moisture contents of the different
classes were between 7.8 and 9.1% (Table 20). The green and red lentils had mean moisture contents of 9.1% and 8.7%,
respectively, while Spanish brown lentils had moisture contents of 7.8%. The green lentils from 2024 had moisture contents
comparable to the 5- and 10-year mean moisture contents of 9.0 and 9.3%, respectively. The mean moisture content of green
lentils from 2024 was similar to that of green lentils from 2023. Spanish brown lentils had a mean moisture content that was
lower than the 5-year mean value, but comparable to lentils from 2020, 2021, and 2023. The red lentils had a mean moisture
content that was comparable to the 5- and 10-year mean moisture contents of 8.8 and 8.7%, respectively.

The highest mean moisture contents were observed in the Avondale and Laird

(9.5%) cultivar (i.e., green lentil) while the Pardina (7.8%) cultivar (i.e.,
Spanish brown lentil) had the lowest moisture content (Table 21).

Ash

The ash content of lentils ranged from 2.0 to 3.6% with a mean of 2.6% (Table
19). The mean ash content of lentils grown in 2024 was comparable to the 5-
and 10-year mean ash contents of 2.6 and 2.5%, respectively. Ash content is
a general indicator of minerals present. The mean ash contents of the green,
red, and Spanish brown market classes were 2.6, 2.1, and 2.6%, respectively
(Table 20). In general, the different classes of lentils had mean ash values that
were comparable to their respective 5- and 10-year mean ash contents,
except the red lentils. The Morena and Red Chief cultivars had the highest
(3.6%) and lowest (2.1%) ash contents among cultivars evaluated (Table 21).

Fat

The fat content of lentils ranged from 0.3 to 1.4% with a mean of 0.8% (Table 19). The fat content was lower than the 5-year
mean fat content of 1.1%. The mean fat content of lentils from 2024 was similar to the fat content in lentils from 2021 to 2023,
where the difference in fat content was approximately £ 0.2% from the 1% observed in other years. Literature reports indicate
that lentils have fat contents between 1 and 3%; therefore, the fat content of the lentils grown in 2024 falls at the lower end of
the range reported by others. Only minor differences in fat percentages were observed between the different market classes
(Table 20). Minimal difference in the mean fat contents was observed among the cultivars (Table 21). However, variation (0.6-
1.1%) was observed among the samples, with Red Chief having the lowest fat content and Avondale having the highest fat
content. Like previous years, this data supports the consistent low-fat content of lentils.
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Table 19. Proximate composition of lentils grown in the USA, 2020-2024 plus 5- and 10-year mean values.

Proximate 2024 Mean (SD)

Composition (%)* Range Mean (SD) 2023 2022 2021 2020 5-year  10-year
Moisture 6.8-13.1  89(1.1) 9.0(1.3) 85(06) 80(0.9 82(1.2) 81(0.8) 8.8(1.1)
Ash 2.036 26(0.3) 25(0.3) 28(0.2) 27(0.3) 26(0.4) 26(0.2) 25(0.1)
Fat 0.31.4 0802 10(0.2 10(.1) 09(0.1) 13(0.5) 1.1(0.2) nd
Protein 21.829.3 251 (1.5) 24.2(1.7) 24.9(1.4) 24.5(1.3) 24.8(1.5) 24.5(0.3) 23.5(1.0)
Total Starch 36.2-50.4 42.2(3.5) 41.1(2.3) 40.9(1.7) 43.0(2.0) 44.4(2.8) 42.4(1.5) 42.5(2.0)

*composition is on an "as is" basis; nd = not determined due to test not being performed for 10 years.

Table 20. Proximate composition of different market classes of lentils grown in the USA, 2020-2024 plus 5- and 10-year

means.
Market

Class

Proximate

2024

2023

2022

Mean (SD)

2021

2020

5-Year

10-Year

Composition (%)

Green Moisture 9.1(1.0) 94(12) 86(0.6) 81(0.9) 85(1.2) 9.0(0.9) 9.3 (0.9)
Ash 2.6(0.2) 25(0.3) 29(0.1) 27(0.3) 25(0.5) 2.6(0.2) 2.6 (0.2)
Fat 0.8(0.2) 1.0(0.2) 1.0(0.1) 09(0.1) 13(0.5 1.1(0.1) nd
Protein 252 (1.6) 24.3(1.9) 25.7 (1.3) 24.9 (1.3) 24.5(1.6) 24.8 (0.5) 23.9 (1.3)
Total Starch 42.0 (3.6) 40.4(2.2) 39.0(1.2) 42.0(1.3) 44.7(2.9) 41.6(2.1) 42.3 (2.3)

Red Moisture 8.7 (0) 9.0 (0) C 106 (0) 7.9(1.2) 8.8(1.2) 8.7 (1.6)
Ash 2.1(0) 2.8 (0) = 25(0) 27(0.3) 26(0.2) 2.7 (0.2)
Fat 0.6 (0) 1.2 (0) . 0.8(0) 1.3(0.4) 1.3(0.5) nd
Protein 26.5(0)  25.4(0) = 25.1(0) 26.3(0.9) 25.5(0.7) 24.7 (1.1)
Total Starch 38.0(0)  42.6 (0) " 39.2(0) 43.6(4.1) 42.2(1.7) 43.2 (3.6)

Spanish Brown Moisture 7.8(0.3) 7.8(0.4) 85(06) 7.6(0.4) 7.5(0.8) 8.2(1.0) 8.4 (0.8)
Ash 26(0.3) 27(03) 28(0.2) 28(04) 26(0.1) 2.6(0.2) 2.6 (0.2)
Fat 0.8(0.1) 1.1(0.1) 1.0(0.1) 09(0.1) 16(0.4) 1.1(0.3) nd
Protein 24.9(1.2) 24.0(0.4) 24.4(1.2) 23.9(1.3) 24.9(0.9) 24.1(0.5) 23.4 (1.2)
Total Starch 43.5(2.4) 427 (1.5) 41.8 (1.0) 44.6 (1.5) 43.9(1.8) 43.4 (1.1) 42.6 (2.3)

* no red lentils evaluated in 2022, 5 and 10 year determination was done on 2018-21, 23 and 2013-21, 23 for red lentils,
respectively; nd = not determined due to test not being performed for 10 years.

Protein
Protein content of lentils ranged from 21.8 to 29.3%
with a mean value of 25.1% (Table 19). The mean

Table 21. Mean proximate composition of lentil cultivars grown in the USA in 2024.
Concentration (%)

protein content of lentils grown in 2024 was higher Market Class Cultivar Moisture Ash Fat Protein  Starch
than the 5- and 10-year mean protein content of 24.5 Szl el o 2 11 251 419
and 23.5%, respectively. The protein content of the Brewer™ 9.2 25 1.0 2.5 41.9
red market class was higher than the mean protein ggg 5:22':; Z'z i; 8': 2:2 :3'2
for green and Spanish brown lentils (Table 20). Red Laird o - - - 12
lentils had a mean protein content (26.5%) that was Merrit 78 25 0.7 278 39.2
greater than the 5- and 10-year mean values. In addition, Red Red Chiet™ 8.7 51 0.6 26.5 38.0
the mean protein contents of the green and Spanish  “sganish Brown Morena™ 8.1 3.6 0.8 25.2 416
brown lentils were higher than their respective 5- and Pardina 7.8 2.6 0.8 24.9 43.6

10-year mean protein values (Table 20). However, the
mean protein content of all three lentil classes in
2024 most closely aligns with the mean protein contents of lentils from 2021. The Merrit (green) cultivars had the highest protein
percentage (27.8%) among the tested cultivars (Table 21). The CDC Richlea lentils had the lowest protein content (24.5%) in
2024.

**Only one sample of cultivar tested

Total starch

Total starch content of lentils ranged from 36.2 to 50.4%, with a mean of 42.2% (Table 19). The mean total starch percentage
of lentils grown in 2024 was lower than the starch percentage in lentils from the previous five and ten years. The mean 5- and
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10-year starch contents were 42.4 and 44.0%, respectively. The mean starch content in peas grown in 2024 was approximately
1% higher than the starch content of peas from 2022 and 2023, but 2 percentage points lower than that of lentils from 2020
and 2021. The Spanish brown (43.5%) and green (42.0%) classes had higher starch contents than the red lentils (38.0%) (Table
20). The green and Spanish brown lentils produced in 2024 had mean starch contents that were higher than lentils from other
crop years, except 2020 and 2021. The starch content of 42.0% for the green lentils from 2024 was slightly higher and lower
than the 5- and 10-year mean starch contents of 41.6 and 42.3%, respectively. In the Spanish brown market class, the mean
starch content in 2024 was 43.5% while the 5- and 10-year mean starch contents were 43.4 and 42.6%, respectively (Table
20). The mean total starch content (38.0%) of the red lentils from 2024 was lower than the 5- and 10-year mean values of
42.2 and 43.2%, respectively. The highest mean starch content was observed in the Pardina cultivar at 43.6% (Table 21). The
Red Chief cultivar had the lowest mean starch content (38.0%) among cultivars evaluated. The Red Chief and Merrit cultivars
had the highest protein contents and lowest starch contents, thus supporting the assumption that the higher protein percentage
contributed to the lower starch percentage.

Physical parameters of lentils (Tables 22-24)

Test weight, 1000 seed weight, water hydration capacity, percentage unhydrated seeds, swelling capacity, cooking firmness,
and color represent the physical parameters used to define physical quality. Test weight ranged from 59.1 to 68.5 Ibs./Bu with
a mean of 63.2 Ibs./Bu. This mean value was slightly lower than the 5-year mean test weight but higher than the 10-year mean
test weight of 62.9 Ibs./Bu (Table 22). The mean test weight of lentils in the Spanish brown market class was approximately
3 and 4 percentage points higher than test weights of lentils from the green and red classes, respectively (Table 23). The mean
test weight for lentils in the Spanish brown and green market classes in 2024 was approximately the same as the 5- and 10-
year mean test weights. In contrast, the lentils in the red class from 2024 had a lower mean test weight compared to the 5-
and 10-year mean test weights. The CDC Viceroy cultivar had the highest mean test weight of 65.8 Ibs./Bu, while Merrit had
the lowest test weight of 60.6 Ibs./Bu (Table 24).

Table 22. Physical parameters of lentils grown in the USA, 2020-2024 plus 5- and 10-year means.

Physical 2024 Mean (SD)

Parameters Range Mean (SD) 2023 2022 2021 2020 5-year 10-year
Test Weight (Ib/Bu) 59.1-66.5 63.2(1.9) 63.5(2.3) 64.1(2.6) 64.3(2.9) 64.3(2.0) 63.7(0.8) 62.9 (1.0)
1000 Seed Wt (g) 26-74 47 (10) 52 (12) 40 (11) 45 (13) 48 (10) 46 (5) 45 (3)
Water Hydration Capacity (%) 67-149 104 (14) 97 (13) 94 (8) 87 (8) 91 (21) 92 (4) 96 (9)
Unhydrated Seeds (%) 0-20 4 (4) 10 (10) 9 (7) 4 (4) 5 (6 6 (3) 43
Swelling Capacity (%) 30-164 127 (21.0) 156 (23) 101 (18) 98 (15) 117 (21) 123 (26) 130 (25)
Cooked Firmness (N/g) 8.8-21.0 13.5(2.2) 17.8(3.6) 179@4.1) 198(4.2) 199(4.3) 18.2(1.7) 16.3(2.8)

nd = not determined due to test not being performed for 10 years.

