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ABSTRACT

Har d-to-cook phenomenon in cowpeas. effect of micronisation and hot-air roasting on
storage quality

By

Kimondo Ndungu

Supervisors: Prof. A. Minnaar

Prof. M. N. Emmambux

Cowpea Yigna unguiculata(L.) Walp.) is one of the most important grain uete in sub-
Saharan Africa. It is an important source of afédile dietary proteins for the low-income
populations. Cowpeas develop hard-to-cook (HTQ@¢ateduring storage at high temperature-
high humidity (HTHH) conditions experienced in theggions. Cowpeas with HTC defect are
characterised by long cooking time that lead toeased energy demands that add constraints on
the consumers with limited resources. The maireahje of this work was to determine the
effect of micronisation and hot-air roasting asatgtgies in the control of HTC defect
development.

A preliminary study determined the effect of accated storage conditions of 40 and 80%
relative humidity for 40 days on HTC defect develgmt among 3 cowpea types. The
accelerated conditions simulate the HTHH storageditons. The 3 cowpea typeBgchuana
white, AgripienkandMae—e—tsiliwangstored at these HTHH conditions developed HT@&clef
as shown by the increased cooking time. The iiser@a cooking time was not observed in the
control cowpeas stored af@. The increase in cooking time differed among3@wpea types
and this indicated varying degree of susceptibilityiTC defect. HTC defect development at the
accelerated HTHH conditions was shown to be dued@ased phytase activity that resulted in

decreased phytate content and decrease in watdrlesqectin. This was in agreement with the
3
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“phytase-phytate-pectin” theory. The role of ligration was not established during HTHH
storage conditions since peroxidase activity aguliti content did not increaségripienkwhich

had the highest increase in cooking time was ssdefor the heat pre-treatment study.

Cowpeas of thé\gripienktype were pre-conditioned to 25% moisture before beingonised

or hot-air roasted at 151 for 5 minutes. Phytase activity was reduced 0% 7and 45% by
micronisation and roasting pre-treatments respelstiv After HTHH storage the cooking time
increased by >430%, 243% and 92% for the controgsted and micronised cowpeas
respectively. Micronised cowpeas had the lowesteise in cooking time. Therefore, HTC
defect was controlled but not prevented by the peattreatments. Micronised cowpeas which
had the lowest phytase activity has higher phytatd water soluble pectin contents when

compared to both roasted and control cowpeas.

The mechanism of HTC defect control by the heattgatments was attributed to partial
phytase inactivation which decreased the rate phyigydrolysis and liberation of divalent
cations available to bind to pectin in the midddenklla. There was higher content of water
soluble pectin and lower content of chelator s@yteéctin in the heat pre-treated cowpeas than
in the control after HTHH storage. Increase inlatoe soluble pectin indicated formation of
pectates that limit the rate of cell separationirdurcooking. Based on these findings, cell
separation during cooking was investigated furti@onfocal laser scanning microscopy showed
that there was more cell separation in the heatrpeted cowpeas when compared to the control
after HTHH storage. The control cowpeas showed mmahicell separation even after 2 hours of
cooking. The ease in cell separation in the hestngated cowpeas was due to presence of more
soluble pectin in the middle lamella when compatethe control that had more chelator soluble
pectin. Micronised cowpeas had more cell separattben compared to the hot-air roasted

cowpeas.
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Differential scanning calorimetry of cowpea flouskowed that HTHH did not lead to an
increase in gelatinisation temperatureg @hd T,) or gelatinisation enthalpgd) in control,
micronised and hot-air roasted cowpeas. Incraafigese thermal properties is suggested to lead
in increased cooking time. The pasting viscosibiethe cowpea flours decreased after heat pre-
treatments but HTHH conditions did not alter theceaisities of either the control or heat pre-
treated cowpeas. Therefore the changes in stheeimél and pasting properties due to HTHH

storage were not observed.

This study indicates that HTC defect developmens Wapendent on phytase activity during
HTHH storage. The effectiveness of micronisation doot-air roasting in preventing HTC
defect was dependent on the degree of phytasava@ah. Micronisation was more effective
than hot air roasting in controlling the developmehHTC defect due to a higher degree of

phytase inactivation.
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1 INTRODUCTION AND PROBLEM STATEMENT

Cowpea Vigna unguiculataL. Walp) is a leguminous plant widely cultivated the tropics
(Chavan, Kadam & Salunkhe, 1989). The adaptati@owpeas to low rainfall (Ehlers & Hall,
1997) and marginal soils (Hall, Cisse, Thiaw, Eldwkhlers, Ismail, Fery, Roberts, Kitch &
Murdock, 2003) render them a nutritious legumeul-Saharan Africa. Cowpea seeds are a rich
and inexpensive source of dietary proteins (AlagamMdustapha, Dabak & Ubom, 2012) in often
low-income regions of sub-Saharan Africa with protdeficient diets. Cowpeas are important
in alleviating protein energy malnutrition when qaemented with cereal-based diets (Igbal,
Khalil, Ateeq & Sayyar Khan, 2006). One of the ardjmitations in dry whole cowpea grains
utilisation is long cooking time and thus, high ejyedemands (Stanley & Aguilera, 1985). This
limitation is further exacerbated by development‘ludrd-to-cook” (HTC) defect that occurs
during storage at high temperature (36€35and high humidity (60-80%). HTC cowpea seeds
are characterised by longer cooking times in atigiracceptable softening for consumption
(Aguilera, 2000). HTC defect reduces the accefitpbdf stored legumes since prolonged
cooking increases time and energy demands on tther wasourced populations of sub- Saharan

Africa.

Several mechanisms have been proposed to explairdelielopment of HTC although the
contribution of each mechanism to the overall pssae not clear (Aguilera, Stanley & Baker,
2000). Most of the proposed mechanisms of HTCterdture implicate increased enzymatic
activity during storage at high temperature andchhiglative humidity. The two main theories
reported in literature are the “phytase-mineral amderal-pectin interactions” (Jones & Boulter,
1983; Galiotou-Panayotou, Kyriakidis & Margaris, 08) and “lignification mechanisms”
(Hincks, McCannel & Stanley, 1987).

Refrigeration of legume seeds of low moisture confe 10%) at low temperatures’® seems
to be an effective way of controlling HTC defecvd®pment (Garruti & Bourne, 1985; Berrios,
Swanson & Adeline Cheong, 1999) due to reducedraazactivities. However, refrigeration is

costly and may not be accessible in developing tms Preventative techniques such as heat

15
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pre-treatments and gamma irradiation before HTHagfe have failed to completely prevent
the defect development (Plhak, Stanley, HohlbergAduilera, 1987; Cunha, Sgarbieri &
Damasio, 1993). Heat pre-treatments already imgagsd include treatments with sand roasting
of beans (Aguilera & Stanley, 1985; Plhak al, 1987; Rivera, Hohlberg, Aguilera, Plhak &
Stanley, 1989), microwave heating of beans (Plta&l, 1987; Cunhaet al, 1993) retorting of
beans (Molina, Baten, Gomez-Brenes, King & Bressafir6) and steaming of beans and
cowpeas (Molinaet al, 1976; Affrifah, Chinnan & Fang, 2006). Howevegne of the pre-
treatments has totally prevented the hardening gghenon during storage probably as a result

of residual enzyme activity.

Micronisation (Infrared heating), a relatively nbweay of heat processing, has been shown to
reduce the generally long cooking times of legusesh as cowpeas (Mwangwela, Waniska &
Minnaar, 2006) and lentils (Arntfield, Scanlon, Melmson, Watts, Cenkowski, Ryland &
Savoie, 2001). Infrared (IR) heating is reportedé more effective than conventional heating
methods due to its superior heating propertiesdS&kHdanzawa, 1994; Fasina, Tyler, Pickard,
Zheng & Wang, 2001; Krishnamurthy, Khurana, Soojinjdayaraj & Demirci, 2008).
Therefore micronisation, a technique not previouslgd as a pre-treatment in the prevention of
HTC defect has a potential to be a more effectwat Ipre-treatment strategy in comparison to
the already studied techniques. Affrifah (20043ated that a shortcoming of most of the heat
pre-treatment studies is that the role of inackbvabf enzymes such as phytase in preventing the
HTC defect was not experimentally investigated.rtfi@rmore, the mechanisms through which
the reductions in HTC defect development were aguieare not clearly reported in these
studies. These studies fail to investigate thecotfbf the heat pre-treatments on physico-

chemical characteristics suggested to lead to Haf€atl development.

There is still need for strategies to prevent Hfedt development since most of the strategies
used do not completely prevent development of #fea. The potential of micronisation in the

prevention of HTC defect needs to be evaluatedcamdpared to conventional heat treatments

16
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such as hot-air roasting. It is critical to undansl the prevention mechanisms, which would

lead to designing of more effective strategies.

17
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2 LITERATURE REVIEW

2.1 Physical, Structure and chemical composition of cowpeas

Cowpea seeds are small dicotyledonous seeds @reiiff colours, shapes and sizes. The
length ranges from 2 to 12 mm Chavan & Kadam (1989). 3é&ed shape isormally
globular to kidney shaped (Henshaw, McWatters, @Qguie & Phillips, 1996). The cowpea
seed colour ranges from white, brown, red, pumlblack with some varieties being speckled
or mottled (Taiwo, 1998; Affrifah & Chinnan, 200&jami, 2005). A cowpea seed has two
major structural parts; the seed coat and the edtyl seed weight fractions are 85 - 90%
cotyledon and 8.5-10% seed coat (Deshpande & DaianodE990).

The seed coat or testa is the outer protectiver lafy¢he cowpea seed. The seed coat is
important as it is the first point of interactioetiveen the seed and the external environment.
The seed coat influences important physico-chenpoaperties of the cowpea seed which
impacts on its utilization as human food. Somthefproperties such as seed coat thickness are
known to affect the rate of water uptake whichumtinfluences the cooking quality of the
seeds (Penicela, 2011).

Like all leguminous seeds, the cowpea seed hascotgedons which are the major parts
with respect to weight and volume. The parenchgelss are the main storage sites
containing protein bodies and starch granules (MaWatters & Phillips, 1992a) and are
surrounded by a cell wall. The proximate compositof cowpeasTable 2.} shows
considerable variations in proximate compositioa thuvariations in cultivar, soil, climate and
agricultural practices (Hsieh, Pomeranz & Swand892). Starch is the most abundant single

carbohydrate fraction in cowpeas ranging from 26%39% (Longe, 1983).

2.2 Physico-chemical changes during cooking of cowpeas

Like for most legumes, cowpea seeds are mainlyapeelpfor consumption by cooking. The
cooking of whole cowpea seeds is normally donedijnly the seeds at atmospheric pressure and

temperature. Boiling of the seeds can be donecttijreor after hydration (soaking) as
18
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practiced in Latin America. In easy-to-cook cowqethe process of cooking leads to
softening of the seeds until they attain a textivat is considered acceptable to
consumers (Affrifah & Chinnan, 2005).

Table 2.1 Proximate composition of cowpeas

Parameter (%) Hsieh et al. Taiwo Phadi Mwangwela
(1992) (1998) (2004) (2006)
Moisture 7.38-15.34 8.50-11.00 8.60 8.9-12.1
Ash 3.68-4.36 a 3.50 a
Protein 21.68-28.68 24.6-25.10 22.30 24.0-28.3
Lipid 0.3-1.44 2.50-5.10 1.40 a
Carbohydrate 65.92-73.17 54.20-58.60 64.20 a

a No reported values

Cowpeas like other legumes are judged to be cookexh they attain a soft texture. The time
required for the seeds to attain this textureeferred to as the cooking time. In literature,
wide ranges in cowpea cooking times agported: 24 to 62 min (Jackson & Varriano-
Marston, 1981), 36 to 56 min (Demooy & Demooy, 19Kl to 160 min (Akinyele,

Onigbinde, Hussain & Omololu, 1986), 57 to B8n (Mwangwelaet al, 2006) and3 to

216 min (Penicela, 2011) During cooking, flavoudevelopment and inactivation of anti-
nutritional factors also take place (Chavan & Kadaf89). The cooking time required to attain
an acceptable soft texture is an important chatatiteinfluencing consumer acceptability of
legumes (Deshpande & Damodaran, 1990). This iauseclong cooking time means more
energy demands, which is a challenge to scarceimsb region of sub-Sahara Africa that

consume legumes as a staple.

During cooking of legumes, the seed is hydratedraadied simultaneously causing structarad
physico-chemical changes. Three main transitiamaacromolecules are reported during
cooking: solubilisation and or degradation of nedthmella pectin, starcgelatinisation,
and cytoplasmic protein denaturation (Stanley & Weya, 1985). Watewuptake and
hydration is necessary for these changes to talteepl It is generally agreemmong
researchers that one of the main determinantsxairé properties of cooked legumes is the

separation of adjacent parenchyma cells at the Imilddnella (Stanley & Aguilera, 1985).
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The middle lamella (Figure 2.1) is the region betwéhe double wall formed by two adjacent
cells known to cement individual cells of the cetybn (Stanley & Aguilera, 1985). The
middle lamella is composed mainly of heat-labiletpe (Jackman & Stanley, 1995vhich
determine the physical strength of the tissue (8ya& Aguilera, 1985).During cooking,
heat induced dissolution/degradation of the pewtakens the intercellular adhesion which

permits the separation of adjacent cells (Aguil2®)0); (llker & Szczesniak, 1990); (Bernal-

Lugo, Parra, Portilla, Pena-Valdivia & Moreno, 1997
_Primary wall EELL 1
Theee |

2
.o m:cm'-w wall

__/ 3 - Migdie tmelia

PFilant cell wall layers:
Middle lamella
Primary wall X
Secondary wall -—i|—~

Figure 2.1 Schematic representation of a plant cell andrestréssion electron micrograph of
the cell wall showing the middle lamella (Chandko11)

Texture softening in cooked legumes is dependenthercells separating (Stanley &
Aguilera, 1985). In cowpeas, cell separation along the middle lsanellring cooking has
been reported (Sefa-Dedeh, Stanley & Voisey, 19@gnley & Voisey, 1978); (Liu,
Hung & Phillips, 1993a) The heat induced degradation of pectin invoblesolymerisation
of the pectin polymer via the bed) €limination of the methyl esterified polygalacmic acid
(Liu, Phillips & McWatters, 1993b); (Brett & Waldnp 1996)). Thep eliminative reaction
(Figure 2.2) involves the breakage of glycosidiad®adjacent to carboxyl groups (letal,
1993a); (Bernal-Luget al, 1997). The solubilisation/degradation of pedsiniependent on
its composition. Foinstance, less esterified middle lamella pectirsable to form CH
cross links formingcalcium pectates that are insoluble, thus impaiciely separation (Bhatty,
1990).

20

© University of Pretoria



=
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Quef) YUNIBESITHI YA PRETORIA

]
Ho H OH 3 Y P
H
HM
{5 I ri
L --'.-_‘-:_-\', B _I_.:,i + HzO
0" T

R
OF ke
I .':'IH ";H

|
L f el |
/ Cik —~ : T
, O o H P
N T e H;‘l H i 7 H
LY _"-.I_,.-' H % H ~ OH " )r.- HO

=

- ! —
Y

s
oH

Figure 2.2 Depolymerisation of a partially esterified pectg@alacturonan chain by
eliminative reaction

Starch, one of the major macromolecular constitiehtowpeagKerr, Ward, McWatters &
Resurreccion, 2001) contributes to the soft textfreooked legume seeds when it is
gelatinised (Aguilera & Stanley, 1985); (Yousif, tda& Deeth, 2007). Gelatinisation occurs
in the presence of adequate water and heat; thehsgmanules absorb water, swell up and
lose their crystalline order (Biliaderis, 1991}t hias been suggested that the swelling of
starch granules promotes cell expansion which esadle cell to separate from the adjacent
ones (Jarvis, 1998). During cooking, after theyeof water via the cell wall, much of the
water is absorbed by protein. Hydration of thet@rothus facilitates hydration within the
cotyledon cell. Cowpea protein has been showneteelatively hydrophilic absorbing about
1.24 g of water per g of protein (Mwasaru, MuhampBakar & Man, 1999). Cooking
causes the denaturation of proteins, which involyes unfolding of the protein molecule
possibly increasing the exposed hydrophobic sikeslihg to aggregation and possible gel
formation (Clark, Kavanagh & Ross-Murphy, 2001)rotein thermal properties such as
denaturation temperatures are suggested to infuenoking time of legumes. Starch
gelatinisation and protein gelation are both wakependent processes. Starch gelatinisation

temperatures are lower than the protein denaturatimperatures, therefore there is minimal

21

© University of Pretoria



=
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Quef) YUNIBESITHI YA PRETORIA

competition for water between the two processesigfe@t al, 2007). However, it has been
suggested that low protein denaturation tempersitaoelld lead to prolonged cooking time
due to less water being available for starch gakstion (Yousifet al, 2007); (Liu,
McWatters & Phillips, 1992a).Since starch granules are embedded in proteinaest
low protein denaturatioremperatures would mean increased water competiyothe
proteins therefore limitingtarch gelatinisation and resulting in hard texdlioeg cooking
time (Liu et al, 1992a)

Some legumes fail to soften under normal cookingdd@ns, thus requiring longer cooking
times to achieve tenderness. Two common textweBdats associated with cooking of
legumes are the hard-shell and the hard-to-coo&cti¢Stanley & Aguilera, 1985). The
focus of the current research is on the hard-td-pb@nomenon.

2.3 Hard-shell defect

Hard-shell defect is defined as hardening of tredseoat (Stanley, 1992). Hard-shell is
characterisedby inability of seeds to imbibe water and hydratel thus they do not soften
during cooking(Agbo, Hosfield, Uebersax & Klomparens, 1987; Stgnl1992; Mullin &
Xu, 2001) The hydration capacity of common beans is iralgnsroportional to the occurrence
of hard-shell defect (Antunes & Sgarbieri, 197Bard-shell is associated with impermeability
of the seed coat and generally regarded as a satdlefect since it is eliminatedth
either seed coat removal or mechanical scarifinatidhe seeds (Shehata, 1992 ard-shell

is found in both freshly harvested and stored leggrains. Theoccurrence of the
defect in freshly harvested seeds is influencedheyseed size, genetics, growthmatic
conditions and degree of maturity (Shehata, 1992gume crops thatxperience a period
of low moisture and high temperatures during thalfmaturation stage are more prone to the
hard-shell defect (Mullin & Xu, 2001). Hard-shilprevalent in the northern latitudes where

legume grains are stored at high temperaturesamdhbimidity (Liu, 1995).

2.4 Hard-to-cook phenomenon

Hard-to-cook defect is distinguished from hard-shelthat the seeds with HTC defect

hydrate normally but fail to soften under normabkiong conditions thus leading to longer

cooking times (Shehata, 1992). HTC defect occuring storage under high temperature -

high relative humidity conditions (Aguilera & Rivaer1992a). These storage conditions,
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normally experienced in tropical climates, leachtwdened beans within a few months. The
defect is further accelerated by storing legumeh wihigh moisture of above 13% (Aguilera &
Stanley, 1985). The HTC defect thus reduces thareercial acceptability of stored beashge

to high energy cost required for the beans to aegan acceptable texture to the
consumers. Salvador (2007) observed that cowpessdsunder High Temperature and High
Humidity (HTHH) conditions increased the cookingné from 89 to more than 270 min.
Legume varieties within the same species exhibdferdinces in the severity of the defect
development. Cowpea varietielstogwe-oKgotshengBechuana whiteand Mae-a-tsilwane
stored at 42 °C and 67% RH for 21 days had a 72% &nd 30% increase in cooking time
respectively (Salvador, 2007). These differericesiTC defect among legume species or
within varieties of the same species are dugemotypic differences and growth conditions
that affect cooking characteristics. For instardiéferences in phytate content due to soil
mineral composition could affect the HTC defect elepment in beans susceptibility
(Paredes-Lopez, Montes-Rivera, Reyes-Moreno & @ardloejo, 1989Db).

There are several mechanisms/theories proposegptaire the hard-to-cook phenomenon in
legumes. These multiple mechanisms are proposée tof enzymatic and non-enzymatic
nature. The suggested mechanisms include: formatiansoluble pectates in the middle
lamella (Rodriguez & Mendoza, 1990; Galiotou-Pamayat al, 2008), lignification of the
middle lamella (Hinckset al, 1987; Rodriguez & Mendoza, 1990; Garcia, Filiséfdaeta
& Lajolo, 1998a), degradation of cell membranas tb lipid oxidation (Varriano-Marston
& Jackson, 1981; Liet al, 1992a),pectin-phenolic acids interactions (Garcia & Lajolo
1994; Maurer, Ozen, Mauer & Nielsen, 20G)d poor starch gelatinisation (Let al,
1992a; Garciat al, 1998a; Yousif, Batey, Larroque, Curtin, Bekes &efh, 2003).However,
the contribution of each mechanismHd C is not clearly understood and still a subjett o
study (Aguilera, 2000). Severahzymes i.e. phytase, peroxidase, pectin esteligexygenase

and protease have been implicated in HTC phenomas shown ifiable 2.2
The two main hypotheses reported are the “phytaseral and mineral-pectin interaction”
and “lignification of the cell wall”. These two pgtheses will be reviewed with reference to

studies conducted in cowpeas and other legume® rdlk of starch, protein and phenolic

acids in HTC defect development will also be readw
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Table 2.2 Possible enzymes implicated in HTC defect devekamum

Enzyme Reaction HTC defect mechanism References
Phytase Hydrolysis of phytate to inositol aréhytate losing its chelating abilityGaliotou-Panayotou et al. (2008),
orthophosphate thus divalent cations released to binéffrifah & Chinnan (2005)
to pectin.

