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ABSTRACT

Plant proteins contribute to structure of food products via the formation of
three-dimensional matrix which can entrap water and other food compo-
nents. Establishing the structural factors responsible for gelation of canola
protein isolate (CPl) in food systems will enhance the understanding of
texture development in foods containing plant protein ingredients. Micro-
structural assessment was performed using scanning electron microscope.
Theinfluence of pH (6, 10) and 0.15 M dithiothreitol onthe molecular forces
responsible for structural alignment of CPI-guar gum gels was examined.
CPI-guar gum gels prepared at optimum gelling condition (20 % w/v CPI,
1.5% w/v guar gum, 0.05 M NaCl, pH 10) had strong beaded strands. Evi-
dence from gel micrographs showed improved network structure when CPI
and guar gum are mixed (due to protein-protein and protein-polysaccharide
interactions) and of complete breakdown of CPI-guar gum network struc-
ture (seen as excessive disrupted gel microstructure) in mixed gels contain-
ing dithiothreitol. Canola protein-guar gum microstructure may providein-
sight on the mechanisms and basis of texture formation in mixed foods
containing proteins. These findings would allow newer protein sources
such as canola protein to compete effectively with other predominant plant
proteins such as soy proteins. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Recent interest in protein gel ation studieshasbeen
on the microstructure and fracture propertiesof gels.
However, appearance, water-hol ding attributes and
intragel diffusion (textural properties of gels) have
al so been studied because these aspects have direct
application to food quality. Food products can be
augmented by the addition of proteins as gelling
agents, e.g. the addition of milk proteinsto water-
added hamsas ameans of increasing water-holding

and rheological properties”™. Somefood products
that rely on gelation of denatured proteinsto pro-
duce desirabl e attributes are processed meats, baked
goods, cooked eggs and some cheese. Understand-
ing the physical/chemical basisfor the attainment of
quality characteristicsof food protein gelsisavalu-
abletool when adding proteinsin multicomponent
food formulations.

Microscopy can beauseful tool when describing
the microstructure of asystem at the end of thegela-
tion process. The use of scanning electron micros-
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copy (SEM) to examinethe structure of globular pro-
tein products have been reported>°1617, A review
article by Foegeding™ stated that heat-induced globu-
lar protein gels can be transparent, turbid or opaque
depending on the gelation conditions. Gelsthat are
transparent or translucent aregenerally classified as
fine-stranded (also termed fibrillar, ‘strings of beads’
or ‘true’ gels). They are formed under conditions of
pH greater or less than theisoelectric point (IEP),
and at low ionic strength. Fine-stranded (aterm that
describes microstructures as consisting of strands of
various|engths but with diameters corresponding to
thelength of oneto severa molecules) gelsformed at
low and high pH have different textural properties.
Foegeding!” madethefollowing observations: 1) gels
formed at low pH are weak and brittle; 2) those
formed at high pH are strong and elastic; while 3)
opaque gels display particulate gel structure (also
termed coarse-aggregated, random-aggregated or
coagulated). Particulate gel sare formed under con-
ditionswherethereisminimal chargerepulsion, such
asat pH closeto IEP or at highionic strength. The
microstructure of particul ate gels consists of spheri-
ca particles(with diametersin themicrometer range)
that are associated into agel network. There exist
conditionsthat lie between the two casesthat pro-
duce gelswith structuresthat can be considered as
either (i) acombination of stranded and particul ate
or (ii) distinct and intermediate between these ex-
tremes” 8. Thetype of gel formed depends on con-
ditionsduring gel formation. Generally, gelsbecome
coarser asthe pH approachesthe |[EP or when the
ionic strength increases®. Theuse of SEM to exam-
inethe network structure of CPI and CPI-guar gum
gd sisavauable application of thistechniquein char-
acterizing the network propertiesof CPl inamixed
food system.

Thepurposeof thisinquiry isto characterize CPI-
guar gum gelsusing SEM to assessthe network struc-
tureasinfluenced by pH and denaturant. It ishypoth-
esized that high alkalinepH (e.g., pH 10) will cause
excessvedisruption and breakdown of CPI-guar gum
gd network. In the assessment of CPI-guar gum mix-
ture, structures devel oped during gelation and type of
network arrangement was used to eval uate the effect
of denaturant.
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MATERIALSAND METHODS

Sour ceof materials& samplepreparation

Commercid canolaproteinisolate (CPI) was pur-
chased from BMW Canola, Winnipeg, Canadaand used
without further purification. Proximateandysi s of the
CPI sampleindicated aprotein content of 87% (N x
5.7),0.7% ail, 2% ash, 5.9% moisture and 4.4% total
carbohydrate (determined by difference). Food grade
guar gum (G-4129; Lot No. 95H0653) and dithiothreitol
(DTT; D-0632; Lot No. 61K 16571) were purchased
from SigmaChemical Co. (S. Louis, MO). All other
chemicals such as NaCl (BP358-212; Lot No.
028091), HCI (Lot No. 296220; A144-225) and
NaOH (BP359-212; Lot No. 974661) were certified
reagent grade (Fisher Scientific Co., NJ).

