N o o AW N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

W) Check for updates

MR. DREW PORTMAN (Orcid ID : 0000-0001-7373-0424)

Article type' :Research

BLENDING-STUDIES USING WHEAT AND LENTIL COTYLEDON

FLOUR = EFFECTS ON RHEOLOGY AND BREAD QUALITY
D. Portman?® "s=C. Blanchard, P. Maharjah L.S. McDonald®, J. Mawsorf, M. Naiker®,
J.F. Panozzd

& School of Biomedical Science, Charles Sturt University, Wagga Wagga, NSW 2650,
Australia.

P Department of, Economic Development, Jobs, Transport and Resources, Horsham, VIC
3401, Australia.

“School.ef.Seience, Australian Catholic University, Banyo, QLD 4014, Australia.

* Corresponding authoE-mail: aportman@csu.edu.au

Researchlintthissarticle was presented at the 68th Australasian Grain Science Conference (2018),

Wagga Wagga, Australia

ABSTRACT

Background™and objectives: Lentil (Lens Culinaris. Medik) is a highly nutritious food
staple widely consumed withimdia subcontineneind the Mediterranearegion Although
gaining popularity in western diets, wheat will continue to be a major cropcas ke used

to manufacture a wide range of products. The nutritional benefits of lentils arendeéiged,
particularly as a source of high protein so the incorporation of lentil flour into volasat
foods has thespotential to improve the nutritive value of a range food productbie
blended flours were made using different concentrations of red lentil cotyledeaf amd
additional gluten. A blending study was undertaken to access yeast vitality, rhdologica
properties of dough and baking characteristic of resulting bread.
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Findings: High-ratio blends of lentil flour had noegativeeffect on yeast vitality even at the
highest concentration of 40%. Increasing substitution of lentil flour was highiglatad to

increased protein (r = 0.98) and ash (r = 0.95) and a concomitant decrease in dough strength

but not extensibility. Loaf volume and baking quality were also compromised at higher

concentrationsi“At a concentration of 5% lentil flour, there were no deleteeffects on
dough quality traits or on baking quality. The addition of bakers glutin/gram flour had

a restorativeeffect on the rheological and baking characteristics of wieaét compositest
higher concentrations of up to 20%.

Conclusion:, Our results show that optimal baking quality of wHeatil flour can be
achieved using.either low concentrationsupfto 5% lentil flour, or up to 20% lentil flour
with the addition of gluten which maintainedwapeior loaf and crumb quality.

Significance” and novelty: The protein and ash content of baked breadmificantly
increased when wheat was partialybstitutedwith lentil flour. Concentration oentil flour
decreasedlough strength anddlough development timeand decreased loaf volume whilst
increasingerumb firmness imesultingbread The addition of gluten improved the rheological
and product.quél of bread which allowed higher concentrations of lentil flour to be used
bread making.Balancing theratio of lentil flour and gluten to optimise the rheological
properties will'result in a compositeheatlentil bread withacceptabldaking performance
and enhanced-nutritional benefits consumers

KEY WORDS

protein, ash, extensibility, loaf volume, crumb structure, crumb colour, crumb fsmnes

INTRODUCTION

Bread made_from wheat flois a major source of nutrients both western and nemestern
diets. In many cultures, bread is an impattsource of protein which also providéistary
vitaminsrand*mineral@Aider, SiroisGosselin, & Boye, 2012). Historically, whole and multi

grain bread were commonplace, but white bread became the preference in modern times.

Consumers are'now more aware of the benefitwhole grain bread from both health and
tase perspective. Nutritionally wheat has a relatively low level of proteith% (Sozer,
HolopainernMantila, & Poutanen, 2017) when compared to protein content of reereal
grains such as pulsg®aviesHoes, Scanlon, Girgih, & Aluko, 2017Jhe protein content in
lentils is reported to range from 2%%. The amino acids that form lentil proteins are
predominantly lysine, leucine, aspartic acid, glutamic acid, and arg{Bioge, Zare, &
Pletch, 2010). Lentilour has a high concentration of lysi(oye etal., 2010), which is the
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limiting amino acid in wheat flour proteifAider et al., 2012)Lysine is also an essential
amino acid which the body cannot preduand has to be gained througliritional intake
(Nosworthy, Tulbek, & House, 2017Additionally, lentil is an enrichee source of fiber,
carbohydrates, and vitamiiiSozer et al., 2017). The mineral composition of lentil includes
Mg, Ca,~Fey=Zn, Mn, Cu and Se. These trace elements are important factors in human
metabolicsystemgRay et al., 204). Other health benefits can be gained through the
bioactive components found in lent{#&arpaParra, 2018; Joshi et al., 2013; Takruri & Issa,

2013) such as phetic compounds, which occur in higheoncentratios in the seedoat
(Amarowicz, et, al., 2009)Lentil cotyledon contains low conceations of compounds
derived from_hydroxybenzoic and hydroxycinnamic acids, which are predominantly phenolic
acids(DaviesHoes et al 2017). These compounds do not have the negativaantional
properties found in some flavonoid and tannin seed coat compounds (Akhtar, Anjum, &
Anjum, 2011). Plant phenolic acids are commonly known for their antioxidant activighw

can quench the negative effect of oxidative stress in human(blsammed, Ahmed, &
Senge, 2012)Research has also shown that these compounds can haeanaeti, anti
obesity, antinflammatory, antimicrobial as well as antiypertensive propertieDavies

Hoes et al';,2017; Rochfort & Panozzo, 2007; Takruri & Issa, 2013).

The inclusion of lentil proteins in bread and other baked products is not new, with the most
successful examples to date achieved using protein concentrate and proteirjAsidatet

al., 2012). Concentrate or isolate may increase protein levels, but do not includsqotlly
important benefits obtained through the phenolic, macronutrient and incre@sedl
bioavailability contained itentil flour (Aider et al., 2012; Jarg@arra, 2018) . By ultilizing,

for example, lentdcotyledon flour, there is potential to exploit ieneficial functional
properties through incorporation of lentil flours into whbased breadl'he purpose of this
study was to investigate the rheological and baking performance of-lghtltomposite
flours; establishingthe optimalconcentrationof lentil flour before negative effes were
observed inbaking propertiesand if such effects could beorrected byfortification with
additional gluten.

