N

N

Impact of soaking process on the microstructure of
cowpea seeds in relation to solid losses and water
absorption
Fanny Coffigniez, Aurélien Briffaz, Christian Mestres, Lorene Akissoé,
Philippe Bohuon, Mohamed El Maataoui

» To cite this version:

Fanny Coffigniez, Aurélien Briffaz, Christian Mestres, Loréne Akissoé, Philippe Bohuon, et al.. Im-
pact of soaking process on the microstructure of cowpea seeds in relation to solid losses and water
absorption. Food Research International, 2019, 119, pp.268 - 275. 10.1016/j.foodres.2019.02.010 .
hal-03486202

HAL Id: hal-03486202
https://hal.science/hal-03486202
Submitted on 20 Dec 2021

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.science/hal-03486202
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0963996919300936
Manuscript_9a99dd2a6tb94e68{fa09fc7e9a31e65

10

11

12

13

14

15

16

17

18

19

20

21

| mpact of soaking process on the microstructur e of
cowpea seedsin relation to solid losses and water

absor ption

Fanny Coffignie?, Aurélien Briffaz? Christian Mestred Loréne Akisso& Philippe Bohuof,

Mohamed E| Maataodi

Food Research International

& UMR Qualisud, CIRAD, univ Montpellier, TA B-95/16, 73 rue J-F. Breton, F- 34398 Montpellier
cedex 5, France

® UMR NutriPass, French National Research Institute for Sustainable Development (IRD), Université
de Montpellier, SupAgro, 34000 Montpellier, France

¢ UMR QualiSud Food Process Engineering research unit, Montpellier SupAgro, univ Montpellier,

1101 av. Agropolis, B.P. 5098, F-34093 Montpellier cedex 5, France

9UMR Qualisud, UAPV, univ Montpellier, 301 rue Baruch de Spinoza BP 21 239, 84916 Avignon

cedex 9, France

* Corresponding author: Aurélien Briffaz, CIRAD, UMR Qualisud, TA B-95/16, 73 rue J-F.
Breton,F- 34398 Montpellier cedex 5, France Tel: +33 4 67 61 59 13; Fax: +33 4 67 61 44 49.

E-mail address: aurelien.briffaz@cirad.fr

© 2019 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


http://www.elsevier.com/open-access/userlicense/1.0/
https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0963996919300936
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0963996919300936

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Abstract

A cytohistological investigation was performed tetter understand the structural alterations of
cowpea seeds in relation with soaking. Thin sestiolotained from seeds soaked at 30°C, 60°C and
95°C were treated to specifically visualize statoteins, cellulose and pectin. Micropyle behavior
as well as water uptake and dry matter loss wese mlonitored. A Soaking at 30°C induced slight
alteration of parenchymatous cells of cotyledonsemgas drastic alterations were observed at 60°C
and intense alterations at 95°C. All these strattorodifications of cells could explain losses of
nutrients and antinutritional factors at the highssaking temperature (95°C). The size of the
apertures in the micropyle sections varied dependimboth soaking temperature and time. At 30°C
and 60°C, the micropyle aperture enabled notabtenugtake by seeds. At 95°C, water was entirely
taken up through the testa. These results showntioaiels describing nutrients losses and water

uptake should account for these structure chang@sgisoaking of legumes.

Keywords

Microscopy; legumes; cell wall; micropyle; cookirfigelimination
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1. Introduction

Legume seeds such as cowpdAgiia unguiculata) are widely cropped and are of vital
importance to the livelihood of several million jpd®in West Africa (Achigan-Dako et al., 2011).
Legume seeds are important in human nutrition (&ralk Vance, 2003) and unlike animal-based
products, benefit the environment (Tscharntke ¢t28112). Cowpea seeds are rich in proteins (20-
25 %), starch (45-55%) and micronutrients includimigamins and minerals (Sreerama, Sashikala,
Pratape, & Singh, 2012). Cowpeas are used in m#fgraht traditional African dishes (Dovlo,
Williams, Zoaka, & others, 1976) whose preparataiten requires a preliminary soaking step.
Soaking usually involves immersing the seeds irewat room temperature overnight. After soaking,
the seeds are usually cooked in boiling water foto460 min (Madodé et al., 2013). During the
soaking-cooking processlue to both seed heating and hydration, the seadsally or totally
gelatinize and proteins may undergo thermal deattur. All these combined phenomena strongly

affect seed structure and confer a softer texture..