The range and mean 1000 seed weight of lentils grown in 2024 were 26 to 74 g and 47.0 g, respectively (Table 22). The mean
1000 seed weight was higher than the 5- and 10-year mean values of 46 and 45 g, respectively. This data supports a similar seed
size of the lentils in 2024 compared to longer-term averages. Lentils from the green market class had a mean 1000 seed weight
of approximately 50 g, which is lower than the mean 1000 seed weights for green lentils grown in 2020-2023. However, the mean
1000 seed weight is approximately the same as the 5- and 10-year mean values (Table 23). The red lentils from 2024 had same
mean 1000 seed weights as the 5- and 10-year mean 1000 weight values. A lower (34 g) 1000 seed weight was observed in
2024 in the Spanish Brown class compared to the 5- and 10-year mean values of 37 g. The lentil weights from the green and
Spanish brown classes support smaller seed size compared to previous evaluations. These smaller seeds are likely reflected in
the specific cultivar differences evaluated in 2024 compared to other years. The Morena and Pardina cultivars had the lowest
(34 g) 1000 seed weight, while Laird had the highest (60 g) mean 1000 seed weight among lentils from 2024 (Table 24). Laird
also had the highest 100 seed weight in 2023.

Water hydration capacity of lentils ranged from 67 to 149%, with a mean of 104% (Table 22). The mean water hydration
capacity value of lentils from 2024 was higher than the lentils that made up the 5- and 10-year mean water hydration capacity
of 92 and 96%, respectively. The water hydration capacity (105%) was highest for the green and red lentils, while the Spanish
brown market classes had the lowest (95%) water hydration capacities (Table 23). The green lentils from 2024 had water
hydration capacities that were slightly higher than the 5- and 10-year mean values. Red lentils had a mean water hydration
capacity (105%) that was lower than the 5- and 10-year mean values of 112 and 104, respectively. Spanish brown lentils had
slightly higher (95%) water hydration capacity than the 5- and 10-year mean value of 89 and 93%, respectively (Table 23). The
mean water hydration capacity ranged from 77% to 119% in Morena and Brewer cultivars, respectively (Table 24).
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Table 23. Physical parameters of different market classes of lentils grown in the USA, 2020-2024 plus 5- and 10-year mean

values.
Mean (SD)

Market class Physical Parameter 2024 2023 2022 2021 2020 5-Year 10-Year

Green Test Weight (Ib/Bu) 62.8 (1.8) 62.9(2.3) 61.0(1.8) 62.3(2.5) 63.6(1.8) 62.1(0.9) 62.2(0.8)
1000 Seed Wt (g) 49.7 (9.4) 57 (9) 55 (3) 51 (13) 51 (10) 50 (3) 48 (7)
Water Hydration Capacity (%) 105 (14) 98 (12) 99 (7) 85 (9) 88 (11) 103 (24) 103 (18)
Unhydrated Seeds (%) 4 (4) 9 (11) 3(3) 3(3) 6 (7) 3(2) 3(3)
Swelling Capacity (%) 129 (21) 164 (19) 116 (19) 97 (13) 117 (18) 123 (20) 128 (24)
Cooked Firmness (N/g) 13.5(2.3) 17.2(3.0) 16.6 (1.4) 19.7 (4.7) 19.2(4.2) 17.1(2.3) 16.0(2.4)

Red Test Weight (Ib/Bu) 61.9 (0.0) 64.1(0.0) * 64.7 (0) 63.9(2.5) 635(1.2) 63.1(1)
1000 Seed Wt (g) 44 (0) 49 (0) * 63 (0) 43 (9) 44 (11) 44 (9)
Water Hydration Capacity (%) 105 (0) 107 (0) * 93 (0) 126 (41) 112 (20) 104 (17)
Unhydrated Seeds (%) 0 (0) 2 (0) * 3(0) 5 (6) 4 (3) 4 (2)
Swelling Capacity (%) 105 (0) 177 (0) * 128 (0) 138 (35) 136 (6) nd
Cooked Firmness (N/g) 14.6 (0.0) 12.2 (0.0) * 19.6 (0) 21.7(56.3) 17.2(3.2) nd

Spanish Brown Test Weight (Ib/Bu) 65.7 (0.4) 65.0(1.7) 65.7(1.0) 66.7 (0.7) 66.1(1.0) 65.3(1.7) 65.1(1.3)
1000 Seed Wt (g) 33.9(1.0) 39 (6) 32 (2) 35 (3) 42 (4) 37 (5) 37 (4)
Water Hydration Capacity (%) 95 (10) 93 (15) 92 (8) 88 (6) 81 (13) 89 (5) 93 (13)
Unhydrated Seeds (%) 8 (4) 14 (6) 12 (6) 6 (3) 5 (4) 7 (3) 7 (4)
Swelling Capacity (%) 116 (16) 132 (19) 93 (12) 97 (16) 109 (15) 116 (23) 128 (29)
Cooked Firmness (N/g) 13.7 (1.3) 20.0 (4.0) 18.5(4.9) 19.8(4.0) 21.7(3.9) 18.3(2.6) nd

* no red lentils evaluated in 2022; 5 and 10 year determination was done on 2018-21, 23 and 2013-21, 23 for red lentils, respectively;

nd = not determined due to test not being performed for 10 years.
Unhydrated seed percentage ranged from 0 to 20% with a mean of 4%, which is lower than the 5-year mean value of 6%
but the same as the 10-year mean of 4% (Table 22). Many of the samples had unhydrated seed rates around 0%, which
likely contributed to the 4% unhydrated seed rate in 2024 by offsetting the few samples with high unhydrated levels. The
mean unhydrated seeds varied from 0% in red lentils to 8% in Spanish Brown (Table 23). The green lentils from 2024 had a
mean unhydrated seed percentage that was comparable to the 5- and 10-year mean unhydrated seed percentage of 3%.
For the Spanish brown lentils, the unhydrated seed count was comparable (8%) to the 5- and 10-year mean unhydrated
seed percentage (7%). In contrast, the red lentils had unhydrated seed rates that were lower than the 5- and 10-year mean
unhydrated seed percentage. The Laird (green, 1%) and Red Chief (red, 0%) cultivars had the lowest unhydrated seed
percentage, while the Morena cultivar had the highest mean unhydrated seed weight of 15% (Table 24). The unhydrated seed
percentage follows the trends from previous years, where the Spanish brown seeds tended to hydrate less than the green
lentils. However, the lentils in 2024 tended to hydrate better than in previous years.

The swelling capacity of all lentils ranged from 30 to 164%, with a mean value of 127% (Table 22). The mean swelling
capacity from 2024 samples was comparable to that of the lentils that made up the 5- and 10-year mean swelling capacities.
The mean swelling capacity of lentils from the green market class was 129% (Table 23). The swelling capacity of the green
lentils was most comparable to lentils that made up the 5- and 10-year mean swelling capacities of 123 and 128%, respectively.
The swelling capacity of the red lentils was significantly lower than that of lentils from previous years, and the 5-year mean
swelling capacity of 136%. The mean swelling capacity (116%) of the Spanish brown lentils in 2024 was similar to the mean
swelling capacity (116%) for the Spanish brown lentils that made up the 5-year mean swelling capacity. Additionally, the mean
swelling capacity of the
Spanish brown lentils in 2024
was significantly lower than

Table 24. Mean physical parameters of USA lentil cultivars grown in 2024.
Water

Swelling Cooked

Test Weight 1000 Seed Hydration Unhydrated Capacity Firmness

the 10-year mean swelling RELCIHEES Cultivar (Ib/bu) Wt (g) Capacity (%) Seeds (%) (%) (N/g)
capacity (Table 23). The Green Avondale 62.2 43 117 10 103 15.4
highest swelling capacity Brewer** 61.4 51 119 6 91 14.6
(133%) was observed in the CDC Richlea 62.8 50 107 3 133 13.7
CDC Richlea cultivar, while CDC Viceroy 65.9 41 97 6 132 "3
the Morena cultivar had the Laird 60.8 60 106 1 127 13.8
lowest (88%) mean swelling Me"ft 2Llo 2e 108 2 Ui e
reason for this might be due to Spanish Brown Morena 65.6 34 77 15 88 12.3

Pardina 65.7 34 97 7 118 13.4

the low water uptake as

supported by low water

**Only one sample of cultivar tested
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hydration capacity.

The cooked firmness of all lentils ranged from 8.8 to 21.0 N/g with a mean value
of 13.5 N/g (Table 22). The lentils from 2024 had lower cooked firmness values than
all previous years, including the 5- and 10-year mean cooked firmness values. The
cooked firmness of lentils was not substantially different between the green and
Spanish brown classes; however, the red lentils had cooked firmness values that were
one percentage point higher than the values from the other classes (Table 23). The
lentils from the green market class had a mean cooked firmness value (13.5 N/g) that
was lower than the 5- and 10-year mean cooked firmness values of 17.1 and 16.0 N/g,
respectively. In contrast, the red lentils had a mean cooked firmness of 12.2 N/g, which
is higher than the cooked firmness of samples from 2023. The cooked firmness of the
red lentils was, however, about 3 N/g less than the 5-year mean value. The mean
cooked firmness (13.7 N/g) of Spanish brown lentils was nearly 5 N/g lower for the
lentils from 2024 compared to the 5-year mean value. Among the cultivars, Avondale
had the highest cooked firmness value while CDC Viceroy had the lowest cooked
firmness (Table 24).

Color quality was measured using L*, a*, and b* values, and from these values, a color difference can be determined on
lentils before and after soaking (Table 25). The color quality for all lentils in 2024 indicated that the lentils had higher L* values
than lentils from previous years. This data indicates that the lentils from the 2024 crop year were lighter in color than those
from recent years. The L* value of the green lentils was higher than the 5- and 10-year mean L* value, which supports a lighter
color compared to long-term averages. The L* values of the red and Spanish Brown lentils were significantly higher than the 5-
and 10-year mean L* values. The L* values were approximately 10 color units
higher than in previous samples (Table 25). In 2024, the a* value of 1.19
indicates that the lentils were less green than the lentils from recent years.
Additionally, green lentils had a* values that were lower than the 5- and 10-year
mean a* values, indicating less greenness in lentils for the 2024 samples
compared to long-term mean values. The mean a* value for the Spanish brown
lentils was lower than the 5-year mean a* value, indicating less redness.
Similarly, the red lentils from 2024 had lower a* compared to the 5- and 10-year
mean a* values, indicating less redness for the sample from 2024. The green
lentils had a lower mean b* value than the 10-year mean values, but the same as the 5-year mean value, suggesting the 2024
samples are less yellow in nature. The Spanish brown a mean b* value for 2024 was lower than the b* value of samples from
all years, including the samples that made up the 5- and 10-year mean b* values. This indicates that the lentils were a darker
brown compared to the lentils from previous years, due to the lower yellowness of the lentils in 2024. The red lentils had
significantly lower b* values in 2024, supporting a lentil with a redder hue. The color of the lentils changed after the soaking
process. The green lentil became darker as evidenced by the slightly lower L* value. Additionally, the soaked red and Spanish
brown lentils became darker compared to pre-soaked lentils (Table 25). In the green lentils, the decreased a* value indicated
an increase in greenness of the lentils after soaking. In contrast, the other lentil classes had increased a* values, indicating an
increase in redness. Lentils from all market classes became more yellow (i.e., increased b* value) after soaking. The color

