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Abstract

There is a growing demand of natural food additives where pea starch which is extracted during
extraction of pea protein could have a possible use. The aim of this study was to investigate
chemical, molecular as well as physical characteristics of pea starches in comparison to wheat starch.
This was done by investigating the amylose content, resistant starch content, chain length
distribution and the starch gel microstructure by light microscopy. Water holding capacity, oil
absorption capacity, gelatinization and retrogradation parameters as well as the pasting properties
of the starch samples and syneresis of starch gel samples were also analyzed. The results showed
distinct differences between the starch varieties (pea and wheat) in their chemical and molecular
characteristics which could be linked to the differences in their physical attributes. In conclusion
pea starch has a potential use in the food industry and could be beneficial for human health due to
its high formation of resistant starch.

Keywords: pea starch, wheat starch, chemical properties, physical properties



Sammanfattning

Det finns en vixande efterfridgan efter naturliga livsmedelstillsatser dér drtstirkelse, som produceras
som en biprodukt vid extraktion av drtprotein, har en potentiell anvindning. Syftet med studien var
att undersdka de kemiska, molekyldra och fysikaliska egenskaperna hos drtstirkelse i jamforelse
med vetestirkelse. Detta gjordes genom att analysera amyloshalt och kedjeldngdsforedelning samt
genom att studera av den gelatiniserade stirkelsen i mikroskop. Méngden resistent stirkelse, dess
funktionella egenskaper samt dess syneres analyserades ocksd. Resultatet visade pa skillnader
mellan de olika stirkelsevarianterna for de kemiska och molekylédra egenskaperna. Dessa skillnader
kunde sedan kopplas till resultatet fran de fysikaliska undersdkningarna. Sammanfattningsvis har
artstarkelse en potentiell anvdndning inom livsmedelsindustrin och kan vara fordelaktig for
ménniskors hélsa pé grund av dess hoga halt av resistent stérkelse.
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1. Introduction

A growing interest of plant-based meat as an alternative has resulted in a growing
demand of protein concentrates and isolates from pea (Martinez & Boukid 2021).
In Europe an increase of legume cultivation are being considered suitable,
especially in the Northernmost of Europe, where pea is probably the best suited
legume for this growth (Carlson-Nilsson ef al. 2021). Pea has been cultivated in the
Nordic countries for a long time, possible as long as since the Bronze Age.
However, the cultivation of legume is mainly located in the southern parts of the
Nordic countries due to yield security. During the extraction of pea protein,
fractions of pea starch, fibers and protein are being separated (Yang et al. 2021).
Since the dry mass of pea contains a large portion of starch, pea starch is considered
to be an abundant byproduct resulting from the fractionation of pea (Martinez &
Boukid 2021).

Furthermore currently there are concerns about the usages of artificial food
additives to food products (Lacerda et al. 2024). Therefore, the demand of natural
food ingredients such as native starch has increased. Starch is often used in food
products as a thickener agent, stabilizer agent, viscosity builder or as a gel former
(Geerts et al. 2017). Pea starch is used as a thickening agent as well as a stabilizing
agent and to bind water in the food industry (Shevkani et al. 2024). It can be used
in gluten-free products as a texturizing agent as well as it can replace gelatin in
confectionery products and work as an anticaking agent in cheese. Pea starches also
have a nonfood application and can be used in paper, textile, cosmetics and animal
feed industries.

Pea starch has been reported to consist of more slowly digestible starch then other
beans and lentils (Ratnayake et al. 2002). Compared with rice the digestion rate of
pea starches is very slow, which could be of important nutritional aspects and
enable pea starches to be used as dietetic food. Pea is also low in allergens and have
a low glycemic index (Manickavasagan & Thirunathan 2020).

The application of starch in food are determined mainly by physical and thermal

properties which depends on the purity as well as molecular architecture of the
starches (Shevkani et al. 2024). Therefore, the findings (physical and thermal
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properties along with chemical profile) in this study could be interesting for food
industries to find usage of pea starch.

1.1 Aim

The aim of this study was to perform chemical and molecular characterization of
pea and wheat starches, and try to find how these characteristics are linked to
pasting and syneresis behavior.

1.2 Limitation of the study

The project has limitation, as only two different samples of pea starches (pea (a)
and pea (b)) along with one sample of wheat starch were studied. Pea (a) as well as
the wheat starch were commercial starches with unknown extraction methods. Pea
(b) was provided from the project The @resund Centre for Starch Biopolymer
Functional Profiling (2005) lead by Andreas Blennow, University of Copenhagen.
The amount of pea (b) starch was limited and therefore some investigations were
not performed on the pea (b) sample.
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2. Background

The background is divided into four different parts. In the first part, general
information about pea as well as the Swedish pea production is described, while the
second part is about starch. The third part, chemical characteristics of starch is
described under different subheadings where firstly the amylose and amylopectin
are explained and later the digestible starch as well as the resistant starch is
discussed. Fourth part, physical characteristics of starch is discussed under
subheadings where firstly the thermal properties of starches are described, then the
pasting properties and syneresis phenomena are covered.

2.1 Pea

Pea (Pisum sativum L.) is cultivated globally predominantly within the zone of
temperate climate and can be cultivated both for food and feed (Fogelfors 2023).
Feed peas contain more tannins than food peas and is therefore not suitable for
human consumption.

The pea seed is spherical and has an outer skin layer, called testa (Mdller et al.
2021). The core of the pea is di-cotyledonous which has a storage function in the
pea. The storage tissue in the cotyledons consist mainly of protein bodies, fibers
and starch granules. Cotyledons has an outer layer and an inner layer (Otto et al.
1997). The inner layer has a looser structure and contains more starch than the outer
layer. Pea starch granules has an irregular shape, it varies from round to elliptical
(Ratnayake et al. 2001). Pea starch granules size varies from a length of 18-46 pm
and a width of 13-32 um (Chung et al. 2008). The dry matter of a pea seed consist
of 59-70 % carbohydrate, 20-25 % protein, 3-7 % lipids and 3 % ash (Wu et al.
2023). The carbohydrate consists of 39-46 % starch and 23-31 % dietary fiber (4-8
% soluble fiber and 19-23 % insoluble fiber).

2.1.1 Swedish pea production

In year 2023, the total amount of arable land in Sweden was 2529800 hectares, out
of these, legumes were cultivated on 55000 hectare (Jordbruksverket 2024). Yellow
peas were cultivated on 27700 hectares of land year 2023 (Jordbruksverket 2024),
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and green peas were cultivated on 6200 hectares (Jordbruksverket 2023a). The
number of cultivated hectares with yellow pea increased between 2022 and 2023
while the number of cultivated hectares with green peas decreased during the same
period (Jordbruksverket 2023b).

