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Influence of genotype and environment on
field pea composition and milling traits
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Abstract

BACKGROUND: The rise in popularity of field peas (Pisum sativum) can be linked to their advantageous health and nutritional
properties. Field pea seeds, yellow or green, are often consumed as an ingredient after being dehulled, split, and ground into
flour. This study investigated the effects of genotype, growing location, and their interaction on milling of peas and on the
chemical and physical characteristics of pea seeds by testing eight genotypes of yellow peas grown in four different locations.

RESULTS: The growing location influenced the contents of ash, fat, and protein in the seeds, measured by near-infrared reflec-
tance spectroscopy. A positive correlation was observed between seed weight and surface area, evaluated by image analysis.
Seeds were milled with an ultracentrifugal mill for measurement of dehulling and splitting efficiency (DSE), and quantification
of coarse flour and fine flour yield. Positive correlations were observed between both DSE and coarse fraction and DSE and flour
yield. Genotype and location affected DSE and coarse fraction, with a greater influence from the growing location. Fine flour
yield was impacted by pea genotype. The milling traits had significant genotype x location interaction.

CONCLUSION: This study demonstrated that genotype and growing location influenced the milling of yellow peas and the fine
flour yield. This information can assist breeding programs to select cultivars to achieve a more efficient milling and improve
quality and use of yellow peas.
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INTRODUCTION

The benefits of cultivating field peas (Pisum sativum), also known
as dry peas, are present in the field and on the table. Pulses, such
as field peas, can form a symbiotic relationship with Rhizobium
bacteria and fix atmospheric nitrogen in the soil, thus improving
soil fertility and reducing the need for fertilizers." A fraction of
legume production is used for animal feed;* and although an
inexpensive and nutritious source of protein, starch, fiber, vita-
mins, and minerals in human diet,? field peas need to be pro-
cessed before human consumption.

Milling is a way to process pulse seeds and allows for the crea-
tion of food products with value-added pulse flour.* The esti-
mated food supply for pulse flour in the USA grew exponentially
over the past few years, going from 4000 t in 2017 to 291 000 t
in 2022.% Pulse flours have proven to effectively improve function-
ality and enhance the nutritional content of foods when used for
partial replacement of wheat or in gluten-free formulations.®
Therefore, the use of pulse flour as an ingredient is being driven
by the interest of the food industry to develop nutritiously
improved products for the consumers.” Pulses are milled into
flour by removing the seed coat (dehulling), dividing the two cot-
yledons (splitting), and reducing to flour (milling), with dehulling
and splitting usually done simultaneously. The need for efficient
processing technologies is an evident challenge for a broader

utilization of pulses,’ added to the negative economic impact of
inefficient milling. A ‘minimal’ loss of 1% of the 2023 dry edible
pea production in the USA would equate to more than
$2.7 million.”

An understanding of whether genetic factors influence crop
quality is essential for directing breeding efforts. Good under-
standing of the interaction between genotype (G) and growing
location (i.e. environment, E) is necessary for breeders and
growers to choose superior genotypes for specific locations.”
Identifying which characteristics are modulated by the genetic
components can aid in the development of varieties with
improved performance and for specific applications. To improve
the efficiency of pea milling, it is necessary to understand if G
and E can impact the dehulling, splitting, and milling of the seeds.
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Identifying these G X E interactions is essential for accurate esti-
mation of milling quality of pulses,'’ yet the role of genetics in
regulating milling properties of pulses is still largely unknown.'?
Many G x E studies have been conducted with field peas, but
with a focus on dry matter and seed yield,'* chemical composition
and physical properties,'*'® nutrients and antinutrients
content,®® and flour and bread properties.* A study by Black
et al’' showed that a large variation in the dehulling quality of
peas was observed across different cultivars and pretreatment
solutions. Similarly, an investigation of the effect of G on the mill-
ing of peas concluded that wrinkled peas required more energy to
mill than the smooth pea cultivars, and that texture analysis could
be used to predict milling efficiency.?? Milling settings were also
concluded to impact the damaged starch content of yellow pea
flour.”

An improved understanding of the milling performance of
pulses allows breeding programs to make more informed deci-
sions on cultivar development.?* The impact of G and E on milling
of pulses was previously reported for lentils'*%>?® and chick-
peas.'’ However, the same influences were not previously exam-
ined for field peas. Hence, the objective of this study is to evaluate
the genetic and environmental effects and G X E interaction (GEI)
on the milling of peas, as well as the effect of G, E, and GEl on pea
physical characteristics and composition.

MATERIALS AND METHODS
Pea samples and plot management
Eight genotypes of field pea with yellow cotyledons were used in
this study: cultivars ‘AAC Carver’, ‘CDC Inca’, ‘Delta’, ‘DS Admiral’,
‘Early Star’, Jetset’, and advanced breeding lines ‘PS17100008’,
‘PS17100022". All genotypes were grown in four different loca-
tions in the USA: Dayton and Pullman (Washington), and Richland
and Sidney (Montana). Average temperature and total precipita-
tion for the growing months for the Washington locations were
obtained from WSU AgWeatherNet (https://weather.wsu.edu).
Weather data for Sidney were obtained from North Dakota Agri-
cultural Weather Network (https://ndawn.ndsu.nodak.edu), and
data for Richland were obtained from the National Oceanic &
Atmospheric Administration (https://www.ncei.noaa.gov) for the
closest reporting site. A randomized complete block was used as
the experimental design, with four replications for the Montana
locations and three replications for the Washington locations.
Prior to planting, seeds were treated with a slurry of fludioxonil
(0.24 mL kg™"), metalaxyl-M and -S isomer (0.13 mL kg™"), thia-
bendazole (0.59 mL kg™"), molybdenum (as sodium molybdate;
0.35 g kg™"), and thiamethoxam (0.31 mL kg™"). A seeding rate
of 86 seeds/m? was used in the plots, with dimensions of
152.4 cm X 609.6 cm. Post-planting, pre-emergence herbicides
metribuzin (210.5 g ha™') and linuron (3-(3,4-dichlorophenyl)-
1-methoxy-1-methylurea; 70.1 g ha™") were applied. After emer-
gence, plots were trimmed to a dimension of
152.4 cm X 487.7 cm and maintained using conventional local
techniques. At physiological maturity, each plot was harvested
using a Zirn Plot Combine (Ziirn Harvesting GmbH, Schontal,
Germany), and the seeds were further cleaned by hand. Seeds
were maintained at 0 °C until processed.