MATERIALS AND METHODS

Materials

Lentil cv. Northfield (Lens culinaris. Medik) is a commercially grown variety characterized

by a gray seed coat and orafrgd cotyledon. The wheat variety. Elmore (riticum
aestivum. L) is a hardgrain, white wheat used for bread making. In preparation for this study,

wheat was conditioned to 16% moisture for 24 hours prior to milling on a Buhler laboratory
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mill (MLU 202, Buhler, Switzerland) in accordance with AACC MethodlR82(AACC,

2000). Whole lentil seeds were duailled, and the fractions of cotyledon and seed coat
collected separately using an air aspirator (KimSeed, WA, Australig).cdtyledon was
milled to flour using a cyclone mill fitted with a OmBm screen (Laboratory Mill 120, Perten
Instrumentsy*Huddinge, Sweden). Wheat and lentil flour composites were prepared in the
ratios shown in‘Table..JA secondset of composite whedentil flour blendswas prepared

with the additionof Vital Wheat gluten powder (Melbourne Food Ingredient Depot, Vic.
Australia) @t a conentrationof 0.1g per grarof flour. (Insert Table. 1)

Yeast Activity and CO, Production

Yeast activity ineach wheatentil flour matrix was assessed based on respirational CO
generationfusing a traditional gas water displacement method (Brubaker, 20dneyer
flasks (250mL) containing 150 mL of water and bakers yeastj4(Invicta Group, QLD,
Australia), along with 7.% of 100% wheat, 6@0% wheadentil and 100% leritflour were

added to each flask. Samples underwent rapid stirring using a stir plate forrare. mhe
flasks were_then placed in a 31°C oscillating water bath set at 100 RPM (Paton Scientific,
SA, Australia)«Each flask was fitted with a rubber stopp®l equal lengths of rubber tube
which vented C@into inverted measung cylinders filled with watetMeasurements of CO
production by water displacement were taken in triplicate during fermentatéfh 420 and

180 minutes.

Toxicity and Yeast CellGrowth

A liquid yeast starter culture was prepared in threer@bErlenmeyer flasks by combining

10 g of 100% wheat, 640% wheadentil or 100% lentil flour into 200nL of RO water.

Each sample was pitched withgtbakers yeast (Invicta Group, QLD, Ausdia). Each yeast
suspension was placed in an orbital incubator (Ratek Instruments, VIGals)sand gently
rocked at'67 RPM at 32°C. At time 0, 60, 120 and 180 minutes a dilution series was
performediin. triplicate for each sample and then plate@&CEU/mL on malt extract agar
(Oxoid Limited;:VIC, Australia). All plates were then incubated at 18°C for 48 hourgebna

of the cell=growth on each plate were then taken using a digital camera and analyzed with
Matlab R2016b software (MathWorks, Madsasetts, USA) for the number of cell forming
colonies on'each plate.

Water Soluble Carbohydrate Extraction

Samples were prepared using the methodcrileed by Maharjan et al(2018) with
modification. For individual sugar analysis @af flour was weighed into Teflon tubes and

suspended in 5 mL akverse osmosiRO) water. Subsequently each sample was vortexed
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and sonicated for 10 minutes and repeated three times. Mixtures were themgmohtat
10,000g for 10 minutes (Eppendorf Centrifuge 5430R, Hamburg, Germany). An aliquot of
0.75 mL was then transferred to 2 mL Eppendorf tubes and mixed with 0.75 mL 100%
acetonitrile and centrifuged at 30§Cor 10 minutes. The supernatant was filtered through a
0.2 um PTFE"syringe filter (Gce Davidson Discovery Sciences, IL, USA), for UPLC
injection to determine concentration of sugars in each sample.

Water Soluble Carbohydrate UPLC Analysis

Water soluble carbohydrate analysis was performed using a Waters ACQUITY UPLC system
(Waters Corpatitgon, Milford, MA, USA) equipped with UPLC Binary Solvent Manager,
UPLC SampleManager and an Evaporative Light Scattering Detector, (ELSiaraten

was performed using a Waters ACQUITY BEH Amide column (2.1x100 mm, 1.7 um) at
25°C. The mobile phase consisted of 80% acetonitrile with 0.05% ammonia (Solvent A) and
30% acetonitrile with 0.05% ammonia (Solvent B). The injection volume was 2{Or &l
samples and. the flow rate was kept constant at 0.13 mlguer a 2630-minuterun time.

UPLC ELSD data ws analyzed using Empower 3 software to identify water soluble
carbohydrateseompounds and calculate peak area. Concentration of sugars was determined
via calibrationcurves and individual peak area compared to the retention times and
guantification of extmal standards (Maharjan, Jacobsjghton, & Panozzo, 2018).

Total Protein-Analysis

Protein percentage of each sample was determined by the Dumas combustion metfiod AAC
46-30.01(AACC, 2000)using a Leco TruMac analyzer (lee€orp, St Joseph, MI, USA).
Moisture and ash content was predetermined with a thermogravimetric analyzer (Leco Corp,
St JosephiMl, USA). All sample evaluations were completed in triplicate.

Solvent Retention Capacity (SRC)

Solvent_Retention Capacity{SRC) of wheat and lentil flour blends was measured to
characterize.the swelling capacity of the different polymer networks preséatir by the

AACC method'5611.02(AACC, 2000) SRC values were corrected to 14% moisture using
the formularestablished by Kweon, Slade, and Levine (2011).

Dough Rheology

The dough rheological properties of each wheat and -@hglat flour composite were
measured with a Brabender Farinograph AT, fitted with g Bowl (Brabender, Duisburg,
Germany). Tests were performed accordance with AACC method 24.02 (AACC,

2000) Dough extensibility was measured with an Extensograph E (Brabender, Duisburg,
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Germany), by modifying AACC method 5410.01 (AACC, 2000) for smallscale 50g
physical dough testindn brief, 50 + 0.1g of flourwassieved andnixed on a Farinograph

AT (Brabender, Duisburg, Germany), fitted with a ¢®owl. Samples were mixed fér
minutesand appropriate % water addition containing 1 g of salt was administered through an
electronic burette (Brabender, Duisburg, Germdayjbtain a consistency &00BU. After
mixing, 75 g+ 0.1 g of the developed dough was excisatbulded and praoed for 45
minutes then assessed fextensibility using a Extensograph EBrabender, Duisburg,
Germany)s

Bread Baking

All bread samples were baked in triplicate using straightdoughmethod, method 0-09
(AACC, 2000) Loaf volume was determined by the regeed displacement method AACC
method 1605 (AACC, 2000). Volume values were expressed as specific volume by dividing
with the sample weight.