Dispersionsof CPI (15% w/v CPI, protein-basis;
0.05M NaCl; pH 6), guar gum (1.5%, w/v guar gum;
0.05 M NaCl; pH 10) and CPI-guar gum (20%, w/v
CPI; pH 10; 0.05 M NaCl; 1.5%, w/v guar gum) mix-
tureswere prepared separately at optimum gelling con-
ditions established in aprevious study!*®. Macromo-
lecular dispersonwasdtirred for approximately 1 hr at
room temperatureor until acompl etedispersion of mix-
ture was achieved. Dispersions of CPI or guar gum
samplein NaCl solution were prepared separately in
similar manner to serve ascontrol. Interaction assess-
ment was performed by treating CPI-guar gummixture
(20%, wiv CPI; 1.5%, wiv guar gum; pH 10) with 0.15
M DTT (adisulfideblocker) prior to heat treatment.
Samplesweredlowedto equilibratefor 30 minat room
temperature (22-25°C) to maintain accurate pH.

Mixed macromolecular gd preparation and micro-
structural analysis

Design-Expert® Software (Stat-Easelnc., MN)
was used to generate model experimental designwith
factorid and response surface optimization. Factorsex-
amined were pH (6, 8, 10), CPI (10, 15, 20% w/v),
NaCl (0.05, 0.15, 0.25 M) and guar gum (1, 2, 3% w/
v) concentrations. Mode fittingwas performed using
optimization modd (Design-Expert® Software) to de-
termine optimum conditionsthat produced improved
gel propertiesfor CPI-guar gum mixtures: 20 % (w/v)
CPl, 1.5% (w/v) guar gum, 0.05 M NaCl, pH 101,
Confirmatory analysiswasperformed to verify the opti-
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mum gelling conditionsobtained. Influence of molecu-
lar interactionson gel formation was assessed by treat-
ing CPI-guar gummixturewith 0.15M DTT at estab-
lished optimum conditions stated above. Control tests
wererunwith CPI (20%, w/v + 0%, w/v guar gum) or
guar gum (1.5%, wiv + 0%, w/v CPl) dispersion at
optimum pH and NaCl concentration. All experimenta
parameter measurementsweredonein duplicates.

Ge networkswere prepared asdescribed by Léger
and Arntfie d*® with dight modification. Theoptimum
gdling conditionsestablished for CPI-guar gumgeswere
used to prepare gels used for microstructural assess-
ments. Heat-set CPl, guar gum, and CPI-guar gum gel
networkswere prepared by heeting sampledispersons
inclosed ganlesssted vidsfrom 25t0 95°C at arate of
2°C/min. At the end of the heating regime, samples were
held at 95°C for 5 min and cooled to room temperature
inanicebath. Gelswereremoved fromthevids, frozen
andfreezedried. Dried gel sampleswerefractured and
mounted on a speci men stub with double-sided adhe-
Svetape. Sampleswere sputter-coated (Edwards Sput-
ter Coater, modd S150B) under vacuumwith gold/pal-
ladium (75/25). Scanning € ectron microscopy (SEM)
measurements were done on a JEOL JSM-5900LV
SEM (JEOL SEM, Japan) operating at an acceleration
voltageof 10kV. Micrographsof each gd samplewere
obtained a& x3000 magnification. All experimental mea-
surementsweredonein duplicates.

RESULTSAND DISCUSSIONS

Sructureof canolaprotein-guar gum networ ksand
effect of disulfide blocker

Canolaprotein gel prepared at pH 6 displayed a
fluffy, honey-comb microstructure (Figure 1A). The
structural arrangement of CPI-guar gum gel prepared
at optimum conditions(20% canolaprotein, 1.5% guar
gum, 0.05M NaCl, pH 10) showed an élastic crosdink
with strong bead-like strands (Figure 1B). Although pH
10isunconventiond infood manufacture, somefood
systemsareeither prepared at or havedkainepH; eg.,
eggabuminwhich hasapH of 9.02 andAsandkaine
noodleswhich are prepared at high pH conditions (to
producetexture and color desired by consumers).