In terms of structure, cowpea seeds are composediesta with a hilum and a micropyle, two
cotyledons and an embryonic axis (epicotyl + hypylce radicle) (Stanley & Aguilera, 1985). The
cotyledon is the main nutritional component of leguseeds and previous studies have shown that
cotyledons are rich in starch and proteins (Swanblghes, & Rasmussen, 1985). Heat treatment
between 60°C and 75°C during soaking causes thehsta gelatinize thereby enhancing its
digestibility (Coffigniez et al., 2018; Stanley &géiilera, 1985). It also enhances protein dige#ibil
by increasing protein solubility (Alonso, Aguirr&, Marzo, 2000; Hoover, Hughes, Chung, & Liu,
2010). The structural integrity of cotyledons isalaffected by heating. For example, Hung,
McWatters, Phillips, & Chinnan, (1990) showed thadking at 50°C, 70°C and 90°C dissociated the
cotyledon cells. This is mainly due to pectin dgpmrization and3-elimination (Njoroge et al.,
2016). Heating has also been shown to induce izt and anti-nutritional losses through diffusion

and thermal degradation (Ibrahim, Habiba, ShattaEr&@baby, 2002; Coffigniez et al., 2018). A
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previous study by our team showed a low diffusidralpha-galactosides during soaking at 30°C,
which was enhanced at higher soaking temperat@@¥C(and 95°C) (Coffigniez et al., 2018).
However, the cytohistological mechanisms involvedhis heat-induced destructuring remain poorly

understood.

Heat treatment also affects the water uptake @gpaicthe seeds. The testa can act as a barrier
to water uptake and affect the extent of interlogkwith the cotyledons (Sefa-Dedeh & Stanley,
1979). In cowpea and lupin, most water absorptiooucs via the micropyle and the testa of the
seeds (Sefa-Dedeh & Stanley, 1979; Robles-Diaze§|@& Yafiez-Espinosa, 2016). The size of the
micropyle determines the quantity of water absotmethe seed (Sefa-Dedeh & Stanley, 1979). The
degree of starch gelatinization also determineswtiager uptake capacity of the seed (Briffaz,
Bohuon, Méot, Dornier, & Mestres, 2014). Howevee tmpact of heat treatments on the behaviour

of the micropyle and consequently, on its rolegigulating water uptake remains to be established.

The aim of the present study was thus to betterenst@nd the impact of seed structural
modifications at different levels (including cotgllens and micropyle) on water uptake, dry matter
losses and on the biochemical behavior of some anegnstituents (starch, proteins, cell walls)

during soaking of cowpea seeds using microscopocgtohistological techniques.

2. Materials and methods

2.1 Material

The variety of cowpea used for this study wasWaeskoun brownish one provided by IITA in
Benin. Cowpea seeds were sown in November 201Aarvésted in February 2015. The seeds were

kept in a vacuum pack and stored at 4°C in the datik use.
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2.2 Soaking experiments

Thirty grams of cowpea seeds were soaked in 120dmibnized water using the method
described by Coffigniez et al., (2018) with a réisgl seed-to-water ratio of 1:4 (w/w). The
temperatures and time ranges investigated were /G®G38 h; 40°C/0.25-8 h; 60°C/0.16-8 h;

70°C/0.16-6 h; 80°C/0.16-6 h and 95°C/0.25-3 h.

In an additional experiment, prior to soaking at@Gdor 3 h or 60°C for 1 h, the hilum and

micropyle were both obstructed with superglue (ogamylate) to assess their role in water uptake.

2.3 Microscopy studies

2.3.1 Seed overall morphology

To analyze the overall structure of the seeds, sgimenlongitudinal half seed sections were cut
using shape razor blades and stained with lugalefteal the starch). Observations were performed

with a Nikon AZ100 stereomicroscope (ChampignyMarne, France).