Crumb Firmness

Crumb firmness was measured using a-XP2 Texture Analyzer fitted with a 25mm
diameter prebe.and a 5g load cell, (Stable M&&ystems, Surrey, UK). Tests were conducted
in accordance with the AACC method-7@9.0{AACC, 2000) One day after bakinga 25

mm slice was cut using a custoenade slicing box for consistency. Three compressions were
administered.reach ofthe top, middle and bottom sections of each slice along the medial
line of each sample. The average of force in g to compress each slice to 25% was expressed
as a measure of crumb firmness (N).

Crumb Color

Color of bread crumb for each sample wasasured in triplicate using the Commission
International_del’eclairage tristimulus color parameters (CIEB)H. with a Chroma Meter
CR-410 colorimeter (Minolta Co. Osaka, Japan)

Statistical /Analysis

All data weresubjected to analysis of variance (ANQWAth GenStat statistical analysis
software 1¥-edition (VSN, International, Hemel Hempstead, UK). Means were analyzed for
the least_significant difference at a probability levelPok 0.05. Results are expressed as
mean values'standard deviation. Alinalyses wereonducted in triplicate.

RESULTS AND DISCUSSION

Yeast Vitality

Yeast is the primary fermentation agent in dough, affecting bread quality by infigethel

flavor profile through the production of a range of volatiles (Heitmann, Zannini, Axel, &
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Arendt, 2017), and the expansiohgascells, which contribute to the architecture of bread
crumb(Reinhart, 2011). However, it has been shown that pulse flour may have an inhibitory
effect on yeast vitality due to the possible antimicrobial agtiei phenolic compounds
originating from either the seed coat or cotyled@aviesHoes et al., 2017; Sabel,
Bredefeld; Sehlander, & Claus, 2017). An additional factor impacting on yeast vitaljty m
occur when the fermentable sugar profile is altered through the introduction pfezeh

and nonreducing sugrs Complexed sugars, such as the disacchan@éose from wheat

and lentil or thedigalactosideciceritol from lentil are linked via o 1-6 glyosidic bonds.
Catabolism_of these sugars requires synthesis of carbohydrate specific hydrolytic enzymes,
which only:occurs when the monosaccharide and disaccharide glucose and sucraserutiliz
reaches 50%Zheng, D'Amore, Russell, & Stewart, 199%We wndertook two experiments in

a wheatlentil flour matrix, to study theffect of yeast activity and yeas¢ll growth during
fermentation. Measurements of g@roduced during fermentation were determined byew
displacement (Figure.)land yeast activitipy cell counts on malt extract agar plates (Figure.
2), were conducted at termination times of 0, 60, 120 and 180 minutes. At the 60, 120 and
180-minuteferméentation time point the 40% composite blend showed significantly higher
water displacementP(< 0.05) than both the 100% lentil and 100% wheat flour blends.
(Insert Figure 1)

At each time point during fermentation, cell growth continued to increase sagilfi P <

0.05). At the completion of the fermentation period the number of cell counts for each flour
sanple were as follows; 100% wheat: 1052 + 14.63 CFM46%: 1468 + 37.22 CFM, and
100% lentil1278 + 12.49 CFM(Insert Figure 2) A positive correlatioof lentil flour
inclusion an CQ production ¢ = 0.99), and cell growthr(= 0.98), was dserved. Increases

in both CQ_producion and cell growth are likelyesuls of increases in bimutrient
availability,. such as the additional sugar matrix derived from the addition of fentil

which is_demonstrated in Figure. 3. Initially, yeastl growth is less vigorous in the
suspensionsTcantaining whdantil composites which may be due to lower concentration of
fructose, (5:6=mg/g) and glucose (4.4 mg/g) compared with 14.1 mg/g of fructose and 16.9
mg/g glucese in the suspension containing 10@éat. The addition of lentil flour has the
effect of diluting_fructose and glucose loadir{gggure. 3, however the lentil flour increases

the concentration of sucrose (19.0 mg/g) which is not detected in the wheat aathpiis
contributes to an increase in yeast activity in the exponential growth phase ancthCeas
production.The 40% lentil blend has both a higher -@glbwth rate and C@production than
100% lentil flour wheh can be explained by higheoncentrations of maltose in the wheat
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(20.8 mg/g) compared with 9.2 mg/g in the lentil floOxerall, these studies conclude that
the addition of lentil flour did not negatively affect yeast getiwth and vitality during 180
minutes of fermentatiorfinsert Figure 3)

Protein and Ash Content

The proximal-analysder protein and asare presented in Table. &8s expected the addition
of lentil flour resulted in a significant increase in both protein and egéld for each
composite”sampl€P < 0.05). Concentration of lentil flour was positively correlated to
increase in ash,r (= 0.95) and protein = 0.98) (Table. 3). There were no significant
differences_for, ash values observed betweenghaten and gluten blends. As would be
expected the dditiond gluten in blended flours resulted in a significantly higher protein
content (Table. 2) compared to each corresponding non-gluten Blend.@5).