Table 25. Color quality of lentils grown in the USA before and after soaking, 2021-2024 plus 5- and 10-year values.
Mean (SD) of green lentils

After Soaking

Color Scale Before Soaking

L (lightness) 60.33 (5.25) 57.75(1.00) 58.82(0.77) 57.10 (0.96) 56.30 (4.71) 56.71(3.96) 58.50 (1.49) 58.51 (1.19) 59.02 (0.45) 56.69 (2.59) 57.46 (2.82) 58.27 (2.48)
a (red-green) 119 (1.31) 1.87 (1.44) 272(0.82) 3.20(1.85) 1.83(1.16) 2.82(1.59) -0.44(1.40) 0.12(1.83) 1.20(1.33) 2.00 (1.35) 0.44 (1.17)  1.60 (1.97)
b (yellow-blue) 13.37 (2.10) 14.07 (7.49) 11.73 (1.13) 12.22(2.10) 13.39 (1.47) 16.84 (4.28) 24.25 (1.71) 24.64 (1.77) 19.93 (3.04) 14.23 (3.89) 19.95(3.72) 24.89 (6.05)
Color Difference 12.16 (4.55) 10.82 (1.45) 8.38(1.99) 5.57 (1.48) 8.46(1.92) 9.04 (1.93)
Mean (SD) of red lentils
Color Scale” Before Soaking
10Year | 2024 | 2023 2022 2021 5-Year 10-Year
L (lightness) 61.21(0)  51.17 (0) = 5360 (0) 51.17 (3.93) 51.49 (4.43) 57.17(0)  50.36 (0) = 54.52 (0) 50.36 (2.68) 52.15 (2.80)
a (red-green) 2.96 (0) 4.14 (0) e 347(0) 414 (1.81) 4.99(1.91)  7.56 (0) 7.60 (0) E 5.48 (0) 7.6 (3.41)  9.44(3.10)
b (yellow-blue) 11.55(0)  17.49 (0) e 529 (0) 17.49(5.29) 13.00 (4.51) 22.83(0)  18.29 (0) = 10.21(0) 18.29(6.74) 21.62 (6.30)
Color Difference 12.83(0)  11.37 (0) = 540 (0) 11.37(3.29) 11.28(3.98)

Mean (SD) of brown lentils

Color Scale Before Soaking After Soaking

2024 2023 2022 2021 5- Year 10-Year | 2024 | 2023 2022 2021 5-Year 10-Year

L (lightness) 61.70 (6.86) 54.98 (0.98) 54.01(0.36) 51.11 (0.47) 50.32 (6.23) 49.20 (6.10) 52.69 (1.19) 51.17 (1.09) 54.71 (0.73) 52.42 (1.22) 50.26 (6.42) 50.29 (4.60)
a (red-green) 2.00 (0.52) 3.04(0.37) 2.65(0.23) 3.17 (0.26) 2.25(1.05) 3.32(1.69) 2.78(0.42) 3.20 (0.60) 2.20(0.43) 2.99 (0.56) 2.08 (1.71)  3.74 (2.76)
b (yellow-blue) 5.95(0.65) 7.27(0.56) 6.78(0.21) 6.93(0.47) 7.21(0.83) 9.83(3.88) 16.42(1.11) 10.74 (0.60) 15.42 (1.12) 11.96 (4.85) 12.59 (2.36) 19.08 (7.51)
Color Difference 15.27 (3.68) 10.81 (1.34) 8.69 (1.11) 5.58 (4.33) 7.47 (2.89) 11.06 (5.58)

*color scale L (lightness) axis — 0 is black and 100 is white; a (red-green) axis — positive values are red, negative values are green, and zero is neutral; and b (yellow-blue) axis — positive values
are yellow, negative values are blue, and zero is neutral. Color difference = change in value before soaking and after soaking. **no red lentils evaluated in 2022; 5 and 10 year determination
was done on 2018-21, 23 and 2013-21, 23 for red lentils, respectively; nd = not determined due to test not being performed for 10 years.
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difference in lentil samples was comparable between red and green market classes (Table 25). However, the color difference
in Spanish Brown lentils was slightly higher. Overall, the colors of lentils in 2024 were impacted (higher value) more by soaking
in comparison to lentils that made up the 5-year mean color difference value.

Brewer had the lowest L* value among the cultivars, followed by CDC Richlea (Table 26). The highest L* was observed in the
Morena cultivar. This did not follow expectations, as red and brown lentils would typically be darker than green ones. The L*
values of lentil decreased for all lentils after soaking (Table 26). The green lentil cultivars became greener (i.e., reduction of the
a* value) after soaking. The CDC Viceroy had the greenest appearance (the most negative a* value). The green lentil cultivar
Avondale had the highest b* value (i.e., yellowness) of the soaked lentils. This is a green-coated lentil, but it has a yellow
cotyledon; thus, the soaking Table 26. Color quality of USA lentil cultivars before and after soaking, 2024.
may have reduced the impact
of the hull on color and
resulted in increased
yellowness. The red and

Mean Color Values*
Before Soaking After Soaking Color

Market Class Cultivar L a b L a b Difference

Spanish  Brown  classes Green Avondale 62.73 043 12.09 59.55 -1.50 25.80 14.26
became redder in color after Brewer** 59.01 415 1278 5841 270 22.04 9.40
soaking. The Red Chief CDCRichlea 59.87 1.01 1372 5868 -0.64 24.62 12.40
cultivar had the most CDC Viceroy —60.41  0.05 1292 5833 -1.91 2473 12.69
significant  increase in Laird 60.38  1.87 1429 5937 0.08 24.18 10.27
redness. The increased b Merrit 6279 3.32 10.81 5595 264 2076  12.31
;’ear::fgs in'n;'lciz(:ketthiltasézz Red Red Chief* 6121 296 1155 57.17 7.56 22.83 12.83
became more yellow in color. Spanish Brown Morena** 63.73 1.90 5.55 50.98 3.34 14.93 15.89
The change in yellowness Pardina 61.54 2.00 598 52.82 2.73 16.54 15.22

contributed to the greatest «;qiorscale L (lightness) axis — 0 is black and 100 is white; a (red-green) axis — positive values are
color difference that was req, negative values are green, and zero is neutral; and b (yellow-blue) axis — positive values are
observed in the individual yellow, negative values are blue, and zero is neutral. Color difference = change in value before soaking
cultivars (Table 26). The and after soaking. **Only one sample of cultivar tested.

change in greenness and

yellowness during soaking likely contributed to the greatest color difference in the green cultivar. In the Red Chief cultivar, the
change in redness likely contributed most to the color difference value.

Pasting properties (Tables 27-29)

Peak, hot paste, and breakdown viscosities of lentils grown in 2024 were comparable to samples from 2022 but higher than
samples from 2021 and 2023. However, cold paste viscosity was significantly lower than the respective values from lentils of
other harvest years, except 2023. For example, a significantly lower cold paste viscosity (149 RVU) was observed for lentils
from 2024, which was comparable to the samples from 2023 (Table 27). The pasting temperature ranged from 76.6 to 80.4 °C,
with a mean value of 80.2 °C, which is higher than the 5- and 10-year mean pasting temperatures. The peak, hot paste, and
cold paste viscosities were different among the market classes (Table 28). The peak, hot paste, and cold paste viscosities
obtained for lentils in the Spanish Brown market class were lower than those of the lentils from the green and red market
classes. However, this was not the general trend found in samples from previous years and in the long-term mean values.
Pasting characteristics for the green and red classes in 2024 were comparable to the 5- and 10-year mean viscosity values
for peak, hot paste, and breakdown viscosities. However, the cold paste viscosity and setback values were lower than the 5-
and 10-year mean viscosity values. All parameters for the Spanish Brown lentils were lower than the 5- and 10-year mean
viscosity values. This indicates that the lentils from 2024 produce thinner pastes and gels.

Table 27. Starch characteristics of lentils grown in the USA, 2020-2024 plus 5- and 10-year mean values.

Starch 2024 Means (SD)

Characteristic Mean (SD) 2023 2022 2021 2020 5-Year
Peak Viscosity (RVU) 82-161 128 (20) 118 (32) 124 (19) 117 (23) 142 (21) 129 (14) 132 (13)
Hot Paste Viscosity (RVU) 79-152 123 (17) 110 (26) 120 (18) 110 (23) 133 (17) 122 (13) 125 (11)
Breakdown (RVU) 0-24 6 (5) 7 (10) 4 (3) 7(7) 9 (6) 7(2) 8 (3)
Cold Paste Viscosity (RVU)  81-191 149 (22) 151 (39) 221 (32) 210 (50) 237 (35) 214 (39) 221 (32)
Setback (RVU) 11-68 28 (11) 39 (19) 101 (16) 100 (28) 104 (21) 92 (30) 96 (23)
Peak Time (Minute) 4.80-7.00 5.89 (0.56) 6.09 (0.58) 6.46 (0.56) 6.10 (0.76) 5.68 (0.62) 5.96 (0.38) 5.85 (0.37)
Pasting Temperature (°C) 76.6-84.8 80.4(1.4) 79.8(1.5) 80.2(1.4) 80.0(1.8) 789 (1.5) 79.1(1.2) 78.0(1.6)
RVA Gel Fimness (g) 81-299 174 (37) 255 (75) 285 (35) ** ** nd nd

**not previously reported; nd = not determined due to test not being performed for 5 or 10 years.
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New in 2022 was the RVA gel

firmness, which was run again in  meanvalues.