2.3.2 Cytohistology

Raw (control) and soaked seeds (see section 2sbaking procedure) were immersed in a cold
fixative solution consisting of 4% (v/v) glutaraldgle and 4% (v/v) paraformaldehyde in 0.2 M
phosphate buffer (pH=7.2). To facilitate the pesidn of the fixative products, samples were placed
in a vacuum for 20 min. After 48 h of fixation atG} the specimens were rinsed in distilled water
and stored in 70% ethanol at 4°C until requiredeyTtvere then cut into 5x5 mm fragments from
different regions of the seed: cotyledons, testth wailum and micropyle. All the samples were
dehydrated in increasing concentrations of eth&@®100% (v/v)) and embedded in methacrylate
resin (Kit Technovit 7100, Heraeus-Kulzer GmbH, \Wsehm, Germany) according to the
manufacturer’s instructions. Sections (3 um thigldre serially cut using a retraction microtome

(Supercut 2065, Reichert-Young, Wien, Austria) aegosited on microscope slides. For routine
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observations, sections were stained with toluidilue, a metachromatic dye (Clark, 1981). Sections
were also cytochemically stained to specificallyudlize major cell components using the following
cytochemical reagents: periodic acid-Schiff's redad®AS) for starch and cellulose (pink); naphthol
blue-black (NBB) protein (blue) (EI Maataoui & Path 1999), Ruthenium Red (RR) (Sigma,
Germany) for pectin (red) and Fluorescent Brightgf®) (Sigma, St Louis) for cellulose (Clark,
1981). In this latter case, the observations weeglenusing UV illumination (365 nm) (Clark,
1981). All the observations were performed usind.eaca DMR (Leica, Wetzlar, Germany)
photomicroscope equipped for bright field, darkdjgophase contrast and UV illuminations. Images
were captured using a Leica DFC 300 FX digital canand processed using LAS (Leica, Wetzlar,
Germany) and image J software (https://imagej.nEdy each treatment, approximately 60 sections

were analysed, and the best images were selecibustoate our investigation.

2.3.3 Micropyle aperture measurements
Using the same experimental configuration as erpthabove, the aperture of the micropyle was

measured on 50 microscopic cross sections obtdired seeds soaked in different time and

temperature conditions (see section 2.2) and iseggpd as an average length (um).

2.4 Dry matter losses
For each soaking experiment, around 20 mL of sgakiater was collected, weighed and dried
at 100°C for 48 h. The dry matter loBdvIL(t) (kg / 100 kg db)in soaking water was calculated

against time (h) as follows:

M aw (1)

DML(t) = o *100 (1)

S

where m, 4, (t) and m, 4(0) are the mass (kg) of the 20 mL of soaking wateeradrying and the

mass of dried seeds at initial time respectivety).(k
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2.5 Water uptake kinetics

Water contentWC(t) (kg of water/kg db) of soaked seeds was measwedfanction of soaking

timet (h) using the method described by (Coffigniez et 4118 and the following equation:

mw,s(t) - md,s(t) (2)
my s (t)

WC(t) =

where m,4(t) and m, s(t) are the mass of the wet seeds and dried seedasvérset (h)

respectively (kg).

3. Resultsand discussion
Observations of symmetric longitudinal seed sestisimowed that the gross structure of cowpea
seed is consistent with the organisation of exalboosFabaceae (Fig. 1). The structure comprises
an embryo with massive and reserve-rich cotyled@sas well as an embryonic axis (E) embedded
in the testa (T), giving them a kidney-like app@ae The hilum (H) and micropyle (M) are located

in the concave part of seeds.

3.1 Madifications of cotyledon cells

The cytohistological effects of soaking processenmiainly investigated in the parenchymatous

tissue of the cotyledons, which is the main compboéthe seed.