Dough Rheology

Dough rheology can be defined as a combination obpegnce parameters comprising %
water addition (WA), doughdevelopment time (DDT)dough stability (DS)extensibility
(EXT) and.maximum resistancéR max) providing an analytic characterisation of dough
which isanalegeugo bakingquality. Primarily, glutenin and gliadin proteins are timajor
determinantsof qualityinfluencing dough rheology and baking quality. To a lesser extent
soluble "fand insoluble dietarfjbre, smaller moleculaweight proteins as well as thiol
containing polypeptides, also affect the gadduct quality which is manifested through loaf
volume and crumb texture (Dalgetty & Baik, 2006; Issarny, Cao, Falk, Seetharamank& B
2017) Baking quality is dependent on an optimum balance of rheologically important-gluten
forming proteins (Panozzo et al., 2014; Uthayakumaran, Stoddard, Gras, & Bekesar0D00)
the addition of lentil flour into the wheflbur matrix is expected to disrupt this balance
(Bojnanska, Francakova, Liskova, & Tokéar, 2012). Rheology measurements quantifying
these effects are summarised in Tableln2this study, the addition of lentil flour did not
cause a signifant change in WAor wheat and lentiblendsof up to 1@6 lentil flour.
Similar findings:were reported by Turfani et al. (2017), who found that WA for wimeht a
lentil flours=of=up to 10% was not significantly differefnbm wheat.(Turfani, Narducci,
Durazzo, Galli, & Carcea, 2017)n this studyblends above 10% showed a signifita
reduction if"WA(P < 0.05), whichmaybe attributed to a higher concentratioresftil fiber.
Dalgety et al., 006),reported that increasing solulfieers by 6% in doughs made from
pea, lentil and chickpe&aused a significant drop in WAn this studyDDT and DS were
significantlyreducedas lentil flour concentration increas@l< 0.05). Turfani et al., (201y

reported similafindings for DS, but noDDT whereanincreasan DDT for lentil and wheat
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flour doughs was reportedhe differencesn observation foDDT is most likelydue to the
dehulledlentil cotyledon flaur used in this study, which lacks ts&ructuralfiber found in
hull materialthat would positively influence WADalgetty & Baik, 2006). Extensograph
results (Table. 2), show that tivecreasingconcentration of lentil flour caused a significant
decreaserin"dough strength determined bydX P < 0.05); however, dough extensibility
was not significantly affected. These findings are in agesg with previous research where
lentil proteins, albumis and globulinsyere found to dilute glutenin and gliadin containing
wheat proteins (Bojnanska et al., 2012; Turfani et al., 2017). In a subsequent experiment,
baker’s gluten was adddo each cmposite flour at the rate of 0.1g /gram flour, to determine
if gluten could_compensate for the go-dilution effect due tahe addition of lentil flour
(Table. 2)#The addition ajluten resulted in an increaseWA, DDT and DS (P < 0.05) as
well as anincreasen extensibility and R max,A(< 0.05). However, the weakening of the
glutenmatrix, throughhigh concentrations of lentil proteins (i.e. for 40% lefialr), could

not be restored by the addition of baker’s gluten. Overall these results shavetkasta low
threshold for including lentil flour into wheat flour before rheological properties
noticeably affectedSimilar findings have beereportedfor the rheological properties when
blending green/lentil flour with wheat flour (Turfani et al., 201"e fortification of the
gluteningliadin network, with the addition ofital wheat glutershows that overalithese
blends have asmuch-improved rheology profile compared to the control blend.

Protein Functionality Studies Based on the Solvent Retentionapacity

The test for solvent retention capacity (SR@pttge, Morris, DeMacon, & Kidwell, 20029

an alternative method for investigating protein functionality. Results are sigethan
(Table. 3./ The result for each SRC test for straight blends (i.e. without additional gluten)
specified that an increase in lentil flour concentration significantly decreased gluten levels
lactic acid(LA-SRC) in all blends,R < 0.05). Starch damage, sodium canlate(SCG SRC)
showed a'significant decrease when lentil concentration reached RG%€).05). Pentosan
sucrosg SU-SRC) decrease was only significant at the 15% leRet, 0.05), (Insert Table 2

& 3). Waterabsorption,(WA-SRC) showed significantincrease at the b level, P <
0.05), whieh*is contraryto the decrease WA confirmed by the Farinograpat the 15%
level. A possible reason for thidifferenceis thatWA-SRC acts as a reference within the
SRC method, and is able to hydrate the three functional components simultafi€aesiy

et al., 2011) Farinograph ater additionis based oikinetic interactions of plymer network
development(Kweon et al., 2011)it is possible thatonce glutengliadin formationis

completelesshydrophilic regionsare available for watebinding (Tuhumury, 2014; Turfani
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302 et al.,2017) However, in the SRC model full gluten development does not occur threder
303 sameshear force as it would on tlf@inograph and this may bedue to the thermodynamic
304 nature of theSRCmodel This could leave exposed hydroxyl groups of bettiil and wheat
305 proteins available for water binding which would be reflected as a risingSR@ Blended
306 wheatlentil*flours containingadditional gluten0.1ghram flour, maintained higher gluten
307 levels as retlected in LARC values, but a significantecreasan LA-SRC betweenall
308 blends substituted with glutemasobserved as lentil concentration increa@ieéc 0.05). As
309 was expected there wassagnificantly lower level of starch damagéSG-SRC) in gluten
310 substituted.samples compared with straigheat and lentiblends P < 0.05). Pentosan and
311 gliadin SRC_showed significant decreagken lentil flour exceeded 15% for blends with
312 additional g@luten(P < 0.05). All SRC values were giificantly higher in wheakentil and
313 gluten blends ‘compared wiraight wheatlentil blends(P < 0.05). WA-SRC followed a
314  similar trend to the negluten variants; a significant increase was observed only when lentil
315 flour concentration reached 15%, € 0.05). The WASRC valuesn all gluten substituted
316 samples were sificantly higher than straight whekntil blends P < 0.05). Overall results
317 from SRCwere positivelycorrelatedwith the rheology dataxcept foa WA-SRC which was
318 negatively eorrelate(lTable. 3). Strong relationships were observed, such as thedsgive
319 correlation between lentil concentration and protein levelvéver,LA-SRC and SLERC
320 values,are indicative of aveakened gluten structure. SRC characteristi®sshow a strong
321 relationship with Extensograph and Farinograph results, whereintirease in lentil
322 concentration correlated to a lowerrRax, and DS This was also reflected physically in
323  reduced loaf volume (Table. 3).