Pectin esteraseRemoval of methyl groups in pectifexposed carboxyl groups of pectihiu, Phillips & Hung (1992b), Kilmer,

exposes carboxyl groups crosslinking with divalent cations Seib & Hoseney (1994), Jones & Boulter
(1983)
Peroxidase Polymerisation of monolignols tdgnification of the middle lamella, Hincks & Stanley (1987), Hohlberg &

lignins, phenolic acids crosslinking tghenolic acids bound to soluble pectifstanley (1987), Riverat al.(1989)

cell wall polysacharides e.g. pectins

Lipoxygenase Conversion of lipids to polaDegradation of cell membranes, soluiRichardson & Stanley (1991), Shewfelt

oxygenated polymers leakage & Erickson (1991)

Proteases Hydrolysis of storage proteins Free dronmmino acids that areHohlberg & Stanley (1987)

lignin precursors
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24.1 Phytase-mineral and mineral-pectin interaction

Bean cooking quality is partially determined by tftae of dissolution of the pectin in the
cotyledon middle lamella during cooking (Hincks &aBley, 1986; Liuet al, 1993a). There is
agreement in literature that the “phytase-minenal mineral-pectin interaction” theory offers one
of the most plausible mechanisms in HTC defect ldgweent. According to this theory, during
storage of legumes in high humidity and high terapee, phytase activity is stimulated (Galiotou-
Panayotowet al, 2008) leading to hydrolysis of phytate. Phytat¢he salt form of phytic acid
with mono- and divalent cations (Reddy, 1989). @&kdag to Galiotou-Panayotoet al. (2008),
phytate chelates divalent cations such & & Md* preferentially over the weak carboxylic
groups in pectin due to the six stropigosphate groups in phytate. On hydrolysis, tlegation
potential of phytate is lowered and phytate reledbe bound cations. The cations migrate to the
middle lamella and crosslinkith the free carboxyl groups in the pectin molectbrming
covalent bonds (Galiotou-Panayoteual, 2008). The cation binding mechanism of pectins is

theorised as the “egg-box” model (Figure 2.3)

0 Q )

Figure 2.3 lonic bonding of pectin network by calcium (Cosgrp2006)

Pectin in the middle lamella acts as an adhesivevden the parenchyma cells in the

cotyledon (Yousifet al, 2007) and therefore its solubility is importamt determining the

cooking quality and softening of the cotyledon. eTpectin which holds adjacent cells
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together exists mainly in water soluble form (GalisPanayotoet al, 2008). However, oaross-
linking with the divalent cations, insoluble peetste.g. calcium or magnesiyectates, are
formed. These pectates are not easily soluble eatirty, therefore, restricting cell separation
during cooking (Hentges, Weaver & Nielsen, 1991).

2.4.1.1 Phytic acid/phytate

Phytic acid (nyoinositol 1,2,3,4,5,6, hexakisphosphate) is thenary source of inositol and

the chief storage form of phosphorus in plant s@eal$, Ockenden, Raboy & Batten, 200Phytic
acid is an important mineral storage compound ampkeeds due to its stroegelating
characteristic due to the multiple negatively ckdrgphosphate groups. Phytic acid binds
polyvalent cations more strongly than monovaletiboa (Graf, 1986). The phytic acid molecule

consists of an inositol ring with 6 phosphate gsattached (

Figure2.4).

Py

Figure 2.4 Structure of phytic acid -myo-inositol-1,2,3,4 $éxakis phosphate (Igbat al,
2006; Schlemmer, Frglich, Prieto & Grases, 2009)

In mature seeds, phytic acid occurs primarily asomplex salt of mono- and divalent cations,
therefore the term phytate (Reddy, 1989). Vanein phytate content of seeds are influenced
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by cultivar/variety, climatic conditions, and seasof growth, location, soil type, fertiliser
application and irrigation. In dicotyledonous seediost of the phytates are located in the
cotyledons and not in the seed coat (Reddy, 19BBinost of the reported works in the literature,
there is a relationship between the developmentHDE defect and phytate levels. Several
researchers have reported an increase in cookimg with decreasing levels of phytate (Bhatty,
1990; Liu, 1995; Reyes-Moreno, Okamura-Esparza, idmta-Rodelo, Gomez-Garza & Milan-
Carrillo, 2000a; Coelho, de Mattos Bellato, Sanf@dega & Tsai, 2007) Legume grains with
higher phytate content haveshaorter cooking time when compared to those ofveeto
content (Aguilera & Stanley, 1985; Vindiola, SeibHbseney, 1986; Reddy, 1989}.is
postulated that the higher content of phytate ptesianore chelation of divalent cations that
would otherwise bind to pectin in the middle laraefVan Buggenhout, Sila, Duvetter, Van
Loey & Hendrickx, 2009). Therefore, higher phytai@entent promotes easier dissolution of
pectic substances at the cotyledon cell walls feptlh softening. During accelerated storage of
cowpeas at high temperature (42°C) and high redtwmidity (67 % RH) phytate content of
cowpeas was significantly lower than those kept ¥ (Salvador, 2007). These findings were
consistent with those of (Reyes-Moreabal, 2000a) who observed a significant decrease
phytate content during storage of chickpeas at heghperature (25 °C) and high relative
humidity (65% RH). (Kon & Sanshuck, 1981) repori@dne-thirds loss of phytic acid
content in common beans stored at high temperg82€C) and high moisture conditions
(16%) for 10 months in comparison to storage attemvperature (22C) and low moisture (10.5
%). Bhatty & Slinkard (1989) reported a 91% inceeaslentil hardness after 5 weektdrage at
50 °C and 95% relative humidity with 38% decrease igtate content. Theecrease in
phytate content is suggested to occur due to higsatrolysis by phytase.

2.4.1.2 Phytase

Phytases catalyse the hydrolysis of phytate int@-mgsitol, cations and inorganic phosphate
(Viveros, Centeno, Brenes, Canales & Lozano, 2@83hown on Figure 2.3?lant phytases of
seeds of higher plants are generally of 6hghytases (EC 3.1.3.2¢Konietzny & Greiner,
2002). These types of phytase preferentially atatithe phytatelephosphorylation at the C6
carbon. The characterisation andvivo function of phytases is not fully knowiKonietzny &
Greiner, 2002) The classification of phytases is based onrthetio capability of these enzymes

to release phosphate from phytékonietzny & Greiner, 2002) The knowledge on legume
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phytases is limited and only a few phytases frogbsan seeds, faba beans, lupin seeds mung
bean seeds and scallion leaves appear to havepoeied to homogeneity and characterised
(Greiner, 2002). In general most isolated planttaées activity are optimum at an acidic pH
(4.0 to 5.6) (Dveédkova, 1998) and moderate temperature (aroufi@p@sreiner, 2002).
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Figure 2.5 Phytate hydrolysis by the enzyme phytase intoiiolpsphosphorus, and other

divalent elements (Lei & Porres, 2003)

According to Maga (1982), phytase appears to hittleedffect on phytate in dry or dormaseed.
However, during HTHH conditions increased phytastviay with correspondinglecrease in
phytate content was observed (Kyriakidis, GalioRarayotou, Stavropoulou & Athanasopoulos,
1998; Hotz & Gibson, 2007). The cause of the iaseel activity of phytase is not certain but
suggested to be due tte novosynthesis, activation of intrinsic enzyme or b@thu, Rafiq,
Tzeng & Rob, 1998; Hotz & Gibson, 2007). Increaghygtase activity during HTHH storage has
been reported in cowpeas (Affrifah & Chinnan, 20@Bd common beans (Mafuleka, Ott,
Hosfield & Uebersax, 1993). However, phytdserolyses phytate into myo-inositol hence
reducing its chelating potential with subsequeldgase of bound cations (Yousf al, 2007). In
HTC development it is suggested that the releasedleht cations diffuse to the cell wall

forming insoluble pectates that reduce cell semaraihus, contributing to increased cooking time.
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2.4.2 Lignification in legumes during High Temperature and High Humidity (HTHH)

storage

Lignification of the cell wall during storageinder HTHH conditions is one of the
mechanisms postulated to cause HTC defect in leggerds (Hincket al, 1987; Del Valle &
Stanley, 1995). Deposition of lignin-like mateiialcotyledon cell walls could lead HTC defect
development by restricting water movement withia ttotyledons or byncreased rigidity of
the cell wall thus impairing swelling and sepanatiglincks et al, 1987). The Lignin matrix
around the polysaccharide components could alsaentiak cell wallhydrophobic and water
impermeable (Medoua & Mbofung, 2006). Post-hanhgstin formation could occur as a
stress response to adverse environmental cond{fitalslonado, Molina-Garcia, Sanchez-Ballesta,
Escribano & Merodio, 2002) It is postulated that the HTHH storage condgidngger lignin
synthesis by the seed as a stress response tduwbesa conditions (Hincks & Stanley, 1987;
Martin-Cabrejas, Esteban, Perez, Maina & Waldr@9,7}.

According to Ros Barcelo (1997) lignins are compt=eil wall phenolic heteropolymers
covalently associated with both polysaccharidasd proteins. Lignins comprise of

polyphenolic polymers built from the oxidative paigrisation of the three cinnamyl alcohols

/IGH:GH jH;EH /Ic-l-t;m
TeHOH
: ¢ i Gt qulm
o OH oH OH
d-cournany| aloohol  conifenyl alcohol sinapyl alcohol
* polymerization # poby s ralon + pohymarization
i ~e ~==Bignii- -~ = BN = =
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rurmisEring comnvantion b
| OCHy  HyG DCH;
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Iyammxypheiyl reskooe gualacyl rasidus Sy rinapy] reesichus

(monolignols); p-courmaryl, coniferyl and sinapyt@hol via the phenylalanine pathwélyuo,
Xu & Yan, 2008). This leads to formation of hydypkenyl (H), guaiacyl (G)syringyl(S)
units respectively within the lignifRos Barcelo, 1997s shown in

Figure2.6.
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Figure 2.6 Structures of the three monolignols and the residderived from them. The

numbering convention used is shown on the left (iféne MacKay & Sederoff, 1998)

The characteristics and structures of lignins agéli variable and differ among cell walls, cell
type, tissues, plant organs and species (Ros Bart@97; Grabber, Ralph, Lapierre & Barriere,
2004). Lignin formation has been reported to imeolhree enzymes; phenyalalanine ammonia
lyase (PAL), cinnamyl alcohol dehydrogenase (CA®) peroxidase (POD) (Whetten, MacKay
& Sederoff, 1998). Lignification is thought to kmontrolled by PAL, which catalyses the
deamination of phenylalanine to transcinnamate. @Aflyses the conversion of coniferaldehyde
into coniferyl alcohol and POD catalyses the polgisaionof monolignols to lignins (Imberty,
Goldberg & Catesson, 1985). However, the acexéént of regulation of the lignification
pathways by each of these enzymes are differediifferent tissues and presently not clear even in
legumes (Luoet al, 2008). The lignification hypothesis was first proposed @¥arriano-
Marston & Jackson, 1981Mafulekaet al. (1993) observed that there was minimal quantiativ
data critically investigating the role of lignifitan in HTC defect development. Most studies
postulate lignification as a possible mechanismheratthan providing actual experimental
observation. In the lignification theory, storagelegumes under HTHH causes degradation of
proteinsthus yielding aromatic amino acids and small poptukes (Hohlberg & Stanley,
1987; Martin-Cabrejagt al, 1997). The aromatic amino acids then migrate to the middle
lamella where the lignification process takes pladdohlberg & Stanley (1987) reported an
increase in free aromatic amino acids in HTC blbekns Phaseolus vulgar)sas a result of
hydrolysis of storage proteins. Significant amowftthese amino acids specifically phenylalanine
and tyrosine could lead to lignin formation the cell wall (Hohlberg & Stanley, 1987)
Deamination of phenylalanine or tyrosine XL or tyrosine ammonia lyase respectively
would lead to formation of trans-cinnamic andhsgp-coumaric acids (Goodwin & Mercer,
1983; Garcieet al, 1998a; Whettewrt al, 1998). These lignin precursors (monolignols) could
then bepolymerised into lignins in the presence of POOhe cell wall (Hohlberg & Stanley,
1987).
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Qualitatively, Hincks & Stanley (1987) investigatélde presence of lignin by staining
extracted cell wall material of black bean cotyleslowith potassium permanganate. Lignin
presence was observed using a transmission eleatioroscope based on the reduction of
potassium permanganate by lignin to manganese dgioXihey found a heavier deposition of
manganese dioxide in cell corners, secondary walld middle lamella of hard beans
indicating lignification. Using a similar stainingchnique Bhatty (1990) reported darker and regular
staining of the middle lamella of HTC lentils andnlin content was significantly higher for the
HTC lentils. Garcieet al. (1998a) observed thickened cell wall junctionscelf wall isolates of
HTC black beans using scanning electron micrograpbeever the phlorogluconical -HCI staining

test for lignin was negative.

Quantitative determination of lignin by Srisuma, raerschmidt, Uebersax,
Ruengsakulrach, Bennink & Hosfield (198B)wever showed no significant difference in
lignin content in both seed coat and cotyledonscell Navy beans. Mafulekat al. (1993)
reported increased lignin content of both decomidawhite and red bean®haseolus
vulgaris) during storage for four months at high tempemt@md humidity. However there was a
decrease in lignin content when the storage timg wereased from 4 to 8 months which was
attributed to possible lignin-protein cross linkindQRedbeans had higher lignin content and
higher hardness values compared to white béatisating possible differences in phenolic
contents due to genotype differences. Nasar-AdBasnmer, Siddique, White, Harris & Dods
(2008) observed a 3 fold increase in lignin coneuning storage of faba beans afGdor 12
months. Bhatty (1990) differed with the suggestioat partial lignification of the cell wall could
hinder water permeation across cells since the dtiulr coefficient of both HTC lentils and
control was generally similar. Although lignifiean is proposed as one of the main mechanism
leading to HTC defect development, experimentatisti investigating this theory are few.
Further research work is required to understanddieeof lignin in HTC defect development.
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2.4.2.1 Peroxidase

Although both qualitative and quantitative testvéhadentified presence of lignin in HTC
legume grains, studies of peroxidase enzyme leaditignification have been contradictory. For
instance, Paredes-Lopetal.(1989b) observed the activity of peroxidases (P@MTC beans
(stored at 30C and 85% RH) to be lower by 30-50% than that ofticd beans (stored at £&
and 35%). Plhalet al. (1987) had reported earlier that hilglvels of POD activity were not
observed to relate to increased hardening or tteeafibean hardening. Hohlberg & Stanley
(1987) also reported no difference in peroxidaswiaicin control bean samples stored at low
temperature/humidity15 °C, 35% RH) and highemperature/humidity (36C, 85% RH)
conditions. Although peroxidases are proposedtalyse the polymerisation of monolignols to
lignins, no studies have shown a specific POD izpme to be involved in lignin formation
(Ostergaard, Teilum, Mirza, Mattsson, Petersen,izlet, Mundy, Gajhede & Henriksen, 2000).
The observation that lignin biosynthesis pathways actual extent of regulation by enzymes
is complex and presently not knoWiRos Barcelo, 1997; Luet al, 2008) would explain

the inconsistencies in correlatiegzyme activity to lignin formation.

2.4.3 Involvement of phenolic compoundsin the middle lamella

The “phytase-mineral and mineral-pectin interacti@md “lignification” theories in HTC
defect in legumes suggest formation of new intéwast or bonds in the middle lamella
polymers that make cell separation difficult duriogoking. Researchers have proposed that
phenolic compounds other than lignin in the midtienella may also form insoluble
complexes with pectin and proteins that could impail separation (Srisumat al, 1989).
Srisumaet al. (1989) observed increased free hydroxycinnamidsaduringHTHH storage of
beans with no increase in lignin content. The @ase in freenydroxycinnamic acids was
associated with increased hardening (Sriseta, 1989). The free hydroxycinnamic acids could
have been synthesizett novofrom free aromatic aminacids liberated from hydrolysis of
proteins during HTHH storag&risumaet al, 1989) Hohlberg & Stanley (1987) reported an
increase of aromatic amino acids as a resulstofage proteins hydrolysis during HTHH
storage of beans. Aromatic amino acids such asyhdlanine and tyrosine are immediate

precursors of hydroxycinnamic acids ¢fC; molecules) biosynthesis via phenylalanine and
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tyrosine ammonia lyases (Whettenal, 1998). It is suggested that the increase in fiteenolic
acids observed during HTHH storage copldmote protein-phenol interaction in the middle
lamella therefore resulting in increasprbtein hydrophobicity (Srisumat al, 1989). Free
phenolic acids have a high affinity for interactimgth proteins. Thencreased protein
hydrophobicity could inhibit water imbibition regtting water uptake andmpairing cell
separation during cooking (Srisumet al, 1989; Machado, Ferruzzi & Nielsen, 2008;
Pirhayati, Soltanizadeh & Kadivar, 2011}t is proposed that free phenolic acids provides
phenolic compounds for cross-linking to pectin iiddbe lamella and/or proteins that could result
in HTC defect development (Srisuretial, 1989; Garciaet al, 1998a). However, there seem to
be no experimental study investigating the rolepb&nol-protein interaction in HTC defect

development.

Garciaet al. (1998a) observed that phenolic acids bound towater soluble pectin fraction
were three times higher in HTC beamhéseolus vulgar)sthan in control beans. Mauret al.
(2004) also observed more phenolic compounds in the tolpbctin fraction of HT(eans
when compared to control. The observation of nieralic acid bound to solublgectin in
HTC beans could inhibit cell separation during dagkas a result of crosslinking (Garaaal,
1998). Ferulic acid has been implicaiedcross-linking cell wall polysaccharides leadittg
increased inter cell adhesi@Brett & Waldron, 1996)). Hydroxycinnamic acidseaeported to
cross-link plant cell wall polymersespecially polysaccharides and lignin (Ralph, Blnze
Marita, Hatfield, Lu, Kim, Schatz, Grabber & Steamh 2004). Ferulic acids esterified to
pectin can form diphenyl or ethbonds between the hydroxyl groups of phenolic campgs
and the hydroxyl groups on polysaccharides (Stigadenunsi & Lajolo, 2011). According
to Garcia, Filisetti, Udaeta & Lajolo (1998b)epence of more ferulic acid bound to soluble
pectin, if involved in cross-links with other polecharides could ultimately lead to changes in
cell adherence therefore leading to HTC defectrogaring cell separation upon cookinghs
reported, resistance to softening even in the poesef chelating agents e.g. EDTA, suggests that
crosslinking of pectic polymers via calcium ions the only factor limiting cell cell separation
during thermal treatment of plant parenchyma c@Harker & Waldron, 1995; Waldron, Ng,
Parker & Parr, 1997; Marry, Roberts, Jopson, Huxhaamnvis, Corsar, Robertson & McCann,
2006). According to Waldroet al. (1997), lack of thermally induced cell separationplant
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tissues often suggests “secondary thickening asdcaged lignification”. However in non-
lignified, thin walled plant tissues, failure tofm or extremely slow softening during cooking of
parenchyma-rich plant tissues has been reportedd(@veet al, 1997). The mechanism leading
to thermal stability of these tissues has beenesigd to be linked to the presence of ferulic acid
dimers that crosslink cell wall polymers such astipe(Parker & Waldron, 1995; Waldraat al,
1997). This crosslinking is suggested to resolinfithe activity of cell wall peroxidase (Biggs &
Fry, 1987; Wallace & Fry, 1995; Brett & Waldron,98). Although increased phenolic acid
bound to pectin has been observed during HTHH géooh beans (Garciet al, 1998b; Maureet

al.,, 2004), there are no studies showing the propopessible crosslinks with other

polysaccharides in the middle lamella.

244 Theroleof starch and protein in HTC development

According to Hentgest al. (1991) starch could contribute to HTC phenomenzabse of
alterations observed in starch. In a study to stigate possible changes on starch as a
result of the HTC phenomena in common bedPisaéeolus vulgar)s Garcia & Lajolo
(1994) observed more birefringence in starch gesof HTC beans. Differential scanning
calorimetry (DSC) thermograms showed a 10% incr@aserch gelatinisation temperature
between the control (64.2C) and HTC beans (72.9C). Such an increase could be
attributed to an increase in starch granule crysiigi or lower water availability which is
necessary for gelatinization (Yousf al, 2007). Chemically hardened kidney beans were
shown to exhibit high transition temperatures anth&lpy of gelatinisation of starch (Kaur
& Singh, 2007). However, Hohlberg & Stanley (1988und no differences for melt
temperature, gelatinisation energy in isolatedcstas a result of storage time or conditions.
In the parenchyma cells in the cotyledon of cowg®ad, starch granules are embedded in a
proteinaceous matrix (Sefa-Dedeh & Stanley, 1978)has been suggested that during
storage at high temperature and relative humidigrd is a decrease in the solubility and
thermal stability of protein (Hohlberg & Stanley98I7; Liu et al, 1992a). These could be
due to enzymatic (proteases) hydrolysis (ktual, 1992a). Thus, during cooking, protein
coagulation/gelation is expected to occur befoaecst gelatinisation due to the reduction in
the protein thermal transition temperature of stocewpea seeds. This would lead to

formation of a protein network around the starchngies, which would act as a water
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barrier thus leading to reduction of water avagafdr starch gelatinization (Yousdt al,
2007). Liuet al. (1992a) observed that the thermal denaturationpéeature (F,) of
unstored cowpea seeds was higher than°CO@ith no coagulation observed while after 18
months of storage, thenyTwas 56°C. A significant decrease in the protein denatomat
enthalpy of common black beans has been observétlrGnbeans (Garcia-Vela & Stanley,
1989).

2.5 Prevention of HTC defect

This section will review pre-treatment strategiasprevention of HTC defect in legumes.
However, the main focus will be on heat pre-treatiriechniques applied prior to storage of

legumes.

25.1 Appropriate storage conditions

HTC defect develops during storage at high tempegatind high relative humidity. Therefore,
conditions under which cowpeas are stored are itapbrin preventing the HTC defect
development. The moisture content of the cowpdasage temperature, time and humidity are
the main factors that need to be controlled (Molataal, 1976; Hohlberg & Stanley, 1987;
Reyes-Moreno & Paredes-Lopez, 1993). Low tempezattorage would reduce the enzymatic
processes reported to lead to HTC. Studies hawersho practical change in texture during low
temperature storage (Garruti & Bourne, 1985; Bereod al, 1999). Berrioset al. (1999)
demonstrated that even after 2 years of storage5dC and between 30 to 50% RH, common
beans had good cooking characteristics. Commonsh&taned under refrigeration temperatures
(0 to 5°C) had minimal changes in hardness (Moletaal, 1976; Affrifah & Chinnan, 2005).
Therefore, low temperature storage of legumespsaatical way of preventing the HTC defect
development. However, in tropical climates experesl in the developing countries, where
legumes are a staple food, the refrigeration imtetions may prove to be a challenge due to

scarcity of resources. Therefore, there is needlfernative ways of preventing the defect.

252 Gammairradiation

Gamma irradiation is an ionising radiation, no-h@atess that has been investigated in the caftrol
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HTC defect development in beans. Aguilera & Staril®85) reported that beans irradiated at 0.5
kGy had a reduced incidence of HTC when comparédetaontrol after 10 months of storage at 22
°C. Cunhaet al. (1993) later demonstrated thairradiation at 2.0 kGy reduced the intial cooking
time of beans by 30 minutes and a 50% reducti@oaking time when compared to the control after
6 months of storage at 8G, 75 % RH. Although these researchers did natigeecthe mechanisms
through which the cooking time was improveedyradiation are known to penetrate plant cells
causing changes in structural features and sginatal bonds. For instance softening in fruiteraft
y-irradiation has been associated with the disiategr of the middle lamella due to dissolution of
pectin (Kovacs, Keresztes & Kovacs, 1988) and asmdn water soluble pectin (Gunes, Hotchkiss
& Watkins, 2001). This is because irradiation esusandom hydrolytic fissuring of the glycosidic
bonds along the pectin molecule (Skinner & Kertd€60; Sanchez Orozco, Balderas Hernandez,
Flores Ramirez, Roa Morales, Saucedo Luna & Cadértoya, 2012). Therefore it is possible that

the observed improvement in cooking time was dulkdalissolution of the middle lamella pectin.