3.1.1 Madification of cell content: starch and protein

The cotyledons of the control (raw seeds) were as®g@ of an epidermal layer embedding
massive, compact parenchymatous tissue containarg mascular bundles (not shown). PAS and
NBB staining (Fig. 2a) revealed numerous compagterogeneously sized starch granules (stained
pink) and a protein-rich (stained blue) cytoplashroteins were dispersed in the cytoplasm
(amorphous), or organised as protein bodies. TheenpaAymatous tissue contained sizable

intercellular spaces, sometimes filled with protein
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Figure 2 (b, ¢ and d) shows the impact of soakimegtinents on cowpea cotyledon cells.
Compared to raw seeds (Fig. 2a), sections of abtyleobtained from seeds soaked at 30°C for 6 h
showed a decrease in the intensity of the staioirige starch granules, proteins and cell wallthef
parenchymatous cells (Fig. 2b). Similar alteratiargse observed in parenchymatous cells soaked at
60°C for 2 h. However, PAS and NBB positive matesacumulated in the intercellular space
(Fig. 2c). Sections of cotyledons from seeds bewaked at 95°C for 1 h showed marked alterations
in the structure of the parenchymatous cells (Z&§. Indeed, we observed a decrease in PAS
staining of starch and an increase in the sizetatls granules, which doubled in size (Fig. 2d)
compared to raw seeds (Fig. 2a). On the basis féérBntial Scanning Calorimetry measurements,
Coffigniez et al., (2018) showed that a cooking@8tC for 1 h resulted in full gelatinization of
starch. The proteins were homogeneous in the @gapl but the blue color was strengthened by

NBB (Fig. 2d). Dense material filled the intercédiuspaces (Fig. 2d).

3.1.2 Modifications of cell walls

Given that the major constituents of plants cellisvare cellulose and pectin, we decided to use
PAS, FB and RR staining reagents. Figures 2, 3aae representative micrographs illustrating the
effects of soaking on the behaviour of these coraptm In the control, PAS resulted in intense
staining of the components of the cell walls, whagtpeared to be compact and homogenously
organized (Fig. 2a). This was confirmed by the ltesof FB (Fig. 3a) and RR (Fig. 4a) treatments
for cellulose and pectin respectively. After sta@ithe cell walls displayed a cohesive cellulose
structure and a middle lamella in the form of atipelayer. After soaking at 30°C for 6 h, the cell
walls showed a reduced intensity using PAS rea@eéigt 2b), and slight disruption causing the
migration of cytoplasmic materials which accumutiate enlarged intercellular spaces. FB staining
(Fig. 3b) showed loosening of the cellulose, comsillly thickening the cell walls. Pectin specific
staining with RR (Fig. 4b) showed a reduced intgrisi the pectic middle lamella, particularly aeth

boundaries of the intercellular spaces. SoakirgP&t induced similar but greater alterations of the

8
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cell walls (Figs. 2c, 3c and 4c) with the accumiolaof cytoplasmic material in intercellular spaces
and separation of the cells. Sections of cotyledsmaked at 95°C displayed parenchymatous cells
with profoundly destructured cell walls (Figs. 3l and 4d). This was confirmed by the breaks in
the cell walls at several places and the onsetetif dissociation where the middle lamella had
disintegrated. After this treatment, there wasnsgaccumulation of cytoplasmic material in the

intercellular spaces.

The cell wall degradation and accumulation in icédlular space after soaking at 60°C and 95°C
(figs. 2 to 4) showed that the cell walls were peafrle and that cellular content had diffused ihto t
intercellular space. Other authors also reportedilasi cell disruption after heat treatment of
legumes. Mwangwela, Waniska, & Minnaar, (2006) sédwhe accumulation of pectins in the
intercellular space after hydrothermal treatmenaldkbn et al., (2003) and Varriano-Marston &
Jackson, (1981) reported the loss of plasmalemrdadeworganization of cytoplasm after treatment
at high temperature. This communication with théencellular space probably began in the
plasmodesmata and could be du@-elimination and pectin depolymerization (Bernalgbu Parra,
Portilla, Pefia-Valdivia, & Moreno, 1997; WaldronarRer, & Smith, 2003). Buren, (1979), Liu,
Phillips, & McWatters (1993) and Njoroge et al. 1B) showed th&t-elimination was limited below

60°C but total after boiling at 100°C for 30 min.