Table 28. Starch characteristic of different market classes of lentils grown in the USA, 2020-2024 plus 5- and 10-year

2024. The gel firmness ranged Mean 5D) sYear  1oear
from 81 to 299 g, with a mean of R AL EES Physical Parameter 2024 2023 2022 2021 2020 Mean (SD) Mean (SD)
174 g (Table 27), where red Green Peak Viscosity (RVU) 130 (19) 119(35) 110(15) 111(22) 146 (21) 126(17) 133 (15)
lentils had the greatest gel Hot Paste Viscosity (RVU) 124 (16) 110 (29) 105 (14) 103 (21)  135(17) 117 (16) 123 (13)
firmness (Table 28). Overall, Breakdown (RVU) 6 (5) 9 (11) 5(2) 8(9) 10 (6) 8 (2) 9(3)
lentils had gel firmness values Cold Paste Viscosity (RVU) 151 (20) 148 (42) 194 (15) 193 (41)  241(35) 204 (39) 217 (33)
that were lower in the 2024 Setback (RVU) 27(9)  38(0)  89(7) 90 (21)  106(22) 86(28) 94 (23)
Peak Time (Minute) 5.84 (0.55) 5.97 (0.59) 6.55 (0.67) 6.11(0.83) 5.54 (0.55) 5.94 (0.43) 5.70 (0.47)
harvest year compared to Pasting Temperature (°C)  80.3 (2.8) 79.4 (3.2) 81.2(1.9) 80.6(2.1) 78.7(1.6) 79.3(1.7) 78.1(2)
previous years, regardless of RVA Gel Firmness (g) 177 (37)  272(62) 268 (34) = & nd nd
market class (Table 28). Red Peak Viscosity (RVU) 128 (0) 77 (0) E 97 (0) 130 21) 120 (26) 119 (21)
Variability in pasting Hot Paste Viscosity (RVU) 126 (0) 77 (0) * 84(0)  123(17) 114(22) 114 (18)
characteristics was observed Breakdown (RVU) 20 00 i 1300 76) 66 5@
among cultivars (Table 29)_ In Cold Paste Viscosity (RVU) 166 (0) 107 (0) * 132 (0) 218 (39) 200 (54) 203 (42)
the green market class, the Setback (RVU) 40 (0) 30 (0) * 48 (0) 95(23) 86(33) 89 (24)
variability among cultivars was Peak Time (Minute) 7.00(0)  6.57 (0) " 527 (0) 5.77 (0.53) 6.85 (1.83) 6.86 (1.97)
noticeable. Brewer had the Pasting Temperature (°C) 81.5 (0) 81.5 (0) * 79.2(0) 79.0(1.8) 79.4(1.3) 78.2(1.8)
lowest peak, hot paste, and RVA Gel Firmness (g) 181 (0) 223 (0) * ** ** nd nd
' » Spanish Brown Peak Viscosity (RVU) 116 (20) 116 (22) 130 (17) 126 (24) 139 (21) 133 (14) 136 (13)
;?LdWF;?SgE;'ﬁgzst'ﬂgsl'owezs?%’ Hot Paste Viscosity (RVU) 113 (17) 111 (18) 127 (15) 121(23) 132(18) 127 (12) 129 (11)

. X Breakdown (RVU) 4(3) 3(2) 4(3) 5 (4) 6 (5) 5(2) 6 (4)
viscosity values. The Avondale Cold Paste Viscosity (RVU) 138 (33) 161 (25) 234 (30) 237 (49)  235(33) 223 (35) 229 (30)
lentils from 2024 had the Setback (RVU) 29(19) 43(15) 108(16) 116(27) 102 (16) 100 (33) 102 (25)
hllghes_t.peak and hot'pasFe Peak Time (Minute) 6.11 (0.52) 6.40 (0.41) 6.42 (0.50) 6.16 (0.68) 6.03 (0.70) 6.09 (0.39) 5.84 (0.51)
viscosities and the third highest Pasting Temperature (°C)  79.6 (1.3) 79.5(0.5) 79.7 (0.5) 79.3(1.0) 79.5(0.8) 79.1(0.9) 78.2(1.5)
cold paste viscosity. Morena RVA Gel Firmness (g) 154 (36) 208 (93) 293 (33) - » nd nd

(177 RVU) and Red Chief (166
RVU) had the two highest cold
paste viscosities. Pardina had

* no red lentils evaluated in 2022; 5 and 10 year determination was done on 2018-21, 23 and 2013-21, 23 for red lentils. **not
previously measured; nd = not determined due to test not being performed for 5 or 10 years.

the lowest pasting temperature while Morena had the highest. The Pardina cultivar had the lowest RVA gel firmness values (154
g) while the Merrit cultivar produced the firmest (191 g) gel among samples (Table 29).

Table 29. Mean starch characteristics of lentil cultivars grown in the USA in 2024.

Peak Hot Paste Cold Paste Pasting RVA Gel
Viscosity Viscosity Breakdown Viscosity Setback Peak Time Temperature Firmnes
Market Class Cultivar (Y] (RVU) (RVU) (RVU) (RVU) (Min) (°c) ((¢)]
Green Avondale 151 143 8 165 22 5.64 81.1 180
Brewer** 85 92 8 94 16 6.01 79.5 170
CDC Richlea 136 129 7 156 27 5.79 80.1 181
CDC Viceroy 121 117 4 147 29 6.32 80.1 154
Laird 130 123 7 150 27 5.63 80.7 180
Merrit 112 108 6 130 29 5.67 80.9 191
Red Red Chief* 128 126 2 166 40 7.00 81.5 181
Spanish Brown Morena** 111 109 2 177 68 6.91 82.2 166
Pardina 116 114 5 135 26 6.04 79.4 153
**Only one sample of cultivar tested.
L] L]
Functional properties (Tables 30-32)

Functionality property evaluation was completed for the third time in 2024. These tests include emulsion activity and stability,

foaming capacity and stability, water holding

capacity, and oil holding capacity. The emulsion
activity and stability for all lentil samples ranged from
52 to 61% and 54 to 60% (Table 30). The lentils from

the various market classes had comparable

emulsion activity and stability, with the red lentils
having slightly higher emulsion properties (Table 31).

Furthermore, Red Chief cultivar had emulsion

and stability values that were slightly higher than

those of other cultivars (Table 32).
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Table 30. Functional properties of lentils grown in the USA, 2022-2024.

2023

Mean (SD)
55 (1)

2022

Mean (SD)
59 (1)

2024

Mean (SD)
57 (2)

Functional Properties
Emulsion Activity (%)

Range
52-61

Emulsion Stability (%) 54-60 57 (1) 56 (1) 59 (2)
Foaming Capacity (%) 87-203 138 (25) 180 (37) 205 (45)
°") Foam Stability (%) 51-100 75 (10) 76 (9) 67 (14)
activity  \yater Holding Capacity (g/g) ~ 1.08-2.01  1.55(0.21)  1.27 (0.14)  1.30 (0.16)
Oil Holding Capacity (g/g) 0.11:0.37  0.21(0.05) 0.16 (0.06) 0.40 (0.28)




In contrast to emulsion activity, foaming capacity varied to a greater extent (87-203%). Differences in foaming capacity
among different classes of lentils were observed (Table 31), with the Spanish Brown lentils having mean foaming capacities
that were approximately 14 to 35 percentage points higher than the mean foaming capacity of the green and red lentils,
respectively. In contrast, the Spanish brown lentils had foam stability that was approximately five percentage points higher

Table 31. Functional properties of different market classes of lentils grown in the

USA, 2022-2024.

than the foaming stability of the green and red lentils. The Merrit
cultivar had significantly higher foaming capacity (170%) compared

MeantSo) to other cultivars except Morena (167%) (Table 32). However,
Market Class  Functional Properties 2024 2023 2022 Morena had the highest foam stability. The Morena cultivar had
Creey Em”:S“’" ‘S\C‘:‘ry (:/;)) Z 8; 22 2; :z g; higher water holding capacity compared to the other cultivars. Red
mulsion Stability (% . . . . . .
Foaming Capacity (%) 13 1opn 1@ Chief had a slightly higher oil holding capacity value compared to
Foam Stability (%) 74.(9) 7409 12  the other cultivars. In general, higher water holding capacity means
Water Holding Capacity (g/g) 1.8 (021) - 1.22(0.10) 1.28 011) |5\yer oil holding capacity, which was observed in the 2024 lentils
Oil Holding Capacity (g/g) 0.22 (0.06) 0.16 (0.07) 0.29 (0.21) from different market C|aSSGS (Table 31)
Red Emulsion Activity (%) 60 (0) 54 (0) * .
Emulsion Stability (%) 58 (0) 55 (0) * Table 32. Mean functional properties of lentil cultivars grown in the USA, 2024.
Foaming Capacity (%) 117 (0) 227 (0) o Water Oil
Foam Stability (%) 74 (0) 73 (0) * Holding Holding Emulsion Emulsion Foaming Foam
) . * Capacity Capacity Activity Stability Capacity Stability
Water Holding Capacity (g/g) 1.55 (0) 1.19 (0) i
0il Holding Capacity (9/g) 0.27 (0) 0.15 (0) . Maret Class ”'t’ g) g) ( ( (
Spanish Brown  Emulsion Activity (%) 56 (2) 56 (1) 58 (1) reen roncare . :
Emulsion Stability (%) 56 (1) 56(1)  59(2) EIenE? = uie B o ilee 2
Foaming Capacity (%) 150 (32) 151 (16) 189 (36) CORNED e 0.22 ol d 134 "
Foam Stability (%) 79 (1) 806 71012 cDC cheroy 1.46 0.23 57 57 129 75
Water Holding Capacity (g/g) ~ 1.67 (0.14)  1.41 (0.16) 1.28 (0.11) Laird 1.53 0.20 57 57 134 )
Oil Holding Capacity (g/g) 0.19(0.03)  0.17 (0.05) 0.29 (0.21) Merrit 1.64 0.18 56 55 170 70
*No red lentils evaluated in 2022 Red Red Chief*  1.55 0.27 60 58 117 74
Spanish Brown Morena** 1.70 0.16 57 56 167 83
Pardina 1.66 0.19 56 56 149 79

A total of 54 chickpea samples were collected
from Idaho, Montana, North Dakota, Oregon,
and Washington between August 2024 and
November 2024. Samples were delivered to
SDSU between November 2024 and January
2025. The growing location, number of
samples, market class, and genotype details of
these dry chickpea samples are provided in
Table 33. CDC Orion (3), Sawyer (4), Royal
(6), and Sierra (12) accounted for most of the
chickpea of the known cultivars evaluated.

**Only one sample of cultivar tested.

Table 33. Description of chickpea samples used in the 2024 pulse quality survey.

State No. of Samples Market Class Cultivars
Idaho 3 Kabuli Royal Sierra
Montana 28 Kabuli Marvel CDC Orion
Royal Sawyer
North Dakota 2 Kabuli Kasin
Oregon 1 Kabuli Sierra
Washington 20 Kabuli Billy Beans Dylan
Ellie Nash
Quinn Royal
Sawyer Sierra

The moisture content of chickpeas ranged from 7.4 to 11.9% in 2024 (Table 34). The mean moisture content of the
samples was 9.5%, which is higher than the 5- and 10-year mean of 9.0%. The mean moisture content of chickpea was higher
than the previous individual values from samples collected in 2020-2023. This supports the fact that the long-term mean moisture
content of the chickpea from the region is consistent. No sample exceeded the 13-14% moisture threshold for proper
storage. The Marvel cultivar had the highest mean moisture content at 11.4% while the Sierra had the lowest moisture

content (8.2%) among all chickpeas (Table 35).

The ash content of chickpeas ranged from 2.3 to 3.3% with a mean of 2.8% (Table 34). The mean ash content of chickpeas
grown in 2024 was comparable to the ash contents of chickpea that were used in determining the 5- and 10-year mean values
(Table 34). Of the known cultivars grown, Kasin and Royal had the lowest ash contents at 2.7%, while Billy Bean and Dylan
had ash contents of 3.0%, thus indicating minimal variability of the ash composition (Table 35). The mean fat content was
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Table 34. Proximate composition of Kabuli chickpeas grown in the USA, 2020-2024 plus 5- and 10-year
mean values.

Year

Proximate 2024 2023 2022 2021 2020 5-year 10-year
Composition* Range Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Moisture (%) 7.4-11.9 9.5 (1.2) 8.8 (1.2) 8.5 (0.9) 8.5(0.9) 7.9 (1.1) 9.0(1.4) 9.1(1.2)
Ash (%) 2.3-3.3 2.8 (0.2) 2.8 (0.3) 2.9 (0.1) 3.0 (0.2) 3.0 (0.6) 2.8(0.1) 2.8(0.2)
Fat (%) 4.3-7.1 5.3 (0.5) 5.3 (0.4) 5.6 (0.4) 5.6 (0.3) 5.4 (0.6) 5.9 (0.8) nd
Protein (%) 16.4-26.0 21.2(2.2) 21.6(26) 20.8(2.3) 19.8(1.5) 21.1(2.0) 20.3(0.8) 20.0(1.0)
Starch (%) 34.7-50.2 409 (4.1) 40.4(3.2) 41.3(24) 40.7(1.3) 40.8(3.6) 40.7 (0.5) 40.7 (0.7)

*composition is on an "as is" basis; nd = not determined due to test not being performed for 10 years.