253 Heat pretreatments

These pre-treatments aim at thermal inactivation emizymes responsible for HTC
development prior to storage of legumes. Pradyicah designing a heat pre-treatment
procedure, a balance between achieving a sufficikagree of enzyme inactivation and
retention of physicochemical characteristics i®esal. Dry and moist heat treatments hbeen
applied as pre-treatments to legumes with varyawgls of success. Heat greatments
have been demonstrated to reduce the HTC phenomet@ans but totgrevention of the
phenomenon has not been achieved by these methbidssection willreview the various
studies focusing on heat pre-treatment techniqeestategies to prevent HTG@efect
development. The use of micronisation as a patepte-heat treatment technique will also be

reviewed.

2.5.3.1 Steaming

The earliest study in HTC defect prevention inrbtere seems to be that of Molire al.

(1976). In this study retorting (15 psi, 12@0) and steaming (98C) were used as heat pre-

36

© University of Pretoria



=
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Quef) YUNIBESITHI YA PRETORIA

treatments. After treatment, the beans were state2b°C, 70% RH for 9 months while the
control was kept at’€. Bean hardness was measured by a punctureftesstaoking. The
heat treatments decreased the hardness of the bkaks when compared to the untreated
when stored at 2& and 70% RH. It was interesting to note thateffectiveness of the heat-
treatments in reducing hardness decreased withelortigeatment times. However, no
significant difference (P > 0.05) was found betwé#®n hardness of cooked beans treated at the
shortest time (2 min at 121°C or 10 min at 98°C)l &me control kept at 4C. This was in
contrast with other studies which report increasgifctiveness in the prevention of HTC
defect development with increased heating tempezadnd time (Aguilera & Stanley, 1985;
Affrifah et al, 2006). The mechanisms by which the heat treaimendluced hardness of beans
stored under the adverse conditions were not gledrbwn. The germinating capacity of the
beans decreased as the thermal treatment incresiedting possible inactivation of enzymes
responsible for the pathways of the defect develmpniMolinaet al, 1976). Although, the
differences in germinating capacity indicate pogsdnzyme inactivation, no particular enzyme

was investigated in this study.

Affrifah et al. (2006) investigated the possibility of preventithg HTC defect in cowpeas by
using steam prior to storage (42°C, 80%RH). Thal gbthe steam treatment was to inactivate
phytase. This appears to be the first study thatstigated the effect of phytase inactivation in
the control of the HTC defect (Affrifalet al, 2006). The investigation into inactivation of
phytase in cowpea flour revealed that it was depenan initial moisture content, heating
temperature and time (Affrifah & Chinnan, 2005)t wias also noted that the plot of residual
phytase activity as a function of heating time wasnlinear irrespective of the heating

temperature or initial moisture conteRigure 2.7).
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Figure 2.7 Thermal inactivation of phytase in cowpea flouraagunction of heating time at

various temperatures and moistures (Affriétal, 2005)

Increased moisture content caused an increasedelefiphytase inactivation. This was because
water promoted unfolding of the protein during heanaturation (Affrifah & Chinnan, 2005). In
cowpea seeds, Affrifabt al. (2006) observed that higher steaming temperai2&°C) resulted

in more phytase inactivation when compared to ativally lower temperature (1C). During
storage, the factors investigated were the imtiaisture content (13, 20%), steaming temperature

(100, 121°C), and steaming time (2, 4, 6 min).wds observed that only steaming for 4 or 6
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minutes at 121°C was effective in controlling tredettt development during HTHH storage for 9
weeks (Affrifah, 2004). The cooked texture of fheam treated cowpeas was comparable to that
of the control samples before storage. Steamiri@atC reduced the phytase activity by up to
64% of the original activity. However, an increasehytase activity during HTHH storage was
reported (Affrifah et al, 2006). Interestingly, the main chemical constiis reported to
contribute to HTC defect did not seem to have dluence on cooked texture of the cowpeas
after the heat preatments (Affrifah, 2004). Thems no significant correlation between the
cooked texture and the measured indices such @aasghgctivity, phytate content and pectin loss
(Affrifah, 2004). According to these researchéng changes in the cooked hardness following
pre-treatments could have occurred through diftepathways than those associated with HTC
defect development (Affrifah, 2004).

2.5.3.2 Roasting

Roasting has been used in prevention of HTC defebeans. Roasting involved the use of
dry roasters that consistent of rotating chambeas had either pre-heated sand (Aguilera &
Stanley, 1985; Plhalkt al, 1987; Riveraet al, 1989) or ceramic beads (Aguilera, Lusas,
Uebersax & Zabik, 1982). The mechanism of heatsfier in was via conduction since it was
a particle-to-particle (solid-to-solid) heat tramsf(Aguilera, Roman & Hohlberg, 1987).
Heating occurred when the beans were in contadt thi¢ heating mediumEarlier roasting
studies indicated that the effectiveness of rogstias as a result of moisture loss due to drying
(Aguilera, Hau & Villablanca, 1986) and did not @stigate the role of enzyme inactivation.
Therefore, after roasting, storage of beans in msmpermeable packaging was necessary to
prevent re-entry of water during HTHH storage (Ravet al, 1989). This was considered an
expensive procedure that would not be practicatrapical and subtropical bean producing
regions (Riveraet al, 1989). Later studies demonstrated that the ®ffgwess of roasting
dependent on enzyme inactivation and not just measteduction (Plhalkt al, 1987; Riveraet

al., 1989).

Aguilera & Stanley (1985) used high temperaturershione (HTST- 105°C, 3min) and
medium temperature-long time (MTLT-78C, 60 min) roasting as pre-treatments before
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storage. The beans were dry heat treated anddsior@ sealed polyethylene bag at°22for

10 months. The RH conditions were not stated batiteans moisture content was 12%. The
hardness was determined by puncture test aftericgdlutoclaving for 15 or 20 minutes at
121°C). In comparison to the control at day 0, bothSATand MTLT samples increased
hardness by 2.5 times while the control had a M®4 increment after storage. The
mechanism of HTC defect reduction was not cleadpl@aned though reduced germination
capacity of the heat-treated seeds suggested segneedof enzyme inactivation. The roasting
temperatures were low and thus it was probabledghayme inactivation was not effective. It
has been suggested that low heating temperaturgagdthe pre-treatments cause a less
inactivation effect on the enzymes that could sghbeetly recover during storage and initiate
the hardening process (Affrifah, Chinnan & Phillig905).

Plhaket al.(1987) demonstrated that sand roasting black beeaas internal temperature of 80
°C in 2 min did not prevent HTC defect at 30°C/80% R®r 12 months. Peroxidase (POD)
was not inactivated at these conditions and shaweckased activity between 4-7 months of
storage. This was associated with increased hasdokecooked beans. Riveed al. (1989)
used sand roasting at 280 as a pre-treatment technique. The beans weregmditioned at
16, 25, 30, and 52 % moisture content before mogstiThe beans were heated to three different
temperatures per each moisture level (Table 213)e heating time per period was however not
stated. After roasting, the beans were adjustdd % moisture, sealed in polyethylene-aluminium
foil bags and stored for 337 days at’82 The effect of roasting on POD activity and mask of
cooked beans after storage is shown in Table I2\8as observed that in each moisture group the
residual POD activity and hardness of cooked beare a function of the temperature during
roasting (Table 2.3). Lower temperatures favoligtidr POD activities and hardening<m®.01).

It was also observed among the groups, that highailibrium temperatures were necessary to
inactivate POD at lower bean moistures and subsdgwehieve less hardening.
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Table 2.3 Effect of heat treatment on bean hardening (Rie¢ad, 1989)).

Initial Temperature Final Relative POD

Moisture Moisture  Hardness Activity

(%) (°C) (%) (Fss7Fo) (Aabs/min/g)
52 77 46 2.39 43
52 89 42 1.84 0
52 100 39 1.66 0
30 94 22 2.01 40
30 105 20 2.07 0
30 109 18 1.69 0
25 93 14 2.29 0
25 103 15 1.89 0
25 110 11 1.59 0
16 96 12 2.27 113
16 102 12 2.46 59
16 118 7 1.55 0

Interestingly, the researchers noted that whilesti@ples with temperatures above 04ad

no POD activity Table 2.3 and had acceptable hardness (< 2, relative hasjiirecreasing

equilibrium temperatures above 186 continued to reduce the hardness.

The researcher

however did not explain what caused the reductiorhardness with increasingquilibrium

temperatures. The researchers only studied tleetedf heat treatments drardening and

POD inactivation. They did not investigate otherygiho-chemical changes associated with

hardening therefore it would be difficult to expigirobable mechanisms that led to reduction in

hardness with increased temperature.

2.5.3.3 Microwave

Cunhaet al. (1993) studied the use of microwave heating {CQ2min) and gamma irradiation

prior to storage as means to prevent the HTC deféhe beans which had about 10% moisture

were not pre-conditioned.

It was noted that wimiladiation reduced the initial cooking time,

microwave heating increased the cooking time bymisutes (Table 2.4). Microwave heating

© University of Pretoria
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for longer than 2 minutes was increased the indg@king time exponentially. Low moisture
content during heating may lead to hardening amdraction of the bean seed coat referred to as
“case hardening” that reduces the ability of thedsé hydrate during cooking (Aguilera &
Stanley, 1985). This leads to an increased cooting. After 6 months of storage at HTHH,
microwaved beans had 7.4 times increase in codkimg when compared to the control which
increased the cooking time by 5.1 times (Table .2:4Jomplete inactivation of POD by
microwave heating did not prevent or reduce the HiEfect development. Although phytase
activity was not investigated, microwaved beansvadiserved to have lower phytate content when

compared to the control after storage for 6 moath$THH.

Table 2.4 Changes in cooking time (min) of dry beans stdoed months under refrigeration (4
°C) or at 30 °C, 75 % RH (Cunke al, 1993)

Storage time Storage conditions

Treatment
(months)
control microwaved (2min)

0 47 63
2 Refrigeration 4% 49PA

30°C, 75 % RH 65° 122"
4 Refrigeration 4% 457

30°C, 75 % RH 23% 2248
6 Refrigeration 4 46"

30°C, 75 % RH 29% 412°

"a-c (rows) indicate statistically significant diffeces P < 0.05), among treatments for each condition ané tfn
storage. A, B (columns) indicate statistically sigant differencesP < 0.05) between storage conditions at each

storage time.
2.5.3.4 Micronisation

Micronisation (Infrared (IR)) heat processing inesd heating with radiant electromagnetic energy
in the wavelenth range of 1.8 to 3.4 um (FasinderTyickard & Zheng, 1999). IR heating has
been shown to be superior over conventional heatmder similar heating conditions (Sandu,

1986; Hebbar & Rastogi, 2001) and is gaining ineeelause in food processing (Fasetaal,
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2001). IR heating is advantageous due to itstglii be absorbed and it penetrates the product
causing internal heating (Krishnamurtliyal, 2008). This leads to a fast increase in tempegatu
within the product (Andrejko, Rydzak, Slaska-Grzyay@ozdziewska & Kobus, 2008). It also has
high heat intensity, efficient heat transfer andarm heating of the material is achieved (Sakai &
Hanzawa, 1994; Fasiret al, 2001; Krishnamurthet al, 2008). Conventional heating processes
require a longer processing time compared to raelactromagnetic heating such as micronisation
and microwave heating. Microwave heating has smaitivantages to micronisation (faster heating
rates, high energy efficiencies and shorter pracgssnes) over conventional heating (Fakhouri &
Ramaswamy, 1993; Oliveira & Franca, 2002). The hensity of IR radiation is reportedly
higher by about 20-100% as compared to convecgaiihtensity (Ginzburg, 1969).

The aim of most studies of micronisation of legumes in reduction of cooking time. Legumes
are known to take a considerable time to get coaksd thus pretreatment with micronisation
reduces the cooking time required for legumes tairata texture soft enough for consumption
(Arntfield, Scanlon, Malcolmson, Watts, Ryland &v8ee, 1997). Micronisation has been shown
to reduce the cooking time of tempered cowpeasAb¥p4Mwangweleaet al, 2006). The cooking
time of lentils was reported to be reduced by 50rbeing micronized (Cenkowski & Sosulski,
1997). The mechanisms by which micronisation redumoking time are not fully understood.
However, physico-chemical changes during microimsasuch as improved water uptake due to
fissure formation in the seed coat and cotyledoegelatinisation of starch (Arntfielet al, 1997,
Bellido, Arntfield, Cenkowski & Scanlon, 2006; Mwgrela et al, 2006) and denaturation of
protein (Cenkowski & Sosulski, 1997; Arntfieldt al, 2001) are suggested to promote the
reduction in cooking time. Therefore, the effeatieses of micronisation is dependent on the
processing parameters (temperature-time-moisthigg) gromote these physico-chemical changes
(Scanlon, Malcolmson, Arntfield, Watts, Ryland 8oRopowich, 1998).

For micronisation to be effective, it is criticélat the legume seeds which are generally of low
moisture content are first tempered (pre-conditihrie a higher moisture level. The generation
of super-heated steam from the tempering moistuceitical since the physico-chemical changes

such as partial starch gelatinisation and proteinaturation are dependent on the moisture

43

© University of Pretoria



=
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Quef) YUNIBESITHI YA PRETORIA

content. The observed fissures (Mwangwatlal, 2006), fracture lines (Arntfielét al, 2001)
and increased porosity in micronised legumes (8carCenkowski, Segall & Arntfield, 2005;
Mwangwela et al, 2006), which improve water uptake during cookem@ also due to the
increased vapour pressure. Studies indicate liea¢ is a possible hardening that occurs when
legume seeds are micronised with limited moistentfield et al. (1997) observed that
micronised lentils with moisture contents of < 2@8#ed to attain an acceptable softness after
cooking. Abdul-Kadir, Bargman & Rupnow (1990) reed an increased cooking time of

micronised pinto beans that had 17 % moisture abnte

Micronisation temperatures ranging from %9 (Sarantinos & Black, 1996) to 18G (Arntfield et
al.,, 2001; Phadi, 2004) have been used in legumegurhes micronised at high temperatures (>
160°C) are shown to have a longer cooking time (Mwardgweal, 2006) or harder (Arntfielet
al., 2001) when compared to those micronised at velgtiow temperatures (about 180). The
reason for longer cooking time or harder textudeseoved with high temperature micronisation is
not clearly known. Mwangwela, Waniska, McDonoughV8nnaar (2007) suggested that starch
depolymerisation and/or amylose associated créastjrdue to the high micronisation temperature
(170 °C) could contribute to longer cooking times. Ph{fl04) suggested that reduced starch
gelatinisation of cowpeas due to denaturation efgiotein matrix surrounding the starch granules

which would limit hydration of starch granules ahds prolong the cooking time.

254 Theuseof micronisation in preventingHTC

Micronisation has not been used in the preventib®C defect in legumes. However,
Salvador (2007) used micronisation to improve tbheking time of cowpeas after HTC
defect had developed in Cowpeas. It was demoaesirdtat the cooking time of HTC
cowpeas was decreased significantly when pre-comndig with either water or in a solution
with monovalent (Na+) cations was combined with nmnization. Interestingly, although
micronisation increased pectin solubility, it was oincident with reduction in the cooking
times. The improvement in cooking time could haeen due to pre-gelatinisation of starch
and denaturation of proteins that occurs duringromisation of legumes (Mwangwed al,
2006).
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The better heating properties of micronisation dduhve potential in reducing HTC defect
development in cowpeas (legumes). The aim of miseiion would be to inactivate
enzymes such as phytase and peroxidase which poeted to catalyse reactions leading to
defect development. The effectiveness of the pestteatments appears to be dependent on
temperature, time and moisture conditions of thepeas. Temperatures of about %D@re
shown to completely inactivate peroxidase (Riveral, 1989). However, cowpea phytase
appears to be heat stable (Affrifahal, 2006). Severe heat treatments such as incretsng
temperature (176C) and time could result in increased inactivatirphytase. However,
these severe conditions such as high temperatl7€C) are observed to increase cooking
times in cowpeas (Mwangwet al, 2006) and increased hardness in lentils (Arrtfetlal,
2001). Therefore, a balance between enzyme iraiv and not negatively changing the
physico-chemical properties of the seed is crucial.

Pre-conditioning is crucial the cowpeas have anooisture content. However, the relatively
high moisture (40%) pre-conditioning applied by Mwgavelaet al. (2006) and Salvador
(2007) might not be suitable for seeds that arertdergo storage. Micronising (15Q)
cowpeas pre-conditioned to 40 % moisture conteertdgd a final moisture content of
15%(Mwangwelaet al, 2006). Temperatures above 13% seem to promot€ Héfect
development (Aguilera & Rivera, 1990). Therefatesould be necessary to dry the seeds to
lower moisture content if the final moisture corttafter micronisation is still high. High
pre-conditioning moisture would also cause seedking or fissuring (Mwangwelat al,
2006) due to increased vapour pressure within ¢leel.s Although not studied, the fissuring
along the cells could have the potentiation effegtbringing the reactants and substrates
leading to the HTC defect together.

2.6 Gapsinknowledge

Storage of legumes at high temperature and reldtivaidity leads to a HTC defect.

Legumes with this defect are characterised by lmoaking time in attaining the acceptable soft
texture. Cowpeas, as other legumes are proneetbald-to-cook (HTC) phenomenon. Several
hypotheses have been proposed to explain the o&HBEC, but the mechanisms are still unknown.
The “phytase-phytate-pectin” hypothesis and thaification hypothesis are among the main
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hypotheses suggested to lead to HTC defect. Hedtgatments are some of the strategies utilised
in possible prevention of HTC defect developmeihe aim of these heat pre-treatments is to
inactivate enzymes implicated in the developmerthefHTC phenomenon. Complete prevention
of the HTC defect development has not been achi¢wexligh the use of heat pre-treatments
although reduction in the defect development has laehieved. Micronisation which is IR heating
treatment of pre-conditioned seeds has not bedisedtias a heat pre-treatment strategy in the
prevention of HTC defect development. The supehieating properties of micronisation over
conventional heating could leadrwore effective inactivation of these enzymes. €fae,
there is need to explore itsffectiveness in the control of HTC defect in congmm to
conventional heating technigues such as hot-astinga

The current review of literature demonstrates tmaist heat pre-treatment studies report on
reduced incidence of HTC without explanation on thechanisms via which the heat pre-
treatment improved the cooking time of the legumé&dhere is therefore a need for studies to
investigate the effect of the heat pre-treatmentthe physico-chemical changes known to lead

to HTC phenomenon.

2.9 Hypotheses

Storage of cowpea seeds at high temperature -rblgtive humidity conditions will result ithe
development of HTC defect due to the increased maatg activities of phytase
(Galiotou-Panayotowet al, 2008) and peroxidase. Increased phytase actwilly hydrolyze
phytate resulting in release of divalent catioret thill bind with pectin in the middle lamella to
form pectates. This will lead to a decrease in watéuble pectin and subsequent increase in
cooking time. Peroxidase promotésgnification of the cell walls therefore impartingughness
and a barrier to water penetration duriogoking (Hinckset al, 1987) therefore resulting

increased cooking time.

Micronisation and hot-air pre-treatments of predibaned cowpeas will prevent/reduce the
development of HTC defect in cowpeas during stostgd THH conditions due to inactivation of
phytase and peroxidase. Heat pre-treated cowpi#lasawe a shorter cooking time due to less

formation of pectates in the middle lamella therédgding to easier separation of parenchyma
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cells during cooking.

Changes in the physico-chemical characteristicstafch due to the heat pre-treatments and
storage under HTHH conditions will influence theokimg time of the cowpeasHeat
moisture treatments are reported to pre-gelatisiaech (Islam, Shimizu & Kimura, 2002; da
Rosa Zavareze & Dias, 201it)erefore reducing the energy and time requiredoioking of
starchy foodqIslam et al, 2002). Micronisation has been observed to ptatigése starch in
legumes thereby contributing to the reduction ia tboking time of these legumes (Cenkowski
& Sosulski, 1997; Arntfielcet al, 2001; Mwangwelat al, 2007) On the other hand, storage
of legumes under HTHHconditions is proposed to increase starch granuwystatlinity
(Hohlberg & Stanley, 1987; Liuet al, 1992a) as demonstrated by increase in starch
gelatinisation temperature and gelatinisation dpthéGarcia & Lajolo, 1994; Reyes-Moreno,
Rouzaud-Sandez, Milan-Carrillo & Garzon-TiznadoQ20 Therefore, more thermal energy

and longer cookingmes will be required to gelatinise the starch.

2.10 Objectives
The primary objective of this research was to detee the effect of micronisation and hot-air

roasting on prevention of the hard-to-cook phenamnesturing HTHH storage of cowpeas.

The specific objectives were to:

1. Determine the effect of accelerated storage cantitof HTHH on the development of HTC

defect in different cowpea types.

2. Determine the effects of micronisation and hot+aasting of pre-conditioned cowpeas on
enzymatic activity, physico-chemical and microstmual characteristics of cowpeas during
accelerated HTHH conditions.

3. Determine the effects of micronisation and hotraasting of pre-conditioned cowpea seeds

on the thermal and pasting properties of cowpeaa #fmd starches after HTHH storage with the
aim of understanding scientific mechanism of HT@deprevention.

a7

© University of Pretoria



=
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Quef) YUNIBESITHI YA PRETORIA

3 RESEARCH

The research work comprised three phases. Thepfiate (section 3.1) investigated the role of
HTHH storage on the development of HTC defect nee¢hcowpea types and selecting a cowpea
type that was more prone to HTC defect. The segirabe (section 3.2) involved heat pre-
treatment of the selected cowpea type (pre-comaitd with micronisation and hot-air roasting
in prevention of HTC defect. The aim of the preatments was to inactivate enzymes involved
in HTC defect development. The third phase (sact83) focused on exploring further
structural changes and physico-chemical changesctdmdributed to prevention of HTC defect
by the heat pre-treatments.
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3.1 Hard-to-cook phenomenon in cowpeas: effect of accelerated storage on cooking and

physico-chemical characteristics of cowpeas

Abstract

Storage of legumes at accelerated conditions dfi kégnperature and high relative humidity
(HTHH) similar to tropical conditions leads to déyament of the hard-to-cook (HTC)
phenomenon. Cowpeas with the HTC defect are ctearsed by long cooking time. The
objective of this study was to determine the effefcaccelerated storage conditions {@and
80% RH for 40 days) that simulate tropical conditioon the development of HTC defect
development in cowpeas. Three cowpea types we Bechuana whiteAgripienkandMae—
e—tsiliwang. The hard-to-cook (HTC) defect developed in ceag stored under HTHH
conditions but not in those kept under refrigeratomnditions (4°C) as indicated by increased
cooking time. The accelerated conditions of HTHetage used in this study were effective in
inducing the hard—to-cook (HTC) defect. The covgpddfered in their susceptibility to HTC
defect, withBechuana whitdoeing the least susceptible to the defect. Thkesased cooking
time in HTHH stored legumes was associated withresed phytate content and decreased
water soluble pectin content which was in suppdrttiee phytase-phytate-pectin theory.
However, the role of lignification in the developmef HTC defect could not be established as

both peroxidase activity and lignin content did mztrease during HTHH storage.