Seed measurements and composition

A sample of 10 g of pea seeds was used for determination of
1000-seed weight (g), surface area (mm?), and color components
of L*, a*, and b* with a Vibe QM3i Grain Analyzer (Vibe Imaging

Analytics, Bnei-Brak, Israel). A Perten DA7250 NIR (PerkinElmer
Inc., Shelton, CT, USA) was used to quantify moisture (g kg™, as
is), protein, ash, and fat (g kg™ of dry matter) of the seeds using
near-infrared reflectance spectroscopy (NIRS). The measurements
were obtained using the calibration for whole peas.

Dehulling, splitting, and milling

Pea samples were dehulled and split with a grain test mill (TM05C
(2)-T; Satake Engineering Co., Hiroshima, Japan). The weight of the
pea seeds was recorded before and after to quantify dehulling
and splitting efficiency (DSE, %). Split and dehulled samples were
then ground in a ZM 300 ultracentrifugal mill, equipped with a
24-teeth rotor with speed of 5534 x g and a 500 pm sieve
(Retsch GmbH, Haan, Germany). The feed rate was approximately
7.5 g s, and mill temperature was kept below 24 °C. The flour
was then sifted through a 500 pm and a 210 pm sieve using a
vibratory shaker (Great Western Mfg. Co., Leavenworth, KS, USA).
Weight before and after sifting was used to determine milling loss
and sifting loss. The milled sample with particle size larger than
210 pm was quantified as the coarse fraction (%). The fine flour
yield (%) was determined as the ratio of the initial pea sample
weight to the flour with particle size smaller than 210 um. All
the fractions were expressed as a percentage of the weight of
the initial whole pea sample.

Data analysis

The pea samples were grown in four replicates in Sidney and Rich-
land and three replicates in Pullman and Dayton, totaling 112 sam-
ples. Owing to crop loss or insufficient seed available, n = 112 for
seed composition and physical measurements, but n =111
for milling measurements.

The data points were analyzed with the PROC GLM procedure
for three-way analysis of variance (ANOVA) using SAS Studio
(SAS Institute, Cary, NC, USA), with main effects of replicate, G,
and E. Fisher's least significant difference (LSD) was used for mean
separation, with a significance level of 0.05. Pearson correlation
was computed using R software.”” The correlation between the
variables studied and the design of the correlation heatmap were
performed using Hmisc and corrplot packages respectively.?®2°

RESULTS AND DISCUSSION

Seed physical attributes

The physical properties of pulses are generally used to assess con-
formity to standards and as quality attributes in market trading.>°
Seed characteristics can influence miIIing,8 hence the importance
of investigating weight and size of peas. Understanding the phys-
ical properties of the seeds is also required for designing equip-
ment and facilities to process peas.>'

The physical characteristics of the pea seeds obtained by image
analysis had significant model F values for all traits according to
the ANOVA (Table 1). The variation was well captured by the main
effects of replication (Rep), G, and E, with R® values between 0.88
and 0.97. Rep was not a significant effect, and the absence of
interactive effects between Rep, G, and E confirmed that the phys-
ical attributes of the field replicates were consistent.

Seed weight and surface area

The weight of the pea seeds can be used to predict key properties
such as seed density, size, and milling yield.>? G and E impacted
seed weight (Table 1), in accordance with previously reported
for field peas,*® lentils,>> and chickpeas.'" The higher F value for
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Table 1. Fvalues of analysis of variance on the effects of genotype and environment on the composition and physical characteristics of yellow peas

Physical characteristics Composition
Source® 1000-seed weight Area L* a* b* Protein Fat Ash Moisture
Rep 1.8 1.2 1.6 1.8 0.9 6.7%* 0.9 0.7 3.0*
G 32.%* 31.3%** 99.0%** 11.9%%* 28.7%** 42.3%x* 17.9% 2.6% 7.7%%%
E 319.6%** 198.4%** 0.4 21.0%** 8.2%* 139.0%** 94.4%** 16.2%%* 5.1%
GXE 2.3% 1.2 2.7% 7.0%¥* 2.1* 4.9%%* 2.2 1.2 2.5%
Model R? 0.97%*** 0.95%** 0.95%** 0.88*** 0.88*** 0.95%** 0.91* 0.72* 0.87%**

Note: No symbol represents not significant at P < 0.05.

@ Source of variation: Rep, replication; G, genotype; E, environment.
*** P < 0.0001.

** P> 0.0001 but <0.001.

*P > 0.001 but <0.05.

E in comparison with G indicated that the greater variation in seed
weight means occurred due to changes across the locations. Con-
sidering that weight is used for seed commercialization, breeders
and growers can reckon this impact of environmental conditions
on pea seed weight to adequately select growing locations. In this
study, Sidney growing conditions produced the highest weight
seeds (267 g per 1000 seeds), whereas the lowest weight seeds
were produced in Pullman (195 g per 1000 seeds), with mean
weight consistent with yellow pea seeds grown previously in
the same location.'® Overall, seeds from the Montana locations
were denser than the peas from the Washington locations, which
could be attributed to the higher precipitation in Sidney and Rich-
land during the growing season (Table 4).

The size and uniformity of the seeds affect the dehulling of
pulses.3* Moreover, the use of seed size as a proxy for cooking
quality was previously demonstrated for lentils.® In this study,
the average surface area of the pea seeds was estimated by image
analysis. G and E significantly affected the surface area of the yel-
low pea seeds, as previously reported,® with no significant inter-
action between the two effects (Table 1). Similar to seed weight,
the higher F value for E indicates a more expressive effect of the
growing conditions on the variation of seed area, meaning that
breeders should take into consideration the environmental
aspects when breeding for pea seed size. ‘Early Star’ (38.5 mm?)
and ‘PS17100022 (45.1 mm?) had the lowest and highest surface

area (Table 2), with the irregular shape of ‘PS17100022’ explaining
its large surface area (Fig. 1). Seed surface area varied significantly
across all locations (Table 3); and similar to seed weight, seeds
grown in the Montana locations had greater surface area than
seeds from the Washington locations, potentially due to precipita-
tion differences (Table 4). For all the growing months that data are
available (Table 4), the total precipitation was higher in Sidney
than in Pullman, likely explaining the 71.8 g and 8.4 mm? differ-
ences in mean seed weight and surface area between the two
locations. Pea surface area and seed weight need to be consid-
ered by processors to design and/or identify equipment for pulse
processing, and the impact of the growing conditions on seed
physical characteristics is relevant for breeders when making
selections for pea milling quality.