Variaionin pH affectstheoverdl net chargeonthe
protein moleculeaswell asitsmolecular conformation
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and structural arrangement. CPI gel prepared at pH 6
(Figure 1A) had asoft, spongy network with large open-
ings between loosely-linked mesh-like structure. The
large openings produced gave someinsght onthewa
ter-holding capacity of canolaproteins. Weater and other
componentsmay havebeenimmobilizedinthosepock-
etsduring gelation. Thisisanimportant mechanism of
gel formationinfood systems. The canolaprotei n-guar
gum gel prepared at pH 10 formed afirm, fine-stranded
and dagtic structure (Figure 1B). Photomicrographs of
laboratory prepared CPI gels showed improved gel
propertiesat akalinepH Y, Theirreversible, heat-set
gelation or coagul ation of proteins (aloneor inmixed
form) often controlsthe sensory (texture, mouthfeel)
acceptability of most cooked food products.

The pH and ionic strength of aprotein environ-
ment can alter the charge di stribution between amino
acid side chainswhich may decrease or increasethe
protein-protein interaction. At pH 6, below theiso-
electric point (IEP) of canola proteins (IEP=6.8-
7.2)13 net positive charge was dominant. Asare-
sult, attractiveintermol ecul ar €l ectrostatic interaction
should bemaximizedin the presence of 0.05M NaCl.
At low salt concentrations, ionsinteract with proteins
vianonspecific dectrogtdicinteractions; indicating that
el ectrostatic neutralization of protein chargesusually
stabilizes protein structure*. Theweak, spongy struc-
ture of CPI gel seen at pH 6 (Figure 1A) was not as
strongly-knit asthat observed in CPI-guar gum gels
at pH 10 (Figure 1B). It ispossible that therangefor
theattractive-repul S vee ectrogtatic interaction balance
necessary for atightly-crosslinked three dimensional
gel was maximized at alkaline pH to producetight-
beaded strands.

A balance between the charge repulsion and the
potentia for interaction, mainly viainter-protein and/or
inter-biopolymer hydrogen bondsand hydrophaobicin-
teractions, iscritical to theformation of network char-
acteristics. Excessive attractiveforcesor insufficient
chargerepulsionresultsin coagul ation rather than net-
work formation.

The CPI-guar gum gel treated withDTT (Figure
1C) had an amorphous structure and lacked the char-
acteristic strandsand crosslinksusually depicted in gel
systems. Thisprobably confirmsthedisruption of dis-
ulfidelinkagesby DTT. Asareducingagent, DTTis
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capableof disrupting existing disulfidelinkages, thus
causing destabilization and modification of protein’s
native conformation. Reportsontheeffect of DTT on
protein gelation have been variable. Some findings
showed enhanced gel network!*°*2 while someindi-

SEL

Figurel: Scanning electron micrographsof gelsmadefrom
canolaproteinisolate (CPI) and itsmixture. Figure 1A de-
pictsCPI gel at pH 6 (15% w/v CPI, 0.05M NaCl) while 1B
showsCPI-guar gum gel prepar ed under optimum conditions
for themixture(pH 10; 1.5%, w/v guar gum; 20% , w/v CPI;
0.05M NaCl). Figure 1C shows CPI-guar gum gel treated
with 0.15M DTT (pH 10; 20%, w/v CPI; 1.5%, w/v guar
gum); M agnification x3000.
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cated poor network formation™. Thefindingson CPI-
guar gum gel treated with DTT show formation of an
amorphous massthat support the contribution of cova
lent and noncoval ent forcesin gelation of mixed mac-
romolecular system. Evidenceof significant structural
modificationinmicrograph of CHl-guar gumgd treated
with DTT showsinvolvement of disulfidebondsin net-
work formation of thissystem.

CONCLUSION

Microstructurd dataon CPI-guar gum gel showed
improved network structureat high pH dueto protein-
protein and protein-polysaccharideinteraction. This
does not support the hypothesis of thisstudy. Mixed
macromolecular gels treated with disulfide blocker
showed disrupted network structures, indicating that
covaent and noncovaentinteractionsareimportant fac-
torsin CPI-guar gumgdation. Mixed ge'ssuchascanola
protein-guar gum network can enhancethetextureand
structurd integrity of multicomponent food systems.
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