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A B S T R A C T   

Making use of crops structural break-up during pearling and subsequent fractionation into starch or protein 
enriched fractions was investigated using stepwise pearling as a method. In first instance, pearling resulted in 
separation of pea testa and embryonic axis from the cotyledon. Further around 20% of the yellow pea cotyledon 
was pearled off and collected separately from the inner kernel. All four fractions were finely ground and their 
composition analysed. Due to the di-cotyledon structure of the pea, solely pearling the outer kernel couldn’t be 
guaranteed. Therefore, the process was repeated by hand-dissection, to ensure only separation of the outer 20% 
cotyledon. Pearling resulted in size reduction and separation of testa, embryonic axis and the outer and inner part 
of the cotyledon. Although, no considerable enrichment was achieved in protein or starch content in the pearled 
fraction of the outer and inner cotyledon, pearling gave the opportunity to obtain the testa fraction, which ac
cording to literature is rich in dietary fibre. Moreover, the protein-rich embryonic axis was separated and 
collected. The testa fraction accounts for 7–8% of the whole pea and contains little protein and starch, which 
makes it a promising dietary fibre rich ingredient in food application.   

1. Introduction 

An increasing trend in food industry is shifting from animal-based 
proteins to plant-based proteins. This leads to the necessity to investi
gate methods to extract proteins from plant materials. Promising plant 
materials to extract proteins from are crops like legumes, as they natu
rally have high protein contents. To contribute to a more sustainable 
food production process, mild fractionation techniques were investi
gated (Geerts et al., 2017; Pelgrom et al., 2013, 2014) valorising the 
whole crop. One crop is the yellow field pea, consisting of 21–30% 
protein, around 50% carbohydrates, 10% crude fibres and 2–3% fat (de 
Almeida Costa et al., 2006). The pea is a spherical seed with an outer 
skin, the testa. The core of the seed is di-cotyledonous, hence contains 
two embryonic leaves, which function as storage organs in the pea and 
are connected by an embryonic axis. 

The cotyledons mainly consist of protein bodies (1–3 μm) and starch 
granules (5–20 μm), which comprise the storage tissue of the pea cells. 
The concentrations of protein, fat, starch and dietary fibre change to
wards the outer part of the cotyledon, when compared to the inner part 
(Kosson et al., 1994; Otto et al., 1997). VanDonkelaar et al. (2015) 
showed that by step-wise pearling of the barley kernel the protein and 

starch content could be altered. In one fraction the protein content 
doubled while the starch content reduced by almost threefold. Hence, 
pearling provided a route for enrichment of protein and starch in 
different fractions. The barley is like the yellow pea a starch rich seed. 
Barley is mono-cotyledonous with a starchy endosperm where, similar 
to the pea cotyledon, the starch granules are embedded in a proteina
ceous matrix including protein bodies. However, the barley kernel is 
distinctly different in structure compared to yellow pea. The starchy 
endosperm is surrounded by distinct layers including the aleurone layer, 
testa, pericarp and husk. These layers vary in composition and structure. 
Protein is next to the endosperm also present in aleurone cells in the 
aleurone layer. However, similarly to the pea cotyledons, the outer re
gion of the barley endosperm is richer in protein, compared to the 
endosperm centre (MacGregor, 2003). Therefore, this similarity in 
enriched and depleted areas of protein and starch within the kernels, 
and the starch rich endosperm structure suggested that pearling of pea 
could be promising to introduce as a size reduction step while simulta
neously producing enriched fractions from the pea testa and outer and 
inner layer of the pea cotyledon. To the best of our knowledge, so far 
pearling of di-cotyledon seeds beyond dehulling to produce enriched 
fractions has not been studied. Therefore, the aim of this research was to 
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investigate the potential of pearling as a fractionation method to obtain 
fractions enriched in protein or starch. 

2. Materials & methods 

Pre-dried yellow peas (Pisum sativum L.), harvested in 2017 in the U. 
S. and stored in bulk in a warehouse silo were purchased from Alimex 
(Sint Kruis, The Netherlands). The dried yellow peas were pearled in a 
Satake TM05 testing mill. In a first step, the seeds were subjected to the 
pearling machine only for a short time of 10 s to separate the testa from 
the cotyledon which could be collected in separate baskets. Subse
quently, the pea cotyledons were again subjected to the pearling and a 
second longer pearling step was performed of around 30 s, to pearl off 
around 20% w/w from the pea cotyledon. The pearled off cotyledon 
fraction was called fraction 1, while the remaining cotyledons were 
called fraction 2. Both were ground in a laboratory rotor mill prior to 
further analysis (Fritsch, type pulverisette 14 equipped with a 500 μm 
screen). The yield of both fractions was defined as the weight percentage 
of the pearled off fraction based on the initial weight. In a second 
approach testa and cotyledon were separated accordingly and the em
bryonic axes were hand-picked from the separated testa fraction. 
Furthermore, the outer layer of the pea cotyledons was dissected by 
hand with a sharp razor blade. And both the outer layer and the inner 
layer were ground for further analysis according to fraction 1 and 2. The 
dry matter content of the peas was determined by oven drying at 105 ◦C 
overnight, to calculate the yields. The protein content of the fractions 
was determined using a Dumas analysis (Nitrogen analyser, FlashEA 
1112 series, Thermo Scientific, Interscience, Breda, The Netherlands) 

using a protein conversion factor of 5.52 (Holt & Sosulski, 1979). The 
total starch content was determined using the Total Starch Amyloglu
cosidase/α-Amylase Assay Kit (Megazyme International Ireland Ltd., 
Bray, Ireland). 