3.1.1 Introduction

Legumes such as cowpeas play an important roldendiets of the people in sub-Saharan
Africa. Cowpeas are important source of affordaptetein and complement the mainly
carbohydrate-based diets in this region (PhilligeWatters, Chinnan, Hung, Beuchat, Sefa-
Dedeh, Sakyi-Dawson, Ngoddy, Nnanyelugo & Enwef#)32. After harvesting, legumes are
generally stored for long periods before consunmpti&torage of legumes at low temperatures
seems to have minimal or no significant effectlom ¢ooking time of legumes (Hentges, Weaver
& Nielsen, 1990; Berrioset al, 1999). However, storage under adverse conditainkigh

humidity and high temperature (HTHH) prevalent iopical regions leads to hard-to-cook
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(HTC) defect (Coelhcet al, 2007). Cowpeas with HTC defect are characterizgdong
cooking times since they do not soften enough émsomption during cooking. Differences in
the degree of HTC defect development during stoedd¢THH are reported among varieties of
the same legume species (Reydsreno, RouzaudSandez, MilanCarrillo, GarzénTiznado

& Camacho/Hernandez, 2001; Coelhet al, 2007). This is because the physico-chemical
characteristics that affect the cooking time ofuleg@s are influenced by either genotype
differences in varieties and/or agronomic practi¢€oelho et al, 2007). For instance
differences in phytate content among common beaieties has been shown to affect their
susceptibility to HTC defect (Coelhat al, 2007). On the other hand agronomic practicel suc
as addition of phosphorus in the soil could leadntreased phytate content (Coelabal,
2007).

The two main hypotheses proposed to explain HT@adefevelopment are the phytase-phytate -
pectin theory (Hinckset al, 1987; Galiotou-Panayotoet al, 2008) and lignification theory
(Hincks et al, 1987). The “phytase-phytate-pectin” theory prgm insolubilisation of the
middle lamella pectin due to crosslinks with divdleations such as calcium. These cations
results from the hydrolysis of phytate due to iased phytase activity at HTHH (Reyes-Moreno
et al, 2000a). During cooking, the insoluble pectatethe middle lamella hinder hydration of
the cell and restrict cell separation which is etakfor softening (Galiotou-Panayotat al,
2008). The second theory proposes lignificatiothef cell wall/middle lamella due to potential
catalysation by increased peroxidase activity (Ksn& Stanley, 1987). Strengthening of cell
walls due to lignin deposition in the cell wall oriddle lamella would results in poor water
penetration into the parenchyma cells during capkiHincks & Stanley, 1987). It is also
suggested that strengthening of cell walls redseesdling of the cell during cooking therefore
restricting cell separation (Stanley, 1992).

There is lack of an integrated study investigatimg dual theories of lignification and “phytase-
phytate-pectin” in cowpeas. Most studies focughmn“phytase-phytate-pectin” theory and not
the lignification theory. Therefore there is néednvestigate these two theories with respect to
the suggested mechanisms i.e. the enzymes invarddheir influence on physico-chemical

characteristics.
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The objective of this study was to determine tHeatfof storing different cowpea types under
accelerated conditions of HTHH that simulate trapiconditions on the development of the
hard-to-cook defect. The changes in the physi@vibal characteristics of the cowpeas
associated with the proposed phytase-phytate-peatid lignification theory were also

investigated.

3.1.2 Materialsand methods

3.1.2.1 Raw materials

Eleven cowpea types were sourced from Botswanganth Africa for this study. However, 8
types were found to have excessively long cookimgs (> 270 minutes) which indicated they
already had the HTC defect. Therefore only thypes were selected for the studgechuana
white (Agricol, Potchefstroom, South Africalgripienk (Agricol, Potchefstroom, South Africa)
and Mae—e—tsiliwangBotswana). The cowpeas were cleaned to removefarign material,
broken and shriveled seeds. The cleaned seedspaeked in air-tight buckets and stored at 4

°C until used.

3.1.2.2 Inducement of HTC defect

HTC defect was induced by incubating cowpea seed8 € and 80% RH for 40 days. Cowpea
samples were placed on wire mesh tray (single )agtethree different levels, with each variety
on its own tray. These were placed inside a 45¢80 xm x 40 cm air tight plastic container
containing saturated potassium chloride (KCI) sotutat the bottom. The KCI solution was to
maintain constant humidity conditions (80%) as dbsd in ASTM E 104-02 (ASTM
International E104-02). The container was themgaain a growth chamber at 40 °C (Labcon,
Johannesburg, South Africa). The temperature aladive humidity were maintained at 40 °C
and 80% RH throughout as monitored using a humidimperature logger (ThermaData™,
ETI Itd, West Sussex, UK).
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3.1.2.3 Flour preparation for assays

Cowpea seeds were finely ground to pass througl® anéh screen using a laboratory hammer
mill 3100 (Falling number, Sweden) and packageripnock polyethylene bags. Analyses were
conducted at day 0, storage &CAfor 40 days and storage af@tand 80% RH for 40 days.

3.1.2.4 Moisture content

Moisture content was determined according to AAC&tivd 44-15A (American Association of
Cereal Chemists 1995). Moisture tins were drie@ inot-air oven at 103 °C and cooled in a
desiccator. 5g of the cowpea flour was weighed ithe weighed dried moisture tins. The tins
were then covered in foil and dried in a hot-aieoat 103 °C for 4h. The samples were then
cooled in a desiccator and weighed. The moistunéecd was then calculated as:

moisture loss(Q)
intial sample weight(g

% moisture content 3< 100

3.1.2.5 Cooking time

Cooking time was determined by a Mattson bean aoakedescribed by Mwangwekt al.
(2006). For each treatment, 25 cowpea seeds veosiggned in the perforations of the cooker,
placed in an aluminium pot with 1.5 L of deionisedter and boiled. The cooking time of the
cowpeas was recorded as the time when 80% of tle®0s had penetrated the cowpea seeds
and plunged through the hole at the base.

3.1.2.6 pH

pH was determined as described by mixing 5g ofpa@anlour with 100 mL of deionised water
and stirred for 45 min at room temperature. Thegbkhe solution was expressed as cowpea
tissue pH (Liuet al, 1992a).
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3.1.2.7 Water activity

Flour water activity was measured using a Pawkiewactivity meter (Decagon Devices, Inc.,
Pullman, Washington, USA).

3.1.2.8 Phytate

Cowpea flour was extracted in hydrochloric acido@M) and neutralised by addition of 0.75M
sodium hydroxide. The neutralised sample extra@s wised in the enzymatic de-
phosphorylation reaction assay using a phytic §oidtate)/total phosphorus analysis kit (K-
PHYT) of Megazyme (Megazyme International, 201®or the free phosphorus, 0.62 mL of
distilled water, 0.20 mL of sodium acetate buffad®.05 mL of sample extract were pipetted
into a 1.5 mL microfuge tube. The mixture was veetk and incubated in a water bath set at
40°C for 10 min. After incubation, 0.02 mL of dis&itl water and 0.2 mL of glycine buffer were
added. The mixture was vortexed and incubatedvimtar bath at set at 40 for 15 min. The
reaction was stopped by addition of 0.30 mL ofhillecoacetic acid (TCA) (50 % wi/v). The
solution was then centrifuged at 13000 rpm for 1. mrhe supernatant was pippeted for the
colorimetric determination of phosphorus. For tibk&al phosphorus, 0.60 mL of distilled water,
0.20 mL of sodium, acetate buffer, 0.05 mL of samgttract and 0.02 mL phytase suspension
were pipetted into a 1.5 mL microfuge tube. Thetom was vortexed and incubated in a water
bath set at 4« for 10 min. After incubation, 0.2 mL of glycimeiffer and 0.02 mL of alkaline
phosphatase suspension were added. The mixturgos@sed and incubate din a water bath at
set at 48C for 15 min. The reaction was stopped by additib0.30 mL of trichloroacetic acid
(50 % wi/v). The solution was then centrifuged af008 rpm for 10 min. The supernant was

pippeted for the colorimetric determination of pplogrus.

Phosphorous content was determined calorimetricaling ammonium molybdate. The
absorbance was read at in a spectrophotometer @argZ150 Inc, Perkin Elmer, Waltham
Massachusetts, USA) 655 nm within 3 hours. Phytatgent was calculated using Megazyme'’s
Mega-Calc™ for phytic acid (phytate)/total phosphorus deteration.
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3.1.2.9 Phytase activity and free inorganic phosphorug (Pi

Phytase activity was measured using the directbaton method with some modifications
(Shen, Yin, Chavez & Fan, 2005). To calibrateldackground P contributions in the samples,
15 mL of TCA stop solution (0.92 M) was added tg 4f sample in a 250 mL Erlenmeyer flask.
This was followed by addition of 85 mL of sodiumetate buffer at pH 5.5. The flask was
swirled and 1 mL of the mixture was transferreé tts mL centrifuge tube for the measurement
of non-specific P contributions at time zero. Hre@ganic phosphate (Pbefore incubation was

expressed as sample blank before incubation.

One gram of cowpea flour was incubated with 100o0hkodium phytate substrate (1.5 M) at 37
°C for 30 min. After 30 min, 2 mL of the incubateuixture was transferred into a 15 mL
centrifuge tube containing 1 mL of TCA stop solatioThe mixture was vortexed and then
centrifuged at 200 for 15 min. One mL of the supernatant was added taL of colour
reagent. Liberated phosphate was measured by theaimmm molybdate method (Eeckhout &
De Paepe, 1994). The absorbance was read at 700 arspectrophotometer (Lambda EZ150)
within 3 hours after centrifugation at 100@Cfor 3 min. Calibration standards were prepared
from potassium dihydrogen phosphate. Phytaseigctisas measured as phytase units (FTU).
FTU was the amount of phytase that catalyses tlkeage of micromoles of inorganic phosphate

per minute from 1 kg of dry matter (DM) samples.

3.1.2.10Peroxidase activity

Peroxidase activity was determined as describeBIbgk et al. (1987). Five grams of cowpea
flour was extracted with 50 mL of 0.1 M citrate gpbate buffer (pH 6.0) containing small
amount of polyvinylpolypyrrolidone (PVPP) for 30 mat 4°C under continuous shaking. The
solution was then centrifuged at 609Gat 4°C for 15 min. 1 mL of the supernatant (crude
peroxidase extract) was pipetted into a reactiorturg containing 2 mL of 0.05 M citrate
phosphate buffer (pH 6.0) and 2mL of 0.4 mM guaicbhe reaction was intilialised by addition

of 2 mL of 3% hydrogen peroxide and the change bsogbance measured in a
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spectrophotometer (Lambda EZ150 Inc, Perkin EId&A for 5 min at 470 nm. Results were
expressed a8A/ min/g.

3.1.2.11 Water soluble pectin extraction and determination

Water-soluble pectin was determined in raw cowp€&ase g of cowpea flour was extracted 3
times with 95% ethanol to remove soluble sugarse alcohol insoluble solids (AIS) pellet was

vacuum dried at room temperature and stored irsechor.

One g of AIS was extracted with 10 mL deionisedewdor 10 min at 300 rpm in an orbital
shaker (Grant-bio, Grant instruments Itd., Camtesdgre, UK) and allowed to stand for 10 min.
The mixture was centrifuged and the supernatanéaed into a 25 mL volumetric flask. The
extraction was repeated on the residue and therrsatpat was added to the same volumetric
flask. The supernatant solution was diluted to2henL mark and filtered using a Whatman No.
41 ashless filter paper. The filtered cold watdulsie pectin extract was stored (<24 h) at 4 °C
until analysis. Pectin content of each extracinas determined by using-hydroxydiphenyl
method.

A calibration series of galucturonic acid (20, 80, 80 and 100 pug/mL) was prepared to be used
as a standard curve. For the samples and the sisnttaee tubes were used: two tubes for
sample/standard + one tube for blank determinafidre assay reagent consisted of sodium
tetraborate in sulphuric acid (0.0125 M solutior(),5% sodium hydroxide andn
hydroxydiphenyl solution (0.15%). One mL of samplestandard was pipetted into each of
three test tubes in an ice bath. After few minutesllow cooling, 6.0 mL of the tetraborate
solution was added to each test tube and mixeadtighty using a vortex mixer. The tubes were
transferred in a boiling water bath for exactly {imThe tubes were then cooled in an ice bath.
After cooling, 0.1 mL ofm-hydroxydiphenyl was added to the first two tub@slévelop colour
and mixed thoroughly using a vortex mixer. For bt@nk, 0.1 mL of 0.5% sodium hydroxide
was added to the third tube and mixed thoroughllyth® tubes were allowed to stand for 15-20

min at room temperature to allow any bubbles foritedissipate. The absorbance was read at
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520 nm in a spectrophotometer (Lambda EZ150) byingasample or standard against its

corresponding blank.

3.1.2.12 Determination of acid detergent lignin (ADL)

Acid detergent lignin (ADL) content was determingavimetrically by the Goering & Van
Soest method (Goering & Van Soest, 1970) usingss FAnalytical FibreCap™ 2021/2023
system (FOSS Analytical ABB, Hoganéas, Sweden). Alds determined gravimetrically by
first obtaining the acid detergent fibre, and tlegtracting it with 72% K50, (w/w) and ashing
to determine percent ADL. The sample was contaime&iberCap capsules (polypropylene

containers with a snap lids).

Lignin was calculated as follows:

_ blank capsule weight after extractions
initial blank capsule weight

(W3 - (W; x C) - (W - W, - D)) x 100 x100
W, x % db

% ADL (Acid Determined Lignin) =

Where: W = initial capsule weight, W= sample weight, W= capsule + residue weight, A
crucible weight, W = ash + crucible weight, C = blank correction éapsule solubility, D =

capsule ash weight

3.1.3 Statistical analyses

The experiment was done in duplicate. The effécbwpea type and storage conditions as well
as their interactions on the physico-chemical attarestics were evaluated using analysis of
variance (ANOVA) based on a 5% level of significanc Correlation coefficientsr) were

determined to establish relationships between pbyshemical characteristics. Principal

component analysis (PCA) of the cowpeas and pmaiemnical characteristics was conducted
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using a correlation matrix. Statistica Version g@atsoft, Tulsa, OK, USA) was used for data

analysis.

3.14 Results

Cooking time before storage of cowpeas was sinidaBechuana whitend Agripienk which
was about an hour (Table 3.1)ae-a-tsilwanehad a relatively longer cooking time of about 2
h. Storage at°€ for 40 days did not significantly (P > 0.05) afféhe cooking time of the
cowpeas except foMae-a-tsilwane However, the cooking times of all samples insesh
significantly (P < 0.05) during storage at HTHH daions (40°C and 80% RH).Agripienkhad

a higher increase (382%) comparedtxchuana whit€51% increase). The fresh cowpeas had
similar initial pH (Table 3.1). The pH of the coegs was slightly higher or equal to day O after
storage at%C. A significant (P < 0.05) decrease in pH waseobsd in all cowpea samples after
storage Agripienk and Mae-a-tsilwanehad about 0.4 decreases in pH whereas Bechauta whi
had a 0.2 decrease under HTHH storage conditidngial moisture content of the cowpeas
ranged from 8.3% to 9.7% (Table 3.1). During sgerat 4°C, only Agripienk showed a
significant (P < 0.05) increase in moisture contetiring HTHH storage, the moisture content
increased by 2.4%, 1.1% and 2.2% for Bechuana whiteAgripienk and Mae-a-tsilwane
respectively. Water activity (& decreased slightly during storage atCtfor all the cowpea
types (Table 3.1). During HTHH storage there wasgaificant (P < 0.05) increase in water
activity in all samples (Table 3.1).

Phytase activity was not significantlf? & 0.05) affected during storage &C4in all samples
(Table 3.2). After storage in HTHH conditions pdisg activity decreased significantly €
0.05). Free inorganic phosphate content was highésgripienk and least in Mae-a-tsilwane on
day O (Table 3.2). This amount did not changeifiagmtly (P > 0.05) during storage af@ in

all samples. However, during HTHH storage theres \@asignificant (P < 0.05) increase in
inorganic phosphate. There was an 86, 137 and i@d%ase in inorganic phosphate content in
Bechuana white, Agripienk and Mae-a-tsilwane respely, after HTHH storage. Phytate
content ranged from 4.7 g/kg to 10.3 g/kg. As notethe other parameters tested, storage at 4

57

© University of Pretoria



=
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Quef) YUNIBESITHI YA PRETORIA

°C did not affect phytate content significantly (P0#05). Storage under HTHH conditions
reduced the phytate content significantly (P < .0bhere was a 13, 22 and 28 % decrease in

phytate content irBechuana whiteAgripienk and Mae —a-tsilwanerespectively, after HTHH
storage.
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Table 3.1 Effect of storage conditions on the cooking tiid, ay and moisture content of cowpea types under diftesmrage conditions

Cowpea type Treatment Cooking pH Water Moisture
(storage) time (min) activity () content (%)
Bechuana white Day 0 85+ 6 6.58+0.04 0.406+0.01 8.38+0.1
Day 40 at £C 62+ 4 6.66°+0.01 0.37+0.01 8.2+0.2
Day 40 at HTHH 83F+3 6.38+0.01  0.58+£0.02 10.7+0.1
Agripienk Day 0 58"+ 3 6.59+0.04 0.46+0.02 8.8+0.2
Day 40 at £C AT+ 6 6.67+0.01  0.48+0.01 9.2+03
Day 40 at HTHH > 270 6.20+£0.01  0.58+0.01 9.4°x0.1
Mae-a-tsiwane  Day O 1177 6.59+0.02 0.52+0.02 9.7°+0.1
Day 40 at £C 13+ 12 6.62°+0.01 0.48+ 0.01 9.9+0.6
Day 40 at HTHH > 270 6.2°+0.02 0.58+ 0.01 11.9+0.1

"Different superscript letters within a column iratie statistically significant differences (n = P)< 0.05)

# HTHH refers to High Temperature (30) High Humidity (80%)
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Table 3.2 Effect of storage conditions on the releaseédpBytase activity, phytate and water soluble peofi cowpea types stored under
different storage conditions

Cowpea type Treatment Released P Phytase Phytate Water soluble
(storage) (9/kg) (FTU"kg) (9/kg) pectin (g/kg)
Bechuana white  Day 0 13%20.01 379°+6 7.22°+0.29 2.06+0.05
Day 40 at 4C 1.32+0.01 412'+17 75£+048 1.97+0.03
Day 40 at HTHH 2.43+0.01 242+22 6.25+0.14 1.82+0.01
Agripienk Day 0 1.63+0.01 338°+16 10.34+0.64 1.52+0.01
Day 40 at £C 1.43+0.01 324°+25 11.19+0.98 1.54+0.02
Day 40 at HTHH 3.89+0.01 284%2 7.98+0.30 1.28+0.00
Mae-a-tsilwane  Day 0 1.16 0.01 44b6+51 466+019 1.31+0.09
Day 40 at 4°C 1.29+0.01 426'+10 4.53+0.12 1.38+0.01
Day 40 at HTHH 2.60: 0.01 327+ 6 3.33+0.06 1.08+0.01

"Different superscript letters within a column indeatatistically significant differences (n=8 € 0.05)

TFTU(one phytase unit): amount of enzyme that literduM of Pi/min from 0.0051 mol/l sodium phytate at 37 °C @ht!5.5

¥ HTHH refers to High Temperature (30) High Humidity (80%)
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Initial water soluble pectin content was highestBechuana whiteand lowest inMae-a-
tsilwane (Table 3.2). There was no significant (P > 0.0barge in water soluble pectin
content of the cowpea samples stored at 4 °C. HFBkirage significantly reduced water
soluble pectin content in all samples. The lowk=sirease was iBechuana whitevhereas

AgripienkandMae-a-tsilwanehad decreases of about 17 %.

Peroxidase activity ranged from 0.39 to 08&L/min (Table 3.3). In all cowpea type the
peroxidase (POD) activity did not change signifitaP > 0.05) during storage except for
Agripienk which decreased significantly (P < 0.05) duringH#T storage. There was no

change in lignin content in all cowpea types dustayage at either &€ or HTHH.

Table 3.3 Effect of storage conditions on peroxidase agti@hd lignin of cowpeas types

stored under different storage conditions

Cowpea type Treatment Peroxidase Lignin (g/kg)
(storage) (A/mL/min)
Bechuana white Day 0 0.610.01 27.0+0.1

Day 40 at £C 0.59°+0.02 27.8+0.2
Day 40 at HTHH 0.57°+0.08 29.2+0.1
Agripienk Day 0 0.76+0.01 30.2+0.1
Day 40 at 4°C 0.86'+ 0.03 31.83+05
Day 40 at HTHH 0.59+0.11 33.6+0.1
Mae-a-tsilwane Day 0 0.48+0.08 33.9+0.1
Day 40 at 4C 0.39+0.01 33.1+0.1

Day 40 at HTHH 0.58*+0.03 33.3+0.1

"Different superscript letters within a column inafie statistically significant differences (n=2)< 0.05)

# HTHH refers to High Temperature (4€) High Humidity (80%)
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Table 3.4 shows the p-values related to the physhemical characteristics of the cowpeas.
Cowpea type had a significant (P < 0.05) effectatinphysico-chemical characteristics.
Storage effect was significant (P < 0.05) on abreleteristics except lignin. The cowpea
type x storage interaction was significant (P <5).h all characteristics except phytate,

water soluble pectin and lignin.

PCA was used to better understand the potentiatioakhips between the independent
variables (cowpeas stored under different condiliand the dependent variables (physico-
chemical characteristics) that differed signifidéant The first two principal components

described 83% of the variation in physico-chemdateracteristics of the cowpeas.