A very slight disruption of the cotyledon cell wathppeared after soaking at 30°C. The limited
disruption could be linked to lack ffelimination, but also to possible cell wall strémgning, partly
due to phytate hydrolysis. In cowpea, phytate cotraéions range from 0.3-1.5 mg/100 mg, mainly
in the protein bodies of the cotyledon parenchyRiaytates are associated with bivalent minerals
such as calcium, magnesium, iron and zinc (Krulygnnis-Ndimba, Mtshali, & Minnaar, 2015;
Gongalves et al., 2016; Sandberg, 2002). Some eutfawe reported loss of phytates during soaking
of legumes at 30°C due to hydrolysis from endogenphytase (Alonso et al., 2000; Chang,

Schwimmer, & Burr, 1977; Shi, Arunasalam, Yeung.ké@a, & Mittal, 2004). This phytate
9
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degradation triggers the release of bivalent miseffam the phytate-mineral complex and their
migration towards the cell wall of the middle lafae{Phillips et al., 2003), where the pectins are
usually soluble and linked to monovalent miner&dewever, in this case, the released divalent
minerals, especially calcium, replace the monovafemerals and the pectin becomes insoluble
(Kruger, Minnis-Ndimba, Mtshali, & Minnaar, 2015Jhe insoluble pectin forms a stronger cell

wall, thereby preventing cell separation (Phillgisal., 2003).

When legumes are soaked at between 50°C and 66&@s ts competition between pectin
strengthening and pectin degradation in the celllswblowever, in our cytohistological study and in

this temperature range, pectin degradation predatenn(Figs. 2b and 4b).

3.1.3 Impact of cell wall degradation on masstransfer properties

The observed structural changes in the cell walihdusoaking can strongly affect the mass
transport of several components, including nutdearid antinutrients, from the seed to the soaking
medium. As shown in figure 6a, soaking temperalia@ a strong effect on the extent of solid losses.
Indeed, over a soaking time of 3 h, mean dry méteses were about 10 times higher at 95°C than
at 30°C. The same trend was reported by Kon, 18T#ans with a dry matter loss of 2%, 12% and
12% after soaking for 5 h at 40°C, 1 h 30 at 60f@ 8.8 h at 90°C, respectively. These losses,
which often include nutrients and antinutrientg @irus facilitated by high soaking temperatures tha

may increase cell wall degradation.

For instance, concerning antinutrients, a previstugly by our team on the same cowpea
variety (Wankoun) showed that 2.2%, 58% and 48% of alpha-galactsdidd diffused in water after
soaking at 30°C for 6 h, at 60°C for 2 h, and &i®¥%or 1 h, respectively (Coffigniez et al., 2018).
This diffusion of alpha-galactosides from cowpeadseras modelled using Fick’s law and apparent
diffusivities were identified, revealing a stronffeet of temperature. For example, the apparent

diffusivity of stachyose was found to be 150 tinmser at 30°C than at 60°C and 1.5 lower at 60°C

10
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than at 95°C. The modification in the structuretlad cell wall together with pectin degradation at
higher temperature may explain the resulting higtmrarent diffusivities obtained at 60°C and 95°C

compared to 30°C. This model could be upgradedtggrating this structural factor.

Similarly, other components can leach out of tlgeailee seed to an extent which varies with
the soaking conditions. Carbohydrates represeningie fraction which is lost during soaking. For
instance, Sayar et al. (2011) showed in the cashiokpea that boiling for 1 h or soaking at 20°C
for 15 h induced carbohydrate losses of 75% (dly) ah88% (db) respectively. For instance,
soaking cowpea seeds at room temperature for 8dited in a loss of tannins, phytic acid and
trypsin inhibitors of less than 1%, whereas boilfog 45 min resulted in a loss of 41%, 6.8 % and
87 % of the same species, respectively (Ibrahinbilbéa Shatta, & Embaby, 2002). In beans, Kon,
1979 found that increasing soaking temperatureG/h, 60°C/1.5 h, 90°C/50 min) increased the
diffused fraction of thiamin by 1%, 32% and 40%spectively). All these observations show that the
soaking temperature can be optimized to preseree nilitritional value of seeds for human

consumption.