Yellow peas are harvested after ripening and can be used as both food and feed
(Jordbruksverket 2022). They can be used as a protein source for feed but also as a
protein source in vegetarian meals. Green peas are harvested before the pea
ripening, and after the harvesting the peas can be frozen as a preservation method
(Fogelfors 2023).

2.2 Starch

Starch is an important storage carbohydrate in plants but also the largest source of
carbohydrate in human food (Singh ef al. 2010). The starch is present as granules
in the endosperm in cereals and legumes as well as in tubers and unripe fruits
(Raigond et al. 2015). These granules can be present in different shapes such as
round, lenticular, oval and angular. Its size can vary between 1 to 100 um. Pea
starch is commonly shaped as an ellipsoid or spherical, and the granules diameter
ranges from 25 to 38 um (De Souza Gomes et al. 2018). Wheat starch consist of
both A and B granules (Kumar & Khatkar 2017). A granules diameter ranges from
13 to 35 um, and they can have the shape of a disk or lenticular and are commonly
smooth. B granules diameter ranges from 2 to 6 um and has a spherical or polygonal
shape.

Pea starch granules contains an amorphous region and a crystalline region (Sajilata
et al. 2006). Pea starch contains 20.4-25.5 % of crystalline structure (Ratnayake et
al. 2001; Chung et al. 2008). The amorphous region contains the main part of the
amylose, the crystalline region mainly consists of amylopectin (Sajilata et al. 2006).
Starch can be divided into three different types; type A, type B and type C, where
type C is found in pea starch (Ratnayake ef al. 2001). Type C crystalline polymorph
is a mixture and therefore contains both the crystalline polymorph A and B. Type
A and B starch are based on parallel stranded double helices In type A the double
helices are closely packed whereas in type B the double helices are loosely packed.
For pea starch type A and B crystalline polymorph are in the same granule, where
type B is in the center of each granule and surrounded by type A.
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2.3 Chemical characteristics of starch

2.3.1 Composition

Starch contains two different types of molecules; amylose and amylopectin (Singh
et al. 2010). Amylose is a linear polymer, slightly branched (Wang 2020). It
consists of glucose units which are linked to 99 % with (1,4)-a-glycosidic linkages
and 1 % with (1,6)-a-glycosidic linkages. Due to the linkage the amylose molecule
can be relatively long (Wang 2020). The amylose chains can form single as well as
double helices (Singh et al. 2010). Amylopectin is a branched polymer which
consist of many short chain a-(1,4)-linked D-glucosyl units which forms a cluster
(Wang 2020). The chains are linked together through the reducing end by a-(1,6)-
linkages, which result in a highly branched structure. Amylopectin consists of about
95 % of a-(1,4) and 5 % of a-(1,6)-linkages. Pea starch is high in amylose (Martinez
& Boukid 2021; Xie et al. 2024). Chung et al. (2008) found in their study that pea
starch contains between 34.9-37.1% apparent amylose. Amylose can have a degree
of polymerization (DP) up to 6000 compared with amylopectin which can have a
DP of up to 2x10° (Raigond et al. 2015). Ratnayake ef al. (2001) reported in their
study that the DP for amylose varied between 1300-1350 for pea starches depending
on the pea variety. For debranched amylopectin the average chain length varied
between a DP of 22.9 to 24.2 for the different pea variety, and the longest detected
chain length had a DP of 71. Content of amylose together with the length and
placement of the branches in amylopectin affect water absorption, gelatinization,
pasting as well as the retrogradation (Wang et al. 2011).

2.3.2 Digestible starch

Based on the digestibility starch can be classified into three different types (Singh
et al. 2010). These three starch types are rapidly digestible starch (RDS), slowly
digestible starch (SDS) and resistant starch (RS). RDS and SDS is classified as
digestible starch since they are digestible by body enzymes (Sajilata et al. 2006).
RDS is measured as the amount of glucose that is released within 20 minutes
(Sajilata et al. 2006). SDS 1is digested in the small intestine and the glucose is
released between 20 to 120 minutes (Singh ef al. 2010). Food which is rich in SDS
is beneficial for the human health since it delays diabetes and cardiovascular
diseases as well as the origin of metabolic syndrome (Raigond ef al. 2015).

2.3.3 Resistant starch

Resistant starch is affected by the proportion of amylose and amylopectin, where
amylose is digested slowly and amylopectin is digested rapidly after retrogradation
(Raigond et al. 2015). RS is a linear molecule composed of a-1,4-D-glucan, which
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originates from retrograded amylose. Generally, the amount of RS formed due to
cooking and the amount of amylose in the starch positively correlate.

Resistant starch is not hydrolyzed in the small intestine and therefore reaches the
large intestine (Singh et al. 2010), and is indigestible for the body enzymes (Sajilata
et al. 2006). In the large intestine the RS can be fermented by the colonic microflora
(Wang et al. 2012). The fermentation of resistant starch is associated with health
benefits, since the fermentation in gut results in short-chain fatty acids. These short-
chain fatty acids can be absorbed in the colon and transported in the bloodstream,
where it can lower the cholesterol levels, mostly for people suffering from
hypercholesterolemia (Gutiérrez & Tovar 2021).

Resistant starch is subdivided into five different fractions; RS1 physically
inaccessible starch, RS2 resistant granules, RS3 retrograded starch, RS4 chemically
modified starch and RS5 amylose-lipid complex (Raigond et al. 2015).

RS3 retrograded starch, are mostly retrograded or recrystallized amylose which is
formed during the cooling of the gelatinized starch in cooked foods that are stored
at low or room temperature (Raigond ef al. 2015). This type of resistant starch is
very thermally stable and is formed in moist-heated foods. Therefore, most of the
moist-heated foods contains RS3 (Sajilata et al. 2006). This type represents the
most resistant starch fractions. Compared to granular starch, RS3 has a higher water
holding capacity (Raigond et al. 2015). During storage of starch gel or starch paste
the amylose double helices aggregates by hydrogen bonded network formation and
a B-type crystalline structure which is more thermostable is formed due to
amylopectin reassociation. The crystallization rate of amylopectin is slower, and
the structure is less stable than the crystalline structure of amylose. These
crystalline structures are more resistant to the amylolytic enzymes.

2.4 Physical characteristics of starch

2.4.1 Thermal properties

Gelatinization is the process in which starch granules swell and undergo an
irreversible phase transition (order to disorder transition) where the well-ordered
structure is disturbed (Wang 2020). The process occurs when starch is heated in the
presence of excess water. During heating, the granules absorb water (Liu et al.
2019). The water first enters the amorphous regions and expands the region which
results in a disruption in the crystalline regions (Wang 2020). The starch granules
swell, take up more water with heat and looses the crystalline order (Ratnayake et
al. 2002). In the crystalline regions the double helices dissociate, and the amylose
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leach out. During higher temperatures the remaining crystallites melts. For pea
starch during the gelatinization the crystals structure is firstly disrupted in the hilum
area and then spread through the central part of the granule (Ratnayake ef al. 2002).
This results in the central part of the granule swelling.