5.3% with a range from 4.3 to 7.1% (Table 34). Literature reports indicate that chickpea has a fat content between 2 and
7%; therefore, the fat content of chickpeas grown in 2024 falls within the range reported by others but is less than the fat
content recorded in previous years, except for chickpeas from 2023. Fat content was slightly lower than the 5-year mean fat
content of 5.9% (Table 34). The Kasin cultivar had the highest (5.7%) fat content among chickpeas (Table 35). Furthermore,
the fat content of Billy Bean was the lowest (4.3%) among chickpeas.

Table 35. Mean proximate composition of chickpea cultivars

Protein content of chickpeas ranged from 16.4 to 26.0%, g
grown in the USA, 2024.

with a mean of 21.2% (Table 34). The mean protein content

of chickpea grown in 2024 was greater than the 5- and 10- Concentration (%)

year mean protein contents of 20.3 and 20.0%, respectively. Cultivar Moisture Ash Fat Protein  Starch
Overall, the protein content of chickpea from 2024 was most Bijly Bean** 8.3 3.0 4.3 24.5 39.2
lsimilart tE)1t9he8 oBr)otein conter:t pf pea? frc;m 2h(')|20i3(':|)|Uian had hthcej CDC Orion 10.0 28 59 199 415
owes .8%) mean protein content, while Billy Bean ha .

the highest mean protein content at 24.5% (Table 35). Eﬁ::n 19%4 z:g ::8 Z: ;i:
Total starch content of chickpea ranged from 34.7 to 50.2%, <& 10.3 27 5.7 122 i
with a mean of 40.9% (Table 33). The mean total starch Manel™ 1.4 28 5.0 23.6 4.7
content of chickpeas grown in 2024 was similar to the mean Nash* 8.5 2.9 4.7 229 39.5
starch content observed in chickpeas from the previous Quinn** 8.8 2.8 52 19.8 36.9
harvest years and was slightly higher than the 5- and 10- Royal 8.4 2.7 5.3 21.3 43.3
year mean total starch content of 40.7%. The Marvel cultivar ~ Sawyer 9.2 2.9 5.4 22,5 42.6
had the lowest (34.7%) mean starch content, while the sjemra 8.2 2.9 5.6 21.2 41.9

highest (44.3%) was observed in the Kasin and royal “compositionis onan 'as is" basis, ~*Value from one sample of cultivar
cultivars. Marvel also had the lowest starch content in 2023.  tested.

Test weight, 1000 seed weight, water hydration capacity, percentage unhydrated seeds, swelling capacity, cooked firmness,
and color represent the physical parameters used to define physical quality. The data presented also includes size distribution.
Test weight ranged from 53.0 to 60.8 Ibs./Bu with a mean of 57.8 Ibs./Bu. This mean value is less than both the 5- and 10-

Table 36. Physical parameters of Kabuli chickpeas grown in the USA, 2020-2024 plus 5- and 10-year mean values.

Year
Physical 2024 2023 2022 2021 2020 5-year 10-year

Parameter Range Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Test Weight (Ib/Bu) 53.0-60.8 57.8(1.8) 60.6(2.1) 61.2(1.9) 61.2(1.8) 61.6(1.5) 61.1(0.4) 61.3(0.5)
1000 Seed Wt 245-591 411 (77) 398 (77) 477 (50) 464 (67) 417 (71) 440 (33) 426 (31)
Water Hydration Capacity (%) 97-129 110 (8) 109 (9) 105 (7) 105 (9) 108 (8) 106 (3) 104 (3)
Unhydrated Seeds (%) 0-0 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1(1)
Swelling Capacity (%) 122-184 142 (13) 133 (15) 125 (12) 144 (20) 145 (17) 137 (8) 133 (12)
Cooked Firmness (N/g) 11.8-26.0 18.8(2.99) 18.6(2.9) 19.7(2.3) 19.6(2.9) 20.7 (3.8) 19.8(0.8) nd
% of Sample Retained on 22/64 Sieve 1.6-93.6 62.1 (24.2) 53.8 (27.7) 79.5(15.3) 69.0 (21.5) 55.6 (26.5) 64.4 (10.5) nd
% of Sample Retained on 20/64 Sieve 4.8-66.4 26.6 (13.9) 29.9 (16.1) 16.7 (11.9) 22.8 (12.6) 34.3 (18.6) 26.6 (6.9) nd
% of Sample Retained on 18/64 Sieve 0-52.4 9.4 (11.0) 11.9(14.7) 3.6(3.2) 71099 9.7(124) 7.7 3.2) nd
% of Sample Passed Through an 18/64 Sieve 0-19.6 1.9 (3.7) 4.5 (12.6) 0.3 (0.9) 1.1(2.5) 0409 1.4(1.8) nd

*data not reported; nd = not determined due to test not being performed for 10 years.
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year mean test weights (Table 36). The test weights of individual cultivars ranged from 54.3 Ibs./Bu in Nash to 59.6 Ibs./Bu in
the Marvel cultivars (Table 37). The range and mean 1000 seed weight of chickpeas grown in 2024 were 245-591 g and 411
g, respectively (Table 36). The mean 1000 seed weight was lower than the 5-year and 10-year mean values of 440 and 426
g, respectively. The Nash cultivar had the highest 1000 seed weight at 591 g, while the Marvel cultivar had the lowest mean
value at 245 g (Table 37). In 2023, Nash also had the highest 1000 seed weight of 526 g. The lower overall 100 seed weight
in 2024 compared to long-term averages simply relates to the higher number of samples of small chickpea cultivars being
evaluated.

Water hydration capacity of chickpeas ranged from 97 to 127%, with a mean of 110% (Table 36). The water hydration
capacity of chickpeas from 2024 was slightly higher than the 5- and 10-year mean values. Differences in water hydration
capacities were observed among cultivars. The Marvel cultivar had the lowest water hydration capacity (101%) while Billy
Bean had the highest (127%) (Table 37).

The unhydrated seed percentage was 0% for all chickpeas. The 0% unhydrated seeds matched the 5- and 10-year mean
values of 0 and 1%, respectively (Table 36). All the cultivars had 0% mean unhydrated seed values (Table 37). No issues were
observed with the rehydration of the chickpea samples. The swelling capacity of chickpeas ranged from 122 to 184%, with a
mean value of 142% (Table 36). The mean swelling capacity value of chickpea from 2024 was comparable to the chickpeas
from 2020 and 2021, and was higher than the 5- and 10-year mean swelling capacity of 137 and 133%, respectively. The Billy
Bean cultivar had the greatest mean swelling capacity (168%) while the Kasin cultivar had the lowest value (123%) among
chickpeas (Table 37). The higher water hydration capacity for the Billy Bean cultivar may be the reason for the higher swelling
capacity.

Table 37. Mean physical properties of chickpea cultivars grown in the USA, 2024.

Water % of % of % of % of Sample
1000 Hydration Swelling Cooked Sample Sample Sample Passed

Test Weight Seed Capacity Unhydrated Capacity Firmness Retained on Retained on Retained on Through an

Cultivar (Ib/Bu) Wt (9) (%) Seeds (%) (%) (N/g) 22/64 Sieve 20/64 Sieve 18/64 Sieve 18/64 Sieve
Billy Bean** 59.2 294 127 0 168 21.2 7.6 42.4 41.6 8.4
CDC Orion 59.1 379 106 0 140 17.9 57.8 36.8 4.9 0.5
Dylan** 55.3 484 124 0 145 18.3 85.6 13.2 1.2 0.0
Ellie** 59.3 350 120 0 144 13.1 47.6 37.6 11.6 3.2
Kasin** 58.8 361 107 0 123 21.5 15.6 66.4 17.2 0.8
Marvel** 59.6 245 101 0 153 18.1 1.6 26.4 52.4 19.6
Nash** 54.3 591 118 0 149 20.9 93.6 4.8 1.6 0.0
Quinn** 57.0 512 110 0 145 18.6 92.0 6.8 1.2 0.0
Royal 56.7 512 119 0 146 21.2 81.8 141 3.7 0.3
Sawyer 57.7 414 110 0 137 18.3 59.0 32.2 7.4 1.4
Sierra 55.7 466 112 0 135 18.4 81.0 15.0 383 0.7

**Value from one sample of cultivar tested.

The cooked firmness of all chickpeas ranged from 11.8 to 26.0 N/g, with a mean value of 18.8 N/g (Table 36). The mean
firmness value for chickpea in 2024 was lower than the 5-year mean value (19.8 N/g). This supports that chickpeas were
slightly less firm after cooking compared to chickpeas from previous years (2020-2022) and that the chickpea cooking using
a standard time produced chickpeas with a tender structure. Among the cultivars, Ellie had the lowest cooked firmness (13.1
N/g) while the Kasin (21.5 N/g) cultivar was the firmest (Table 37).

Retention of chickpea on a series of sieves was used to determine chickpea size. The mean retentions of 62.1, 26.6, 9.4,
and 1.9% on the 22/64-, 20/64-, 18/ 64- and passed through the 18/64-inch sieves were observed in the 2024 chickpeas,
respectively (Table 36). The range of retention on the largest screen (22/64-inch sieve) was from 1.6 to 93.6%. The percentage
of retention of chickpeas on the two largest screens (22/64 and 20/64-inch sieves) was approximately 88.7% in 2024, while
retention values of 84, 96, 92, and 90% were observed for the chickpea harvested in 2023, 2022, 2021, and 2020, respectively.
This data shows that more samples of cultivars with smaller seeds were evaluated in 2024, which is supported by the 1000
seed weight. The highest percentage retention (93.6%) of the sample on the 22/64-inch sieve was observed for the Nash
cultivar, while the lowest (1.6%) retention on the 22/64-inch sieve was observed in the Marvel cultivar (Table 37). The
combination of Marvel and Billy Beans (9.2% retained on 22/64-inch sieve) contributed most to the lower seed retention on
the 22/64-inch sieve in 2024.

Color quality was measured using L*, a*, and b* values, and from these values, a color difference was determined on
chickpeas before and after soaking (Table 38). Color quality indicated that the lightness (i.e., L*) of the chickpeas from 2024
was higher than that of chickpeas grown in 2023, and the chickpea that made up the 5- and 10-year mean L* values (Table 38). In
contrast, the L* value for chickpeas grown in 2024 was lower than the L* values of chickpeas from 2020 and 2021. In 2024,
the a* value of 6.34 was most like the a* value of chickpea from 2021. Furthermore, the a* value was substantially higher for
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the chickpea from 2024 compared to the 5-year a* values of 5.94 but lower than the a* value (6.98) for chickpeas that made
up the 10-year mean. This indicates that the chickpea had less redness compared to the long-term (10 years) average. The
b* value for chickpeas from 2024 indicated similar yellowness to the chickpea from 2021-2023 and the samples that made up
the 5-year mean b* value. However, the 2024 chickpeas on average had less yellowness compared to chickpea samples that
were used to determine the 10-year mean yellowness (i.e., b*) (Table 38). The color of the chickpeas changed after the soaking
process. Soaked chickpeas became darker as evidenced by the lower L* values (Table 38) compared to pre-soaked chickpeas.
This same trend occurred in samples from 2023 but not in other years or for samples that made up the 5- and 10-year mean
L* values. The redness (i.e., a* value) did change slightly after soaking. Chickpeas from all years became yellower (i.e.,
increased b* value) after soaking. The color difference between the pre- and post-soaked chickpea from 2024 was most
similar to the color difference for samples from 2021 but higher than in chickpea from 2023 and lower than in chickpea that were
used in the determination of the 10-year mean b* value (Table 38).