3. Results 

The whole peas (138.8 g) were dehulled, resulting in a testa fraction 
of 7.4% of the total pea. During dehulling around 3.0% material was 
lost. With the separation of the testa, the embryonic axis was concur
rently separated from the cotyledons, which resulted from splitting of 
the peas. Some embryonic axes remained in a small pocket inside the 
testa, hence ended up in the testa fraction (Appendix, Figure A1). The 
cotyledons (124.4 g) were subsequently pearled, resulting in a fraction 
of the outer layer (fraction 1) of around 18.3% of the cotyledons. The 
remaining parts were milled and collected as the inner layer fraction 
(fraction 2) accounting to 78% of the cotyledons. The pearling steps 
resulted in a material loss of 3.7% (Appendix, Table A1). Fig. 1 depicts 
the composition of each fraction in grams, the colours indicating the 
amount of protein, starch and rest in the fractions. The Grassmann di
agram is added to visualize the pearling process and yield of each 
fraction. The protein content in the testa was assumed to be derived from 
embryonic axes remaining in the testa fraction, as pea testa contain 
nearly no protein and starch (Bain & Mercert, 1966). Embryonic axes 
were hand-picked, and their composition was analysed to account to 
about 40% protein and 5% starch content on a dry matter basis. The 
remaining embryonic axes could hence account to the protein content in 
the testa fraction. The whole peas contained 21.0% protein and 47.0% 

Fig. 1. The composition of the fractions obtained 
from the two pearling steps is depicted in a 
compositional bar chart and a Grassmann diagram. 
In the first pearling step the testa was separated 
from the cotyledon, subsequently the cotyeldon was 
pearled in a second step to obtain fraction 1 and 2. 
The colours indicate the protein , starch , rest 
and loss content of the streams. (For interpreta
tion of the references to colour in this figure legend, 
the reader is referred to the Web version of this 
article.)   
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starch, fraction 1 contained 20.4% protein and 38.7% starch and frac
tion 2 contained 18.0% protein and 50.3% starch. Hence, pearling 
resulted in a slight depletion (fraction1) and enrichment (fraction 2) of 
starch in the respective fractions, when compared to whole peas. 
However, a significant enrichment or depletion of protein could not be 
achieved in either of the fractions by pearling. 

Comparing the pea seed to the barley seed, the pea is a di- 
cotyledonous seed and splits when dehulled. It was therefore consid
ered that upon pearling not only the outer layer was pearled off. Two 
possible pearling profiles are depicted in Fig. 2 (B, C). (B) represents the 
desired pearling profile, while (C) depicts a less optimal profile ac
cording to the hypothesis that the outer and inner layer are distinct in 
their starch and protein distribution. 

To understand the results depicted in Fig. 1 and connect them to the 
hypothesis of the pearling profiles, additional experiments were per
formed. Both a thick and a thin layer were cut off the cotyledons, 
respectively and their protein content was determined. With hand 
dissection the cutting line in (B) was assumed to be followed, as no part 
of the flat inner surface of the cotyledon was dissected. Remarkably, no 
differences in protein content between the different outer and inner 
fractions could be observed (Appendix, Figure A2a), in contrast to the 
barley endosperm. The results of both experiments give the indication 
that, in contrast to barley, protein is homogeneously distributed over the 
cotyledon. Hence, pearling will not lead to protein and starch enrich
ment during structural break-up. 

4. Conclusions 

Pearling was shown to be a suitable first size-reduction step, prior to 
a milling step in the laboratory mill, the process leads to a dietary fibre 
enriched fraction, composed of the pea testa. Further, pearling of the 
cotyledon did not lead to protein or starch enrichment in the respective 
outer and inner fraction. It was shown that no different results are ob
tained for when pearling or hand-dissecting the pea cotyledon, which 
indicated that the structural locations of protein and starch do not allow 
separation by stepwise pearling. Therefore, pearling is considered 
effective for removing and collecting the testa, however, does not serve 
as a fractionation method for the pea cotyledon. Additionally, with 
pearling the embryo was successfully separated, it was confirmed that 
the embryonic axis contained a considerable amount of protein, next to 
only little starch, which makes it an interesting part of the pea to isolate. 

CRediT authorship contribution statement 
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