324  Bread Baking Characteristics

325 Loaf volume, crumb texture and crumb color, were used as a measure oinaldagd
326  quality. With increasing concentratig of lentil flour, loaf volume progressivelgducedand
327 the crumb’coloudarkened (Table. 4)isually there was greatdérowning of crust as lentil
328 concentrationwas increasashich could be influenceby both the colour of lentil flour and
329 increasedMaillard reaction during baking driven by a high lysine cofifemtani et al.,
330 2017). Leaf volume (Figure. pwas significantly reduceth all blendswith and without
331 gluten additiomaslentil flour concentrationncreased(P < 0.05). However, the loaf volume
332 for all breads with added gluteretained significantly higher loaf voluméisan all blends
333  without glutenuntil lentil concentration reached 40%imilar findingsfor reduced loaf
334 volume have been reported in composite breadwludat and chickpe@Mohammed et al.,
335 2012) as well as lentil and bean flou&ohajdova, Karovicova, & Magala, 2013). A
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reduction in loaf volumés mostlikely due to low hydration of wheat glutexs characterized

by theFarinograplresultsfor WA (Table. 2 & 3).Not onlyis gutendiluted bythe presence

of lentil protein, but the inclusion of lentil flouralsoinitiates competition between gluten
gliadin and lentil proteins, albumin and globuliBecause lentil proteins have a greater
number of “hydroxyl groupshey havea greater affinity for water bindingTurfani et al.,
2017). The deleterious effect that lentil floura$ on the dilution ofwheat gluten
concentratiorcorresponds withower LA-SRC and SERC values (Table 2). Hydration is
also partially effected by lower levels of damaged starch which was dliscted through
lower SGSRC, values(Bojnanska et al., 2012) Lentil fibre hasalso beenreported to
compromiseglutengliadin strand formation (Dalgetty & Baik, 2008Yang, Rosell, & de
Barber, 2002). However, given that the addition of gluten to each \dmttcomposite
significantly in@eased loaf voluméor blends with less thad0% lentil concentrationit is

likely thatthe dilution of gluten when blending wittehulled cotyledon flour is the dominant
cause of reduced loaf volume. It was determined that the concentration of gluten used in thi
experiment could compensate for any loss in loaf volume resulting from the addition of 5 to
15 % lentil flour; P < 0.05). (Insert Figuret & Figure5)

Crumb Texture

Crumb texture and firmness are important attributes contributing to the overall appea
bread including visual appearance of bread, mouth feel and overapiresact. These
attributes can be objectively determined using a texture analyser which rsehsui@ce
deformation profile of multiple compressions (Figure. 6). The addition of lémtr had a
significant effect on increasing crumb firmness from 64 N at the 100% whehtde3&0 N

at 20% lentil addition,R < 0.05). There was no significamtifference observed for firmness
between the wheat control and whésattil blends with additional gluten until lentil
concentration reached 20¢® < 0.05). Thusindicating that the addition of gluten had a
restorative effect on the dough prior to baking which aligns with the observationsf of loa
volume.Theerumb firmness of both variants of the 40% lentil blend exceeded analyser limit
and therefere=is not shown. Increase in firmness is likely associated with lower water
absorptionsand reduced loaf volumes through the diluticheslogicaly important proteins
which are essential during dough fermentation (Lu, Brennan, Serventi, & Brennan, 2018)
Reduced Rmax values and a strong correlation between extensograph results, lentil
concentration, protein level, as well as LA, SU andSRC values (Table. 3), support this
finding. (Insert Figured)

Bread Color
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370  Color is an important trait which consumers readily identify with quality and taste perception.
371  The adlition of lentil flour decreased the lightnesfscrumb color as measured by a decrease
372 in CIE L* (Table 4).No significant difference was observed betweenGHe L* values of

373 the control and the 5% lentil loaves without and with the additional gluten. All bkdmalve

374 5% lentil*had-significantly lowe€IE L* value, (P < 0.05). The a* value of the crumb is an
375 indicator of redness which is determined by positive a* value (Aider et al., 2012). Thd contro
376  breads mean CIE a* value of (.88 £ 0.08) is indicative of a crumb with a slightly green
377 hue. In contrast, th€lE a* values for the supplemented samples wesstipe indicating that

378 as lentil flour concentration increased tmamb became significantly mored, @ < 0.05).

379 Breads that were supplemented with more than 5% lentil flour had significagligridIE

380 b* values(P/<"0.05) indicating an increase igellow hue in the crumb. The AE vales

381 provide a measure of noticeable difference@efception between two coloualues, in this

382  case between each blend and the control (100% wheat flour). For AE there was no significant

383 difference between the control and 5% whHeatil blends. For breads containing additional
384  gluten the ‘difference in AE did not become significant until the concentration of lentil

385 reached 20%;R < 0.05). Overall, as lentil supplementation was increased breadcrumb
386 developedia red and yellow hue; in straight whi@il blends significant change for AE was

387 observed at'the 5% lentil leveR & 0.05), however subsequent blends up to 20% lentil did
388 not have signifieantly different AE values to each other. (Insert Table 4)

389 CONCLUSION

390 Blending lentil cotyledon and wheat flour together in baking can enhance the nutritional
391 value of breads, most noticeably through gains in total protein. The difference in doonposi
392 between lentil and wheat proteins does change the gluten network matrix, whicksiompac
393  bread quality but in particular loaf volume and crumb firmness. The quality of the bread ca
394 be restoed,with the addition of baker’'s gluten; however, this may contribute to increased
395 costs. Blends.off whedentil with 20% lentil inclusion have high protein content but very low
396 water absorption which leads to loaves with extremely poor volume and demsb cru
397 structures=Thus, high ratio lentil blends may show better performance in riffeaked

398 products like biscuit or extruded products such as noodles. Overall this studydstinatvin

399 blends of upato 20% lentil flour and supplemented with baker’'s glutesults can be

400 obtained that have good loaf volume, firmness and crumb structure. Gluten is often targeted
401 as pernicious, but as demonstrated in this stady be used to create enriched composite

402 lentil and wheat breads with many additional benefitstii®@ consumer. More research is
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required to understand the physiochemical properties of lentilodmet legume proteins
which will provide a greater scope for incorporation in different types of baked products

LITERATURE CITED

AACC, 1. (2000). Approved Methods of the AACBssociation of Cereal Chemists, S.
Raul:

Aider, M., Sirois-Gosselin, M., & Boye, J. I. (2012). Pea, lentil and chickpea protein
application in bread makingournal of Food Research, 1(4), 160.