Table 38. Physical parameters of Kabuli chickpeas grown in the USA, 2021-2024 plus 5- and 10-
year mean values.
Mean (SD) Color Values

Color Scale* Before Soaking 5-Year 10-Year
2024 2023 2022 2021 Mean Mean

L* (lightness) 60.12 (1.87) | 59.21 (1.59) | 60.57 (1.17) | 61.33 (1.25) 59.45 (2.24) 58.89 (4.52)

a* (red-green) 6.34 (0.67) 6.14(0.63) 6.01(0.51) 6.31(3.73) 5.94(0.45) 6.98 (1.50)

b* (yellow-blue) | 14.80 (0.88)  14.64 (1.27)  14.48 (0.67)  14.41 (2.07) 14.00 (1.75) 17.05 (4.08)

Color Scale* After Soaking 5-Year 10-Year
2024 2023 2022 2021 Mean Mean
L* (lightness) 58.82 (2.00) | 59.68 (1.13) | 60.96 (1.12) | 61.79 (0.68) | 59.99 (2.29) | 60.03 (4.29)
a* (red-green) 6.62 (0.62) 6.52(0.48) 6.77 (0.46) 6.69(0.52) 6.32(0.64) 7.92(2.33)

b* (yellow-blue) 24.79 (2.94) 25.24 (3.52) 24.40 (1.27) 24.81 (1.68) 23.44 (3.64) 28.14 (5.74)
Color Difference  10.80 (3.26) 9.85(1.10)  11.23 (3.35) 10.47 (1.79) 9.70 (1.94) 12.74 (5.05)
*color scale L*(lightness) axis — 0 is black and 100 is white; a *(red-green) axis — positive values are
red, negative values are green, and zero is neutral; and b* (yellow-blue) axis — positive values are
yellow, negative values are blue, and zero is neutral. Color difference is the change in color after
soaking.

Among cultivars, Dylan had the highest L* value (64.33)
Table 39. Mean color quality of chickpea cultivars grown in the USA, 2024. while BiIIy Bean had the lowest (i_e_, 58.68). The Dy|an

Mean Color Values*™ cultivar had the lowest a* value (4.66) among cultivars,
Before Soaking After Soaking Color while Billy Bean had the highest (7.34). The highest

Cultivar L a b L a b  Difference  yellowness value (i.e., b*) was observed in Kasin (Table
Billy Bean** 58.68 7.34 15.15 | 59.17 7.22 28.16 13.03 39), while Dy|an had a b* value of 13.11. Visual
CDC Orion 58.88 6.99 1540 58.67 723 2628  10.90 observations support the color value differences as the
Dylan** 6433 466 1311 5498 537 1785  10.61 Dylan cultivar appeared cream in color and less yellow
Ellie™ 59.70 6.93 15.04 59.65 7.44  27.91 12.88 than other cultivars. Except for a few cultivars, most
Kasin™ 58.80 713 1523 | €0.80 745 27.66 1260 underwent a decrease in lightness during soaking, as
Marvel** 60.73 644 1650 61.83 615 2557  9.14 evidenced by the lower L* value of the soaked samples.
Nash** 62.35 593 1450 | 60.37 671 2502  10.75 An increased redness and yellowness (increased a* and
Quinn** 62.03 576 13.82 5925 693 2564 1220 b* values, respectively) was observed for all cultivars. The
Royal 60.36 630 14.28 | 5868 672 2373  10.77 greatest color difference was observed in the Billy Bean
Sawyer 60.18 6.30 1513 5837 6.18 2325  9.53 cultivar (Table 39), while the Marvel cultivar had the least
Sierra 62.09 544 1397 | 5899 582 2214 10.16 color change. The Sierra cultivar also had the least color
*color scale: L (lightness) axis — 0 is black and 100 is white; a (red-green) axis — change after soaking in 2021-2023. The change in color
positive values are red, negative values are green, and zero is neutral; and b observed in the samples was likely due to the significant

(yeIIow-I:iI*ue) axis — positive \/alue§ are yellow, negative values are blue, and zero is increase in yellowness (a Change in b* values) during the

neuttral. “*Only one sample of cultivar tested. soaking. The color change is supported by visual
observations, where the chickpea appeared more yellow
after soaking.

Large variability in peak (57-264 RVU), hot paste (51-177 RVU) and cold paste (68-234 RVU) viscosities were observed in
the 2024 chickpea crop. Peak, hot paste, and cold paste viscosities of chickpeas grown in 2024 were lower than the 5- and
10-year mean peak, hot paste, and cold paste viscosities (Table 40). The peak time was longer for samples from 2024
compared to other crop years, including the 5- and 10-year mean peak time value. This indicates that the starch
gelatinization would require additional heating time to form a gel compared to samples from previous years.
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Among chickpeas Bi”y Beans and CDC Table 40. Starch characteristics of Kabuli chickpeas grown in the USA, 2020-2024 plus 5- and 10 year mean values.
’

Orion had the lowest peak viscosity Starch Year
(108 RVU) while Dylan (141 RVU) had 5 2024 2023 2022 2021 2020 5-year  10-year
the highest peak viscosity (Table 41 ) CI.13rac.:ter|st|c Range Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
; ) Peak Viscosity (RVU) 57-264 116 (30)  122(20) 125(14) 129(20) 136 (16) 130 (6) 132 (7)
The Kasin and Sawyer cultivars had the | o o viscosity RvU) 51177 106(28)  116(19) 121 (12) 123(18) 128(13)  124(6) 127 6)
lowest gnd hlghest hot paste V'SCQS't'eS’ Breakdown (RVU) 1-87 10 (13) 6 (5) 4 ) 10 (1) 7 (5) 6(2) 6(2)
respectively. Kasin and Dylan cultivars  coiq paste Viscosity (RVU 68-234 126 (36) 154 (33) 189 (28) 200 (53) 186(23)  185(19) 192 (17)
had the lowest and highest cold paste Setback (RVU) 3-57 22 (13) 37 (16) 68 (17) 77 (36) 58 (15) 62 (15) 60 (19)
viscosities, respectively (Table 41). Peak Time (Minute) 4.80-7.00 6.46 (0.68) 6.59 (0.50) 6.53 (0.58) 6.47 (0.63) 6.12 (0.56) 6.41 (0.19) 6.25 (0.23)
Pasting temperature was lowest (76.2 Pasting Temperature (°C) 74.3-85.5 78.7 (2.1) 78.2(3.4) 77.1(1.4) 76.9(1.2) 78.0(1.4) 77.1(1.0) 76.1(1.4)
°C) and h|ghe5t (794 °C) for B|||y Beans RVA Gel Firmness (g) 31-213 116 (47) 159 (37) 272 (54) * * nd nd
and Sierra cultivars, respective|y_ *not previously measured; nd = not determined due to test not being performed for 5 or 10 years.

The RVA gel firmness ranged from 31 to 213 Table 41. Mean starch characteristics of chickpea cultivars grown in the USA, 2024.
g with a mean of 116 g (Table 40). The mean

. . Peak Hot Paste Cold Paste Peak Pasting RVA Gel
gel firmness was SUbStantla“y less for Viscosity Viscosity Breakdown Viscosity Setback Time Temperature Firmness
samples in 2024 than the gel firmness of Cultivar (RVU) (RVU) (RVU) (RVU)  (RVU)  (Min) (K%} (9)
chickpeas from 2022 and 2023. The Ellie Billy Bean™ 108 114 7 159 43 6.50 76.2 202
cultivar had the firmest (i.e., highest value) CDC Orion 08 29 2 10 J I8 e 20
RVA gel firmness while Marvel produced a Dy,'az Lt (E € (o2 2 B2y .2 o9

| with the least firmness (Table 41). The Flle "o e ¢ 199 % 092 788 213
ge A Kasin** 120 93 20 95 28 6.15 76.3 103
gels formed from samples in 2024 were Manel= 110 104 6 121 18 700 783 64
visually less firm compared to samples from Nash** 135 115 14 135 13 5.90 78.9 104
previous years. However, the basis for the Quinn** 120 114 6 159 41 6.90 79.3 151
observed low firmness was not apparent Royal 115 104 11 127 22 6.08 78.1 149
based on the composition measured. Sawyer 121 119 3 146 32 6.67 .3 161

Sierra 116 110 6 135 24 6.67 79.4 123

**Value from one sample of cultivar tested.

Table 42. Functional properties of Kabuli chickpeas grown in the USA, Functionality property evaluation was new in 2022.
2022-2024. Thus, only 3 years of data exist on emulsion activity and
B stability, foaming capacity and stability, water holding

Starch 2024 2023 2022

capacity, and oil holding capacity. Emulsion activity and
Characteristic Range Mean (SD) Mean (SD) Mean (SD) stability for all chickpea samples ranged from 52 to 57%

Emulsion Activity (%) 52-57 56 (1) 55 (1) 57 (1) and 54 to 58% (Table 42). No differences in emulsion
Emulsion Stability (%) 54-58 55 (1) 56 (1) 58 (1) activity and stability were observed between the samples
Foaming Capacity (%) 97-183 127 (20) 169 (29) 164 (20)  from 2024 compared to the previous years. Furthermore,
Foam Stability (%) 50-97 83 (9) 86 (8) 85 (5) consistent results were observed among cultivars (Table
Water Holding Capacity (9/g)  0.99-1.95 1.35(0.23) 1.10(0.20) 1.01(0.11) 43). In contrast to emulsion activity, foaming capacity
Oil Holding Capacity (g/g) 0.18:0.46 0.26 (0.07) 0.20 (0.07) 0.25(0.09) Varied to agreater extent (97-183%). The mean foaming

capacity in samples from 2024 was significantly lower
than the foaming capacities from 2022 and 2023.