To study gelatinization process in starches differential scanning calorimetry (DSC)
is commonly used (Punia et al. 2020), which measure the transition temperatures
(To, Tp, Te) (Shevkani et al. 2024). The transition temperatures for pea starch varied
from 56.7 — 60.5 °C for onset (To), 61.9 — 66.1 °C for peak (T,) and 67.6 — 74.6 °C
for end (T¢) temperature, the enthalpy, AH varied from 7.67 to 11.08 J g'! (Shevkani
et al. 2024).

In gelatinized starch, the disturbed amylose and amylopectin chains due to
migration of moisture (Donmez et al. 2021) recrystallize into a new ordered
structure during cooling, called retrogradation (Wang 2020). The retrogradation
begins with recrystallization of amylose (Punia ef al. 2020). This is a rapid process
due to the linear structure of amylose followed by a slow recrystallization of
amylopectin. Amylose forms double helical structures with 40 to 70 glucose units
during the retrogradation while the recrystallization of amylopectin occurs with the
reassociation of the outermost short branches (Ratnayake et al. 2002; Wang et al.
2015). This recrystallization of amylopectin can result in B-type crystalline
polymorph (Wang et al. 2015).

Retrogradation as well as the gelatinization have been studied by DSC, for pea
starch after storage for two weeks at 5 °C. For the retrogradation of amylopectin
T, was within 43.0 — 43.5 °C, T}, within 59.6 — 60.3 °C and AH in the range of 6.9
to 8.1 J ¢! (Chung et al. 2008). It is the retrogradation of amylose which influences
the initial hardness of the gel as well as the stickiness and the digestibility (Wang
2020). The recrystallization of amylopectin contributes to the staling of cereal based
products like bread and cakes.

2.4.2 Pasting properties

Pasting properties are the changes which occur in starch — water systems through
the gelatinization under controlled temperature and shear forces (Wang & Ren
2020). The disruption of starch granules is defined as the pasting. Through the
heating the viscosity increases to its maximum with increasing swelling of the
starch granules, however further heating and shearing motion leads to decreases in
the viscosity. Throughout the cooling the viscosity again increases, as an indication
of starch retrogradation. Pasting properties are commonly studied in a Rapid Visco
Analyser (RVA).

18



Chung et al. (2008) reported the pasting properties of pea starch; the pasting
temperature was between 69.5 and 69.7 °C, the peak viscosity between 1129 and
1371 cP, the breakdown within the range of 93 to 172 cP, the setback between 576
to 706 cP and the final viscosity within the range 1554 to 1870 cP.

2.4.3 Syneresis of starch gel

Syneresis is a measurement of starch gel retrogradation (Byars & Singh 2016; Bhat
& Riar 2017). The increase of syneresis during storage might be because of
reassociation of leached amylose and chains of amylopectin which cause shrinkage
of the gels and release of water from the gel (Bhat & Riar 2017). During storage of
the starch gel at lower temperature reassociation/crystallinization of amylose begins
within the first few hours. Reassociation of amylopectin begins later during storage
in low temperature. For pea starch the high amylose content with long chains
together with amylopectin’s outer branch results in a large retrogradation and hence
higher syneresis phenomena (Ratnayake et al. 2002).

19



3. Method and Material

3.1 Literature review

A literature review was implemented by using different databases such as Primo
and Google Scholar. Search words such as for example: Pea, Starch, Amylose,
Amylopectin, Retrogradation, Cooking properties, Resistant starch, Behavior,
Rheological, Pasting, Seed, Anatomy, Water holding capacity, Oil Absorption
Capacity, RVA were used in different combinations.

3.2 Material

Two different pea starches and a wheat starch were used. Pea starch (a) and the
wheat starch were commercial starches, while pea starch (b) was provided by the
project “The Oresund Centre for Starch Biopolymer Functional Profiling (2005)”
lead by Andreas Blennow. The known chemical compositions, provided by the
producer and the projects database is presented in table 1.

Table 1. Known chemical composition (% of sample) for respective starch

Variety of starch Starch Protein Total ash
Pea (a) >90 <0.30 <0.10
Pea (b) 0.26 0.11
Wheat <0.3

3.3 Amylose/Amylopectin

Amylose and Amylopectin contents were measured by an enzymatic assay.
Concavalin A was used for precipitation of amylopectin fractions according to the
accompanying assay protocol for Amylose/Amylopectin Assay kit provided by
Megazyme (Megazyme 2023a). The absorbance was read at 510 nm against reagent
blank.
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3.4 Resistant starch

Resistant starch was determined by using the Resistant Starch Assay Kit (rapid)
from Megazyme (Megazyme 2023b). Resistant starch content method was adopted
from McCleary et al. (2020). Starch samples cooked in the RVA as described in
section 3.9 were stored overnight in the refrigerator before being analyzed.
Gelatinized starch gel samples were incubated with amylase and amylo-glucosidase
enzymes at a roller mixer in an oven for 4 h at 37°C. This step helped in
solubilization and hydrolysis of starch to D-glucose. The pellet and solution
obtained were used for resistant starch and digestible starch measurements by
reading absorbance at 510 nm against the reagent blank.

3.5 Chain length distribution

Chain length distribution was studied using a high-performance size exclusion
chromatography (HPSEC). The method was conducted as described by Jayarathna
et al. (2024).

3.6 Water holding capacity (WHC)

WHC was measured according to the American Association of Cereal Chemists
method 56-20 (AACC 1999) with minor modifications. One gram of starch and 20
ml of distilled water were added to a pre-weighed centrifuge tube and the
suspension was shaken. The suspension was left in room temperature for 10
minutes, with intermittently inverting of the tube for three times. Then the
suspension was centrifuged for 15 minutes at 1000xg and the excess water was
removed. The WHC was calculated as the amount of absorbed water divided by the
amount of dry starch sample, M represent the weigth in gram.

WHC = M (pellet)—M(dry) *100
M (dry)

3.7 Qil absorption capacity (OAC)

OAC was measured according to the method described by Gustafsson (2022) with
minor modifications. One gram of starch and 10 ml of rape seed oil (ICA, Solna,
Sweden) were added to a pre-weighed centrifuge tube. To investigate the remaining
oil in the tubes 10 ml of the rape seed oil were added to pre-weighted tubes. The
tubes were then vortexed every five min for 30 minutes (in room temperature), and
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later centrifuged at 3000 g for 25 minutes. The excess oil was removed, and the
tube was left in inverted position for 10 minutes. The amount of remaining oil was
calculated from the weight differences between before and after centrifugation of
the tubes with oil. The remaining oil in the centrifuge tube was also taken into
account for the calculation. OAC was calculated as the amount of absorbed oil
divided by amount of starch, M represent the weigth in gram.