Color
The analysis of color, reported as values of L*, a*, and b*, provides
valuable information on the pulse seed color and its stability and
is an important quality parameter for pulse consumers.3%3¢
Positive measurements of L* indicate lightness, whereas mea-
surements of a* indicate redness if positive and greenness if neg-
ative. For b*, positive measurements indicate yellowness and
negative values indicate blueness. ‘CDC Inca’ had the darkest,
most yellow seeds; at the same time, most of ‘CDC Inca’ seeds
tested had low redness, evidenced by the lowest mean a* among

Table 2. Mean values of physical characteristics and composition of yellow pea varieties

Physical characteristics

Composition (g kg™ dry matter)

Genotype 1000-seed weight (g) Surface area (mm?) L* a* b* Protein Fat

AAC Carver 225.0 + 22.8¢ 39.8 + 2.7 7214089  55+07° 193409 2144 +124° 173 +1.9°
CDC Inca 2129 + 28.8° 39.4 +3.17 685 + 1.1 46+13%  218+08 2362 + 12.1% 145 + 2.1¢
Delta 2242 +31.3° 404 +39% 718+08% 57+05® 192+ 08° 231.6 + 15.9° 158 + 1.75
DS Admiral 233.8 + 25.8° 41.0 +29% 723+09° 57+08° 179+1.19 2256 + 12.6° 153 + 1.8
Early Star 208.8 + 23.3¢ 385 + 3.09 739 + 0.8° 54+ 03¢ 18.1 + 0.6¢ 216.2 + 12.0° 174 +2.2°
Jetset 2423 + 33.6° 419 + 36° 708 +08° 56+13° 207 +1.1° 2399 + 8.3° 14.4 + 1.7
PS17100008 239.8 + 343 430 +3.8° 73.8 + 0.6° 6.1 + 0.4° 182 + 1.5¢ 223.6 + 15.6° 164 + 1.3°
PS17100022 253.8 + 35.2° 451 + 4.1° 752+10*° 56+06° 197 +12° 233.0 + 143 158 + 1.7
LSD 6.8 1.0 0.6 0.3 0.7 39 0.7

icant difference (LSD) method (P < 0.05).

Note: Values express mean plus/minus standard deviation. Means with same letter within a column are not significantly different by the least signif-
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Figure 1. Yellow pea seeds from genotypes tested grown in the Richland location. Bar: 1 cm.

Table 3. Mean values of physical characteristics and composition of yellow pea across locations

Physical characteristics Composition (g kg™ dry matter)
Location  1000-seed weight (g)  Surface area (mm?) L* a* b* Protein Fat Ash
Dayton 211.7 + 18.0° 39.8 +2.7¢ 722 +23° 5.0 +1.3¢ 19.7 + 1.6° 2125 + 10.8° 169+ 15° 295+ 0.8°
Pullman 195.0 + 14.1¢ 37.0 + 2.1¢ 724+23° 53+06° 187+12° 2234+132° 154+14° 300+08°
Richland 2334 +143° 409 + 2.1° 723+21°  60+07° 197+20° 241.1+£97° 138+14% 307 +06°
Sidney 266.8 + 22.1° 454 +2.7° 723+19* 55+06° 192+15° 2281+124° 174+16° 31.0+08°
LSD 49 0.7 04 0.2 0.5 2.8 0.5 0.4
Note: Values express mean plus/minus standard deviation. Means with same letter within a column are not significantly different by the least signif-
icant difference (LSD) method (P < 0.05).

Table 4. Environmental conditions at four experimental locations during the 2023 growing season for yellow peas
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Month

Variable Location April May June July August

Average temperature (°C) Dayton 8.2 16 18.2 233 224
Pullman 6.8 15.3 16.7 20.7 20.3
Richland 0.5 14.9 164 17.5 17.8
Sidney 9.0 18.8 23.2 239 249

Total precipitation (mm) Dayton 4.5 2.1 04 0.2 1.8
Pullman 37 1.1 04 0.1 1.7
Richland 1.8 4.0 5.7 6.0 2.2
Sidney 0.8 8.8 35 3.0 7.0

________________________________________________________________________________________________________________________]
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the varieties (Fig. 1, Table 2). ‘PS17100022" had the most bright
seeds, with intermediate levels of yellow color. ‘DS Admiral’,
‘PS17100008’, and ‘Delta’ had the least yellow seeds. Overall, the
color scores observed in this study were in agreement with 5-
and 10-year mean values, with slightly higher values of lightness
and yellowness than the historical data.

A significant G effect for the lightness (L*), greenness—redness
(a*), and blueness-yellowness (b*) of pea seeds was observed
(Table 1), meaning that breeders need to consider color when
developing yellow pea genotypes. A significant effect of G on
the lightness and greenness of yellow pea seeds was previously
reported.>” The growing conditions influenced the green color
of the seeds, as observed by the significant GEI value, similar to
a previous report.®” Although smaller than the influence of G
and E, breeders will need to be aware that there are interactive
effects contributing to the greenness of yellow peas, and geno-
types will have to be trialed in environments where they would
ultimately be grown to determine if they will be of sufficient qual-
ity to processors and/or consumers.

Composition of the pea seeds

The quality of pulses is closely linked to their composition. Seed
quality attributes can impact pulse milling, hence the importance
of also investigating these parameters.® The levels of ash, fat,
moisture, and protein of yellow pea seeds, as quantified by NIRS,
had significant model F values and the variation was captured
by the effects, with R between 0.72 and 0.95 (Table 1). According
to the ANOVA, G and E significantly affected all the composition
variables investigated in this study, with a higher impact on the
protein, fat, and ash content of the seeds arising from the growing
conditions rather than the G effect. No Rep x G or Rep X E inter-
actions were observed, except for Rep x E for protein content
(P < 0.05), which suggests that variations in the field impacted
the protein content of the pea seeds within locations. Similar sig-
nificance of effects was reported previously by Wang et al.* for a
study of six pea cultivars across five locations over 2 years.