Table 3.4 P-values to test for the effects of cowpea typksiorage

Physico-chemical attribute Cowpea type Storage p[eawype x Storage

p value p value p value
Cooking time 0.001 0.001 0.001
Released phosphate 0.001 0.001 0.001
Phytase 0.001 0.001 0.026
Phytate 0.001 0.001 0.060
water soluble pectin 0.001 0.001 0.206
Peroxidase 0.001 0.024 0.002
Lignin 0.001 0.271 0.620
Moisture 0.001 0.001 0.002
pH 0.001 0.001 0.001
aw 0.001 0.001 0.001
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Figure 3.1a shows the projection of the loadingghefphysico-chemical characteristics and
Figure 3.2 b illustrates the projection of scoréshe cowpeas. PC 1 explained 66 % of the
variance in the data. Cowpeas on the right ofpllo¢ were associated with long cooking
times, higher moisture content, higher water aftiand higher released phosphate content.
These characteristics were associated with cowjpeddhad undergone HTHH storage. The
cowpeas on the left of the map were day 0 and thiwehad been stored af@, these were
characterised with higher phytate content, highatewsoluble pectin content and high pH.
PC 2 added 16% to the explanation of variation sephrated cowpeas with high released
phosphate such asggripienk 40d HTHH In addition, PC 2 separated the cowpea typds wit
higher phytate contentAQripienk sample} and those of a lower phytate conteMag-a
tsilwanesamples). PC 3 (Figure 3.2) explained an additi®n% (making a total of 92%).
PC 3 explained the higher water soluble pectin enin Bechuanasamples. It was
interesting to note that in all cowpea types, dagatples and those stored &€ 4vere

clustered together indicating similar physico-cheahcharacteristics.

Cooking time was significantly (P < 0.05) positiyelorrelated with released phosphate (r =
0.77), water activity (r = 0.69) and moisture conité = 0.62) (Table 3.5). pH (r = 0.87),

water soluble pectin (r = 0.75) and phytate (r Z1p were significantly (P < 0.05) negatively
correlated with cooking time (Table 3.5).
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Table 3.5 Correlations coefficients between physico-chemitalracteristics of cowpeas at level P < 0.05

Cooking Released Phytase Phytate  Water  Moisture pH aw

_ _ soluble

time Pi .

pectin

Cooking time 1.00 0.77 -0.24 -0.51 -0.75 0.62 -0.87 0.69
Released iP 1.00 -0.71 -0.06 -0.40 0.41 -0.91 0.62
Phytase 1.00 -0.27 0.03 -0.34 0.60 -0.38
Phytate 1.00 0.35 -0.67 0.37 -0.45
Water soluble 1.00 -0.58 0.49 -0.72
pectin
Moisture 1.00 -0.66 0.71
pH 1.00 -0.73
aw 1.00

a Significant correlations are indicated in bold
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3.1.5 Discussion

The initial cooking times of the cowpeas (55 to 1din) were simmilar to the range reported for
cowpeas (35 to 120 min) (Olapade, Okafor, Ozumb®I&tunji, 2002). The differences in
cooking time of day 0 cowpeas could have been dugehotypic differences in variety and
growth conditions (Akinyeleet al, 1986; Demooy & Demooy, 1990) which influence pbgs
chemical characteristics of the seeds. These @iydiemical characteristics such as phytate
content and water soluble pectin content are kntwimfluence cooking time (Coelhet al,
2007). Studies report that legumes stored undiegeeation conditions do not develop the HTC
defect (Cunhaet al, 1993; Berrioset al, 1999; Coelhoet al, 2007). Beans stored under
refrigerated conditions of about 0°6 are shown to have a simillar cooking time witasfr
beans even when stored for a long time (Bereioal, 1999). Since enzymes are implicated in
HTC development, refrigeration temperatures wodllvsdown enzyme activity, therefore
controlling HTC defect development. The increasesooking time due to HTHH storage in all
types indicate that these conditions promoted tHeC Hlefect development. Under HTHH
conditions, it was interesting to note ttBe¢chuana whiteooking time increased by 28 min
whereasAgripienk and Mae-a-tsilwanehad increases of over 214 min and over 153 min
respectively. These results suggest that the caviygges had different susceptibilities to the
development of HTC defect. This is in agreemenhvgéveral legume studies which report
differences in proneness to HTC defect developraembing different types of legumes of the
same species (Reyes-Moreno & Paredes-Lopez, 1998aBLugoet al, 1997; Coelhcet al,
2007).

The decrease in pH during HTHH storage was in agee¢ with reported decreases in pH due to
HTHH storage (Liuet al, 1992a). Flour slurry pH as used in this studyegian indication of
cowpea tissue pH (Liet al, 1992a). The decreased pH suggests tissue aatibifn reported to
be as a result of lipid hydrolysis (Liet al, 1992a). Hydrolysis of lipids into fatty acidsdan
oxidation of these acids into organic acids areeplex] to contribute to decrease in pH (eiu
al., 1992a). The initial moisture content of the ceap were within the recommended 0 %

for maintenance of textural quality during storgBerrioset al, 1999). Moisture contents of

13 % are reported to promote the HTC defect dusiogage under adverse conditions (Antunes
& Sgarbieri, 1979). The increase in moisture contnd water activity of the cowpeas during
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HTHH conditions is due to seed absorbing moistwenfthe surrounding (Nahar, Ali, Amin &
Hasanuzzaman, 2009). Seed moisture content istigiirelated to the relative humidity of the
surrounding air (Nahaet al, 2009). Therefore water vapour will move from therounding air

to the seed until hygroscopic equilibrium is essigdd (Nahaet al, 2009).

The increase in free inorganic phosphaté) (@uring HTHH storage conditions indicated
hydrolysis of phytate by activated phytase actigigce phytase hydrolyzes phytate releasing
inorganic phosphate (Mafuleket al, 1993; Galiotou-Panayotoat al, 2008). The HTHH
conditions enhanced phytate degradation by progidiptimal conditions for phytase activity.
The lack of change in phytase activity in all sa@spiiuring storage af@ indicated that enzyme
activity was low. Enzyme activity is temperaturepdndent and at refrigeration temperatures
such as &, low activity was expected. Although the incezhsontent in inorganic phosphate
at day 40 during HTHH storage indicated increadedgse activity, determined phyatse activity
was lower than the control. The decreased phytadwity seemed to be related to the
methodology used in determination. Phytase agtivihs measured by quantifying the amount
of inorganic phosphate (Pi) ions liberated from etigphytate during incubation. This was
measured against the background or free inorganispghate present in the seed before the
incubation in the assay. The background inorgahiasphate was quite high and could have

resulted in the low values observed.

Phytate reduction is observed during HTHH storage @@sults from the action of phytase on
phytate (Reyes-Morenet al, 2000a; Affrifah & Chinnan, 2005; Galiotou-Panayotet al,
2008). This corroborates the observation thatgaoic phosphate increased due to hydrolysis of
phytate by phytase. The extent of HTC defect hesnbnegatively correlated with phytate
content (Reyes-Moreno, Romero-Urias, Milan-Carrifo Gomez-Garza, 2000c; Galiotou-
Panayototiet al, 2008)}.

The decrease in water soluble pectin during HTHbfagfe was in agreement with researchers
who reported decreases in water solubility of peeafter storage in HTHH conditions (Reyes-
Moreno et al, 2000a; Galiotou-Panayotoet al, 2008; Nyakuni, Kikafunda, Muyonga,

Kyamuhangire, Nakimbugwe & Ugen, 2008). The deseeim water soluble pectin indicated
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formation of pectates (Coelhat al, 2007; Galiotou-Panayotcet al, 2008). The hydrolysis of
phytate by phytase seemed to release divalentnsaioch as calcium that are known to form
ionic cross-bridges with pectin to form insolublEaum pectates in the middle lamella (Reyes-
Morenoet al, 2000a; Galiotou-Panayotat al, 2008).

Although peroxidase activity was expected to inseeduring HTHH storage it did not change
significantly for Bechuana whiteand Mae-a-tsilwane There was a significant (P < 0.05)
decrease i\gripienKks peroxidise activity after HTHH storage. It waspected that storage of
cowpea seeds at HTHH could increase peroxidaseitgaind thus lignin synthesis (Hincks &
Stanley, 1987). Researchers seem to differ on rtle of peroxidase in HTC defect
development. Paredes-Lopetzal. (1989b) reported 30-50 % lower peroxidase actiofthpeans
stored at HTHH (30C and 85% RH) when compared to control beans starémv temperature
and low relative humidity (15C and 35 % RH). Lack of increase in POD activityriag
storage at HTHH was also reported by Hohlberg &leta (1987). The lignification theory
postulates polymerisation of hydrocinammic acide ilignin in the cell wall due to increased
POD activity. It was noted that there is no expemtal work in literature correlating increased
POD activity to increased lignin content of legunaesing HTC defect development. Storage
conditions did not have a significant (P > 0.05¢ef on lignin content. Researchers have shown
conflicting results on the change in lignin contenting HTHH storage of legumes. Jones &
Boulter (1983) and Nasar-Abba&s$ al. (2008) reported increased lignin content in blaekns
and faba beans stored at HTHH conditions respdgtivim contrast, Srisumat al. (1989) and
Mafulekaet al.(1993) observed no significant change in the higrontent of beans stored under
HTHH conditions. Studies on the effect of lignin 6ITC defect development are few and
therefore more research is necessary to understarignification theory.

The physico-chemical characteristics of the dapWpeas (control) and cowpeas stored &€ 4
were similar as demonstrated through their closexiprity in the PCA indicating that
refrigeration temperatures prevent the developmémTC (Figure 3.2). This is in agreement
with researchers who demonstrated that low temperatorage prevent the development of the

HTC defect. The PCA and correlation studies shothatl higher cooking times were associated
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with increased inorganic phosphate (increased phyéativity), decreased phytate content and
decreased pectin solubility. These results prowsdgport for the phytase-phytate-pectin
hypothesis as the most probable explanation taléwelopment of HTC defect (Coellet al,
2007; Galiotou-Panayotaet al, 2008). The results suggest that exposure ofdiagpeas to high
temperature and high humidity caused activatioploftase resulting in hydrolysis of phytate.
Hydrolysis of phytate caused reduction in its ciefapotential thereby releasing cations that
were potentially bound to pectin in the middle l#mmdorming pectates. The pectates in the
middle lamella do not solubilise during cooking sequently restricting cell separation that is

essential for softening of the cowpeas.

The differences in susceptibility to HTC defect aimgothe cowpea types could be due to
differences in the initial phytate content and ttegree of phytate hydrolysis during HTHH
storage Agripienkwas observed to be more susceptible to HTC cordgaréhe other 2 cowpea
types. Agripienkhad the highest phytate content and the highesedse after HTHH storage
conditions. Similar observations were reportecb@ans (Coelheet al, 2007), where longer
cooking times after HTHH storage were dependenthenintial phytate content and the degree

of phyate hydrolysis

3.1.6 Conclusions

HTC defect was successfully induced under the HddHRditions used in this study as indicated
by increased cooking time in all types. The susb#py to the defect differed among the
cowpea types. Storage under refrigeratidiCj4onditions did not cause an increase in cooking
time. The observed increase in cooking time duriipHH storage was associated with
increased liberation of inorganic phosphate, deserea phytate content and decrease in water
soluble pectin. This was in support of the “phgtashytate-pectin hypothesis”, whereas the role

of lignin in HTC defect development was not esttidid in this study.
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3.2 Micronisation and hot-air roasting of cowpeas as pre-treatmentsto control the

development of hard-to-cook phenomenon?

Abstract

Cowpeas, stored under conditions of high tempezatund high relative humidity (HTHH),
developed the hard-to-cook (HTC) defect. Cowpedh WTC defect require long cooking
times, limiting their utilisation. Heat pre-treagnts aim at inactivating responsible enzymes
leading to HTC development. Heat pre-treatmermgs,micronisation and hot-air roasting were
evaluated to assess their effectiveness in comigothe HTC defect development in cowpeas
after storage under HTHH conditions. Micronisatiand hot-air roasting as pre-treatments
reduced the cooking time of cowpeas after storagieuHTHH conditions compared with to the
control. The differences in the effectiveness ofCHdefect control between micronisation and
roasting were dependent on the degree of phytasgivation on day 0. Phytase activity was
reduced by 45% and 70% by roasting and micronisgire-treatments, respectively. Reduced
phytase activity was associated with higher phytatd soluble pectin contents in micronised
cowpeas than in roasted cowpeas after HTHH stordbes observation is in agreement with the
phytase — phytate-pectin theory. Micronisation wagre effective than hot-air roasting in
controlling the development of the HTC defect. Thias due to a higher degree of phytase

inactivation in micronisation when compared to toeps

Key words: Heat pre-treatments, HT C-defect, phytase, phytic acid, soluble pectin

! Published in part in th@ournal of the Science of Food and Agricult(@812), 2(6), 1194-1200.
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3.2.1 Introduction

Cowpeas VYigna unguiculataL. Walp) are an important source of nutrients ieveloping
countries and are consumed extensively in Africav@eas contain about 25% proteins and 65%
carbohydrates (Preet & Punia, 2000). They comphtmereal-based diets by increasing the
protein quality of diets especially among the lomvame groups in developing countries (Igéal
al., 2006). Cereal proteins are deficient in the m@sse amino acid, lysine. Cowpeas are
comparatively rich in lysine (7 g lysine/100 g mio) (USDA, 2016) and therefore, help to
alleviate protein energy malnutrition when useébttify cereal based diets.

However, a major limitation in cowpea utilisatiosn the long cooking times especially during
storage under tropical conditions. The high terapee and high relative humidity (HTHH)
conditions of the tropical climate lead to devel@miof the hard-to-cook (HTC) defect (Coelho
et al, 2007). HTC cowpeas are characterized by longekiog times compared to normal
cowpeas or even inability to soften sufficientlyridg cooking for consumption (Aguilert al,
2000). The longer cooking time means a high endegyand which is a challenge to developing

countries due to scarcity of resources (Stanleygtiikera, 1985).

The mechanisms leading to HTC defect are complicatel not clearly understood. Most of the
proposed mechanisms leading to HTC developmentidatpl increased enzymatic activity
during storage at high temperature and high redativmidity (Hincks & Stanley, 1987). The
two main hypotheses proposed to explain the HTE€alefevelopment are the ‘phytase—phytate—
pectin’ (Galiotou-Panayotoet al, 2008) and lignification mechanisms (Hincks & 3¢gm
1987).

The ‘phytase—phytate—pectin’ hypothesis proposegadiation of phytate by increased phytase
activity and subsequent interaction of the releadeglent cations with pectin (Galiotou-
Panayototet al, 2008). This interaction leads to crosslinkingpettin with cation bridges and

insolubilisation of the pectin to form pectatesy.ecalcium pectate. During cooking, these
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pectates do not dissolve easily, leading to failafecell separation during cooking. Cell
separation is necessary for softening of legunmesefore restricted cell separation leads to long
cooking time (Shomer, Paster, Lindner & Vasilivei990). The lignification hypothesis
proposes deposition of lignin in the cell wall frotime polymerization of lignin precursors
(monolignols) in the presence of peroxidase (Halgl#e Stanley, 1987). The phytase—phytate—
pectin hypothesis is the more widely accepted thdor HTC development (Hentgest al,
1991; Bernal-Lugeet al, 1997)

Storage of cowpeas under low temperature conditveas an effective method of preventing
HTC defect (Berrio®t al, 1999; Coelhat al, 2007). However, this might not be feasible ia th
scarcely-resourced regions in the tropics. Inatim of the responsible enzymes such as
phytase and peroxidase by the use of heat treagna@atsome of the pre-treatment strategies
used to prevent the development of the HTC defé@tiese include sand roasting (Rivetaal,
1989), microwaving (Plhakt al, 1987; Cunhaet al, 1993), retorting (Molinaet al, 1976) and
steaming (Molinaet al, 1976; Affrifah et al, 2006). Affrifah et al. (2006) reported 64 %
reduction in phytase activity of cowpeas (20% moistcontent) steamed for 6 min. Steaming
(121 °C, 4 min) appears to be the most effectivehef heat pre-treatments reported in the
literature to preventing HTC defect (Affrifagt al, 2006). In all of these heat pre-treatments,
total prevention of HTC development during storagges not achieved probably as a result of

residual activities of the enzymes.

Infrared (IR) heating or micronisation could be are effective heat pre-treatment strategy
(Krishnamurthyet al, 2008). IR heating involves use of radiant etmtiagnetic energy in the
wavelength range of 1.8 to 3.4 um. Hot-air rogstina conventional heating process and heat is
transferred through convection. The use of miGaidn as a heat pre-treatment strategy in the
control of HTC defect during storage of legumescanditions of high temperature and high

relative humidity is not reported to date.
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The objective of this study was to determine tHea$ of micronisation and hot-air roasting on
the development of HTC defect during storage unligh temperature and high relative

humidity.
3.2.2 Materialsand methods

3.2.1.1 Raw materials

In a preliminary study, 11 cowpea cultivars fromt&weana (n=4) and South African (n= 7) were
screened in terms of their susceptibility to hargtdok defect as determined by their cooking
time after storage at 40 °C and 80% RH for 40 dAgsipienkcultivar (Agricol, Potchefstroom,
South Africa) was chosen for the study as it haelatively quick initial cooking time (56 min)
which increased 5 fold (>270 min) after storagearratcelerated storage conditions.

3.2.1.2 Pre-conditioning

Cowpeas were pre-conditioned to approximately 2%n#&ésture content by adding deionised
water. The amount of water required was calculammbrding to the method of Arntfiekt al.
(1997). The required amount of water was addefigdock® bags containing the cowpeas and
mixed by shaking and rolling the bags to ensuréoumi water distribution. The bags were stored
at 4 °C for 16 h for equilibration of water withine cowpea (Arntfielett al, 1997)

3.2.1.3 Micronisation conditions

A small scale experimental microniser was usede flicroniser components were a standard
bench top 3 lamp IR module (UV+IR Engineering, Jotesburg, South Africa) mounted on a
variable height stand. The heat source consist&djwartz-tungsten infrared lamps with a 6 kW
power operating at 67% output. Pre-conditionedpzag (100g) were evenly spread out (single
layer) on an aluminum tray and placed under theaniser. The distance between the lamps and
the cowpeas was set at 25 cm. The microniser veabgated for 20 min before micronising the

cowpeas for 5 min to a final surface temperaturds® °C (Mwangwelaet al, 2006). The

74

© University of Pretoria



=
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Quef) YUNIBESITHI YA PRETORIA

micronised cowpeas were immediately spread onlattaband cooled at room temperature (23
+ 2 °C).

3.2.1.4 Roasting (hot-air heating) conditions

Pre-conditioned cowpeas were heated (150 °C/5 muith) a forced convection continuous
tumble roaster (Roastech, Bloemfontein, South AjricThe roasted cowpeas were immediately
spread on a tabletop and cooled to room temper@@re 2 °C) for about 20 min.

3.2.1.5 Drying conditions

After the heat pre-treatments the cowpeas had atamei content of 17.2 + 0.3% and 18.8 £
0.8% after micronisation and roasting respectivatywas desired that the treated cowpea attain
a moisture content similar to that of the contdd) @6). This is because higher moisture contents
favour HTC development (Affrifaket al, 2006) and mould growth during storage (Affrifah

al., 2006). This was achieved by drying the pre-géatowpeas at 45 °C for 5 hours in a
convection air oven (Type FSOE, Labcon, Johanngsb8outh Africa) at 20 =+ 2% RH.
Moisture contents of 10 + 2% and 10 £ 1% were addeor micronized and roasted cowpeas,
respectively. After drying, the cowpea were spramd tray (single layer) and sprayed with a
solution of potassium sorbate in absolute meth&h@® w/v per kg) to control mould growth

(Garruti & Bourne, 1985). They were allowed to diernight in a fume hood.

3.2.1.6 Accelerated storage conditions

HTC defect was induced by incubating cowpeas &Ctand 80% RH for 40 days according to
Affrifah et al. (2006). Saturated potassium chloride (KCI) solutivas used to give a constant
RH of 80 % according to ASTM E 104-02. The tempeatand % RH were monitored using
humidity - temperature logger (ThermaData™, ET] Wkst Sussex, UK). The set conditions of
40 °C and 80% RH were maintained during storage.
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3.2.1.7 Flour preparation for assays

Heat pre-treated and control cowpeas were finebyirgd to pass through a 0.8 mm screen using
a laboratory hammer mill 3100 (Falling number-316yddinge, Sweden). The flours were
packaged in zip lock polyethylene bags and stotedl &C. Analyses were conducted for all
treatments (control, micronised and roasted) on @and after storage for 40 days. Whole

cowpea were used in the determination of cookimg ti

3.2.1.8 Moisture content

Whole cowpeas and flour moisture contents wererchtted by AOCS Official Method Ac 2-
41(AOCS, 1994) and AACC Method 44-15A (AACC, 20083pectively.

3.2.1.9 Cooking time

Cooking time was determined by a Mattson bean aoakedescribed by Mwangwekt al.
(2006). For each treatment, 25 cowpeas were positi in the perforations of the cooker, placed
in an aluminium pot with 1.5 L of deionised watedaoiled. The cooking time of the cowpeas
was recorded as the time when 80% of the 50 g Ipaidspenetrated the cowpeas and plunged

through the hole at the base.

3.2.1.10Phytate

Phytate content was determined using a phytatetdfgjytotal phosphorus analysis kit (K-
PHYT) of Megazyme (2007). Phytate was hydrolysgdphytase and alkaline phosphatase
releasing inorganic phosphata)(PHA was then measured spectrophotometrically at 655 nm
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3.2.1.11Phytase activity and free inorganic phosphorus (Pi)

Phytase activity was determined using the direcuilbation method as described by Skeeml.
(2005). The reaction mixture containing 1 g oful@and 100 mL of 1.5 mM Sodium Phytate
was incubated at 45°C for 30 min. After 30 min liberated phosphate was measured by the
ammonium molybdate method (Eeckhout & De Paepe4)19Phytase activity was measured as
phytase units (FTU). FTU was the amount of phythae catalyses the release of micromoles of
inorganic phosphate per minute from 1 kg of dryterafDM) cowpea. Free inorganic phosphate
(Pi) before incubation was expressed as sample blefakebincubation.

3.2.1.12Soluble pectin extraction and determination

Soluble pectin was determined in raw and cookedg@dor 120 min) cowpeas. Samples were
prepared by mixing 5 g of ground sample with 40 ofl95% ethanol in a 50 mL centrifuge tube
to remove soluble sugars. The mixture was stifoed 0 min and centrifuged at 17300 x g for
10 min. The extraction with 40 mL of 95% ethan@sarepeated twice using the residual pellet.
Final extraction was done with 40 mL of absoluteaebl. The pellet (alcohol-insoluble solids)
was vacuum dried at room temperature and storeddesiccator. The alcohol insoluble solids
(AIS) were extracted with cold water (cold watelute pectin) and with hot water (hot water

soluble pectin).