Akhtar, S., Anjum, F. M., & Anjum, M. A. (2011). Micronutrient fortification of wheat flour:
recent development and strategiesod research international, 44(3), 652-659.

Amarowicz:R«-Estrella, |., Hernandez, T., Duefias, M., Thokay A., Kosinska, A., &
Pegg,.R.B. (2009). Antioxidant activity of a red lentil extract and its fractions.
International journal of molecular sciences, 10(12), 5513-5527.

Bettge, A.FMorris, C., DeMacon, V., & Kidwell, K. (2002). Adaptation of AACC Method
56-11, Solvent Retention Cap acity, for Use as an Early Generation Selection Tool
for Cultivar DevelopmentCereal Chemistry, 79(5), 670-674.

Bojnanska;«k., Francakova, H., Liskova, M., & Tokar, M. (2012). Legurhesalternative
raw'materials for bread productiorhe Journal of Microbiology, Biotechnology and
Food Sciences, 1, 876.

Boye, J., Zare, F., & Pletch, A. (2010). Pulse proteins: Processing, characterization,
functional properties and applications in food and féedd research international,
43(2), 414-431.

Dalgetty, D7"D.;"& Baik, B.-K. (2006). Fortification of bread with hulls and cotyledon fibers
isolated*from peas, lentils, and chickpe@ar.eal Chemistry, 83(3), 269-274.

DaviesHoes, L. D., Scanlon, M. G., Girgih, A. T., & Aluko, R. E. (2017). Effect of Pea
Flours wth Different Particle Sizes on Antioxidant Activity in Pan Breddey.eal
Chemistry, CCHEM-05-16-0140R.

Heitmann, M., Zannini, E., Axel, C., & Arendt, E. (2017). Correlation of Flavor Profile to
Sensory Analysis of Bread Produced with Different Sacechgees cerevisiae
Originating from the Baking and Beverage Indus@greal Chemistry, 94(4), 746-
751. doi:doi:10.1094/CCHEM-03-17-0044-R

This article is protected by copyright. All rights reserved



435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466

14

Issarny, C., Cao, W., Falk, D., Seetharaman, K., & Bock, J. E. (2017). Exploring
Functionality of Hard and Soft Wheat Flour Blends for Improved-Brd Quality
Prediction.Cereal Chemistry, 94(4), 723732. doi:doi:10.1094/CCHEN)9-16-0248-

R

JarpaParra,M=(2018). Lentil protein: a review of functional properties and food
application. An overview of lentil protein functionalityiternational journal of food
science & technology, 53(4), 892-903.

Joshi, M.,Aldred, P., McKnight, S., Panozzo, J., Kasapis, S., Adhikari, R., & Adhikari, B.
(2013). Physicochemical and functional characteristics of lentil st@achohydrate
polymers;92(2), 1484-1496.

KohajdovagZ./Karovicova, J., & Magala, M. (2013). Effect of lentil and bean flours on
rheological and baking properties of wheat dowgjiemical Papers, 67(4), 398-407.

Kweon, M., Slade, L., & Levine, H. (2011). Solvent retemtcapacity (SRC) testing of
wheat flour: Principles and value in predicting flour functionality in differemsat-
based food processes and in wheat breedigeview. Cereal Chemistry, 88(6),
537-552:

Lu, X., Brennan, M. A., Serventi, L., & Brennan, C. S. (2018). Incorporation of mushroom
powderinto bread dough: effects on dough rheology and bread propeeties.
Chemistry. doi:10.1002/cche.10043

Maharjan, P., Jacobs, J., Deighton, M., & Panozzo, J. (2018). Athighghput method
using UltraPerfo rmance Liquid Chromatography to determine wadsgluble
carbohydrate concentrations in pasture plaBtass and Forage Science, 73(2), 562-
571.

Mohammed, I., Ahmed, A. R., & Senge, B. (2012). Dough rheology and bread quality of
wheat-chickpea flour blendsndustrial Crops and Products, 36(1), 196-202.

Nosworthy, M., Tulbek, M., & House, J. (2017). Does the Concentration, Isolation, or
Deflavoring of Pea, Lentil, and Faba Bean Protein Alter Protein Qué&léneal
FoodsWorld, 62(4), 139-142.

Panozzo, dwwWalker, C., Partington, D., Neumann, N., Tausz, M., Seneweera, S., &
Fitzgerald, G. (2014). Elevated carbon dioxide changes grain protein concentration
and composition and compromises baking quality. A FACE stiailynal of cereal
science, 60(3), 461-470.

This article is protected by copyright. All rights reserved



467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493

15

Ray, H., Bett, K., Tar'an, B., Vandenberg, A., Thavarajah, D., & Warkentin, T. (2014).
Mineral micronutrient content of cultivars of field pea, chickpea, common bean, and
lentil grown in Saskatchewan, Cana@aop Science, 54(4), 1698-1708.

Reinhart,P. (2011) Crust and Crumb: Master Formulas for Serious Bread Bakers. Ten
SpeedPress.

Rochfort, S., & Panozzo, J. (2007). Phytochemicals for health, the role of Jolsesl of
agricultural and food chemistry, 55(20), 7981-7994.

Sabel, A.,Bredefeld, S., Schlander, M., & Claus, H. (2017). Wine phenolic compounds:
Antimicrobial properties against yeasts, lactic acid and acetic acid bacteria.
Beverages, 3(3), 29.

Sozer, N.,/HolopaineM antila, U., & Poutanen, K. (2017). Traditional and New Food Uses
of PulsesCereal Chemistry, 94(1), 6673.

Takruri, H. R., &lssa, A. Y. (2013). Role of lentils (Lens culinaris L.) in humalitthaad
nutrition: a reviewMediterranean Journal of Nutrition and Metabolism, 6(1), 3-16.

Tuhumury;.H. (2014). The effects of salts on the formation of gluten structure during
hydration:

Turfani, V.,Narducci, V., Durazzo, A., Galli, V., & Carcea, M. (2017). Technological,
nutritional and functional properties of wheat bread enriched with ¢erdarob
flours...WT-Food Science and Technology, 78, 361-366.