Protein
The high F value reinforces that the location had a relevant contri-
bution in the variation of pea seed protein (Table 1). Similar signif-
icant effects of G and E in the protein content of peas were
previously reported.'”'®33 A similar significant influence of G with
higher effect of E on the protein content of wheat is known.>® The
pea genotypes presented different levels of protein under differ-
ent growing conditions, evidenced by the highly significant GEI
(Table 1), also similar to previous studies.*'®** ‘Jetset’
(240 g kg™") and ‘AAC Carver’ (214 g kg™') were found to have
the highest and lowest protein content. Seeds from plants grown
in Richland contained more protein (241 g kg™') than seeds
grown in the remaining locations (Table 3). This difference could
be attributed to Richland having the lowest temperature and
the highest total precipitation across the locations for most of
the growing months (Table 4), combined with the high impact
of environmental conditions in the protein concentration of the
seeds. Additionally, the nitrogen present in the soil has an impact
on the accumulation of nitrogen in the seeds,® which could lead
to variations in protein levels. Although slightly higher than the
mean protein levels observed in this study, a previous study also
reported that the protein content of seeds harvested at Sidney
was less than at Richland.'®

Along with genetic factors, environmental elements can affect
the protein content of pea seeds. Temperature, drought, soil

characteristics, and type of cultivation (conventional vs organic)
can influence the protein content of peas.*® Mixed results were
found in previous studies on the association between legume
protein content and the exogenous factors of temperature and
precipitation in different locations. Elevated temperatures and
low rainfall were associated with high protein by Walter et al.*°
whereas Tao et al.*' found that the protein content of peas was
positively affected by wetter conditions throughout the crop
growth stages. Climate conditions, as well as growing region
and year, had no effect on the protein content of chickpeas.*? In
this study, the small variation between the highest and lowest
mean protein content across locations was considered insuffi-
ciently expressive to indicate a trend. Further investigations can
be done in the future, with a deeper consideration of environ-
mental factors, including but not limited to soil composition and
previous crops.

Pulses are known as a significant source of protein,** hence the
importance of protein content for pulse commercialization.
Breeders should be aware of interactive effects between geno-
types and environments causing variation in the protein content
of yellow peas and direct breeding efforts to obtain the expected
protein quantity required by processors and consumers.

Fat

Although both G and E had significant effects, the growing loca-
tion had a higher impact on the fat content of the peas, evidenced
by the higher F value, than genotype did (Table 1). Similar effects
were previously reported.?® Similar to a previous study, we
observed no significant interaction between G X E for the varia-
tion of fat levels in the yellow peas.'” However, a significant GEI
affected the fat content of pea cultivars, measured gravimetrically
by Wang and Daun.? A different combination of genotypes, loca-
tions, and number of replicates could probably be the source of
the different effect of the interaction than the one found in this
study. An average fat content of 16 g kg™" was observed across
all the yellow pea samples evaluated, intermediate between that
reported for yellow peas in 2022 (13 g kg™') and the 5-year mean
from 2018 to 2022 (21 g kg™").3? The mean fat content of the yel-
low seeds differed across all locations, with Richland seeds having
the lowest (Table 3).

Ash

Both G and E impacted the ash content of harvested seeds. The
growing location had a greater effect on the variation of the ash
levels than the genetic background did, in contrast to previous
studies that reported no significant effect of environment on the
ash.'””?° Small differences in the mean ash content across
the environments studied ranged from 29 g kg™' (Dayton) to
31 g kg™ (Sidney and Richland) (Table 3). Although statistically
significant, the difference in ash content among genotypes ran-
ged from 30.0 g kg™ (‘AAC Carver) to 30.8 g kg™' (‘CDC Inca’)
and was not biologically impactful (data not shown). Ash indicates
the presence of minerals such as potassium and phosphorus in
pea seeds.** However, the level of phytic acid, which is an antinu-
tritional factor, is positively correlated with ash content in peas.>®
Therefore, pea breeders need to take into consideration the
impact of the environmental factors on the ash levels of
yellow peas.

Milling variables
Pulse milling is necessary to remove the seed coat and produce
flour with a small particle size, allowing good miscibility with
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other ingredients.?* The milling variables studied had significant
model F values, with variation well captured by the effects of
DSE, percentage of coarse fraction, and flour yield (R? between
0.72 and 0.83; Table 5). Replication and its interactions with G
and E were not significant for the milling variables studied. The
0.62% total mean for milling loss, with LSDq o5y of 0.2% across vari-
eties and 0.1% across locations, was not substantial and hence not
presented. The same was true for sifting loss, with a total mean of
1.1% and 0.1% LSD(q o5) for locations and varieties.

DSE

In this study, dehulling (seed coat removal) and splitting were per-
formed simultaneously. Dehulling efficiency impacts pulse flour
yield, and a high loss of mass with the pea hulls is not economi-
cally advantageous to the processors.’'*>“¢ The DSE measure-
ment was used to express this quality attribute, and was
significantly affected by G and E, with a higher effect from the lat-
ter (Table 5). A similar significant effect of G on the variance of
dehulling efficiency of 61 cultivars of field peas was previously
reported by Black et al.*® The dehulling efficiency of desi-type
chickpea was also significantly affected by cultivar and location.'’
A significant GEl affected the DSE of the yellow pea seeds, but
with lower effect than G and E (Table 5). For lentils, however, the
interaction between G and E was not significant for dehulling
efficiency.?

A wider range of DSE values was observed across genotypes
than environments (Table 6). Similar behavior was previously
reported for lentil dehulling efficiency.>?® Only ‘DS Admiral’,
‘Early Star’, and ‘PS17100022" were significantly different from
the highest DSE cultivar, Jetset’ (Table 6). The least efficient dehul-
ling and splitting was observed for ‘PS17100022" and could have
been caused by its irregular shape (Fig. 1). The total DSE mean
for the entries was 76.2%, comparable to the average 79.3%
dehulling efficiency reported by Black et al?' on the study of
23 field pea genotypes. Seed dehulling and splitting of the pea
seeds are of major importance for pea processing. Awareness of
the influence of genetic, environmental, and interaction factors
on the efficiency of dehulling and splitting of peas can be useful
to breeders for improvement of pea milling quality.

Coarse fraction
After dehulling, the split pea seeds were milled using an ultra-
centrifugal mill. The variation in the coarse fraction of milled

Table 5. F values of analysis of variance on the effects of genotype
and environment on the milling of yellow pea seeds

Coarse fraction

Source DSE (>210 pm) Fine flour yield
Rep 1.7 1.2 20

G 10.3%** 13.0%** 8.9%**

E 16.6%** 34.5%%* 1.1

GXE 3.0%* 2.8* 1.9*%

Model R? 0.83%** 0.87%** 0.75*

Note: No symbol represents not significant at P < 0.05.
Abbreviations: DSE, dehulling and splitting efficiency; Rep, replication;
G, genotype; E, environment.