One gram of AIS was extracted 3 times with 10 mLdistilled water each for 10 min. The
extracts were combined and considered as the caterwoluble pectin (CWSP). Determination
of hot water soluble pectin (HWSP) was conductedoating to the method described by
Bernal-Lugoet al. (1997) using 1 g of the AIS. Pectin content ofreraction was expressed as
glacturonic acid as determined by the metahydrgtyelyl method of Blumenkrantz & Asboe-

Hansen (1973) using galactouronic acid as a stdndar
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3.2.1.13Determination of acid detergent lignin (ADL)

Acid detergent lignin (ADL) content was determirigdthe method described by Goering & Van
Soest (1970) using a Foss Analytical FibreCap™ system (FOSS Analytical ABB,
Hoganas, Sweden). ADL was determined gravimetyida} first obtaining the acid detergent

fibre, then extracting it with 72%430, (w/w) and ashing to determine percent ADL.

3.2.1.14Statistical analyses

The experiment was repeated three times. The sffegtween heat pre-treatments before and
after storage at HTHH were determined using amnalgsivariance (ANOVA) and Fisher’s least
significant difference test (LSDR < 0.05). Correlation coefficientsr) were determined to
establish relationships between physico-chemicatattteristics. Principal component analysis
(PCA) of the treatments and physico-chemical charetics was conducted using a correlation

matrix.

3.2.2 Results

The initial cooking time (day 0) of cowpeas was sighificantly (P > 0.05) affected by heat pre-
treatments (Table 3.6). Cooking time of the cdrawrad heat pre-treated cowpeas was less than
60 min. After 40 days of storage at HTHH, there aassgnificant increase (P < 0.05) in cooking

time of all cowpea samples.

However the extent of the increase in cooking tohbeat pre-treated cowpeas was considerably
smaller than that of the control. The increaseadnking time of the cowpeas after 40 days of
storage relative to day 0 was > 430%, 243% and 8#%he control, roasted and micronised
cowpeas, respectively. Micronisation was moreatffe than hot-air roasting in controlling the

HTC defect development as it minimised the develepnof the defect more.

Heat pre-treatments reduced the initial phytasevigct(day 0) by 70% and 45% for
micronisation and roasting, respectively (Table).3.After 40 days of storage, phytase activity

was the lowest in the micronised cowpeas and highdke control cowpeas.
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Table 3.6 Changes in the cooking time of heat pre-treatedpeas after storage at 40 °C and 80
% RH

Heat Storage (days) Cooking time (min)
pre-treatment
Control 0 512 +9

40 > 270
Micronised 0 447 +3

40 98°+9
Roasted 0 50°+ 7

40 175+ 11

#Means followed by the different letters in coluame significantly different (n=2)P<0.05)

Table 3.7 Effect of heat pre-treatments of pre-conditioned/gea seeds followed by storage at
40 °C and 80 % RH on phytase, released Pi and fatfyta

Heat Storage Phytase activity Released Pi Phytate
pre-treatment  (days) (FTU/kg) (g/kg) (g/kg)
Control 0 375+14 0.93+0.10  10.0&t0.10
40 26724 4.09+0.34 6.88+0.11
M icr onised 0 102*+9 0.96+0.04 9.62+0.10
40 74+10 2.47+0.05 8.8§+0.22
Roasted 0 20417 0.88+0.06 9.66+0.23
40 130°+23 2.86+0.06 7.82+0.20

#Means followed by the different letters in coluame significantly different (n=2)R<0.05)

Heat pre-treatments reduced the initial phytasavigct(day 0) by 70% and 45% for

micronisation and roasting, respectively (Table).3.After 40 days of storage, phytase activity
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was the lowest in the micronised cowpeas and highete control cowpeas. Phytase activity
of micronized and roasted cowpeas after 40 days7A&&s and 51% lower in comparison with
the control. These percentages of residual adsvitvere similar to those at day O indicating that
the partial inactivation of phytase achieved itifiavas maintained during storage. This
observation was supported by lower liberated phatgp(f) content in heat pre-treated cowpeas
when compared to the control. Phytase hydrolysishgtate is accompanied by an increase in
inorganic phosphate in legume grains (Mafulekaal, 1993). The control had the greatest
increase in Pwhile the micronised cowpeas had the smalleseass on day 40 (Table 3.7).
After 40 days of storage at HTHH, phytate was reduby 31%, 19% and 8% in the control,
roasted and micronised cowpeas, respectively. elfWwas a slight reduction in the initial phytate

content (day 0) after heat pre-treatments.

Both the CWSP and the HWSP significantly increasiéelr heat pre-treatments on day 0 (Table
3.8). During storage using HTHH conditions theresva decrease in the CWSP and HWSP for
both cooked and raw cowpeas. Despite the deciedbe CWSP and HWSP for both cooked
and raw cowpeas in all the treatments after HTHiagfe (Table 3.8), heat pre-treated cowpeas
had higher cold and hot water soluble pectin cdstédran the control.

Heat pre-treatments did not have a significant (R0%) effect on the lignin content of cowpeas

either on day O or after 40 d storage (Table 3.9).
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Table 3.8 Effect of heat pre-treatments of pre-conditioned/jgea seeds (raw and cooked) followed by storagé’&tand 80 % RH
on cold and hot water soluble pectin corftent

Heat Storage (days) Raw samples Cooked samples
pre-treatment
CWSP® (g/kg) HWSP® (g/kg) CWSP (g/kg) HWSP (g/kg)
Control Day O 1.44+0.03 2.27+0.02 1.62+0.01 2.306+0.06
Day 40 1.22+0.03 1.3+0.04 1.36+0.03 1.38+0.03
Micr onised Day 0 1.68+0.06 2.56+0.03 2.240.01 2.58:0.05
Day 40 1.63+0.04 2.08+0.07 1.98+0.02 2.2%+0.06
Roasted Day O 1.54'+0.05 2.37+0.02 2.08+ 0.04 2.45+0.05
Day 40 1.36+0.03 1.65+0.01 1.52+0.01 1.63+0.02
#Means followed by the different letters in a coluame significantly different (n=2)P<0.05
®Cold water soluble pectin
“Hot water soluble pectin
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Table 3.9 Changes in the lignin content of heat pre-treatatipeas after storage at 40 °C and 80
% RH

Heat Storage (days) Lignin (g/kg)

pre-treatment

Control Day 0 32.0'+0.6
Day 40 31.0+1.0

Micronised Day 0 31.7%+0.7
Day 40 30.8+0.3

Roasted Day 0 31.440.8
Day 40 30.7+0.6

*Means followed by the different letters in a coluare significantly different (n=2)(< 0.05

PCA was used to better understand the potentiaioaships between the independent variables
(heat pre-treated cowpeas stored under HTHH camdifiand the dependent variables (physico-
chemical characteristics) that differed signifidan{Figure 3.3). The first two principal
components accounting for 98% of the variation initlthe data were used to explain
relationships between the variables. PC 1 expla®@ % of the variance in the data. PC 1
separated cowpeas (micronised day 40 and roastedl@awith long cooking times, higher
released phosphate to the right of the loading pimin those on the left (Control day O,
micronised day 0, roasted day 0 and micronisedd@yhat exhibited relatively shorter cooking
times. The cowpeas on the left of the map wereadtarsed by higher phytate and soluble
pectin contents. These were generally treatmehishwhad not undergone storage. It was also
observed that cowpea samples with higher phytadehagher soluble pectin contents exhibited
shorter cooking times. Correlation analysis shosiedlar observations (Table 3.10). Cooking
time was highly positively correlated with releaggtbsphate (r = 0.96) and highly negatively
correlated with phytate (r = -0.97), HWSP (raw)x(r0.97), HWSP (cooked) (r = 0.97), CWSP
(raw) (r =-0.82) and CWSP (cooked) (r = -0.82).
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Figure 3.3 Principal component analysis (PCA) of heat prated cowpea seeds under HTHH

storage. (a) Plot of first two principal componelolading vectors of physico-chemical

characteristics. (b) Plot of the first two prindipamponent scores of the cowpea seeds
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Table 3.10 Correlations coefficients between physico-chemitaracteristics of cowpeas at level P < .05

Cooking Released Phytase Phytate HWSP® CWSP® HWSP® CWSP
time Pi activity (raw) (raw) (cooked)  (cooked)
Cooking time 1.00 0.96 0.07 -0.97 -0.97 -0.82 -0.97 -0.82
Released Pi 1.00 -0.08  -0.96 -0.94 -0.69 -0.92 -0.76
Phytase activity 1.00 0.12 -0.12 -0.53 -0.14 -0.49
Phytate 1.00 0.94 0.71 0.93 0.72
HWSP°(raw ) 1.00 0.85 0.99 0.89
CWSP(raw) 1.00 0.87 0.91
HW SP (cooked) 1.00 0.89
CW SP(cooked) 1.00

2Significant correlations are indicated in bold
®Cold water soluble pectin

“Hot water soluble pectin
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3.2.3 Discussion

The heat pre-treatments used in this study didsigptificantly decrease the initial cooking time
of the cowpeas (Table 3.6). However, Mwangwellal. (2006) reported a 36% reduction in
cooking time of pre-conditioned (41% moisture) ceap micronised at 158 for 5 min. In the
current study, it is probable that the lack of mdchn in cooking time after the heat pre-
treatments was due to the low pre-conditioning togs content (25%). Micronisation of
cowpeas with high moisture (> 40%) content improwaser absorption during cooking due to
fissuring of the cowpea by the escaping water vagblwangwelaet al, 2006). High pre-
conditioning moisture also increases the degrestarth gelatinization in micronised legumes
(Arntfield et al, 1997). Increased water absorption and incredegtee of starch gelatinisation
are associated with shorter cooking times. Theeeftire pre-conditioning moisture content of
25% was not sufficient to result in a decreaseoibking time. Moisture content was set at 25%
since higher moisture contents (about 40%) wasrtegdo lead to fissuring (Mwangwed al,
2006) and cracking of lentils (Cenkowski & Sosulski997) when micronized at higher
temperatures. Cracked seeds are undesirable Hiweceracks would allow possible more
moisture penetration in the seed thereby promd#h@ defect development. Cracked cowpeas

are perceived as of a low quality when compareashole cowpeas.

The heat pre-treatments had some degree of canenlthe development of HTC defect during
storage at HTHH as shown by the resulting cookimgs$ (Table 3.6). Micronisation was more

effective in reducing HTC defect development sintgeronised cowpeas exhibited the shortest
cooking time after storage. The proposition th&CHlefect is due to increased enzyme activity
suggests that inactivation of the responsible emzyshould prevent HTC defect development.
Heat pre-treatment strategies aim to prevent HTi€adenainly through inactivation of enzymes

by heat (Riverat al, 1989; Cunhaet al, 1993; Affrifahet al, 2006). The effectiveness of heat

pre-treatments appears to be dependent on temperétme and moisture conditions of the

cowpeas (Affrifahet al, 2006). The inability of heat pre-treatments atally prevent HTC

defect development might be linked to residual emzwactivities in the legume grains.
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The decreased phytase activity (Table 3.7) wasuprably due to denaturation of the enzyme by
heat. Partial inactivation of phytase was achidwgdoth heat pre-treatments. However there
was residual phytase activity indicating incompl@tactivation of phytase by the heating
conditions used. In literature there is littlearrthation on the inactivation kinetics of legume
phytases. Thermal inactivation studies of phytaseawpeas (Affrifahet al, 2006) and flour
(Affrifah & Chinnan, 2005) are indicative of a highermal stability. Steaming (121, 6 min)
cowpeas at 20% moisture content reduced the actofitthe enzyme to 64% of original
activity(Affrifah et al, 2006). The thermal stability of phytase was alsmonstrated in heating
cowpea flour. Heating the flour with 35% moistwie95°C for 32 minutes reduced phytase
activity by 64% (Affrifahet al, 2005).

Severe heat treatments such as increasing the tatgee and time could result in increased
inactivation of phytase. However, these severe itiond could as well lead to structural
damage, loss of nutritional and sensory prope(B#saket al, 1987). Mwangwel&t al.(2007)

reported reduction in pasting properties, loss a#niing capacity and reduction in gelation

properties of flour from cowpeas (41 % moisturegnmnised at 176C for 5 minutes.

The observed reduction in phytate content in eltiments during storage is suggested to be as a
result of phytase activity which enzymatically hgiyses phytate to lower inositol phosphates
(Reyes-Morencet al, 2001; Yousifet al, 2007). However, with heat pre-treatments, thess

less hydrolysis during storage when compared tocth@trol possibly as a result of partial

inactivation of phytase by heat.

Despite the decrease in the CWSP and HWSP for botked and raw cowpeas in all the
treatments after HTHH storage (Table 3.8), heattqg&ted cowpeas had higher contents of
these soluble pectin fractions than the controls Divservation indicated less insolubilisation of
pectin in heat pre-treated cowpeas. The decreasater soluble pectin during storage has been

mainly attributed to formation of water insolublegtates (Galiotou-Panayotait al, 2008).
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Formation of pectates is reported to be due toaseleof divalent cations e.g. calcium from
phytate during hydrolysis by phytase. These dialeations e.g. calcium binds to pectin
forming pectates which are insoluble in water (Galu-Panayotowet al, 2008). However the
extent of reduction in solubility of pectin was miigcantly (P > 0.05) smaller for the heat pre-
treated cowpeas than the control. The observétiahnHWSP was always slightly higher than
CWSP, could be attributed to increased pectin sidub A Similar increase in soluble pectin in
cooked cowpeas when compared to the respectiveosypeas was observed. These increases
were probably due to degradation of pectin viafhedimination reaction due to heat (Bernal-
Lugo et al, 1997). TheB-eliminative degradation of pectin leads to disaton of hydrogen
bonds in the pectin polymer (Bernal-Lugb al, 1997). Therefore, pectin was depolymerised
and made more soluble (Let al, 1993b) leading to an increase in water solublgipavhen

cowpeas were either cooked or extracted with hoeémwa

According to the lignification theory, lignin presors could be polymerized into lignins due to
increased peroxidase activity in the cell wall (ks & Stanley, 1987). Heat pre-treatments did
not have a significant (P > 0.05) effect on lignontent of cowpeas either on day 0 or after 40 d
storage (Table 3.9). The suggested increase ioxigase activity during storage at HTHH
conditions was not established in an earlier expent. Peroxidase activity of cowpeas
(Agripienk was lower (0.BA/min/g) after storage for 40 days under acceleratérHH
conditions when compared to day 0 (AAGMin/g). Riveraet al. (1989) reported a decrease in
peroxidase activity during HTHH storage of blackabg According Riverat al. (1989),
peroxidase activity was not related to an increaseate of bean hardening. Some authors
suggest that HTC defect occurs in sequence; theapéyphytate-pectin mechanism takes place
initially followed by the lignification mechanisnhat occurs as storage time increases (Hincks &
Stanley, 1986; Aguilera & Rivera, 1992a; Del Vallé&stanley, 1995). However, there is lack of
guantitative data critically evaluating this propios. Nasar-Abba®t al. (2008) observed a 3
fold increase in lignin content during storage athd beans at 80 for 12 months compared to
those stored at°6. Studies reporting increased lignin contentmiystorage at HTHH are done

over a relatively longer time as compared to acatdd storage in the current study (Jones &
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Boulter, 1983; Mafulekat al, 1993; Nasar-Abbast al, 2008). It may be that the accelerated
HTHH conditions used in this study did not allow kgnin synthesis

It can be inferred from the PCA and correlationlgsia that the differences in cooking time of
the cowpeas were in support of the proposed phythgeate-pectin hypothesis. The increase in
cooking time during storage was linked to increasemtganic phosphate (increased phytase
activity), decreased phytate content and decrepsetih solubility. The observed differences in
cooking time between the control and heat predrbabwpeas after storage appeared to be due
to partial inactivation of phytase. The partialactivated phytase resulted in less hydrolysis of
phytate in heat treated cowpeas. This was posaitdigmpanied with less liberation of cations
available to bind with pectin. Therefore, hea-peated cowpeas exhibited more soluble pectin
than the control after HTHH storage. During cogkafter HTHH storage, more soluble pectin
in heat pre-treated cowpeas would indicate beitdration and ease in separation of cells than in
control cowpeas. Therefore, shorter cooking timestWred heat pre-treated cowpeas was

achieved.

Micronisation was more effective than hot-air raagias a pre-treatment in preventing the HTC
defect development as demonstrated by the shadeg&ing time. The observed differences are
suggested to be due to the superior heating prepedf micronisation. Micronisation is

reported to have better heating properties whenpeoed to hot air heating (Sakai & Hanzawa,
1994). During micronisation the IR waves absorlokdling penetration, cause molecular
vibrations that generate heat (Sakai & Hanzawa4)l99herefore IR heating takes place at the
surface and inside the inner layers of a mateiimukaneously (Sakai & Hanzawa, 1994;

Krishnamurthyet al, 2008). In contrast, hot air roasting involvesdaction of heat from the

cowpea surface to the inner layers. IR radiatimo &as high heat intensity, about 20-100%
higher than that of convective heat intensity (®ung, 1969) such as hot-air roasting. In the
literature, the advantages of IR heating over roh@ating include reduction in processing time
and energy saving (Hebbar, Vishwanathan & Rame884)2 Energy saving of 54.5 % was

achieved with infrared heating when compared toveantional ovens for baking rice crackers
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(Sakai & Hanzawa, 1994). The baking time of thee rcrackers was reduced by 33% when
infrared heating was compared with conventionaho\&akai & Hanzawa, 1994). The results in
this study indicate that, the penetration powdiRofadiation coupled with the high heat intensity
lead to a faster and more uniform increase in teatpee within the cowpeas than during hot air.
Therefore, the effectiveness of micronisation aeasting was possibly due to the greater degree

of heat inactivation of phytase.

3.24 Conclusions

Micronisation was a better heat pre-treatment thent-air roasting in controlling the
development of HTC defect of cowpeas during HTHldrasge. The extent of phytase
inactivation by heat influences the phytate andilglel pectin content during storage, which

eventually influences the cooking time.
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3.3 Micronisation and hot-air roasting in controlling hard-to-cook phenomenon in

cowpeas. structural and physico-chemical changes

Abstract

Micronised and hot-air roasted cowpeas had lowelatbr soluble pectin compared to the
control after HTHH storage. This indicated lowentent of pectates in the heat pre-treated
cowpeas. During cooking of cowpeas stored undetiHi€onditions, adjacent parenchyma cells
of the heat pre-treated cowpeas were observedparate as cooking progressed. While the
parenchyma cells of the non-heat pre-treated cosvperaained closely adhered together even
after 2 h of cooking. The 2 heat pre-treatmentsaiased the transition onset),Tpeak (F) and
endset () temperature of isolated cowpea starch. Howeter pre-treatments did not have an
effect on the gelatinisation enthalpy. HTHH staald not influence the transition temperatures
or gelatinisation enthalpy of starch within a treant significantly (P > 0.05). Paste of flours
from micronised and hot-air roasted cowpeas haeidomscosity when compared to the contol.
However, cowpea flours from each treatment afteHHTstorage had similar viscosities to
storage did not have a significant effect on th&tipg properties of the flour. HTHH storage did

not have a significant effect on the pasting progsiof flours.

3.3.1 Introduction

Deterioration of cowpeas and other legumes coofjuraity due to development of hard-to-cook
(HTC) defect during high temperature and high hutyiHTHH) storage is a major factor

limiting their utilization (Reyes-Moreno & Paredkeepez, 1993). Legumes with the HTC defect
require long cooking times to attain the soft textaharacterised with cooked legumes (Hincks
& Stanley, 1987). In contrast, easy to cook legsimiee characterised with short cooking times

in attaining the desired soft texture (Moscoso, treew’& Hood, 1984).

In the previous section (3.2), heat pre-treatmergee shown to reduce the incidence of HTC
during HTHH storage as demonstrated by shorter ingoimes of heat pre-treated cowpeas
when compared to the control. This indicated tlfter &/l THH storage, heat pre-treated cowpeas

attained a softer texture at a faster rate thawcdhéol during cooking. Thermal softening of dry
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legume seeds during cooking is mainly been ateidbub parenchyma cell separation (Sefa-
Dedeh & Stanley, 1979; Bernal-Luget al, 1997; Aguilera, 2000) and starch gelatinization
(Sefa-Dedeh & Stanley, 1979; Arntfiedd al, 2001; Yousifet al, 2007).

The loss of intercellular adhesive strength dudissolution of pectin results in cell separation
that promotes tissue softening of legumes durirgkicg. The observed reduced rate or lack of
cell separation during cooking of legumes with Hdl€fect is reportedly due to presence of
water insoluble pectin in the middle lamella (Galio-Panayotowet al, 2008). According to the

phytase—phytate—pectin theory, insolubilisationtred middle lamella pectin is due to pectate
formation which limits parenchyma cell separatiarthe cotyledon. Therefore, longer cooking
time is required to soften the legumes with HTCedef(Hentgeset al, 1991; Galiotou-

PanayotoLet al, 2008).

Starch is the major macromolecular constituentscaivpeas (Kerret al, 2001). Starch
gelatinisation during cooking contributes to thét sexture of legumes (Arntfiel@t al, 2001).
Changes in the properties of starch such as ineneastarch granule crystallinity during HTHH
storage have been reported to influence starchigjgktion (Hohlberg & Stanley, 1987; Garcia
& Lajolo, 1994). Increased starch gelatinisationthalpy and temperature reported in HTHH
stored legume is suggested to be due to increasarich granule crystalinity (Garcia & Lajolo,
1994; Reyes-Morenet al, 2001). The increase in gelatinisation tempeestiand enthalpy
would thus result in more energy required to geiaéi the starch (Lieet al, 1992a; Garcia &
Lajolo, 1994; Kaur & Singh, 2007). Therefore,cin be inferred that high gelatinization
temperature would result in higher cooking timesohserved in rice (Fitzgerald, McCouch &
Hall, 2009; Cuevas, Daygon, Corpuz, Nora, Reinkatais & Fitzgerald, 2010).

Hydrothermal pre-treatments such as micronisatiamehbeen reported to result in reduced
cooking time of legumes due to partial starch gakdtion and increased pectin solubility
(Bellido et al, 2006; Mwangwelaet al, 2006). Micronisation has been shown to alter the

thermal and pasting properties of starch (Cenko&sRosulski, 1997; Mwangwelet al, 2006).
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In order to understand further the mechanisms vityem@cronisation and hot-air roasting of pre-
conditioned cowpeas improved the cooking time aftéHH storage, this study examined the
(1) chelator soluble pectin content which indicatestate content (2) adhesion/separation of the
parenchyma cells in the cotyledon of cowpeas dudagking and (3) thermal and pasting

properties of starch.
3.3.2 Materialsand methods

3.3.2.1 Raw materials

Agripienk cowpea seeds and flour samples were preparedpagee in sections 3.2.2.1 and
3.2.2.7.