Uthayakumaran, S., Stoddard, F., Gras, P., & Bekes, F. (2000). Effects of incorporated
glutenins on functional properties of wheat dougéreal Chemistry, 77(6), 737-743.

Wang, J., Rosell, C. M., & de Barber, C. B. (2002). Effect of the addition of different fibres
on wheat dough performance and bread qudtitgd Chemistry, 79(2), 221-226.

Zheng, X., D'Amore, T., Russell, I., & Stewart, G. (1994). Factors influencing maletrios
utilization during brewery wort fermentation&urnal of the American Society of
Brewing.Chemists, 52(2), 41-47.

This article is protected by copyright. All rights reserved



(Table 1)

Table. 1.Composite blended wheat, lentil flour and gluten ratios as %

Sample* Wheat Flour % Lentil Flour % Gluten %
Control 100.0 0 0
5% ‘Lentil 95 5 0
10% Lentil 90 10 0
15% Lentil 85 15 0
20% Lentil 80 20 0
40% Lentil 60 40 0
Control 91 0 9
5% Lentil 86 9
10% Lentil 82 9 9
15% Lentil 77 14 9
20% Lentil 73 18 9
40% Lentil 55 36 9

* Compasite blended wheat & lentil flour ratio.
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Blend Ratio 100 % W 5% L 10% L 15% L 20% L 40% L
Protein (%) 13.80 £0.13a 14.30+0.1p 15.30 £ 0.0¢ 15.68 + 0.0d 16.35+0.08 19.02 £ 0.08
Ash«(%) 0.538 +£0.02 0.614 £0.0&b  0.712 £ 0.06c 0.800 + 0.0&d 0.890 + 0.0 1.210 £ 0.02
Lacti¢ acid SRC (%) 140.4 £ 2.0a 127.1+1.64 111.8+0.78d 107.0 £ 0.58 95.9+0.48 74.3+1.08
Sucrose SRC (%) 98.7 +1.83 99.0 +0.3@ 98.4+1.2% 95.2+1.38 89.3+1.3t 76.8 £ 0.81
N2CO; Na,CO; SRC (%) 89.9 £ 3.5% 84.7+0.79 80.9+0.9% 79.6 £ 2.4% 77.5 £ 0.62d 73.0+£0.8%
Water SRC (%) 70.2 £ 0.04 70.4 £ 0.6h 70.2 £ 0.44 73.2+0.19 73.6 £ 0.6D 80.7 £ 0.6@
Farinograph

Water absorption (%) 68.4 +0.1@ 70.8 + 0.0& 70.1+0.3% 67.9+0.29 66.3 +0.06 61.0 +0.24
Development time (min) 9.31+0.0a 8.17+0.0b 5.55+0.0% 5.28 £ 0.09 5.05+ 0.08 4,91 +£0.09
Stability (MIN) 15.11 £ 0.0a 10.33+1.78 4,98 +0.38 4.80+0.38 2.73+0.24 1.71+£0.2¢
EXtensograph

Energy (cr) 106.00 £ 7.02 87.33+2.88 62.33+2.88 52.00 £ 9.8t 42.67 £ 0.58 21.00+1.78
Extensibility (cm) 16.87 £ 0.0 17.80+1.3a 18.43. £ 0.2 18.53 £ 0.3a 17.83+0.15 18.7 £ 0.4@
Resistance (BU) 2440+17.2 223.7+x17.3a 179.3+5.1b 143.0+ 19.1c 134.3+ 3.1 69.33 £ 5.68
Max. resistance (BU) 404.0+21.68  328.3+25.6b 233.0 £ 18.7¢% 189.0 + 10.84 165.7 £ 10.9% 78.33 + 3.06
Blend Ratio 100% L " 5% L © 10% L ©M 15% L ©M 20% L ©" 40% L
Protein (%) 18.35+0.12 19.10+0.16 19.63 £ 0.06 20.23 + 0.04 20.53 £ 0.0& 23.10+0.10
Ash (%) 0.621 +0.1@ 0.632+0.02b  0.718+0.0ab  0.777 £ 0.0&d 0.846 + 0.0d 1.563 £+ 0.01
Lactic acid SRC (%) 166.4 £ 1.23 149.2 + 0.60 131.9 + 0.56d 126.1 + 0.64 117.8 £0.28 70.8 +0.80
Sucrose SRC (%) 107.6 £1.83a 106.0 £ 0.3a 106.2+1.22 103.8+0.4ab  98.6 + 0.96 81.2+0.4¢t
NaCO; SRC (%) 91.2 +0.49 87.6 £0.7hc 85.1+0.%d 84.4 +£0.34 83.4+0.82 67.4+0.7%
Water SRC (%) 73.6 £0.24 74.3 £ 0.24 74.5 £ 0.54 75.9 +0.58 77.0+£0.7® 83.8+0.2¢
Farinograph

Water absorption (%) 72.08 +0.12 74.86 £ 0.58b 77.26 £ 0.08 76.96 £ 0.05% 75.03 £ 0.1¢ 64.3 = 0.06l
Development time (min) 16.50 + 0.02 9.51+0.0b 9.47 £0.08 9.32+0.2¢ 9.05+0.08 7.22+0.10
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Stability (MIN)
Extensograph

Energy (crf)

Extensibility (cm)
Resistance (BU)

Max..resistance (BU)

Table.2. Rheology Characteristics of Blended Fldurs

20.0+0.12

90.33 £ 6.02
19.37 +1.33
308.3 +10.9&
416.67 £6.08

14.99 + 2.89

87.34 £10.44
19.37 £1.66
255.3+2.6
390.8 £ 24.58

13.89+0.49

94.33 +1.44
20.30 £ 0.16c
221.3+8.6
344.7 £15.5@

9.30+0.1¢t

99.33 +£15.53@
21.77 £1.3Bc
218.3+17.9

241.3 +10.5B

9.07 £ 0.5t

92.00 + 4.58
21.87+0.98
204.7 +16.6
297.3+£20.88

2.23+0.16

37.67 £0.58
16.57 +x1.1d
187.0£67.5
204.0£72.7b6

“ Data are mean + SD. Values in the same column with different alphabetical letters differed significantly as determined by ANOVAdo

Tukey’s HSD test (P < 0.05). W= Wheat flour, L= Lentil Flour, Glu= additional gluten 0.1g per gram (W/W).
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Table.3.Rheology Characteristics of Blended Fldurs

Non-Gluten

Variables Lentil Protein LA-SRC SU-SRC SO-SRC WA-SRC WA DT S Energy EXT Resistance R Max Volume

Protein 0.98%* ..