*** P < 0.0001.

** P> 0.0001 but <0.001.

*P > 0.001 but <0.05.

yellow peas was well captured by the model, with R? of 0.87
(Table 5). G and E had highly significant effects on the variation
of coarse fraction, with a higher impact from E. An average of
22.5% coarse fraction was calculated with all the samples
milled. The variation of means for coarse fraction presented
LSD lower than 1% among locations and varieties. ‘AAC Carver’,
‘CDC Inca’, and ‘Delta’ had similar coarse fraction concentra-
tions and were the top coarse fraction entries, but they also
had higher levels of DSE (Table 6). ‘PS17100022" had the lowest
percentage of coarse fraction, but also the lowest DSE and flour
yield. Pea samples harvested from Sidney exhibited higher
coarse fraction than samples grown in the other locations did
(Table 6). Seeds from Pulman and Dayton had the lowest means
of coarse fraction.

Itis important to consider that different groups reported the use
of various mill types and configurations, which poses a challenge
in comparing pulse milling effects.?* Yellow pea flour with a mod-
erate particle size distribution and acceptable levels of starch
damage was previously obtained by Gu et al.>* with the use of a
ultracentrifugal mill. The same 500 pm screen size was used in this
study, but different rotor speeds were used. In this study, how-
ever, flour was considered to be the milled portion with particle
size below <210 pm, as a reference of the definition of wheat
flour.?**” The milled pea fraction with particle size greater than
210 pm was quantified as the coarse fraction. Using a pin mill
and an impact mill, followed by air classification, Pelgrom et al.*®
obtained a fine and a coarse fraction of yellow pea flour. Protein,
fiber, oil, and ash were more prevalent in the fine fraction and less
present in the coarse fraction.*® Unfortunately, the percentage of
each fraction in relation to the initial sample weight was not
reported and, therefore, cannot be compared.

Table 6. Mean values of milling attributes of yellow pea across vari-
eties and locations
Mean value
Fine flour
DSE (%) Coarse fraction (%) yield (%)
Genotype
AAC Carver 76.6 + 4.0°° 243 + 2.8 506 + 2.1%
CDC Inca 77.6 + 2.1 242 +1.3° 516 + 1.3
Delta 77.5 + 3.1 235 +21°% 52.1 + 1.8
DS Admiral 74.7 + 2.4° 212 +1.¢ 51.9 + 1.7
Early Star 75.9 + 1.9° 214 +07° 52.8 + 1.5%°
Jetset 779 +2.3° 229 +13° 533 +14°
PS17100008 76.6 + 2.2°° 21.7 +£2.2° 533+ 1.3°
PS17100022 725+ 2.4¢ 21.1 + 1.9° 49.8 + 1.6°
LSD 1.4 0.9 1.1
Location
Dayton 748 + 2.1° 214 + 1.5 514 +14°
Pullman 747 + 2.5 212 + 1.6 51.7 £ 1.9%
Richland 76.5 + 2.8° 229+ 19° 519 +1.9°
Sidney 779 + 34° 240 + 2.2° 523 +23°
LSD 1.0 0.6 0.8
Note: Values express mean plus/minus standard deviation. Means with
same letter within a column are not significantly different by the least
significant difference (LSD) method (P < 0.05).
Abbreviation: DSE, dehulling and splitting efficiency (%).
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Fine flour yield

Pulses can be consumed in numerous ways after adequate pro-
cessing.*® The yellow peas were milled with an ultracentrifugal
mill and the flour fraction with particle size <210 pm was used
to compute the yield as a percentage of the initial weight of the
whole pea sample. The fine flour yield was affected significantly
by G (Table 5). No significant effect of E was detected. The interac-
tion between G and E also affected flour yield, but at a lower level
of significance. The total mean flour yield of 51.9% was similar to
the previously reported 55.6% flour yield of Irish-grown peas with
the use of a roller mill.>® A higher flour yield of yellow peas rang-
ing from 82.5 to 86.9% was previously reported, but for the milling
of whole pea seeds, hence the higher yield.>" With an ultracentrif-
ugal mill using different speed and sieve apertures, Gu et al.*®
reported at least 92% flour yield. However, the whole milled frac-
tion was considered for the calculation of the yield, in contrast to
the milled fine fraction <210 pm used in this study.

The range for flour yield variation across genotypes was larger
than across locations, similar to the other milling attributes inves-
tigated (Table 6). ‘Jetset’ and ‘PS17100008" had the highest mean
flour yield (Table 6). Although not significantly different, the
slightly lower DSE for ‘PS1710008" was offset by its lower mean
coarse fraction in comparison with ‘Jetset’, which resulted in sim-
ilar mean flour yield for both entries. The lowest means of flour
yield were observed for ‘AAC Carver’ (50.6%) and ‘PS17100022’
(49.8%) (Table 6). Although in the highest level of DSE, ‘AAC Car-
ver' had the highest mean coarse fraction among the varieties,

L* 0.16 0.23 *
A%

which contributed to its lower yield. ‘PS17100022’, however, had
the lowest observed mean for coarse fraction, but its irregular
shape (Fig. 1) is believed to have contributed to its lower DSE
and, consequently, lower flour yield.

Pulse flour is an option of utilizing pulses to meet consumer
nutritional needs.>? To use pulse flour as an ingredient in product
formulation, the seeds must be milled, highlighting the relevance
of flour yield. Different particle size fractions have different func-
tionality (e.g. water absorption), and, therefore, can be end-
product specific.2* The significant effect of the environmental
conditions of the growing locations on the percentage of coarse
fraction and the genotypic impact on the yield of fine flour can
be used to breed and grow yellow peas for specific uses based
on their particle size.

Correlation between pea characteristics

The Pearson correlation coefficients between the yellow pea attri-
butes are shown in a heatmap with corresponding significance
levels (Fig. 2). A high and positive correlation was found between
1000-seed weight and surface area. As expected, the larger the
peas, the greater their weight, evidenced by high weight lines
‘PS1710008" and ‘PS17100022’, which also had large surface area
(Table 2). Conversely, entries with low seed weight, such as ‘Early
Star’, also had the smallest observed surface area. As expected, a
high correlation between surface area and seed weight confirms
that breeders can rely on the weight of the seeds to identify larger
seeds.