By comparing the results of the present microscepicly and those of a quantitative study
on alpha-galactosides by Coffigniez et al. (2018ha the same seed cultivar, we can confirm that
there is a strong link between destructuring ofdék (disruption of the cell wall and degradatimin
pectin) that is enhanced by high soaking tempezatiand molecular diffusion through the
intercellular space. However, other seed structooetd also affect the material losses from thel see
during soaking such as the micropyle whose opeginy facilitate diffusion, essentially at low

temperatures.
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3.2 Water uptake by the seeds

3.2.1 Water uptake from the micropyle

The behaviour of micropyle was monitored using sresctions stained toluidine blue. Cross
sections from the control (Fig. 5a) showed a clagserture embedded in three different structures: a
spongy tissue (around 5@@n), a palisade layer (around 1) and a group of tracheids (around
400 um). After soaking at 30°C for 3 h and 6 h and &@fbr 1 h and 2 h, the micropyle was open.
However, the opening was twice as big after thetsBbsoaking time at 30°C and 60°C (Table 1).

After soaking at 95°C, the micropyle remained alhobssed (Table 1) at both soaking times.

Figure 6b shows cowpea seed water uptake kineticsffarent soaking temperatures ranging
from 30°C to 95°C. The early water uptake rateci@gated as the linear slope from 0 to 0.5 h, data
not shown) increased with soaking temperature, &e95°C, when the lower initial water uptake
rate could be due to the closure of the micropllgg. 5f and 5g). These results are consistent with
those obtained by Coffigniez et al., (2018) usihg same cowpea material and in the same
experimental soaking conditions. These authors tifileth apparent water diffusivities
(D, n?.s %) in cowpea seed through model adjustment and sihdkatD was two times lower at
95°C than at 60°C. In the present study, seed wedetent was also measured in the same
experimental conditions but with the seed micrope hilum artificially closed using superglue
(data not shown). In this configuration, the rasgltwater content was 39% and 33% lower after
soaking at 30°C for 3 h and at 60°C for 1 h, re8pely than in seeds with a free micropyle and
hilum. These observations suggest that at low teatypes, these structures are involved in the
regulation of water uptake by the seed. Moreovetpa soaking temperatures (i.e. at 30°C and
40°C), water absorption behavior was not purelykigit, with a short delay at the early stage of
water uptake kinetics. Indeed, at 40°C for examgile, initial ¢ < 0.25 h) water uptake rate was

found to be lower

12
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(0.88 kg/kg db/h) than that from 15 to 30 min (1k§2kg db/h).These results suggest that active
transport might occur through the micropyle andimil The contribution of these structures to the
active control of seed water absorption at low sgakemperatures was confirmed with the aperture

of the micropyle at 30°C (figs. 5b and 5c).

Other authors also highlighted the contributiorthed micropyle to the water absorption process
in some legume seeds. Using a dye in lentil anthlspeds soaked at room temperature, Robles-
Diaz et al., (2016) showed that water uptake peetally occurred through the micropyle. Gama-
Arachchige, Baskin, Geneve, & Baskin, (2013) blatkde hilum and micropyle ofCercis
canadensis seeds, which partly blocked water uptakeish & Evans, (1980reported that the
behaviour of the micropyle of cowpea seeds depetm@dgreat extent on experimental conditions.
Indeed, they showed that the micropyle is waterpfdosed) when the seed is dry (water content of
10-12 %). To absorb water, a change in cell conddion and a water content threshold (24%) are

required for micropyle opening.

3.2.2 Water uptake through testa layer

Despite the blockage of micropyle and hilum struesusection 3.2.1), 60% of water uptake was
maintained during soaking at 30°C and 60°C. Thiseewaptake probably occurred through the testa
layer. In this case, the structure of the cowpeal testa may play an important role in water uptake
(Stanley & Aguilera, 1985). The water diffusivithrough the testa increased with decreasing
thickness and increasing temperature (Kaptso £22@08; Yildirim, Oner, & Bayram, 2011). At
95°C, water was only taken up through the testar@pyle closed), which explained the lower water
uptake rate before 1 h compared with that at |desperatures. However, the marked breakdown of
cell walls observed at 95°C (Figs. 2d to 4d) coifaldilitate water uptake and partly explain the

higher water uptake after 1 h compared with th&aer temperatures.
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4. Conclusion