__ M (pellet-remaining oil)-M(dry) *100

OAC (@)

3.8 Gelatinization and retrogradation parameters

Differential Scanning Calorimetry (DSC) (TA Instrument, New Castle, USA) was
used to measure the gelatinization parameters as well as the retrogradation
parameters. In a DSC pan 60 pl of distilled water and 20 mg of starch were added,
then the pan was sealed and left to equilibrate for 2 hours at room temperature.
Later DSC scanning was run from 20 °C to 130 °C with a heating rate at 5
°C/minutes. During the DSC scanning, the thermogram was recorded with an empty
sealed DSC pan as a reference. Three transition temperature were determined, the
onset (To), peak (Tp) and end set (Te) as well as the gelatinization enthalpy (AH).
Thereafter the pans were stored in a refrigerator for three days.

The retrogradation parameters were measured after three days of refrigerated
storage. The pans were then rescanned in the DSC, with the scanning condition of;
initial temperature 5 °C, proceding to temperature — 5 °C where it was kept for 5
minutes and followed by heating to 120 °C with a heating/cooling rate at 10
°C/minutes. The To, T, and AH were determined.

3.9 Rapid Visco Analyzer (RVA)

Pasting properties of the starches were quantified by a rapid visco analyser (RVA)
(Newport Scientific Works, Warriewood, Australia). Firstly the RVA was
equilibrated for 30 minutes and then two grams of starch and 25 grams of distilled
water were added to a canister. The canister was then placed in the RVA, and the
measurement started according to the program 1STD1. For the first 10 seconds, the
rotation speed was 960 rpm, later the speed was 160 rpm through the whole
measurement. The first 60 seconds the temperature was 50 °C, followed by heating
to 95 °C for 3 minutes and 42 seconds, held at 95 °C for 2 minutes and 30 seconds
and cooled to 50 °C for 3 minutes and 48 seconds and lastly hold at 50 °C for 2
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minutes. The total run time was 13 minutes and all relevant pasting parameters
(peak viscosity, final viscosity, setback etc.) were evaluated from the software.

3.10 Light microscopy

Starch gel samples were studied with a light microscope using a Nikon Eclipse Ni-
U microscope. Starch gel samples stored at room temperature and refrigerator were
studied for understanding the gel microstructure. The starch samples were stained
with diluted 1:2 iodine and then studied with a light microscope.

3.11 Syneresis study for gel swelling

3.11.1 Petri dishes

Eight grams of cooked starch gel sample from the RVA measurement, as described
in section 3.9, were placed on petri dishes, where the samples were allowed to form
set gels. These petri dishes were stored for five days with lid on, to measure the
amount of water coming out at the surface of the gels and were monitored for five
days. One set of petri dishes was stored at room temperature and another set in a
refrigerator. Each day the petri dishes were decanted, and the surface water was
removed, then the petri dishes were weighed again. The amount of leached water
coming from the starch gel sample was measured.

3.11.2 Falcon Tubes

Around 5 ml of cooked starch gel sample obtained from the RVA pasting study,
were placed in 15 ml falcon tubes. One group of tubes with lid on were stored at
room temperature while the other group of tubes with lid on were stored in the
refrigerator. Syneresis was monitored with storage time for the gel samples. The
tubes were decanted, and the amount of surface water was weighed and later
returned into the tubes again. Thereafter the tubes were centrifuged at 4000 rpm for
10 minutes, and after that the amount of released water was weighed and later
returned into the tubes again. The gel was then cut into a cross with a spatula before
being centrifuged at 4000 rpm for 10 minutes and then again, the amount of released
water was weighed. This procedure was done for the second, third-, fifth- and
fifteenth day of storage of the starch gel samples. The percentage of syneresis from
both petri dishes and falcon tubes was calculated with the following equation:

Mass of water lost

% Syneresis = x100

Mass of initital gel
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3.12 Statistical analysis

Analysis of variance (ANOVA) was done to analyze the data statistically with the
programme Minitab® 19. A general linear model was used to investigate the
significant difference between samples, with Tukey pairwise comparisons with a
significant level at 95 %.
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4. Results & Discussion

4.1 Chemical characteristics of starch

4.1.1 Amylose content

Amylose content was investigated by complex formation between amylopectin and
Concavalin A, using the amylose/amylopectin determination kit provided by
Megazyme (Megazyme 2023a). Pea starches had a higher amylose content (34-35
% of the starch) than the wheat starch (27 % of the starch), as shown in table 2, but
it was not statistically significant. The values are means of two duplicates. These
duplicates are presented in Appendix 1, where also the standard deviation is
presented. The standard deviation for pea (a) is the highest at 4.9, while wheat has
the lowest standard deviation at 0.5.

Table 2. Amylose content for respective starch sample. The values are means of two duplicates

Starch sample Amylose content

(g amylose/100 g starch)
Pea (a) 352
Pea (b) 342
Wheat 27%

Values with different letters varies significantly (p< 0.05).

Chung et al. (2008) found in their study the apparent amylose content for pea starch
to be in the range of 34.9 — 37.1 %. Another study found pea starch to have an
amylose content around 35 % and the wheat starch to be around 25 % (Conde-Petit
et al. 1998). Lan et al. (2008) found that the apparent and total amylose content of
wheat starch to be in the range of 23.2 — 23.3 %. The measured amylose values for
pea starches are slightly lower than reported by Chung ef al. (2008) and Conde-
Petit e al. (1998). The measured amylose content for the wheat starch was slightly
higher compared to the value presented by Conde-Petit et al. (1998) and higher
compared to value presented by Lan et al. (2008) . The method of measuring the
amylose content as well as difference in cultivars, environmental conditions and the
seeds physiological condition will influence the amylose content in pea samples
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(Ratnayake et al. 2002). These are reasons which can explain the difference
between the measured amylose content of the starch samples in the study and the
reported amylose content in the published scientific articles.

4 1.2 Resistant starch

Resistant starch was measured using the resistant starch kit provided by
Megazyme, (Megazyme 2023b). Pea starches had a statistically higher amount of
resistant starch, compared to wheat starch, table 3. For the pea starches there was
no significant difference between the samples (p<0.5). For the digestible starch the
statistical analysis did not show any significant difference between the starch
varieties.

The higher amount of resistant starch in pea starch gel samples was expected since
the amount of RS and the amount of amylose in the starch are correlated (Raigond
et al. 2015). For these starch varieties in the study, pea had the highest amylose
content and the highest RS content, while wheat had the lowest amylose content as
well as the lowest RS content.

Table 3. The amount of resistant starch and digestible starch in the starch gel samples. The values
are means of two duplicates

Starch Resistant starch content Digestible starch content

sample (g resistant starch /100 g starch) (g digestible starch /100 g starch)
Pea (a) 9? 74*
Pea (b) 92 73?
Wheat 6° 78?