*% * *k%k
a* 0.28 0.23 0.31 (g
 kkk
b* 0.01 0.05 [-0.65 -0.07 ‘5
d*kk *% *% *kk

Protein 0.32 0.25 -0.3 0.13 0.41

*kk |

*%
Fat 0.12 0.18 0.3 -0.17 -0.35

*kk *k *kk
Ash 0.35 0.26 -0.16 0.1 0.05 0.39 0.05 vé‘
<
*kk Fkk *kk KKk * o}&
Moisture -0.03 -0.02 0.36 -0.07 -0.45 -0.4 0.5 0.21 '&0\
* *kk *% *kk <</
DSE 0.22 0.14 -0.37 0.08 0.25 0.14 0.06 0.32 0.09 0%
*kk *% *k% *kk * *k% &@e
Coarse 0.32 0.26 -0.42 -0.02 0.4 0.24 0.04 0.31 0.01 C)O(b
Flour yield 0.05 -0.01 -0.08 0.19 -0.06 -0.03 0.07 0.19 0.16 0.11

-1 -08 -06 04 02 0 02 04 06 08 1

Figure 2. Pearson correlation coefficients for pea variables. Weight, 1000-seed weight; Area, seed surface area; DSE, dehulling and splitting efficiency;
Coarse, coarse fraction. ***, P < 0.0001; **, P > 0.0001 but <0.001; *, P > 0.001 but <0.05. No symbol represents not significant at P < 0.05.
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A positive correlation between ash content and seed weight
was observed in this study. Correspondingly, a previous study
found a positive correlation between the ash content and grain
yield of peas.'”® With the positive correlation between weight
and ash, selecting for a high seed weight could also mean select-
ing for high ash levels. The positive correlation between ash and
phytic acid®® could be a concern. However, most of the ash is in
the seed coat and is usually removed in the dehulling step.

A strong, highly significant positive correlation was observed
between DSE and flour yield (0.71, P < 0.0001). Intuitively, the
higher the efficiency, especially in the dehulling and splitting step,
the more split peas will be available to be milled into flour. High
DSE was also positively correlated with coarse fractions; higher
weight of dehulled samples implies that more samples will be
milled and distributed to both fractions. ‘Jetset’ and
‘PS17100008' had the highest mean flour yield, and both were
in the highest mean level of DSE and middle levels of coarse per-
centage (Table 6).

Based on previous publications, it was expected that the surface
area of the seeds would impact pea flour yield. However, no
highly significant correlation was observed between fine flour
yield and surface area. The lack of correlation between coarse
fraction and fine flour yield and the positive strong correlation
between fine flour yield and DSE indicated that selecting for good
DSE is a way to achieve high fine flour yield. A strong negative cor-
relation was observed between the fat and the protein content of
the pea seeds, evidenced by ‘AAC Carver’ and ‘Early Star’, which
had the highest observed levels of fat and the lowest levels of pro-
tein (Table 2). Similarly, ‘CDC Inca’ and ‘Jetset’ had high protein
and low fat content. A strong negative correlation was found
between protein and fat levels in chickpeas.*> A positive, but
lower correlation between fat and protein content in field peas
was previously reported.'

Moisture was positively correlated with fat and negatively corre-
lated with protein. Also highly significant, protein was positively
correlated with ash in a moderate degree (0.39, P < 0.0001). In a
previous study, Nikolopoulou et al.'* studied three field pea culti-
vars across three locations over 2 years and also observed a posi-
tive correlation between protein and ash, but with a higher
degree of correlation (0.77). Since our investigation found that G
had a significant effect on the fat and ash content of the peas,
the higher number of genotypes in our study could be the source
of this difference. For color, a negative correlation (—0.65,
P < 0.0001) was observed between L* and b*, indicating that sam-
ples with high levels of yellowness appeared darker. ‘CDC Inca’
was a good example, being the G with high yellowness mean,
but also the darkest seeds (Table 2). A moderate positive correla-
tion between the lightness (L*) and the greenness-redness (a*) of
yellow peas was observed, whereas a previous study found no sig-
nificant correlation between the two attributes.?” Different loca-
tions and genotypes could be the cause for this disparity,
considering that G influenced L* and b*, and the E had a greater
impact on greenness than G did.

CONCLUSION

The effects of G and E on the milling of field peas and their corre-
lation with seed characteristics were not previously reported. G
significantly affected the dehulling and splitting of seeds and
the flour yield of yellow peas. E influenced DSE and the coarse
fraction of milled seeds, and a positive correlation between DSE
and fine flour yield was observed. Significant interactions

between G and E were observed for all the milling parameters,
but as a lower source of variation than the main effects of G and
E. These results indicate that breeding programs can select pea
genotypes for better milling efficiency.

ACKNOWLEDGEMENTS

We acknowledge Chengci Chen, M. Russo, and the staff of the
USDA-ARS Western Wheat Quality Laboratory.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from
the corresponding author upon reasonable request.

REFERENCES

1 Tiwari BK, Gowen A and McKenna B, Advances in pulse milling, in Pulse
Foods: Processing, Quality and Nutraceutical Applications, 2nd edn,
ed. by Tiwari BK, Gowen A and McKenna B. Elsevier Science & Tech-
nology, San Diego, CA, USA, pp. 1-7 (2021).

2 Foyer CH, Lam HM, Nguyen HT, Siddique KHM, Varshney RK, Colmer TD
et al., Neglecting legumes has compromised human health and sus-
tainable food production. Nat Plants 2:16112 (2016).

3 Wang N, Daun JK and Malcolmson LJ, Relationship between physico-
chemical and cooking properties, and effects of cooking on antinu-
trients, of yellow field peas (Pisum sativum).J Sci Food Agric 83:1228-
1237 (2003).

4 Lagassé S, Boyd L, Young G, Frohlich P, Boyd R, Bourré L et al., Influence
of genotype and environment on the flour and bread baking prop-
erties of peas and lentils. Cereal Chem 99:325-342 (2022).

5 Food and Agriculture Organization of the United Nations, Supply utili-
zation accounts (2024). Available: https://www.fao.org/faostat/en/
#data/SCL [10 December 2024].

6 Malcomson L and Han J, Pulse processing and utilization of pulse
ingredients in foods, in Health Benefits of Pulses, ed. by Dahl WJ.
Springer, pp. 129-149 (2019).