Our study has advanced our knowledge of changemajor cell components and structure
(including micropyle) of cowpea seeds during sogkamd their impact on the diffusion of material
and uptake of water. The changes in the cells weoaitored by means of cytohistological
investigation. During soaking at 30°C, only sligsttuctural modifications were observed, with
minimal impact on mass transfer out of the celld mater mainly taken up through the micropyle.
At higher soaking temperatures (i.e. 60°C and 95%g)l wall disruption occurred due t®
elimination and depolymerization of pectin. Thedfi@ effect of high soaking temperatures on the
cell walls was responsible for the loss of matenathe soaking water that facilitated water uptake
by the seeds. At high soaking temperatures, watixke mainly occurred through the testa layer. All
these temperature-dependent structural changeddsheuintegrated in existing models to better

describe the diffusion of alpha-galactosides aedubtake of water by cowpea seeds during soaking.
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Fig 1: Micrograph showing the gross morphology of cowpeeads. T, testa; H, hilum; M,
micropyle; C, cotyledon E, embryonic axis. Lugaisting (dark blue) reveals accumulation

of starch in the cotyledon. Embryonic axis appéatse starch free. Scale bars = 1(8@Q

Fig 2: Effects of soaking on the parenchymatous cellsaipea cotyledon. Sections were
stained with PAS-NBB. (a) Control (raw seeds). flfier soaking at 30°C for 6 h. (c) After
soaking at 60°C for 2 h. (d) After soaking at 956C1 h. Note the decrease of stain intensity
of starch and proteins in (b) and (c) comparedjpgnd the presence of amorphous materials
in intercellular spaces in (c) and (d) (arrows)] &me intense blue colour of the cytoplasm in
(d). CW: cell wall; IC: intercellular space; S: sth; Cy: cytoplasm; PB: protein body; N:

nucleus. Scale bars = a#é.

Fig 3: Effects of soaking on cellulose in the cell wallscowpea cotyledons. Sections were
stained with FB. (a) Control (raw seeds). (b) Aeaking at 30°C for 6 h. (c) After soaking
at 60°C for 2 h. (d) After soaking at 95°C for 1Nbte the disruption of the cell wall in (c)

and (d) (arrows), and cell dissociation in (d) (st&cale bars = 18m.

Fig 4. Effects of soaking on pectin in the cell walls afwpea cotyledons. Sections were
stained with RR. (a) Control (raw seeds). (b) Ateaking at 30°C for 6 h. (c) After soaking
at 60°C for 2 h. (d) After soaking at 95°C for 1MKote the presence of pectin in the
intercellular spaces in (b), (c) and (d) (arrovas)d the fusion of starch granules in (d). S,

starch. Scale bars = 1én.

Fig 5: Effects of soaking on cowpea micropyle. Sectiwese stained with toluidine blue. (a)
Control (raw seeds). (b) After soaking at 30°C 3dmn. (c) After soaking at 30°C for 6 h. (d)
After soaking at 60°C for 1 h. (e) After soakinge@’C for 2 h. (f) After soaking at 95°C for
0.5 h. (g) After soaking at 95°C for 1 h. Note firesence of the aperture in (b), (c) and (d).

Ap: aperture; Pa: palisade; TI: tracheid islancil&bars = 1&m.



Fig 6: (a) Dry-matter loss kinetics (kg/100 kg db) ofnp®a seeds during soaking at 30°C
(black), 60°C (blue) and 95°C (brown). (b) Watertake kinetics (kg of water/kg db) of
cowpea seeds during soaking at 30°C (black), 40&@),(60°C (blue), 70°C (green), 80°C

(orange) and 95°C (brown). Error bars represenstiwedard deviation (n=4)

Table 1. Changes in the micropyle aperture after soakir@paC, 60°C and 95°C. The mean
aperture was measured on the whole micropyle prederin Figure 5. (mean

values + standard deviations determined with n=6sugements)
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Temperature (°C) Time (h) Micropyle thicknegsn(
0 0 0+0?
30 3 12.2+1.3°
6 5.8+0.8
60 1 11.7 2.0
2 54+2.6
95 0.5 1.8+0.7
1 1.3+0.7

Values with different letters (a—b-c-d) are sigrafitly different p < 0.05).