Table 43. Functional properties of chickpea cultivars grown in the USA, However. the mean foaming stability observed in 2024

2024. I ; : o
Water oil was pot significantly different from th.e foaming .capac:|t'|es
Emulsion Emulsion Foaming Foam Holding Holding " chlqkpeas from 2922 and 2023. Dlﬁerenqes in foaming
Activity Stability Capacity Stability Capacity Capacity Capacity among different cultivars of chickpeas were
Cultivar (%) (%) (%) (%) (g/g) (g/g) obser\(ed (Table 43). Marvel had a mean foaming
Billy Bean** 56 57 107 83 19 0.26 ﬁaza;;lty Iof aptprfoxm_ately 183‘?{0. Ir: ;:ggz;as,t\}l the INa:sh
: ad the lowest foaming capacity a . Marvel also
€D Orion % % M3 88 12 024 the highest foam stability (91%). Billy Beans and
Dylan 56 56 113 84 1.2 0.26 . . L
Fe— = = = i " T S|erra had a slightly lower foam s.tab|l|ty tha.n other
d cultivars. Higher mean water holding capacity was
G et 99 il ee L el observed in chickpeas from 2024 compared to chickpeas
Marvel™ 55 5 183 91 1.2 026 from 2022 and 2023. Billy Beans had the highest water
Nash** 54 56 103 1 1.7 0.38 holding capacities compared to other cultivars, while
Quinn** 56 56 133 79 1.7 0.32 CDC Orion, Dylan, and Marvel had the lowest water
Royal 56 55 118 79 1.3 0.24 holding capacities. Differences in the oil holding
Sawyer 56 56 136 85 1.3 0.30 capacities were observed in the chickpeas from 2024
Sierra 56 56 130 83 1.3 0.31 compared to chickpeas from 2023, but not 2022. The

cultivars Nash and Kasin had the highest and lowest oil

**Value from one sample of cultivar tested holdi it tivel
olding capacities, respecitively.
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Canning quality was completed only on peas and chickpeas. The quality evaluation includes hydration capacity, swelling
capacity, canned firmness, and color evaluation. Hydration capacity and swelling capacity were determined following the soak
test method. The only difference was that the hydration and swelling capacity were measured on a canned pea or chickpea.

Peas (Tables 44-46)

The mean water hydration capacity of  Table 44. Mean physical parameters of canned dry pea grown in 2020-2024 plus the 5-year mean value.
canned peas was 208% for all peas (Table 44). ATETEL 2024 Mean (SD)

. . . . P t ¥
This value is higher than the water hydration — Range _Mean (SD) 2023 2022 22 ZOZ0NBNNEE, G
All Pea Samples

capacity of peas from the crop years except 2020 e, Hydration Capacity (%)  157-367 208 (31) 210 (37) 231(24) 143 (28) 199 (30) 209 (43)
and 2021. The water hydration capacity of the swelling Capacity (%) 51200  199(26) 200(24) 165(18)  181(12) 205(19) 191(17)

pea from 2024 is similar to the 5-year mean Canned Firmness (N/g) 21212 63(26) 91(52) 58(20) 17.8(7.6) 7.3(3.0) 9.2(5.0)

t hvdrati | Wat hvdrati Green Pea Samples
water ydration value. ater ydraton Water Hydration Capacity (%) 162-252 198 (19) 206 (27) 221 (20) 137 (21) 198 (32) 203 (43)

capacities ranged from 157 to 367% for all peas  swelling Capacity (%) 51228  193(28) 189(16) 156 (14) 180 (11) 204 (20)  186(19)

in 2024. A difference in water hydration capacity ~Canned Fimness (N/g) 37127 68(1) 9237 66(1.0) 190(6.7) 7.2(31) 9.7(53)
between the green (198%), yellow (212%), and ~ Ye!low Pea Samples.

- A Water Hydration Capacity (%) ~ 157-367 212 (35) 206 (42) 219(30) 162 (29) 199 (28) 210(37)
winter (223%) classes was observed (Table  gygjing capacity (%) 119290 200 (26) 210(25) 152 (17) 182(14) 206 (20) 191(25)

44). Overall, the data for the green and yellow  cCanned Firmness (N/g) 21212 6029 9768 74(1.9) 126(67) 7.4(3.0) 86(27)

peas indicate similar water uptake of the peas Winter Pea Samples
flom 2024 compared to he 5-year mean waler MerSCEy 092 zmah sz oz e
hydration capacities of their respective classes.  canned Firmness (Nig) 354115 65(4) 7.1(43) 39(04) 237(36) 7.3(24) 99(7.9)
In winter peas, peas from 2024 had higher
water uptake than the peas that made up the 5-year mean water hydration capacity. In green peas, mean water hydration
capacity ranged from 179% (Arcadia) to 226% (Ariel) (Table 45). In yellow cultivars, AAC Ironhorse had the highest (367%)
mean water hydration capacity, while the Salamanca cultivar had the lowest (175%) value (Table 45). The winter pea cultivar
Blaze had the highest water hydration capacity (247%) compared to other winter and mottled peas. The results of the soak test did
not directly translate into equivalent results as in the canning water hydration in the context of an order for the cultivars.

The swelling capacity is the amount
of swelling that occurs during the

Table 45. Mean physical and color parameters of canned dry pea cultivars grown in 2024.

Mean Color Values*

Hydration Swelling Canned Before Soaking After Soaking Mean rehydration Of the dry pea and the
Capaci Capaci Firmness Color . . .
cutvar o Mg L e b i canning  operation. The  swelling
Green  Arcadia 179 173 7.2 58.98 -2.30 9.90 49.33 0.22 15.38 11.46 Capacity of a” peas ranged from 51 to
Ariel** 226 187 52 5065 261 962 5073 075 17.33  11.95 o . o
Banner 209 206 8.7 5543  -304 988  49.04 028 1534 9.07 290%, with a mean value of 199%
Passion 204 189 6.4 5837 199 975 5146 -1.06 16.89 10.11 (Table 44)_ These values matched the
Patrick 190 185 9.2 5771 -073 1085 4826 021 1650  11.18 : :
Shamrock** 199 204 5.2 5418  -311 1043 4939 012 17.45 9.03 swelling capacity of peas from the 2023
Striker 205 207 75 5874 190 879 5023 045 1725  12.25 crop year, but were slightly higher than
Unknown 197 200 6.0 5009 202 976 5043 -0.04 1653  11.38 the 5-year mean value. The yellow and
Yellow  1140-2822* 250 192 35 6164 447 1214 5816 510 2058 9.46 . o .
AAC Chrome 252 213 4.2 62.55 453 1437 5770 383 2350  10.57 winter peas had similar mean swelling
AAC Harrison** 333 252 2.4 59.49 596  14.61 60.48 460 25.49 11.02 Capacities (200_2040/0) while green peas
AAC Ironhorse** 367 290 25 6158 423 1412 6066 373 2585  11.78 . o .
AAC Julius 250 200 37 6273 499 1440 5893 415 2426  10.72 had slightly lower (198%) mean swelling
AAC McMurphy** 239 200 35 60.35 524 874 5805 515 23.46 14.93 capacity, All classes of peas from 2024
AAG Profit™ 185 125 45 6312 586 1587 57.89 405 2493  10.62 : o .
Caphom** 238 170 34 6032 624 1595 5508 358 2427  11.33 had swelling capacities that were higher
CDC Meadow 215 210 45 6348 413 1524 5586 505 2374  11.69 than their respective 5-year mean swelling
Early Star* 207 200 8.7 6540 528 1554 5475 528 2055  11.81 capacities. The green pea cultivars
Hyline™ 214 187 53 6162 521 1555 5527 493  20.83 8.32 . . .
Montech** 193 210 7.2 6272 450 16.02 5395 603 19.77  10.05 Striker and Arcadia had the highest
Salamanca 175 182 8.9 63.84 517 14.85  55.88 565 22.14 11.08 (207%) and lowest (173%)) mean
Treasure 190 198 6.1 6305 381 1524 5564 532 2355  11.45 . " .
Unknown 202 199 6.6 6343 453 1501 5613 506 23.03  11.41 swelling capacities, respectively. In
Winter Green Vail 223 179 4.1 59.57  -3.50 13.67 5410 232 2071  11.49 yellow cultivars, AAC Ironhorse had the
Winter Yellow Blaze 247 220 56 5864 089 1275 5220 272 2027  13.13 . o . .
Mottled/Maple CDC Acer™* 191 204 115 4784 381 870 4283 668 987 5.93 highest (290%) mean swelling capacity,
CDC Mosaic 201 200 7.6 4747 426 7.86 4265 7.03 1015  6.30 while the AAC Profit cultivar had the

*color scale: L (lightness) axis — 0 is black and 100 is white; a (red-green) axis — positive values are red, negative values are green, and zero IOWeSt SWe"ing Capacity at 1250/0 (Table

is neutral; and b (yellow-blue) axis — positive values are yellow, negative values are blue, and zero is neutral. **Only one sample of cultivar

tested. 45). The winter pea cultivars Blaze and
Vail had the highest (220%) and lowest (179%) mean swelling capacities, respectively. Mottled peas had essentially the same
swelling capacities.
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As expected, the canned firmness values of peas were significantly lower than the cooked firmness values of soaked peas
in 2024. For comparison, the mean cooked firmness for all peas from 2024 was 22.0 N/g (Table 7), while for canned pea, in
2024, the mean firmness value was 6.3 N/g (Table 44). This observation is typical of what is expected and demonstrates the
typical behavior of peas from 2024. The mean canned firmness of the peas from 2024 most closely matched the mean canned
firmness of peas from 2022. The mean canned firmness of peas from 2024 was lower than that of the 5-year mean canned
frmness value (Table 44). In Table 46. Mean color characteristics of canned dry pea grown in 2019-2024 plus the 5-year mean
general, the peas from different yajye.

classes had similar canned

Mean (SD) Color Values*

firmness values that ranged from Before Canning After Canning Color
6.0 N/g in yellow peas to 6.8 N/gin  BEETRTIE L a b Difference
green peas. For all peas, the mean Green Pea Samples
firmness values were lower than 2024 | 58.35(1.43)| 2.13 (0.60) | 9.81 (0.63) | 50.19 (1.32) | -0.24 (0.85) | 16.38 (1.45)| 10.88 (1.55)
the values for the 5-year mean, 2023 | 55.85(3.12) | -2.01 (0.18) | 10.23 (2.57) | 48.21 (2.65) | 0.37 (1.19) | 19.20 (7.03)| 12.85 (3.20)
suggesting less firm canned peas. 2022 |58.25(2.03) | -2.08 (0.52) | 10.11 (0.65) | 50.05 (1.41) | 0.13 (1.05) | 18.92 (1.43)| 12.51 (1.33)
The Ariel and Shamrock cultivars 2021 | 57.33 (2.35)| -2.30 (1.01) | 10.45 (0.74) | 48.03 (1.38) | 0.32 (0.41) | 14.50 (1.26)| 10.67 (1.67)
were the least firm (5.2 N/g) among 2020 | 58.60 (2.46)| -1.87 (0.74) | 9.46 (0.78) | 51.62 (1.55) | -0.35 (1.37) | 19.59 (2.06)| 12.88 (1.65)
the green peas, while Patrick (9.2 .5-YearMean| 56.69 (2.12) | -2.03(0.18) | 9.45 (1.42) | 4865 (2.37)| 0.03 (0.44) | 16.92 (3:26)| 11.79.(1.34
N/g) was the firmest (Table 45). Yellow Pea Samples
AAC Harrison had the lowest (2.4 2024 | 63.17 (1.27)| 4.61 (0.59) | 14.88 (1.00) | 56.43 (1.99) | 4.94 (1.03) | 23.13 (1.86)| 11.30 (1.20)

. . 2023 |61.76 (2.81)| 5.24 (1.03) | 14.79 (2.17) | 55.07 (2.35) | 5.34 (1.41) | 23.44 (5.45)| 11.87 (1.74)
N/g) firmness while Salamanca