Values with different letters varies significantly (p< 0.05) within the columns.

Resistant starch formation from cooked starch, stored in a refrigerator is affected
by the degree of retrogradation (Sangokunle et al. 2020). RS type 3 is formed during
cooling of gelatinized starch which is stored in refrigerator or at room temperature
(Raigond et al. 2015). Most of the moist-heated food contains RS3 (Sajilata et al.
2006). Since the gel samples were gelatinized and then stored in a refrigerator
overnight before being studied the measured RS in these starch varieties are most
likely to be RS3. Vasanthan & Bhatty (1998) reported in their article that the
retrograded resistant starch type 3 from the field pea starch to be 8.4 %.

Due to the formation of resistant starch, pea starch has a possible application as a
food additive for example in bread or other baked products where the RS3 formed
will be beneficial for health (Sajilata et al. 2006). The amount of RS3 in food is in
general low, in baked foods, pasta and processed cereals the levels has been
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reported to be 3 % (Vasanthan & Bhatty 1998). The resistant starch will contribute
to a better nutritional value and will promote health benefits (Sajilata et al. 2006).

4.1.3 Chain length distribution

HPSEC was preformed to investigate the chain length distribution of de-branched
pea and wheat starch. In the HPSEC chromatogram, figure 1, the fractions eluting
during the time interval 24.5 to 31.7 minutes are shown. The fractions eluting after
24.5 minutes are associated with chains coming from amylopectin. From the
chromatogram, it can be seen that the chain distribution or de-branched wheat
starch and the two pea starch amylopectin samples differs.

1,5

Refractive index

0,5

24,5 26,5 28,5 30,5

Pea (b) Wheat
Eluation time (min)

Pea (a)

Figure 1. HPSEC chromatogram of chain length distribution of de-branched amylopectin. The
chromatogram is based on the relative weight basis after the normalization for the area (24.5 — 31.7
minutes). Each value are means of two duplicates.

The difference in abundance of amylopectin chains units of the two pea starch
varieties is presented in table 4. Between 24.5 and 26.5 minutes the longest
amylopectin chains were eluted, whereas shorter amylopectin chains were eluted
between 26.5 and 31.7 minutes (Jayarathna et al. 2024). The statistical analysis
between the two pea starch varieties shows a significant difference for the
normalized amylopectin fraction. Pea (a) has a significantly lower presented area
of refractive index on relative weight basis in the interval of 24.5 to 26.5 minutes
compared to pea (b). This indicates that there is difference in the chain length
distribution in-between the two starch varieties and that pea (a) has a slightly lower
amount of long amylopectin fractions than pea (b). Wheat starch has a lower area
between 24.5 to 26.5 minutes than the pea starch (figure 1) which indicates that
wheat starch has the lowest amount of long amylopectin fractions. Pea (a) has a
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slightly higher presented area in the time interval 26.5 to 31.7 minutes than pea (b)
and therefore has a slightly higher amount of shorter amylopectin fractions than pea

(b).

Table 4. Different categorization of amylopectins chain fraction from debranched whole starches
based on the elution time. Values are means of two duplicates

Starch sample 245-26.5min  26.5—31.7 min
Pea (a) 2240 776
Pea (b) 230° 770°

Values with different letters varies significantly (p< 0.05) within the columns.

4.2 Physical characteristics

4.2.1 WHC and OAC

Water holding capacity is the amount of water that the starch can hold (Wani ef al.
2016). Oil absorption capacity represents the ability of the starch powder to entrap
oil (Sreerama et al. 2012). Water holding capacity and oil absorption capacity of
the starch samples are presented in table 5. For the water holding capacity pea (b)
and wheat starch had a significant difference while pea (a) did not have any
significant difference to neither pea (b) nor with the wheat starch. Pea (b) had the
highest water holding capacity while wheat starch had the lowest water holding
capacity. For the oil absorption, all the starch variety differed significantly (p<0.5).
Wheat starch had the highest oil absorption while pea (a) had the lowest oil
absorption.

Table 5. Water holding capacity (WHC) and oil absorption capacity (OAC) for respective starch
sample. Each value is means of two replicates except WHC for pea (a) which is a mean of four
replicates

Starch sample =~ WHC OAC
(g water/100 g starch) (g 0il/100 g starch)
Pea (a) 84ab 45¢
Pea (b) 100* 62°
Wheat 70° 84°

Values with different letters varies significantly (p< 0.05) within the columns.

The measured water holding capacity for the pea starches were lower than the
reported water holding capacity for pea starch by Geerts et al. (2017), which
reported a WHC between 1-2 g water/g starch and the starch concentration varied
between 52.5 and 96.2 g starch/ 100 g dry matter. Sangokunle et al. (2020) also
presented a higher WHC, 1.65 g water/g starch for pea starch with unknown purity
of the starch. Sangokunle et al. (2020) also presented in their study, the oil
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absorption capacity, which they found to be higher than the measured value in this
study. In their study they investigated the OAC with 6 different types of oil, and
found the OAC for pea starch to differ between the oil type from 0.86 g/g starch to
1.72 g/g starch. None of the oil-type were rape seed oil. Due to the high impurities
in starch (high protein, ash, etc.) presented by Geerts et al. (2017) and the unknown
starch purity from Sangokunle ef al. (2020) work, it becomes extremely difficult to
compare their results with the investigated WHC and OAC values of the starches
in this study.

Pea (b) had granule width at 25.3 pm and a length at 33.3 um (The Oresund Centre
for Starch Biopolymer Functional Profiling 2005). Wheat starch contains both A-
type granules as well as B-type granules, and the proportion between them range
from 44 % to 65 % of A-type to 35 % to 56 % of B-type (Guo et al. 2023). This
range is possibly due to differences in between the wheat varieties as well as in the
determination methods. Studies have found the diameter of type A granules to range
from 10 — 40 um and the type B granules diameter to range from 2.3 — 7.1 um. The
size of the granules and pores in the granules affects the water holding capacity,
smaller granules have a higher surface area per weight unit and therefore generally
has a higher water holding capacity (Li ef al. 2023). The analyzed wheat starch
could consist of a large proportion of A-type granules and therefore has more large
granules than the pea starches. This would then result in the pea starches getting a
higher WHC. However, the purity of the starch sample (presence of protein, fibre,
ash residues) also will hugely impact in the WHC and OAC.

Both oil absorption capacity and water holding capacity can be affected by the
number of pores and pore size in the starch granule (Chen & Zhang 2012). Larger
pores contribute to a higher absorption than smaller pores. A study conducted by
Sujka & Jamroz (2010) presented the average pore radius for native wheat starch
to be 3.47 um. For native pea starches Sujka & Wigcek (2024) found the average
pore diameter to be 14.01 nm. This pore size correlates to the results from the OAC
where the wheat starch had a higher OAC than the pea starch. However, the pore
size does not correlate with the result from the WHC where pea starch had the
highest WHC. Therefore, the results of WHC and OAC in the present study are
hard to interpret.