LA-SRC -0.92*%  -0.97*¥* ..

SU-SRC 0.97** -0.96** 0.90* ..

SC-SRC -0.86* -0.94* 0.99** 0.83*

WA-SRC 0.98** 0.96** -0.88*  -0.99** -0.83*

WA -0.91= -0.91*  0.82* 0.97** 0.73 -0.96**

DT -0.64  -0.77 0.88* 0.60 0.92*  -0.60 052 .. e

S -0.72 -0.83*  0.93 0.68 0.97*  -0.67 0.57 0.98** ...

Energy -0.86* -0.94** 0.99** 0.83* 0.99** -0.83* 0.75 0.94*  (®7

EXT 0.63 0.70 -0.77 -0.49 -0.83*  0.55 -0.37 -0.85*  -0.85 -0.81 ...

Resistance -0.91*  -0.97** 0.99** 0.90* 0.97 -0.91*  0.84* 0.88* 0.91 0.9  -0.76

R Max -0.85¢  -0.93=* 0.99** 0.82* 0.99** -0.83* 0.74 0.94* 097 0.99** -0.82*  0.98***

Volume -0.93** -0.98*** (0.99** (.91* 0.99*  -0.91* 0.83* 0.85 0.91 0.99*** -0.76 0.98** 0.98***
Gluten

Variables Lentil Protein LA-SRC SU-SRC SO-SRC WA-SRC WA DT S Energy EXT Resistance R Max Volume

Protein 0.99%* ..

Lactic_ SR@=, -0.99%* -0.99**

Sucrose SRC -0.96"* -0.96** 0.94** ..

Sodium_SRC= -0.98** -0.98** (0.98** 0.97* ..

Water_SRCw== 0.98%* 0.977%* -0.95%* -0.99%* -0.98** .

WA -0.68  -0.68 0.62 0.85* 0.76*  -0.82* ...

DT -0.72  -0.74 0.78 0.58 0.69 -0.61 0.13 ...

S -0.97** -0.97* 0.97*  0.88* 0.92=  -0.91* 0.51 0.83*

Energy -0.80 -0.82* 0.78 0.92*  0.89* -0.90*  0.95*  0.40 0.67 . .

EXT -0.45  -047 0.43 0.64 0.61 -0.61 0.88* 0.09 0.28 0.88* ...

Resistance -0.84* -0.84* 0.88* 0.68 0.77 -0.71 0.20 0.93=*  (0r92*0.43 0.03

R Max -0.94** -0.92* 0.93*  0.84**  0.85* -0.86*  0.45 0.74 0.96* 0.57 0.13 0.90*

Volume -0.97* -0.97** 0.95%* 0.99%* (0.98** -0.99** (0.82* 0.61 0.89* 0.91* 0.63 0.72 0.86*
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“Lentil = addition; SRC = solvent retention capacity; LA-SRC = lactic acid SRC; SU = sucrose SRC; SC-SRC = sodium carbonate SRG: WeteB|
SRC; WA = water absorption; DT = dough development time; S = stability; EXT = extensibility. * , ** and *** = significant correlatiorbaf tard
0.1% levels, respectively.
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(Table 4)

Table. 4.LAB and AE values for loaf crumb color”

Treatment CIE L* CIE a* CIE b* AE
100% Wheat 82.94+1.8a -0.88+0.0& 14.70+£0.23 0.00£1.6%
5% Lentil 80.54+1.69 0.31+0.0% 12.25+0.2D 3.63£1.94b
10% Lentil 78.03+1.82 1.07+0.44¢ 14.96+0.2%cC 5.29+2.5%
15% Lentil 78.01+0.03 1.10+0.2@ 15.22+0.2bc 5.341+0.7Db
20% Lentil 76.6610.1% 1.41+0.1@ 16.60+0.32 6.95+0.6®
40% lentil 69.49+4.68 2.2910.2¢ 24.09+1.39 16.7+6.2¢
5% Lentil + Glu 81.38+2.24a 0.151+0.2a 13.16+£1.7@ 242414
10% Lentil# Glu 79.18+0.93b 0.85+0.20® 14.80+0.26 4.14+1.43
15% Lentil + Glu 78.75+1.49b 0.70+0.2b 14.15+0.2a 4.51+1.9D
20% lentil +'Glu 76.66+0.1H 1.41+0.19 16.60+0.32 6.87+0.7%

Z Data are mean + SD. Values in the same column with different alphabetical letters d
significantly"as determined by ANOVA following a Tukey’s HSD test (P < 0.03.
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This article is protected by copyright. All rights reserved



(Figure 3)

140.00 S
a
Li h
g 105.00 Su M 0
ht cr alt
SC
at
te 7000 Ve
fi rb
n as
35.00 co
se
0.00 . - - ; - : . : :
0.90 135 1.80 2.25 2.70 3.15 3.60 4.05 4.50 4.95
Minutes
Figure.3.Chromatogram of theugar profile of wheat flourfull line and lentil flour;broken
line analyzed byJPLC/ELS.
(Figure 4)

BNo Gluten OGluten

(cm3/g)

o N W b U O N 00O ©
1

Wheat,100% Lentil 5% Lentil 10% Lentil 15% Lentil 20% Lentil 40%

Figure. 4. Specific lod volume of baked breads with andthout gluten. Letters that are the sam
are not significantly different, at (£ 0.05).

This article is protected by copyright. All rights reserved



(Figure 5)

; —— .
iy L ;;g“r —_— ':’h&
5 _f' \é\
b j
&
A B | c

Figure. 5. A; 100% wheat, Volume 6.53 ¢fg, protein 13.8g. B; 15% lentil, Volume 4.44 %
protein 15.7g and C; 15% lentil + Gluten, Volume 6.58/gnprotein 20.2g.
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are not significantly different, at (®0.05).
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