7 Bourré L, Frohlich P, Young G, Borsuk Y, Sopiwnyk E, Sarkar A et al.,
Influence of particle size on flour and baking properties of yellow
pea, navy bean, and red lentil flours. Cereal Chem 96:655-667 (2019).

8 Wood JA and Malcomson LJ, Pulse milling technologies, in Pulse Foods:
Processing, Quality and Nutraceutical Applications, 2nd edn, ed. by
Tiwari BK, Gowen A and McKenna B. Elsevier Science & Technology,
San Diego, CA, USA, pp. 213-263 (2021).

9 United States Department of Agriculture - National Agricultural Statis-
tics Service, Statistics by subject (2024). Available: https://www.nass.
usda.gov/Statistics_by_Subject/ [10 December 2024].

10 Polignano GB, Bisignano V, Tomaselli V, Uggenti P, Alba V and Della GC,
Genotype X environment interaction in grass pea (Lathyrus sativus
L.) lines. Int J Agron 2009:898396 (2009).

11 Wood JA, Knights EJ and Harden S, Milling performance in desi-type
chickpea (Cicer arietinum L): effects of genotype, environment and
seed size. J Sci Food Agric 88:108-115 (2008).

12 Subedi M, Bett KE, Khazaei H and Vandenberg A, Genetic mapping of
milling quality traits in lentil (Lens culinaris Medik.). Plant Genome
11:170092 (2018).

13 AcikgozE, Ustun A, Gul |, Anlarsal E, Tekeli AS, Nizam | et al., Genotype X
environment interaction and stability analysis for dry matter and
seed yield in field pea (Pisum sativum L.). Span J Agric Res 7:96-106
(2009).

14 Nikolopoulou D, Grigorakis K, Stasini M, Alexis MN and lliadis K, Differ-
ences in chemical composition of field pea (Pisum sativum) cultivars:
effects of cultivation area and year. Food Chem 103:847-852 (2007).

15 Hood-Niefer SD, Warkentin TD, Chibbar RN, Vandenberg A and
Tyler RT, Effect of genotype and environment on the concentrations
of starch and protein in, and the physicochemical properties of
starch from, field pea and fababean. J Sci Food Agric 92:141-150
(2012).

16 Maharjan P, Penny J, Partington DL and Panozzo JF, Genotype and
environment effects on the chemical composition and rheological
properties of field peas. J Sci Food Agric 99:5409-5416 (2019).

17 Nosworthy MG, Huang S, Franczyk A, Arganosa GC, Warkentin TD and
House JD, Effect of genotype, year, and location on the proximate

J Sci Food Agric 2025; 105: 4884-4892

© 2025 The Author(s).

wileyonlinelibrary.com/jsfa

Journal of the Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry. This article has been
contributed to by U.S. Government employees and their work is in the public domain in the USA.

o Aq peusenob are seoiLe VO ‘88N JO S9N J0j ARIGIT BUIUO AS|IA UO (SUOTHPUOD-PUE-SLUIB) IO AB | 1M ARe.q 1 [UlJUO//SANL) SUONIPUOD PuUe SWiS 1 8L 88S *[S5202/20/60] U0 AreiqiTauluo A8|IM ‘Bess| aueyooD Aq 8TzyT eisl/z00T 0T/10p/woo 48| im Ariqijeul|uo s euno 1os//sdny wouy pspeojumod ‘6 ‘Sz0Z ‘0T00L60T


https://www.fao.org/faostat/en/#data/SCL
https://www.fao.org/faostat/en/#data/SCL
https://www.nass.usda.gov/Statistics_by_Subject/
https://www.nass.usda.gov/Statistics_by_Subject/
http://wileyonlinelibrary.com/jsfa

®)
SCl

where science
meets business

WWW.S0Ci.org

GM Soncin Alfaro, RJ McGee, AM Kiszonas

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

composition and in vitro protein quality of select pea cultivars. ACS
Food Sci Technol 1:1670-1676 (2021).

Mohammed YA, Chen C, Walia MK, Torrion JA, McVay K, Lamb P et al., Dry
pea (Pisum sativum L.) protein, starch, and ash concentrations as affected
by cultivar and environment. Can J Plant Sci 98:1188-1198 (2018).

Daba SD, McGee RJ and Kiszonas AM, Characterization of yellow pea
(Pisum sativum L.) genotypes for performance (agronomic and quality)
and stability across environments. Cereal Chem 100:974-985 (2023).

Wang N and Daun JK, Effect of variety and crude protein content on
nutrients and certain antinutrients in field peas (Pisum sativum).
J Sci Food Agric 84:1021-1029 (2004).

Black RG, Singh U and Meares C, Effect of genotype and pretreatment
of field peas (Pisum sativum) on their dehulling and cooking quality.
J Sci Food Agric 77:251-258 (1998).

Dijkink BH and Langelaan HC, Milling properties of peas in relation to
texture analysis. Part Il. Effect of pea genotype. J Food Eng 51:105-
111 (2002).

Gu Z, Jiang H, Zha F, Manthey F, Rao J and Chen B, Toward a compre-
hensive understanding of ultracentrifugal milling on the physico-
chemical properties and aromatic profile of yellow pea flour. Food
Chem 345:128760 (2021).

Scanlon MG, Thakur S, Tyler RT, Milani A, Der T and Paliwal J, The critical
role of milling in pulse ingredient functionality. Cereal Foods World
63:201-206 (2018).

Erskine W, Williams PC and Nakkoul H, Splitting and dehulling lentil
(Lens culinaris): effects of genotype and location. J Sci Food Agric
57:85-92 (1991).

Wang N, Effect of variety and crude protein content on dehulling qual-
ity and on the resulting chemical composition of red lentil (Lens culi-
naris). J Sci Food Agric 88:885-890 (2008).

R Core Team, R: A Language and Environment for Statistical Comput-
ing (2023).

Harell FJ, Hmisc: Harrell Miscellaneous R package version 5.1-1. (2023).

Wei T and Simko V, R package ‘corrplot’: Visualization of a Correlation
Matrix (Version 0.92) (2021).

Tiwari BK and Singh N, Properties of pulses, in Pulse Chemistry and
Technology, ed. by Tiwari B and Singh N. RSC Publishing,
Cambridge, UK, pp. 134-160 (2012).

Yalcin I, Ozarslan C and Akbas T, Physical properties of pea (Pisum sati-
vum) seed. J Food Eng 79:731-735 (2007).