4.2.2 Thermal properties

Thermal properties, gelatinization and retrogradation were measured by using a
DSC instrument. DSC is a thermoanalytical tool which identifies structural changes
by measuring the energy flow (Schirmer et al. 2015). The gelatinization enthalpy
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is the integrated area below the thermal transition peak and represents the thermal
energy needed for melting the clustered double helices of amylopectin chains.

Gelatinization

Onset temperature varied from 53.12 to 55.74 °C for all the starches, table 6. Pea
(b) had the highest T,, T, and Te, while wheat starch had the lowest measured
temperature values. Interestingly the enthalpy for pea (b) was the lowest while the
enthalpy for pea (a) was the highest. The onset temperature and endset temperature
for pea (a) and pea (b) showed non-significant difference, whereas the pea starch
varieties showed a significant difference compared to the wheat starch. For the peak
temperature all starch samples were significantly different from each other and for
the enthalpy pea (a) and pea (b) had a significant difference. Compared to
gelatinization parameters presented by Shevkani ef al. (2024) the measured T, for
the pea starches is slightly lower than the reported value, while T, for the pea
starches is within the reported value. Te for the measured pea starches is slightly
higher than the value reported by Shevanki et al. (2024). The enthalpy for pea (b)
is slightly higher than the reported value while pea (a) is significantly higher than
the reported value.

Table 6. Gelatinization parameters' for respective starch sample. The values are means of two
replicates

Starch  AH (J/g) AH (J/amylopectin) T, (°C) T,(°C) T.(°C) Te-T, (°C)
sample

Pea (a) 14.85° 22.85% 55¢ 63° 76% 212
Pea (b) 11.67° 17.68° 56% 65° 78¢% 228
Wheat 12.82% 17.56° 53° 60° 71° 17°

1) T, — onset temperature, T, — peak temperature, T. — endset temperature and AH — gelatinization

enthalpy. Values with different letters varies significantly (p< 0.05) within the columns.

Pea (b) has the highest fraction of long amylopectin chains (figure 1) while pea (a)
has a slightly lower fraction of amylopectin chains, which correlates to the
gelatinization temperature, table 6. A study conducted by Gomand et al. (2010)
found that starches with higher amount of short amylopectin chains had lower
gelatinization To, T, and Te compared with starch with higher amount of long
amylopectin chains which had higher gelatinization temperatures. The crystallinity
is affected by the amylopectin’s structural elements, shorter chains of amylopectin
result in lower crystallinities. Longer chains with amylopectin results in increased
crystallinities, which is suggested to result in more stable crystals and delayed
gelatinization.
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The gelatinization enthalpy indicates the loss of the molecular order inside the
granule (Jayarathna et al. 2024). Although the degree of crystallinity and crystalline
melting is associated with the crystalline structure of the starch granule. However,
the melting enthalpy cannot be used alone to determine the crystallinity, as several
factors affect the melting such as plasticization, swelling in water, competition for
the melting and dissolving in water. Those other factors could affect the enthalpy
and be the reason why pea (b) has a significantly lower enthalpy (J/amylopectin)
than pea (a). Although pea (b) has a higher proportion of long chain amylopectin
then pea (a), the enthalpy value indicates that the pea (a) has more crystalline
structure and the corresponding heat required to melt those crystalline forms are
therefore higher for pea (a).

To, Tp and Te values are all affected by starch’s building blocks composition (Zhao
et al. 2023). Larger building blocks has a positive correlation with the gelatinization
temperatures while smaller building blocks has a negative correlation with the
gelatinization temperature. It has been suggested that building blocks of
amylopectin with more short chains and a dense structure, result in formation of
more prefect crystals which contributes to higher peak temperature. This is very
likely to affecting the measured gelatinization parameters.

Retrogradation

Onset temperature varied from 50.9 to 53.0 °C where pea (b) had the lowest and
pea (a) had the highest onset temperature (table 7). Peak temperature varied
between 63.2 to 66.2 °C, wheat had the lowest and pea (a) the highest peak
temperature. Enthalpy varied between 0.61 J/g for wheat starch to 2.81 J/g for pea
(b). The statistical analysis showed non-significant difference between the starch
varieties for the T, and Tp. For the enthalpy the statistical analysis showed a
significant difference between pea (b) and wheat. The endset temperature for the
retrogradation was not measured as it was hard to define the end point correctly.

Table 7. Retrogradation parameters for each starch sample. Each value are means of two duplicates

Starch  AH (J/g) AH (J/amylopectin) T, (°C) Tp (°C)

sample

Pea (a) 2.24% 3.44% 532 66*
Pea (b) 2.817 4.27* 512 66"
Wheat  0.61° 0.83° 512 63*

T, — onset retrogradation temperature, Tj, — peak retrogradation temperature and AH — retrogradation

enthalpy. Values with different letters varies significantly (p< 0.05) within the columns.

For the retrogradation DSC measured the change of enthalpy and the transition
temperature for melting of recrystallized amylopectin (Wang et al. 2015). For
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melting retrograded pea (b) starch, a significantly higher energy was needed than
for melting the retrograded wheat starch. Pea (a) also had a higher enthalpy than
the wheat starch. This indicates that the pea starches have retrograded more with
refrigerated storage and therefore have more recrystallized amylopectin than the
wheat starch. Interestingly pea (b) had the lowest onset temperature.

Retrogradation rate as well as the extent of the retrogradation is affected by the
water content, starch source and the condition of storage (Wang et al. 2015).
Therefore, it is hard to compare different published retrogradation data for pea and
wheat starches with the measured retrogradation data.

Similar to gelatinization, retrogradation is also affected by the building blocks
(Kéllman et al. 2015). Larger building blocks has showed to have a negative
association with Tp and to have a positive association to the enthalpy. A lot of large
building blocks results in earlier retrogradation of amylopectin and formation of
crystals which melts at lower temperature. The building blocks structure of the pea
starches and the wheat starches are not measured but is very likely to affect the
measured retrogradation parameters. Therefore, for further studies it would be
interesting to study the building blocks for the starches and study how they affect
pea and wheat starches gelatinization parameters as well as retrogradation
parameters.