, 2022 |63.65(1.20)| 4.91 (0.90) | 15.62 (0.43) | 55.03 (2.62) | 4.97 (1.42) | 22.97 (3.03)| 12.10 (1.07)

had the greatest (8.9 N/g) firmness 2021 | 64.29 (1.26) | 5.30 (0.39) | 15.04 (0.78) | 55.91 (1.54) | 7.04 (0.98) | 23.14 (1.44)| 11.95 (1.09)
among yellow cultivars. In mottled 2020 | 63.47 (2.66)| 4.99 (0.69) | 14.57 (1.25) | 56.46 (4.86) | 4.14 (1.43) | 24.49 (2.24)| 13.08 (4.63)
and winter peas, Vail had the least 5 .year mean| 62.36 (2.20) | 4.91 (0.48) | 14.28 (1.66) | 54.71 (2.12) | 5.00 (1.23) | 21.94 (3.56) | 11.59 (1.56)
firmness (4.1 N/g) while CDC Acer Green Winter Pea Samples’
had the highest firmness (11.5 2024 | 59.57 (0.47)| -3.50 (1.92) | 13.67 (0.29) | 54.10 (8.00) | 2.31 (3.26) | 20.71 (6.82)| 11.49 (0.25)
N/g). 2023 | 53.45 (3.00) | -0.80 (0.96) | 8.43 (0.64) | 49.98 (1.66) | -0.59 (0.44) | 18.29 (1.11)| 10.59 (0.87)
The color of the dry pea changed 2021 53.88 (0.34) | -2.54 (0.23) | 8.49 (0.51) | 45.06 (1.12) | 0.24 (0.23) | 12.99 (0.62) | 10.35 (1.39)
after the canning process. The 2020 |55.31 (1.11) | -1.84 (0.61) | 8.93 (0.67) | 51.10 (0.31) | -2.89 (0.19) | 21.77 (1.30) | 13.56 (0.92)
color difference fell between 10.88 2019 49.36 (0.53) | -2.25 (0.04) [ 6.09 (0.03) | 44.52 (0.41) | -0.88 (0.53) | 11.57 (1.12)| 7.47 (0.63)
and 13.13 for all peas, with green 5-Year Mean nd nd nd nd nd nd nd
peas having the lowest color yellow Winter Pea Samples
difference values. Both mean color 2024 | 5864 (3.89)| 0.89 (2.59) | 12.75 (2.73) | 52.20 (4.45) | 2.72 (0.20) | 20.27 3.90)| 13.13 (1.29)
differences for the green and 2023 [59.77 (0.31)| 3.55 (0.77) | 14.48 (1.06) | 54.90 (1.05) | 5.12 (0.35) | 23.81 (2.03)| 10.80 (0.87)
yellow classes were lower than 2022 [ 60.28 (0.58)| 2.01 (0.57) | 13.36 (0.44) | 56.32 (0.53) | 2.81 (0.67) | 24.32 (1.44)| 11.77 (1.33)
their respective 5-year mean color 2021 59.71 (3.01) | 1.96 (1.87) | 13.91 (0.88) | 51.37 (0.25) | 3.43 (0.81) | 19.58 (0.16) | 10.67 (1.43)
differences  (Table 46). The 2020 [ 60.29 (0.83)| 2.52 (0.32) | 14.28 (0.49) | 57.42 (1.49) | 3.82 (0.28) | 26.78 (3.20)| 13.04 (2.95)
Iightness decreased during 5-Year Mean nd nd nd nd nd nd nd

canning for all classes. This X X X — X =
*color scale: L* (lightness) axis — 0 is black and 100 is white; a* (red-green) axis — positive values are red,

indicates that the samples became . ; ) . h " i

. K . negative values are green, and zero is neutral; and b* (yellow-blue) axis — positive values are yellow, negative
darker after canning, which is the values are blue, and zero is neutral. **Includes all pea samples or separated into market class. #Canning quality
same general trend for soaked | determined on winter pea in 2022 as no sample of green winter was available; thus, no 5 year mean was
peas (Table 10). The green peas calculated. nd =not determined since data was not collected for the last 5 years prior to 2024
tended to become less green and
more yellow during canning, as evidenced by the increase in a* and b* values, respectively. The yellow peas and yellow winter
peas became darker and yellower after canning. The most significant color difference was observed in the Blaze (yellow winter)
cultivar after canning (Table 45), while the CDC Acer (Mottled) had the lowest color difference. Of the pea classes, the green
peas from 2024 most aligned with green peas from 2022. No other class had two years of peas with similar color data.

Chickpeas (Tables 47-48)

The mean water hydration capacity of canned chickpea was 165% with a range from 142
to 195%. The mean water hydration value in 2024 was significantly comparable to the canned
chickpeas from 2020 and 2022 (Table 47). The mean water hydration capacity of canned
chickpea from 2024 was approximately the same as the 5-year mean (163%) water hydration
capacity. The Billy Bean cultivar had the highest water hydration capacity at 184% while Sierra
had the lowest at 162% (Table 48). Billy Bean also had the highest water hydration in the
soak test (Table 37). The swelling capacity is the amount of swelling that occurs during the
rehydration of the dry chickpea and the canning operation. The swelling capacity of all
chickpeas ranged from 131 to 230%, with a mean value of 181%. The Sierra cultivar had the
lowest swelling capacity at 158% while Marvel had the highest at 200% (Table 48). This same
trend was observed in the samples from 2023.
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Table 47. Mean physical and color parameters of canned chickpea grown in 2020-2024 plus the 5-year mean value.

Mean (SD) Color Values*

Canned Before Soaking
Hydration Swelling Firmness

Year Capacity (%) Capacity (%) (N/g) L a b
2024 165 (12) 181 (21) 6.7 (0.7) |60.02(1.55)| 6.39 (0.75) | 15.12 (1.03)
2023 198 (15) 188 (16) 8.2 (2.1) |59.12(1.59)| 6.12 (0.60) | 14.52 (1.18)
2022 163 (10) 124 (10) 6.6 (0.6) |61.36 (1.05)| 6.16 (0.54) | 14.77 (0.68)
2021 128 (9) 163 (13) 14.8 (1.4) |61.38 (1.11)| 5.85(0.56) | 14.35 (0.69)
2020 162 (9) 177 (12) 8.0 (0.9) |60.34(1.39)| 5.89(1.76) | 15.66 (1.40)
5-Year Mean 163 (25) 124 (27) 6.6 (3.4) |61.36 (4.64)| 6.16 (0.35) [ 14.77 (1.84)
2023 (Data Range) 142-195 131-230 5.3-8.0 57.16-64.31| 4.54-7.57 | 13.14-17.05

L
53.24 (1.25)
53.63 (1.08)
53.88 (1.01)
51.79 (0.80)
53.48 (1.99)
53.88 (2.96)

51.01-56.45

After Soaking

a

5.70 (0.84
6.18 (0.61
5.53

(
(
(
(

6.42 (0.53
5.00 (1.54
5.53 (0.80)

3.01-7.21

)
)
0.45)
)
)

Color

b Difference
16.20 (2.07)| 7.36 (1.75)
18.25 (1.15) | 6.99 (1.39)
17.68 (1.05) | 8.24 (1.17)
15.66 (0.90) | 9.81 (1.17)
19.19 (2.20) | 8.39 (2.02)
17.68 (2.99) | 8.24 (1.12)
8.45-19.45 | 4.41-11.14

*color scale: L (lightness) axis — 0 is black and 100 is white; a (red-green) axis — positive values are red, negative values are green, and zero is neutral; and b

(yellow-blue) axis — positive values are yellow, negative values are blue, and zero is neutral.

The canned firmness values of chickpeas were lower than the cooked firmness values of soaked chickpeas. The mean
canned firmness value of all chickpeas was 6.7 N/g (Table 47). In comparison, the mean cooked firmness for all chickpeas
was 18.8 N/g (Table 36). As expected, the canned chickpeas were less firm than the cooked chickpeas. The mean firmness
value for canned chickpeas in 2024 most closely matched the canned chickpeas from 2022. The firmness of chickpeas in

2024 was approximately the same as

the Chickpeas that made up the 5_year Table 48. Mean physical and color parameters of canned dry chickpea cultivars grown in 2024.
Mean Color Values*

mean value. The range in firmness
was narrow (5.3-8.0) for samples from
2024.Canned Kasin chickpeas had the

highest firmness (7.7 N/g) while the Cuher (%) (%) (N/g)
. Billy Bean** 184 180 6.1

Marvel and Sawyer chickpeas were e y— 167 199 6.9
the least firm (5.8 N/g) (Table 48). Dylan** 174 164 6.7
Ellie** 183 182 6.1

The color of the chickpeas changed Kasin** 175 183 7.7
after the canning process. The color Manel™ 169 200 58
difference fell between 4.41 and 11.14,  Nash 170 176 6.4
ith a mean value of 7.36 for all o™ 179 o7 6
wit : Royal 166 172 7.4
chickpeas (Table 47). The color guuyer 164 163 5.8
difference for the canned chickpea in siera 162 158 6.7

Hydration Swelling Canned
Capacity Capacity Firmness

L
57.75
59.60
64.31
59.21
58.76
61.02
62.01
61.11
59.80
59.15
61.86

a
7.43
7.16
4.54
6.96
7.16
6.55
5.52
5.61
6.14
6.25
5.44

Before Soaking

b
15.71
16.17
13.28
15.50
15.67
17.01
13.98
13.75
14.08
15.20
14.12

After Soaking

L
54.26
53.58
53.62
53.21
53.09
54.75
52.96
51.02
53.45
53.46
52.67

a
4.74
5.14
5.79
5.55
5.31
5.57
4.55
4.58
6.12
5.76
5.73

b
16.59
16.93
16.11
16.83
16.78
17.58
14.63
13.73
16.62
15.58
15.01

Mean
Color
Difference
4.67
6.53
11.14
6.36
6.10
6.38
9.13
10.15
7.31
5.90
9.34

2024 was lower than the canned *colorscale: L (lightness) axis — 0 is black and 100 is white; a (red-green) axis — positive values are red, negative

chickpeas that made up the 5-year
mean color change value. Only

values are green, and zero is neutral; and b (yellow-blue) axis — positive values are yellow, negative values are blue,
and zero is neutral. **Only one sample of cultivar tested.

samples from 2023 had lower color differences than the chickpeas from 2024. This supports less intense color changes for
the canned samples compared to previous years, except 2023. A higher color difference was observed in soaked (10.80)
chickpeas compared to canned (7.36) chickpeas. This same trend was found in previous years and is likely attributed to the

greater yellowness in soaked chickpeas. Furthermore, the L* or
lightness decreased during canning (Table 47), which agrees with
canned chickpeas from previous years. In contrast, the L* values of
chickpeas increased in the soak test. The yellowness increased in
canned chickpea, and again agrees with the trend of increasing
yellowness after canning as observed in prior years. Unlike prior years,
the redness value (a*) increased in the canned chickpea. The highest
color difference after canning was observed in the Dylan cultivar
(11.14) while Billy Bean had the least (4.67) color change (Table 48).
The main reason for the observed color trends was that Dylan is a
cream-colored chickpea, and after canning, it had a yellow brown color,
which is measured by a substantial drop in L*. In contrast, Billy Bean
did not undergo a significant change in L* and had a similar yellow
brown color after canning compared to the dry sample.
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