Hall C, US. Pulse Quality Survey (2022). Available: https://www.
usapulses.org/pulse-industry/resources/1376-2022-u-s-pulse-
quality-survey-final-1.

Wang N, Hatcher DW, Warkentin TD and Toews R, Effect of cultivar and
environment on physicochemical and cooking characteristics of
field pea (Pisum sativum). Food Chem 118:109-115 (2010).

Wood JA and Malcolmson LJ, Pulse milling, in Pulse Foods: Processing,
Quality and Nutraceutical Applications, 1st edn, ed. by Tiwari BK,
Gowen A and McKenna B. Elsevier Science & Technology, San
Diego, CA, USA, pp. 193-221 (2011).

Erskine W, Williams PC and Nakkoul H, Genetic and environmental var-
iation in the seed size, protein, yield, and cooking quality of lentils.
Field Crop Res 12:153-161 (1985).

37

38

39

40

4

42

43

44

45

46

47

48

49

51

52

Tiwari BK and Singh N, Pulse grain quality criteria, in Pulse Chemistry
and Technology, ed. by Tiwari BK and Singh N. RSC Publishing,
Cambridge, UK, pp. 280-300 (2012).

Ubayasena L, Bett K, Tar'An B and Warkentin T, Genetic control and
identification of QTLs associated with visual quality traits of field
pea (Pisum sativum L.). Genome 54:261-272 (2011).

Kiszonas AM, Fuerst EP and Morris CF, A comprehensive survey of
soft wheat grain quality in U.S. germplasm. Cereal Chem 90:47-57
(2013).

Schiltz S, Munier-Jolain N, Jeudy C, Burstin J and Salon C, Dynamics of
exogenous nitrogen partitioning and nitrogen remobilization from
vegetative organs in pea revealed by '°N in vivo labeling throughout
seed filling. Plant Physiol 137:1463-1473 (2005).

Walter S, Zehring J, Mink K, Quendt U, Zocher K and Rohn S, Protein
content of peas (Pisum sativum) and beans (Vicia faba) — influence
of cultivation conditions. J Food Compos Anal 105:104257 (2022).

Tao A, Afshar RK, Huang J, Mohammed YA, Espe M and Chen C, Varia-
tion in yield, starch, and protein of dry pea grown across Montana.
Agron J 109:1491-1501 (2017).

Nikolopoulou D, Grigorakis K, Stasini M, Alexis M and lliadis K, Effects of
cultivation area and year on proximate composition and antinutri-
ents in three different kabuli-type chickpea (Cicer arientinum) varie-
ties. Eur Food Res Technol 223:737-741 (2006).

Tiwari BK and Singh N, Major constituents of pulses, in Pulse Chemistry
and Technology, ed. by Tiwari BK and Singh N. RSC Publishing,
Cambridge, UK, pp. 34-51 (2012).

Reichert RD and MacKenzie SL, Composition of peas (Pisum sativum)
varying widely in protein content. J Agric Food Chem 30:312-317
(1982).

Black RG, Brouwer JB, Meares C and lyer L, Variation in physico-
chemical properties of field peas (Pisum sativum). Food Res Int 31:
81-86 (1998).

Thakur S, Scanlon MG, Tyler RT, Milani A and Paliwal J, Pulse flour char-
acteristics from a wheat flour miller's perspective: a comprehensive
review. Compr Rev Food Sci Food Saf 18:775-797 (2019).

Flour, 21 CFR 137.105 (1977 as amended) Available: https://
www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?
fr=137.105.

Pelgrom PJM, Boom RM and Schutyser MAI, Functional analysis of
mildly refined fractions from yellow pea. Food Hydrocolloids 44:12—
22 (2015).

Tiwari BK and Singh N, Processing of pulses, in Pulse Chemistry and
Technology, ed. by Tiwari BK and Singh N. RSC Publishing,
Cambridge, UK, pp. 224-253 (2012).

Macas M, Ferragina A, Biduski B, Hussey K, Vahedikia N, Arendt E et al.,
A study of the milling process of Irish-grown peas: NIR spectroscopy,
flour pasting properties and dough rheology. Food Struct 38:100351
(2023).

Nkurikiye E, Pulivarthi MK, Bhatt A, Siliveru K and Li Y, Bulk and flow
characteristics of pulse flours: a comparative study of yellow pea,
lentil, and chickpea flours of varying particle sizes. J Food Eng 357:
111647 (2023).

Singh N, Pulses: an overview. J Food Sci Technol 54:853-857 (2017).

wileyonlinelibrary.com/jsfa

© 2025 The Author(s).

J Sci Food Agric 2025; 105: 4884-4892

Journal of the Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry. This article has been
contributed to by U.S. Government employees and their work is in the public domain in the USA.

95U8017 SUOWIWOD SAIEeID 3|dedl|dde au Aq peusenob a1e sojoiLe VO ‘88N JO S9N J0j ARIq1T 8UIUO AS|IAA UO (SUOTHPUOD-PUE-SLUIB)/IOY™AB | 1M Aed 1[ulJUO//SANY) SUORIPUOD PUe SWiS 1 8L 88S *[5202/20/60] Uo AriqiTaulluo A8|IM ‘Bess| aueyooD Aq 8TzyT eis(/z00T 0T/10p/woo 48| im Ariqijeuluo s euno 1os//sdny wouy pepeojumoq ‘6 ‘Sz0Z ‘0T00260T


https://www.usapulses.org/pulse-industry/resources/1376-2022-u-s-pulse-quality-survey-final-1
https://www.usapulses.org/pulse-industry/resources/1376-2022-u-s-pulse-quality-survey-final-1
https://www.usapulses.org/pulse-industry/resources/1376-2022-u-s-pulse-quality-survey-final-1
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=137.105
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=137.105
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=137.105
http://wileyonlinelibrary.com/jsfa

	Influence of genotype and environment on field pea composition and milling traits
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Pea samples and plot management
	Seed measurements and composition
	Dehulling, splitting, and milling
	Data analysis

	RESULTS AND DISCUSSION
	Seed physical attributes
	Seed weight and surface area
	Color

	Composition of the pea seeds
	Protein
	Fat
	Ash

	Milling variables
	DSE
	Coarse fraction
	Fine flour yield

	Correlation between pea characteristics

	CONCLUSION
	ACKNOWLEDGEMENTS
	DATA AVAILABILITY STATEMENT
	REFERENCES