4.2.3 Pasting properties

Pasting properties for the starch varieties were measured by using a RVA
instrument. Pea (a) had the highest peak viscosity, holding strength, final viscosity,
and setback as well as the lowest peak time and pasting temperature (Table 8 and
figure 2). Pea (b) had the highest peak time and the lowest breakdown. Wheat starch
had the highest pasting temperature and breakdown but the lowest peak viscosity,
holding strength, final viscosity, setback, and peak time. For the statistical analysis,
ANOVA showed significant differences between all the starch variety for the peak
viscosity, holding strength, breakdown, final viscosity, and the peak time. The
setback and the pasting temperature showed significant differences between the pea
starches and the wheat starch. Furthermore the peak viscosity and the final viscosity
for both pea starches was within the range as Chung et al. (2008) presented in their
study. While both pea starches have a little lower setback and pea (b) had a lower
breakdown compared to data reported by Chung et al. (2008). Both the pea starches
had a lower pasting parameters compared with the values reported by Maninder et
al. (2007), however pea (a)’s holding strength was slightly higher than the reported
value.
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These differences to the literature as well as the difference between the measured
pasting properties for pea (a) and pea (b) could be due to internal and external
factors (Schirmer et al. 2015). The internal factors include botanical source which
affects the amorphous and the crystalline structure as well as the size granule,
granule morphology and size distribution. The external factors include the area of
cultivation as well as the climate. The gelatinization parameters are also affected
by the water contents and process parameters such as temperature, time and
mechanical stress.

Table 8. Pasting properties of respective starch sample in cP, the values are means of three
replicates

Starch PV HS B FV S PeakT Ptemp
sample  (cP) (cP) (cP) (cP) (cP) (min)  (°C)
Pea (a) 12917 1176* 115° 1655% 4797 5¢ 73°
Pea (b) 1066° 1046° 19¢ 1493° 446° 7 73°
Wheat 839¢ 658°¢ 1822 969°¢ 312° 6° 91°

Peak viscosity (PV), holding strength (HS), breakdown (B), final viscosity (FV), setback (S), peak
time (PeakT) and pasting temperature (Ptemp). Values with different letters varies significantly (p<

0.05) within the columns.
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Figure 2. Pasting curves for each starch sample. The curves are means of three replicates

Peak viscosity is related to the swelling of the granules and water holding capacity
of the starches (Joshi ef al. 2013). Pea starches had a higher peak viscosity as well
as a lower pasting temperature than the wheat starch, which means that pea starches
start to gelatinize earlier. Pea starches start swelling at lower temperatures and have
lower pasting temperatures, however the DSC data for gelatinization does not
follow the same trend. The granule integrity and the amount of swelling is related
to the viscosity of cooked paste (Joshi et al. 2013). For the wheat starch the higher
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thermal stability could therefore indicate a lower swelling capacity as well as higher
granule integrity in comparison to the pea starches. Wheat starch gels also had more
well-organized intact granules as evident from the light microscopy images and
therefore the swelling is less compared to pea starch (Figure 3).

The setback value was measured to be higher for the pea starches compared to the
value measured for the wheat starch. Setback viscosity is suggested to reflect the
retrogradation of amylose in the starches (Wang et al. 2015). Commonly starch
with a higher setback has a higher trend for retrogradation. Pea starches (a and b)
showed a higher amylose amount (table 2) which could result in the higher setback.

The final viscosity also follows the association with measured amylose content
(Table 2). Pea (a) which has the highest amylose content had the highest final
viscosity. This is probably because of the fact that during the cooling phase of the
RVA measurement the viscosity is depending on the composition of the starch
(Joshi et al. 2013). The viscosity of the cold paste is affected by the amount of
amylose which has leached out from the granules during the heating. These amylose
molecules tend to reassociate during cooling and leading to a higher final viscosity.

Both pasting properties and gel formation properties are two important functional
properties of starch to understand processing functionality for starch in the food
industry (Joshi et al. 2013). Therefore, it is important to understand these properties
for finding an application for pea starch in the food industry.

4.2.4 Microscopy of starch dispersion

The microscopy study of starch dispersion was conducted by studying the
gelatinized starch gel obtained form RV A in light microscopy, by iodine staining
method. In presence of iodine amylose is stained blue while amylopectin is stained
brown/violet (Conde-Petit et al. 1998). In the light microscopy, figure 3, it is seen
that all gels have some intact granules and that the two pea starches are following
roughly the same pattern. For the pea starches difference between the freshly made
gel and the gel stored at room temperature is just in the extent of how much the
iodine has stained. Freshly made samples showed more homogeneous distribution
of the amylose leakage phenomena and dark blue color throughout the image
reflects that. While the samples which were kept in the cold storage, there was an
increase in the amount of water pockets in between the gelatinized pea starch
solution and damaged granules. The micrographs for pea starch also shows swollen
blue stained granules. This could be due to that the amylose is still left in the
intergranular space (Conde-Petit ef al. 1998), and therefore never leaked out of the
granule.
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The wheat starch gels show distinctly amylose which is stained blue and
amylopectin which is stained purple. This indicates that amylose has leaked out of
the granule. For the wheat starch the increase of water present between the granules
in the cold storage does not occur in the same extent as for the pea starches (Figure
3). It can also be seen in figure 3 that the granules for wheat starch and pea starch
have different shapes and both partially maintained granule integrity. Light
microscopy made it possible to see the differences between the cooked pea starch
and wheat starch microstructure as well as how they behave differently under cold
condition.
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Figure 3. Starch gels studied with light microscope after different storage time and storage temperature. The scale bar
at each picture shows 500 um. Fresh starch represents gels which was studied on the same day when the gels were
made, cold storage represent gels stored in a refrigerator for five days before being analysed and room storage
represent gels stored at room temperature for five days before being analysed

4.2.5 Gel storage stability

The syneresis study was conducted by allowing the starch gel samples placed on
petri dishes and in falcon tubes to stand during different storage conditions. All
starch gels placed in petri dishes showed a reduction in weight with storage time,
figure 4. Pea starches stored in a refrigerator had the highest reduction in weight
when comparing the initial weight and the weight on day 5. The weight loss for the
pea starches was highest between day 1 and day 2, figure 4. Wheat starch stored in
a refrigerator had the lowest weight reduction (day 1 to day 5).
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Figure 4. Weight of each starch gels stored at room temperature and refrigerator for five days in
petridish. The curves are mean values of two duplicates

Since all the different starch varieties had reduction in gel weight, evaporation of
water might have affected the result. Since the lid on the petri dishes was not taped
and not completely airtight, minute amount of water evaporation could have
happened.