3.3.2.2 Chelator soluble pectin (CSP)

CSP was determined according to a modified proedtiHentge®t al. (1991) after extraction

of CWSP as reported in section 3.2.2.12. The wataluble pellet was extracted 3 times with
10 mL of 0.5% Ethylenediaminetetraacetic Acid (ED®Bach for 10 minutes. The extracts were
combined and considered as the chelator solublenp@SP). Pectin content was expressed as
glacturonic acid as determined by the metahydrgtyelyl method of Blumenkrantz & Asboe-
Hansen (1973), using galactouronic acid as a stdnda

3.3.2.3 Confocal Laser Scanning microscopy

Tissue blocks (1 mf were cut from the cooked cotyledon. These wesedfin 2.5% (w/v)
formaldehyde overnight. The fixed cotyledon tissuere rinsed three times for 10 min in 0.075
M phosphate buffer. The tissues were dehydratedamh temperature at 10 min intervals in a
graded series of aqueous ethanol (50%, 70%, 90@%0,1000%, 100%). Dehydrated tissues
were infiltrated with 50% (v/v) LR White resin irthanol for 1 h and 100% LR White resin
overnight at room temperature. The tissues wera #mbedded in gelatin capsules containing
LR White and polymerised for 24 hours. Sectionthwhickness of 3.am were cut and placed

on a glass slide. Cell wall material was locatgdstaining the sections with Calcofluor White

92

© University of Pretoria



=
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Quef) YUNIBESITHI YA PRETORIA

MR2 (Sigma-Aldrich, St. Louis, Missouri, USA) forrbin. The stained sections were washed in
running tap water and dried. Samples were thewadeunder a CLSM (ZEISS LSM 510, Zeiss
SMT, Jena Germany). The microscope system was pegiwith a Plan-Apochromat 20x/0.75
objective lens. Excitation was at 405 nm using @ kAg pass filter, with a pinhole set at 48.

The digital images obtained were processed usingsZ&M image browser.

3.3.2.4 Starch extraction

Starch was isolated from the cowpeas based on #tboch of Taylor, Novellie & Liebenberg
(1984). About 100 g of defatted cowpea flour (frtneated and untreated cowpea seeds) was
mixed with 500 ml deionised water and stirred at’@2for 2 h. The slurry was wet milled in a
Retsch Mill ZM 200 (Haan, Germany) with a 2pfh opening screen. The slurry was filtered
through sieves (Labotech, Johannesburg, South&fridth aperture sizes 212, 108, 75, 45 and
38 um on to a collecting pan. The sediments on theesigvere suspended in distilled water, wet
milled and filtered through the sieves. The welling process was repeated until the filtrate
was clear. The filtrate was centrifuged at 3&3@r 5 min (15 °C). The supernatant was
carefully decanted and the brown layer on top efrésidue was scrapped off. The residue was
re-suspended in deionised water and vigorously dpixeentrifuged and decanted. This
procedure was repeated for 7 times until a whitkepgstarch) was obtained. The starch samples

were then freeze-dried.

3.3.2.5 Thermal analyses

Thermal properties of cowpea flours and extractacth were determined using a Metler Toledo
HPDSC-827 DSC (Mettler-Toledo GmbH, Schwerzenb&shitzerland). Each sample (10 mg)
was weighed into a 40 pL aluminium sample pan d@hthd of water was added. The pans were
hermetically sealed and the samples equilibratedmght at room temperature. The instrument
was calibrated using indium, and an empty aluminipamn was used as reference. The

measurements were done using a heating rate oC1Mifi* between 30 and 120 °C. The
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following thermal parameters were measured: thdingeenthalpy AH Jg-1) peak onset {),
peak (T) and peak end ¢J temperatures.

3.3.2.6 Pasting properties

Pasting properties were measured using a Rapido\Asalyser (RVA Model 3D) (Newport
Scientific, Warriewood, Australia). Cowpea flouB (@ corrected to 14% moisture) was
suspended in distilled water and the weight adguste28 g. Samples were heated from an
initial temperature of 50-90 °C in 7.3 min, heldlas temperature for 5 min and cooled to 50 °C

in 7.3 min at a speed of 160 rpm for the first Zhd 960 rpm for the remainder of the cycle.

3.3.2.7 Statistical analyses

The effects of heat pre-treatments before and afteage at HTHH on CDTA soluble pectin,
thermal properties and pasting properties werergéted using analysis of variance (ANOVA)

and Fisher’s least significant difference test (L8 0.05).

3.3.2.8 Results and discussions

Heat pre-treatments did not influence the EDTA Bladwectin content of the cowpeas before
storage (Table 3.11).

Table 3.11 Effect of heat pre-treatments followed by storageielator (EDTA) soluble pecfin

Treatment Storage EDTA soluble pectin
(days) (mg/g)

Control 0 0.08 +0.01

40 0.14+0.01
Micronised 0 0.08+0.02

40 0.09'+0.01
Hot-air roasted 0 0.08 +0.01

40 0.11° +0.01

"Means followed by the different letters in colurme aignificantly different (n=2)R < 0.09

94

© University of Pretoria



=
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Quef) YUNIBESITHI YA PRETORIA

During storage the control and roasted cowpeasahagynificant increase in EDTA soluble
pectin (P< 0.05) while there was no change in theronised cowpeas. The control day 40
cowpeas had the highest content of EDTA solubldipedncrease in chelator soluble pectin
during storage of legumes under HTHH conditions vegrted (Hentgest al, 1991). EDTA
extracts divalent cation bound pectins from thedi@damella (Yashoda, Prabha & Tharanathan,
2006). Increased EDTA soluble pectin during steraglicated increased presence of pectates

(divalent cations bound to pectin).

This further strengthens the results of the previawork (section 3.2) that showed the HTC
defect was partially dependent on the extent oftateyhydrolysis as suggested in the “the
phytase-phyate—pectin” theory. Heat pre-treatmesttaced the extent of phytate hydrolysis due
to partial inactivation of phytase (section 3.2Jherefore, during storage fewer cations were
released in the micronised cowpeas when comparttgktoontrol. The higher degree of phytase
inactivation in the micronised cowpeas when comgpanethe roasted cowpeas resulted in fewer

cations being available to bind with pectin andstlawer amount of EDTA soluble pectin

Microstructures of the parenchyma cells were olekmafter boiling (cooking) the cowpeas for
30, 60, 90 and 120 minutes (Figure 3.4 to Figu@.3The focus of this microstructural study
was to observe the separation or adhesion of payere cells in the cotyledons. The cell walls
(CW) were stained specifically by Calcofluor whas shown in figures. No clear differences
were observed in the microstructure of all treatt®@ooked for 30 minutes (Figure 3.4). The
cells were closely packed, isodiametric and ofgquli@ shape. The cell walls were intact, with
very small intercellular spaces (IS) and the ttiutar junctions (TCJ) were clearly visible.
After 60 minutes of cooking, there was an increasthe size of intercellular spaces while the
cells separated from one another in all day 0 sesnfffigure 3.5). The compact structure of the
cells was lost as the cells started to “round @iifid separate from one another. On day 40
cowpea seeds that were untreated had the cellsagliered to one another, the intercellular
spaces (IS) were still very small and the tri-dalljunctions were still intact. The micronised
and roasted day 40 cowpeas showed slight increasetarcellular spaces but the compact

structure was still present.
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Figure 3.4 CLSM micrographs of cowpea cooked for 30 min. @)tml day 0, (b) micronised day 0, (c) roasted @ayd) control
day 40, (e) micronised day 40, (f) roasted dayC\. cell wall; TCJ: tri-cellular junction; IS: inteellular space
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day 40, (e) micronised day 40, (f) roasted day 40.
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Figure 3.6 CLSM micrographs of cowpea cooked for 90 min. @)twml
day 40, (e) micronised day 40 (f) roasted day 40.
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day 40, (e) micronised day 40 (f), roasted day 40.
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All day 0 cowpeas were characterised by complelleseparation and complete “rounding off”
of cells after 90 minutes of cooking (Figure 3.GJowever, the structure of the control day 40
cells still remained unchanged. The micronised d&y cowpeas were characterised by
“rounding off” of the cells and increase in theardellular spaces. Although, the disappearance
of the tri-cellular junctions was observed in tbasted day 40 cowpeas, the cells were still close
together. Further, cooking for 120 minutes (FigBré) resulted in a tissue structure similar to
that observed after 90 min for the respective daarples. It was interesting to note that even
after 2 hours of cooking the structure of contral &0 remained compact as observed in the
previous cooking times. This was contrasted wiitréased cell separation and “rounding off”
of cells in the stored heat pre-treated cowpedse @xtent of separation and “rounding off” of
cells was more pronounced in the micronised dagatfiples when compared to the roasted day
40 samples.

The changes in microstructure of cowpeas duringkiogocould possibly explain the observed
differences in cooking times as reported in theptdra3.1 and 3.2. Cooking was achieved under
an hour for all day 0 cowpeas whereas after stottagiee was increased cooking time with the
control day 40 cowpeas having the longest cookimg.t The microstructural study indicated
that samples with the shortest cooking time (dapWpeas) had their cells completely separated
after 60 minutes of cooking. The increase in irgkudar space and cell separation indicated
dissolution of the middle lamella pectins. On thieeo hand control day 40 cowpeas which were
characterised with the longest cooking time shomadmal cell separation even after 2 hours of
cooking. This observation was in agreement witldists that reported ease in separation of
parenchyma cells along the middle lamella for éasyook legumes, whereas, the HTC legumes
are characterised by limited cell separation (Bh&tSlinkard, 1989). The attainment of the soft
texture of cooked legume is associated with celasstion which is facilitated by heat induced
dissolution/degradation of the middle lamella pecti Therefore, failure of pectin
dissolution/degradation during cooking restrictd separation and thus longer cooking times
(Aguilera & Stanley, 1985). In earlier part ofdlstudy (chapter 3.1), a decrease in water soluble
pectin was shown to contribute to HTC defect dgwmelent. The role of pectin in the middle

lamella is to cement cells together and thereforend cooking easier solubilisation of the pectin
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facilitates separation of adjacent cells and suleseigsoftening of the legume grain during
cooking (Galiotou-Panayotoet al, 2008). Therefore it can be inferred that theeeas
solubilisation of pectin and subsequent cell separaontributed to shorter cooking times in the
day O cowpeas. The lack of separation of cell€antrol day 40 and the longer time for
separation of cells to occur in the heat pre-tbaséored sample was probably due to
insolubilisation of pectin. The insolubilisationaw partly due to formation of pectates as
observed with the increased EDTA pectin. The daydwpeas were found to have decreased
hot and cold water soluble (chapter 3.2) with d@ycdntrol having the lowest amount. These
results suggest that the reduced cooking time wbden heat pre-treated cowpeas was related to
the ease in middle lamella pectin dissolution tbatised cell wall separation and therefore

softening.

A single endothermic peak in the DSC curves of rBoand starches isolated from cowpea
samples was observed under the test conditionse tidnsition onset @) and peak (J)
temperatures (Table 3.12 and Table 3.13) were atigiee of endothermic transitions associated
with starch gelatinisation in cowpeas. These \&alvere in agreement with those in literature
which show the values for cowpea starch to be batvéy to 78 °C (Agunbiade & Longe, 1999;
Abu, Duodu & Minnaar, 2006; Mwangwett al, 2006). Flours from cowpea seeds had higher
thermal transitional temperatures values when coetp&o their respective starch samples.
Similar findings were reported by Mwangwed al. (2007) in fresh cowpeas. Heat pre-
treatment increased the transition onseg}, (@eak (T) and endset () of isolated cowpea starch
(Table 3.13). Starch from micronised seeds hadigiieest T, , Toand T.

Similar increases in thermal transition temperawkestarch isolated from micronised (130 and
170°C) pre-conditioned cowpeas (41% moisture) were ntedo(Mwangwelaet al, 2007).
Storage did not influence the transition tempeegwf starch within a treatment significantly (P
> 0.05). Zamponi, Giner, Lupano & Anon (1990), agpd higher thermal transition
temperatures in the starch of hot-air 8P dried wheat grains with 25.5% moisture when
compared to the control.
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Table 3.12 Effects of heat pre-treatments of pre-conditionedmea seeds followed by storage
at 40 °C and 80% RH on the thermal properties wfpea flour

Treatment Storage Onset T, (°C) Peak T, (°C) Endset T (°C) AH(J/g)
(days)

Control 0 7243+216  77.32+153 85.1%258 298+0.9
40 72.24"+153 77.68+1.47 84.69+195 3.7+0.3

Micronised 0 7444 +196 80.12+1.85 89.0¥+351 3516
40 76.13+£0.28 81.51+0.18 924B+1.17 3420

Roasted 0 75.36°+0.43 80.30+1.10 90.62 +3.40 3.4+16
40 74.7P°£0.73  79.78+0.61 90.24+3.92 3.2+0.7

"Means followed by the different letters in colunme aignificantly different (n=2)R<0.05)

The observed increases in gelatinisation temperstof starch and flours from heat treated
cowpeas were possibly due to modification of thgstalline structure and nature of the starch
granules due to the hydrothermal treatments. Ildeasture treatments (HMT) are known to
increase thermal transitional temperatures of Ber¢da Rosa Zavareze & Dias, 2011). These
temperatures increase as the heat and moistunesitytencrease (da Rosa Zavareze & Dias,
2011). The increases have been noted in othernheature treated legume starches such as
peas and lentils (Chung, Liu & Hoover, 2010). Tingeases are attributed to structural changes
within the starch molecule, which involve amyloseyéose (AM-AM], amylose-amylopectin
[AM-AMP] and amylose-lipid [AM-L] interactions (Hover & Vasanthan, 1994; Jacobs &
Delcour, 1998; Gunaratne & Hoover, 2002). It iggested that the AM-AM and AM-L
interactions reduce the mobility of the amorphoegian. Therefore, higher temperatures are
required for swelling and disruption of the crybted regions, leading to the observed increases

in To, Tp, and T (da Rosa Zavareze & Dias, 2011).
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Table 3.13 Effects of heat pre-treatments of pre-conditionedmea seeds followed by storage
at 40 °C and 80% RH on the thermal properties wipem starch

Treatment Storage Onset T,(°C) Peak T, (°C) Endset T.(°C) AH(J/g)

(days)
Control 0 66.93° +0.52 72.69+0.01 79.48+0.88 7.8+0.7
40 66.67 +0.11 73.00£0.01 79.01+1.27 89+05
Micronised 0 69.97°+0.73 75.7%#0.28 83.48+0.47 9.7+0.1
40 7117 £0.17 76.2%0.25 83.68+0.87 9.7 +16
Roasted 0 68.13°+0.93 74.22+0.22 81.33+0.71 9.8 +0.4
40 68.53°+0.76 74.20+0.06 81.48+036 9.9 +0.2

"Means followed by the different letters in colunme aignificantly different (n=2)R < 0.05

Storage did not affect the thermal properties adhlflmur and starch samples within a treatment.
It is suggested by some researchers that HTHHg#arhlegume grains may lead to an increase
in starch granule crystallinity (Hohlberg & Stanle}987; Hentgest al, 1991) which could
increase gelatinisation temperatureg &hd T) and gelatinisation enthalpyf). However, in
this study such increases were not observed. @$idts in this study were in agreement with
some researchers who reported no significant clsaimggelatinisation temperatures of legume
flours (Paredes-Lopez, Maza-Calvino & Gonzalez-&féstla, 1989a; Liat al, 1992a).
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Figure 3.8 Effect of heat treatments followed by storage ostipg properties of cowpea flour

The pasting curves of the cowpea flours showecdediffces in viscosity as influenced by the
heat pre-treatments but not as a result of stofkggrire 3.8). The heat treatments however
decreased the viscosity of flours when comparetthéocontrol. The micronised flours had the
lowest viscosity. Roasting (Plahar, Annan & N®9%) and micronisation (Mwangwetd al,
2007) have been shown to reduce pasting viscosifiesowpea flours. Starch granulea are
embeded in the protein matrix, therefore the redudscocity could be due to denaturation of
protein due to heating that could prevent star@mgje hydration and dispersion during pasting.
The unfolding of protein molecule due to heat iases the exposed hydrophobic sites leading to
aggregration and possible gel formati@iark et al, 2001) The reduction in viscosity could
also be due to heat damage of starch which cowdldceethe swelling and hydration of starch

granules (Hoover, Swamidas & Vasanthan, 1993; Ho&vBlanuel, 1996; Yue, Rayas-Duarte

104

© University of Pretoria



=
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Quef) YUNIBESITHI YA PRETORIA

& Elias, 1999). In kidney beans, (Kaur & Singh0Z) observed lower paste viscosity of starch
from HTC beans when compare to the control. HoweRaredes-Lopeet al.(1989a) reported

a higher paste viscosity of starches from HTC bedmsn compared to fresh beans. According
to Rupollo, Vanier, Zavareze, de Oliveira, PereRaraginski, Dias & Elias (2011) changes in
pasting properties during storage of grains undferdnt conditions are more likely due to

changes in crystallinity of the starches. Theaerconditions in this study did not impact on
the starch pasting properties of the cowpeas sintdawhat was observed in the thermal
properties of starch.

3.3.3 Conclusions

The lower content of chelator soluble pectin (peshin heat-pretreated cowpeas after HTHH
storage promotes faster parenchyma cell separdtiobng cooking. The higher pectate content
in the control after HTHH storage is associatechvigick of parenchyma cell separation even
after 2 hours of cooking. Micronised cowpeas Hawer content of chelator soluble pectin and
more cell separation when compared to the hoteaisted cowpeas during cooking. Both heat
pre-treatments have effects on the thermal andngastoperties of starch but HTHH storage did

not significantly influence these properties.
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4 GENERAL DISCUSSION

The discussion is divided into three sections. diseussion will first examine the strengths and
weaknesses of the experimental design and sonte ahéthodologies used during the research.
The second section will examine the possible mdashanby which high temperature and high
relative humidity storage causes the developmeHtTd& in cowpeas. The last section examines
the possible mechanisms involved in the reductiothe HTC defect development in cowpeas
by the use of micronisation and hot air roastingossible scientific mechanisms on how

micronisation and hot air roasting were effectiveeducing the HTC defect will be put forward.
4.1 Critical review of experimental design and methodologies

411 Raw material selection

It was essential to evaluate different cowpea gygasceptibility to HTC before selecting the
type that was used in the study. 11 cowpea tyymes Botswana (n=4) and South Africa (n= 7)
were screened in terms of their initial cookingdinB types were found to have excessively long
cooking times (> 270 minutes) which indicated thégady had the HTC defect. Therefore only
3 types were selected for the inducement of HTCedefafter which one cowpea type

(Agripienk), that was most susceptible to HTC ,was seleadetdat pre-treatment studies.

4.1.2 Mode system toinduceHTC

Tropical conditions of high temperature 25 °C) and high relative humidity>(65%) promotes
the HTC defect in legumes (Reyes-Moreno, Romerad)rMilan-Carrillo, Valdez-Torres &
Zarate-Marquez, 2000b; Reyes-Morenb al, 2000c) when stored for a long period (> 6
months). Therefore in studying HTC defect fastolaltory procedures are used (Jackson &
Varriano-Marston, 1981; Vindiolat al, 1986; Paredes-Lopezt al, 1989b) in inducing HTC
defect in legumes. Accelerated storage involvesage of legumes under conditions that mimic
tropical conditions for shorter durations (Reyeskdfm et al, 2000c). Martin-Cabrejas, Jaime,
Karanja, Downie, Parker, Lopez-Andreu, Maina, Esteb Smith & Waldron (1999)
demonstrated that HTC development in beans standéruaccelerated conditions {42, 80%
RH) for 6 weeks were comparable to beans storebpical conditions for 1 year. Therefore
quality defects can be observed in a shorter pevioeh using accelerated storage conditions. In

this study, accelerated HTHH storage conditionsevaahieved by storing the cowpeas above a
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saturated potassium chloride (KCI) solution in amight plastic container. The KCI solution

maintained a constant humidity condition of 80%heTcontainer was then placed in a growth
chamber at 40 °C. This procedure was effectivmamntaining the desired HTHH (40 °C, 80%
RH) conditions throughout the 40 days of storagshesvn by humidity-temperature logger that
was placed inside the container. The storage tiondiwere effective in inducing HTC defect

as observed in the > 3 fold increase cooking time.

4.1.3 Pre-conditioning

Dry legume seeds are usually of low moisture cdmtémabout 10%. Therefore, before heat pre-
treatments are applied to the seeds, the moistues is increased. Moisture content is critical
for generation of heat as well as heat transfemduhe heat pre-treatments since water has a
high specific heat in comparison to other food comgnts (Adams, 1991). Pre-conditioning or
tempering involves increasing the moisture contérihe seeds to target moisture content. The
cowpeas had a moisture content of 8%, thereforehdating of the cowpeas at low moisture
content would have been ineffective in inactivatihg enzymes and might have caused burning
of the seeds. The pre-conditioning procedure axried by (Arntfieldet al, 1997) was
successful in adjusting the moisture content ofcthwepeas to the desired level of 25%.

414 Micronisation

Micronisation or Infrared (IR) heat processingahaes heating with radiant electromagnetic
energy in the wavelenth range of 1.8 to 3.4 pmiast al, 1999). A table top experimental
microniser used in this study comprised of 3 quartgsten infrared lamps with a 6 KW power.
Two out of 3 the three lamps were usédhe distance between the lamps in the micronizimg u
and the sample being irradiated is adjusted depgndn the desired heating temperature
(Bellido et al, 2006) In this study a distance of 25 cm was usedterat heating temperature
of 150°C. Rotation of individual seeds by using vibratingugbs or belts as demonstrated by
(Bellido et al, 2006) would have been a better procedure in @rgumiform exposure of IR
energy on all seed surfaces. However, small seledeines such as the cowpea variety used in
this study can be micronised effectively while amtisnery surface (Fasinat al, 2001;
Mwangwelaet al, 2007). Although, the surface temperature of tbhe/peas was monitored
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using a temperature probe, an indication of theprature inside the cowpea seeds could also

have been monitored by inserting thermocouplestheaentre of some seeds.