Hence, the experiment was redesigned, and falcon tubes were used to study the
syneresis. As can be seen in figure 5, pea starches stored in a refrigerator had a
higher water loss than wheat starch. This can also be seen in the microscopic
images, figure 2, where the pea starches showed a higher number of water pockets
in between the granules than the wheat starch, after being stored in a refrigerator
for five days. For the syneresis, pea starches (a and b) started the water loss
phenomena from day 2 compared to wheat starch which first showed a loss of water
on day 16 during refrigerated storage study. When comparing the different
treatment of the gel it can be seen that for the pea starch the water loss was highest
after the second centrifugation when the gel had been cut. For the gels stored at
room temperature none of them showed water loss in initial days, as shown in figure
6. This was also reflected in the microstructure of the gels, between the freshly
made starch gels and starch gels stored at room temperature for five days, figure 3.
On day 5, wheat starch showed a little loss of water after being cut and centrifuged.
On day 16, the pea starch showed water loss after the first centrifugation as well as
after the second centrifugation when the gel was cut open.
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Figure 5. Water loss phenomena of starch gel samples during storage in cold temperature. Starch
1 represents the treatment with tilted tubes, starch 2 represents the starch after being tilted and then
centrifuged and tilted once again. Starch 3 represents the starch that had been tilted, centrifuged,
tilted and then cut, centrifuged and lastly tilted. Each value is a mean value of two replicates

The standard deviation for the water loss in pea starch samples was highest after
the first treatment where the tubes were just tilted. This could be due to the fact that
in some of the tubes the water was accumulated in the bottom below the gels, as
shown in appendix 2. Therefore, no water was actually leaving some of the tubes
although water was released from the gel.

0,045 [

water loss (g)/initial gel (g)
H

-0,01
Day

Pea (a) 1 Wheat 1 Pea(a)2 ®WWheat2 HPea(a)3 ®EWheat3
Figure 6. Water loss phenomena of starch gel samples during storage at room temperature. Starch
1 represent the treatment with tilted tubes, starch 2 represent the starch after being tilted and then

centrifuged and tilted once again. Starch 3 represent the starch that had been tilted, centrifuged,
tilted and then cut, centrifuged and lastly tilted. Each value is a mean value of two replicates
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As syneresis phenomena is associated with retrogradation (Byars & Singh 2016;
Bhat & Riar 2017). Pea (a) had a higher degree of syneresis than the wheat starch.
This also is linked to the measured value of retrogradation enthalpy (Table 7),
where pea (a) had much higher retrogradation than wheat starch under refrigerated
storage. During the retrogradation the gel shrinks, and water is released, which is
syneresis.

Temperature of storage affects the retrogradation of starch, both the amount as well
as the rate of retrogradation (Chang et al. 2021). During storage at -18 °C the
crystals only grow but during storage at 4 °C and 25 °C the crystals both grow and
formation of new crystals occur (Aguirre et al. 2011). At4 °C, overall rate of crystal
growth is highest, which is linked to the highest retrogradation rate. As seen when
comparing the gels stored at room temperature and the gels stored in refrigerator,
more retrogradation occurs in the refrigerator storage. As the storage temperature
is closer to 4 °C and therefore closer to the highest retrogradation rate due to higher
chance of nucleation and crystal formation. However, in starch gels stored at room
temperature, some retrogradation also occurs but the rate is much slower compared
to refrigerated samples. Therefore, syneresis phenomena is almost absent for both
the starch samples (pea and wheat) at room temperature.

4.3 Findings

The results from this project found pea starch to have a higher amylose content as
well as higher amount of long chain amylopectin fractions than wheat starch. Also,
the microscopic images of the starches indicated difference between pea and wheat
starch gels under different storage conditions. These findings could explain the
difference in the physical characteristics like syneresis of the starch gel samples.

Pea starches have higher gelatinization transition temperature than wheat starch,
and one factor behind this could be the higher amount of long fractionated
amylopectin in pea starch. Pea starch therefore needs a higher temperature to melt
than the wheat starch. On the other hand, the pasting properties indicates that pea
starch starts swelling at a lower temperature and has a higher viscosity then the
wheat starch. This is because pea starch granules are less well organized than wheat
starch and therefore swells easier.

The retrogradation parameters show that the pea starch retrogrades more than the
wheat starch which could be due to amylopectin’s building blocks. The
retrogradation affects the syneresis since the syneresis is a measure for how the gel
retrograde. Therefor the pea starch had a higher syneresis. During storage in cold
temperature the syneresis phenomena in starch gels was higher than when they were
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kept in the room temperature. The perfect temperature for retrogradation (crystal
formation) is around 4 °C and the retrogradation was therefore much higher in cold
storage. This was also revealed in the microstructure where pockets with water
between granules were found in the pea starch gel stored in a refrigerator for five
days. The retrogradation also affects the formation of resistant starch, the pea
starches had a much higher amount of resistant starch than the wheat starch.
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5. Conclusion

In this study the aim was to provide information about the chemical and molecular
characteristics for pea and wheat starches and to link them to the physical
characteristics. The findings from the study found that there are some minor
differences between the two pea starches while the difference between the two pea
starches and the wheat starch was larger. The chemical profile and molecular
structure of the starches affects the physical and thermal attributes of the starch
samples.

Pea starch had a higher degree of retrogradation which affected both the syneresis
of the gel as well as the amount of resistant starch formed with storage. Pea starch
is high in resistant starch, which is desirable for the food industry due to its health
benefits.

Further studies including more molecular characterization such as studying the
building blocks of the pea starch will be important for a more profound
understanding of the pea starch molecular organization. Exploring new product
development possibilities such as studying how pea starch would affect the quality
of cereal products like bread and how its retrogradation rate would affect the
product quality will be very useful for food industry.
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Popular science summary

When Swedes hear yellow pea most of the swedes will think of the Swedish pea
soup, which is a traditional dish in Sweden. However, this pea soup has divided the
country into two camps: those who love it and those who hate it. For those who
dislike it, this may be welcoming news. There are other uses for the Swedish yellow
pea.

Peas are made up of both protein and starch. The protein can be used as an
alternative protein in vegetarian meals, but the use of the starch is not that well-
known. This study intended to investigate the chemical, microstructural and
physical characteristics of the pea starch, for a better understanding for potential
use of this starch in the food industry.

The results from the study showed that when looking at the chemical and physical
characteristics of this pea starch, it becomes clear that it has a very valuable function
for the food industry. Cooked pea starch that’s allowed to stand for a while develops
a lot of resistant starch. This resistant starch is well-known for its health benefits.
By comparing the pea starch and the wheat starch it was found that the pea starch
has a greater health benefit since the pea starches develops more resistant starch.
Therefore, a good application of pea starch can be to being used as a food additive
in cooked or baked foods in future. One possible use for the pea starch will be to
add it to bread or other baked goods and make the bread healthier.
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Appendix 1 — Amylose content

Starch variety Amylose content %
Pea (a) 1 38.2
Pea (a) 2 314
Average Pea (a) 34.8
Diff % 19.8
Standard deviation Pea (a) 4.9
Pea (b) 1 345
Pea (b) 2 32.6
Average Pea (b) 33.6
Diff % 5.8
Standard deviation Pea (b) 1.4
Wheat 1 26.7
Wheat 2 27.4
Average Wheat 27.0
Diff % 2.7
Standard deviation Wheat 0.5
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Appendix 2 — Falcon tubes

Pea starch stored Pea starch stored in
in a refrigerator room temperature
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Wheat starch stored Wheat starch stored

in a refrigerator in room temperature
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