4.15 Phytase

Phytase activity was determined by direct inculratyd the cowpea flour in a buffered sodium
phytate solution. This colorimetric assay in plkgtactivity determination was based on the
guantification of inorganic phosphateiYMberated from added sodium phytate after 30 min
incubation period (Eeckhout & De Paepe, 1994; Sheal, 2005). The principle of this enzyme
assay relied on measuring the generation of aioaptoduct (phosphate) over one period of
time (one point method). Phytase catalyses therohyals of phytate yielding inorganic
phosphate (. The phytase activity was determined by colenfation between the released P
and molybdate ions(Eeckhout & De Paepe, 1994). tdotad amount of Pliberated after 30 min
was calibrated for background (frea)dfready present before incubation. The one pogthod
assumes a linear rate of kberation under the assay conditions used (EaakBoDe Paepe,
1994). It was observed that after HTHH storagesarhples the determined phytase activity
decreased rather than increase as expected. akisantrasted by the observation that phytate
content decreased, while Pcreased during HTHH storage which indicated @ased phytase
activity. Higher levels of Pi are reported to causiterference during phytase activity
determination in two ways (Ullah, 1988; Kim & L&lD05). According to Ullah (1988), high
content of P inhibits the completion of phytate hydrolysis blgypase during determination.
Therefore, high contents of Bue to endogenous phytase activity in the cowgtaed under
HTHH conditions could have inhibited phytase hygstd of sodium phytate in the assay.
Secondly, high background esults in strong colour formation in blanks tligcreases the
color contributions by the enzymatic hydrolysis (K& Lei, 2005). The high background P
after HTHH storage was quite high and could hawilted in the low values observed. To
overcome this challenge, a measure of Pi presethieircowpeas seeds before and after storage
was adopted as a measure of phytase activity dwtogage. This gave a relative value of
changes in phytase activity. The measure of imocgphosphate in beans before and after
storage had previously been used by Mafulekal. (1993) as an indirect measure of phytase

activity.
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4.1.6 Phytate

The amount of phytate present in cowpeas was detedrusing Megazyme test kit K-PHYT
(Megazyme, 2007). The method involved extractibrploytate from the cowpea flour with
hydrochloric acid. This was followed by enzymeatreents with phytase and alkaline
phosphatase. Phytase hydrolyses phytate and lawemositol phosphate forms (i.e. inositol
pentakisphosphate to inositol bisphosphate relgasmrganic phosphate. Alkaline phosphatase
released phosphate from inositol monophosphate ishatlatively resistant to the action of
phytase. Phytate was measured as the total phaspliberated by phytase and alkaline
phosphatase using a colourimetric method. The K-PHuantitative method for determination
of phytate is rapid and simple when compared taipi@ation and ion exchange methods that are
widely used for phytate assays. Both of these austhare time consuming and could
overestimate phytate content since they includeigbigr dephosphorylated isomers of phytic
acid (Wu, Tian, Walker & Wang, 2009). The gengralccepted AOAC Method 986.11 is
laborious due to the step gradient anion-exchangéqgation step (Megazyme, 2007).

4.1.7 Cookingtime

The classification of legumes as “easy to cook™ard to cook” is determined by the time
required for the legumes to attain acceptable esfirfor consumption during cooking. The
presence of HTC defect or its absence in the cosvpes therefore dependent on the cooking
time. Cooking time was determined using a commardgd Mattson bean cooker (MBC)
(Proctor & Watts, 1987). The cooking time as deiaed by the MBC involved placing 25
cowpeas seeds each in a perforation at the cytimldbase of the MBC. Steel rods of equal
weight (50 g) with tapering ends are then placetbprof the seeds and the MBC is immersed in
boiling water. Cooking time was recorded as theetwhen 80% (20/25) of the rods had fully
penetrated the cowpea seeds. The main challentfe this method was that it was time
consuming and required keen observation by theatgeto record each time a rod went through
the cooked seed. Some of the cowpeas with HT€ctleéquired observation for over 4 hours.
Penicela (2011) observed that it was quite a chgéldor the cowpeas to remain in position once
the rods were placed or during immersion of the MiBoiling water. This is because the
perforations were larger and meant for beans whéaste a larger surface area than cowpeas. A
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Similar problem was experienced by the experimembeovercome this challenge, a cylindrical
base with perforations that matched the cowpeawsaeused. The use of automatic recording
system connected to the MBC device (reference) aveliininate the manual aspect of recording
penetration times during the whole duration of dateation. Although the MBC is widely used
in determination of cooking time, it is always aattenge to compare results from different
studies due to differences in the determinatiorcguare (Mwangwelat al, 2006). These
differences include; weight of the rods (e.g. 49 @enicela, 2011) and 90 g (Mwangwetaal,
2006; Salvador, 2007), cooking time as determine@olof rods penetrating the seeds(e.g. 50%,
80 %,100% (Akinyeleet al, 1986; Berrioset al, 1999; Mwangweleaet al, 2006) and pre-

determination procedures such as soaking.

4.1.8 Pectin

Pectin determination was based on quantifying theumt of galacturonic acid present. This is
because, pectins are polysaccharides composedynadipblymers of D-galacturonic acid (80-
90%) whose monomers are joined byl, 4-glycosidic bonds (Vazquez-Blanco, Vazquez-
Oderiz, Lopez-Hernandez, Simal-Lozano & Romero-Rpgiz, 1993). The initial step in the
extraction of pectin involved preparation of anodlal insoluble residue (AIR). This procedure
separated polymeric materials from alcohol solgadids such as any monomeric galcturonic
acid or other soluble small molecules that woulterlanterfere with the galacturonic acid
analysis after pectin hydrolysis (Qi, Moore & Oraha2000). The AIR was then extracted with
cold water, hot water and EDTA to yield cold wasetuble pectin, hot water soluble pectin and
the EDTA soluble pectin fractions respectively. Tectin fractions were hydrolysed in hot
concentrated b0, yielding galacturonic acid residues. The stroaigia medium ensured that
the glycosidic linkages were cleaved. The resglgalacturonic acid residues were quantified
colorimetrically with m-hydroxydiphenyl (Blumenkrem& Asboe-Hansen, 1973)

4.1.9 Microscopy

Softening during cooking of legumes is associatéth weparation of parenchyma cells at the
middle lamella. Microstructure analysis was donesktmw whether there was separation of
parenchyma cells at the middle lamella during cogkiln identifying the cell wall of individual

cells, Calcofluor-white was used. Calcofluor-whgea fluorescent stain that selectively binds to
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cellulose and fluoresces when exposed to long-veagth ultraviolet (Knox, 2008). Therefore,
in using this stain the cell wall could be distirged for the cell contents. In this study, stagni
with Calcoflour was successful as the cell wall wadually the only visible fluorescent
component when viewed using Confocal Laser Scanhimgoscopy (CLSM) at an excitation
wavelength of 405 nm. Different levels of cell waéparation in adjacent parenchyma cells

were observed.

4.2 Theeffect of high temperature and high relative humidity storage on HTC defect
development in cowpeas

Storage of three cowpea types under accelerateditoms (42 C, 80% RH) of HTHH
conditions led to development of HTC defect in togvpeas. The susceptibility of cowpeas to
HTC defect was demonstrated by increased cookmg #fter HTHH storage. Although the 3
cowpea types were stored under similar condititnes degree of HTC development differed
among the typesAgripienk cowpea type had more than 5-fold increase in capkime while
Bechuana whitéad a 1.5 -fold increase. This is in agreemertt giveral legume studies which
report differences in proneness to HTC defect agrakent among different types of legumes of
the same species (Reyes-Moreno & Paredes-Lope3; B#Ednal-Lugoet al, 1997; Coelhcet
al., 2007). However, storage at refrigerated conaiti¢4 °C) did not result in HTC defect
development therefore demonstrating that changdaagithe HTHH conditions promote HTC

defect development. (Knox, 2008)

The two main theories to explain the HTC phenomeriphytase-mineral and mineral-pectin
interaction” and lignification, implicate activatibncreased enzyme activity due to HTHH
conditions. In studying the effect of acceleratdfiHH storage conditions on the cowpeas,
investigation of the physicochemical propertiesref cowpeas associated with these two main

theories was carried out.

Lignin content did not change significantly in baefrigeration and HTHH storage in all the
cowpea types. Peroxidase, the main enzyme reptotgaomote lignification (Riverat al,
1989) also did not change significantly during HTidtdrage. Therefore, the role of lignification

of the cell wall was not established in this stutiiyere are studies that suggest over short periods
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of HTHH storage such as used in this study (40 )J&yEC development is more likely to be due
to phytase activation than lignification. The sasdsuggest that the first stage of HTC is due to
“phytase-mineral and mineral-pectin interactiontidhe later one due to lignification (Hincks &
Stanley, 1987; Mafulekat al, 1993; Martin-Cabrejast al, 1997). Martin-Cabrejast al.
(1997) observed that with extended (5 years) HTktifage of beans, changes in phytate did not
correlate with the extent of increased hardeniMafulekaet al. (1993) observed a significant
correlation (r= 0.821) between lignin content and hardness &ten storage at HTHH.
However lignin was not significantly correlated whardness at 4 months<(0.232) at the same
storage conditions. Lignification was observedatce place after long duration of storage while
the changes in phytate in the early stages of hargesuggested “phytase-mineral and mineral-
pectin interaction”. In support of the view that @ defect occurs in different stages. Del Valle
& Stanley (1995) and Aguilera & Rivera (1992b) atveel that a degree of hardness in beans
stored under HTHH conditions was reversed by sgpkitre hardened beans in the chelating
agent, EDTA. They termed the hardness reducedyAEas “reversible hardening” and the
one that remained as “irreversible hardening”. féwersal by EDTA was due to the removal of
divalent cations from HTC beans therefore countergcthe hardening effect due to the
“phytase-mineral and mineral-pectin interaction’e(D/alle & Stanley, 1995). They reported
that “reversible hardness” was associated withrthal or earlier days of storage and was due to
the “phytase-mineral and mineral-pectin interacti¢hguilera & Rivera, 1992a; Del Valle &
Stanley, 1995). The irreversible hardening whidcuored later during HTHH storage was

associated with the lignification mechanism (Dell¥& Stanley, 1995).

In all three cowpea types, HTC defect developméaig( cooking time) was associated with
changes in physico-chemical characteristics thateated to the “phytase-mineral and mineral-
pectin interaction”. Storage at HTHH conditionsd léo increased phosphate liberation
(indicating increased phytase activity), decregsegate content and decreased soluble pectin in
all three cowpea types (Table 4.1). These obsensatvere in agreement with the mechanisms
proposed in putting forward the “phytase-mineratl anineral-pectin interaction” theory. In
contrast, storage under refrigeration conditiond ot result in any significant changes in

phytase activity, phytate content and soluble pemtntent (Table 4.1).
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Table 4.1 Summary of changes in physicochemical propertiesowpea samples following

storage at different conditions in comparison totoa

Physicochemical property

Percentage change (%) in comparison to cowpeas at

day O (Control)

Bechuana White

Agripienk Mae—e—tsiliwane

Cooking time

Released phosphate

Phytate

Water soluble pectin
Peroxidase

Lignin

Moisture

Water activity

pH

Day 40 at°AC
Day 40 at HTHH
Day 40 aC4
Day 40 at HTHH

Day 40 at’4C
Day 40 at HTHH

Day 40 dt@

Day 40 at HTHH
Day 40 at €
Day 40 at HTHH

Day 40 at 4C
Day 40 at HTHH
Day 40 at4C
Day 40 at HTHH
Day 40 at’AC
Day 40 at HTHH
Day 40 at 4C

Day 40 at HTHH

!

51

&

8

!

!

9

é

R

1
(

2

(o]

wpwi
<~ —>%

<>

>38%
14

K

<> = No significant change, ¥

= significant decrease 1 = significant increase

It is proposed that during HTHH storage, phytass ae@ivated leading to enzymatic hydrolysis

of phytate that resulted in liberation of divaleations. The released cations were subsequently

crosslinked with pectin in the middle lamella. Thesl to formation of insoluble pectates that

hindered cell separation during cooking.

Increasmuoking time was therefore due to reduced

rate of cell separation. The soft texture assodiatiéh cooked legumes is dependent on the ease

or rate of cell separation. The proposed mechanisrhifC defect development were based on

the “phytase-mineral and mineral-pectin interactiasillustrated in Figure 4.1.
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Cowpeas stored for 40 days at
HTHH (40°C and 80% RH) for

|

Increased phytase activity (due tj

high temperature & humidity)

!

Phytase catalyses hydrolysis of]

phytate

|

[ Divalent cations (C& & Mg?")

liberated from phytate

|

Migration of the divalent cations tj

the middle lamella

|

Cations bound to soluble pectin j

the middle lamella forming

Inability of cells to separate durin

cooking (Increased cooking time)

Figure 4.1 The proposed mechanism in HTC defect developnmethiei cowpeas
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4.3 The effects of micronisation and hot-air roasting of cowpeas as pre-treatmentsin the

control of hard-to-cook phenomenon during HTHH storage

HTC defect development in the HTHH storage condgioised in this study was shown to be
contributed by increased phytase activity. Thet ga-treatments were expected to prevent
HTC defect development by inactivating phytaske partial inactivation of phytase achieved in
this study was due to the hydrothermal energy geedrwhen pre-conditioned cowpeas were

exposed to micronisation and roasting.

During enzyme inactivation, the heating paramefeggmperature and time) and the intrinsic
characteristics of the material such as moisturgert are the critical factors in inactivating
enzymes. The temperature, time and moisture donditused in this study were 180, 5 min
and 25% respectively. These conditions were miaybtly severe than those used by Affrifah

al. (2006) who reduced phytase activity to 64% byrsiag cowpeas (20% moisture) at 121°C
for 4-6 minutes. In the current study, phytaseavdgtwas reduced to 70% and 45% by
micronisation and roasting, respectively. Initiabisture content and heating temperature were
shown to be the significant factors in phytase tiwation. At high temperature (> %D),
heating time was observed to be significant up poiat after which increased exposure time did
not seem to make a difference on the degree otivadion. This “cut-off” or leveling off
occurred after about 4 min of exposure. Thereforeselecting a slightly higher temperature of
150 °C a higher degree of inactivation was achievedhia micronized cowpeas. However,
complete inactivation of phytase was not achiewgghssting a high thermal stability as shown
by Affrifah & Chinnan (2005). Although increasinige “temperature-time—moisture” conditons
might increase the level of enzyme inactivatiomdesirable changes in the physico-chemical
characteristic of the seeds may occur. Tempemtfrabove 166C are associated with burning
(Mwangwelaet al, 2006) and increased seed hardness (Arntéekl, 2001). Micronisation of
cowpeas at higher moisture contents (40%) was showesult in fissuring (Mwangwelet al,
2006) due to intense vapour pressure build up withe seed. In the current study only one
“temperature- time — moisture” combination was ugEs0 °C - 5 min - 25%). It would be
useful in future to study the impact of varying theating parameters on phytase inactivation and

eventual impact on HTC defect development.
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Heat pre-treatments reduced the incidence of HTi€ctleevelopment during HTHH storage as
demonstrated by the shorter cooking time when coegpi the control. Cooking time was least
increased in heat pre-treated cowpeas during HTHifage. Therefore, heat pre-treatment
controlled HTC defect to a degree but did not catgly prevent the defect from developing.
Heating reduced phytase activity partially as seethe significant reduction in releasediR

heat pre-treated seeds.

Heat pre-treatment resulted in decreased phytasstyacdecreased phytate hydrolysis, higher
HWSP content and lower EDTA soluble pectin in tloevpeas when compared to the control
samples after HTHH storage. The activation of abgtduring HTHH initiates the HTC defect
development as suggested in the “phytase-minerdl rameral-pectin interaction” theory.

Therefore, controlling the defect might be achiebgdnactivating phytase as demonstrated in
this study. The observed lack of cell separationinduthe cooking of the cowpea further
strengthens the hypothesis that HTC results frorangbs in the middle lamella due to

insolubilisation of pectin that prevents cell seji@mn during cooking.

The effect of heat pre-treatment in preventing HT&s dependent on the extent of phytase
inactivation, which was in agreement with the obaton that the “phytase-mineral and
mineral-pectin interaction” led to HTC defect deymhent during HTHH storage. When
compared to roasting, micronisation was more dffedn controlling the development of the
HTC defect. This was observed to be due to a higlegree of phytase inactivation in

micronised cowpeas when compared to hot-air roasieqbeas.

The mechanistic model proposed in explaining thdueced cooking time in heat pre-treated
cowpeas during HTHH storage is shown in (Figure).4This study demonstrated that by
partially inactivating phytase, phytate is less aoygsed therefore achieving some degree of
control on HTC defect defect. Micronisation, ahieicue not previously used in the prevention
of HTC was more effective when compared to hot@asting.
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Partial phytase inactivation] * % reduction in phytase activity (after heat treatments)
—>

Micronisation: 70%; Roasting: 45%

N4
N\
Decreased phytate hydrolysi§ —»  * % decrease in phytate content (Day 40 vs Day O:

L ) Control: 32%; Micronisation: 8%; Roasting: 19%

\

. —\"
Fewer divalent cations being

liberated

* % increase in EDTA pectin (Day 40 vs Day 0):

V

Control: 75%; Micronisation: 13%; Roasting: 38%

* % decrease in HWSP (Day 40 vs Day 0):

Fewer cations available to blno] >

to pectin in the middle lamella

Control: 39%; Micronisation: 18%; Roasting: 31%

\ 4

Less insolubilisation of pecti

in the middle lamella

!

[ Easier/faster cell separatio

Higher degree of cell separation observed in the
— parenchyma cells of heat-pretreated cowpeas when

resulting in soft texture compared to the control as cooking progressed.

!

)
)

Increase in cooking time (Day 40 vs Day 0):
Reduced HTC defect (as sho
long/increased  cookin Control: > 430%; Micronisation 123%; Roasting:
0,
tlme) 250%

Figure 4.2 Mechanistic model proposed to explain the prewentaf HTC defect development

by micronisation and hot-air roasting
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Micronisation was more effective in controlling HTd&fect than hot-air roasting after HTHH
storage. The effectiveness of the heat pre-tre@sneas shown to be dependent on the level of
phytase inactivation. Micronisation achieved muoractivation of phytase when compared to
hot-air roasting under similar heating conditioh§q°C, 5 min, cowpeas at 25% moisture). The
effectiveness of micronisation over hot-air roagtiwas due to superior heating properties.
During micronisation, the radiated IR waves areodisd during penetration, causing molecular
vibrations that generate intensive heat insidesined (Sakai & Hanzawa, 1994). IR heating
takes place at the surface and inside the innardagf the cowpea simultaneously (Sakai &
Hanzawa, 1994; Krishnamurtlet al, 2008) thereby reducing the temperature gradiethirwa
short period. In contrast, hot air roasting inws\wconvective heating of the cowpea surface by
hot air and subsequent conduction of heat fronstitace to the inner layers. The high heating
intensity, faster and more uniform heating withine tcowpea during micronisation resulted in
more phytase inactivation and subsequent redugtiphytate hydrolysis when compared to hot-
air roasting during HTHH storage.  Therefore, mitsed cowpeas had higher content of

soluble pectin that ensured easier cell separatidime middle lamella during cooking.
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5. CONCLUSIONSAND RECOMMENDATIONS
Storage of cowpeas at high temperature and highditynfHTHH) conditions lead to

development of hard-to cook-defect (HTC) as showrhe increased cooking time.
Accelerated storage conditions (4D and 80% RH for 40 days) that simulate tropical
conditions of HTHH result in increased cooking tiofedegumes by 51 - 382% after
storage. Based on the results, the increased rogdkne is attributed to increased
phytase activity at the HTHH conditions. Increagglijtase activity is highly
correlated with increased cooking time, decreasghytate content and decrease in
pectin solubility. These corroborate the propositihat the “phytase-phytate-pectin”
pathway is the main mechanism controlling the HT&edt development. Lignin
content and peroxidase activity did not increasenduHTHH storage. According to
the lignification theory, increased peroxidase\digtiduring HTHH storage leads to
increase in lignin content in the cell wall. Inased lignin content limits water
penetration and restricts cell separation therelympting HTC. Therefore, the
probable cause of HTC defect in the cowpeas israsut of increase phytase activity
and not due to lignification. Cowpeas stored unééigeration conditions (4C) do
not develop the defect as they had similar cookimg with their respective day 0
samples. Phytase activity did not increase andapdytontent was similar to that of
day 0. Therefore, refrigeration conditions do tedd to HTC defect as the low

temperature conditions fail to promote increasezyeme activity.

HTC defect development can be prevented by stashgewpeas at low temperature.
However, this is not an affordable option to depéig countries where legumes are a
major dietary source. Therefore one of the kegtsgies in prevention of HTC defect
lies in employing strategies that stop the detatioe reactions before storage at
HTHH conditions. Micronisation and hot-air roastiwere used as heat pre-
treatments with the aim of inactivating phytaseobefHTHH storage of cowpeas.
The heating temperature, time (1%D, 5 min) and cowpea pre-conditioning moisture
content (25%) was similar during both heat pretinests. Phytase inactivation was
only achieved partially in both treatments. Mication reduced phytase activity by
70% while hot-air roasting reduced the activity4B2. Phytase has been described

as a quite heat stable enzyme and currently noyshas shown its complete
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inactivation in legumes. This study shows that #igectiveness of the heat
pretreatments in preventing HTC is dependent orddwgee of phytase inactivation.
Micronised cowpeas had the lowest phytase actigitg the lowest increase in
cooking time after HTHH storage. Cowpeas that wese heat-pretreated had the
highest increase in cooking time indicating thaytpke inactivation is critical in
prevention of HTC. According to this study the im&cism of HTC prevention by
heat pre-treatments is based on partial phytasetivation that leads to less
hydrolysis of phytate. Therefore, there are lagalent cations released from phytate
to crosslink with pectin in the middle lamella. €rbfore, there is less formation of
water insoluble pectates that allows for easiersggaration to take place at a faster
rate during cooking as shown microstructurally. cMhisation is more effective in
reducing the incidence of HTC defect developmentssiit achieves more phytase
inactivation when compared to hot-air roasting. e Hifectiveness of micronisation
when compared to hot-air roasting is due to itsesop heating properties such as
high heating intensity and penetration of the waeasising heating inside the

cowpeas.

Microstructural study focused on the parenchymbseglaration at the middle lamella
during cooking based on the “phytase-phytate-pédtieory. However, there is need
to also investigate intracellular changes suchhasstvelling and gelatinisation of
starch granules that simultaneously take place s@tfaration of the parenchyma cells

in the cotyledon.

This study shows that HTC defect can be controfigdnactivation of responsible
enzymes such as phytase. The heating parame®&®s°Cl 5 min) of moisture-
conditioned (25%) cowpeas do not lead to completetivation of phytase. It is
recommended that a study on the optimisation ofpdm@meters would need to be
conducted to establish the most effective combomaith achieving maximum phytase
inactivation or complete inactivation. The sucocefsthe heat pre-treatments is finally
determined by consumer acceptance of the cowpéasHifHH storage. Therefore,
the determination of the sensory quality of heattpeated HTHH stored cowpeas is

recommended.
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