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Abstract

The efects of incorporating lupin flousn the physicochemical and sensory characteristics o

beefsausages were explorddipin (Lupinus angustifolisflour was roasted, then hydrated

to match the msture content of beef meat. The beef sausage samplesnaetgactured for

6 treatments by replacing beef with hydrated lupaurffrom 0 to 36 % (w/w). Proximate
analysis revealed thaarbohydratédietary fibre) levelvas increasettom 9.62% to 19.31%,
whereas fatontentwas decreaseflom 11.62% t07.91% Inclusion of lupin fbur increased

the meatemulsion stability(fluid released decreased from 9.35% to 1.53%) and decreased
cooking loss'from 22.70% to 14.30%. Softer texture and greatesiaehess were observed

in lupin-incorporated formulationsSensory evalation indicatedno significant differene

betweencontrol and12% lupin enrichedbeef sausage formulation in appearance, aroma,
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flavour and overall likingsuggestindupin flour can be addetb beef sausagat this level
without compromisgig consumer acceptance.

Keywords:. lupin flour, beef sausagemulsion stability, texture profile analysisensory
analysis.

I ntroduction

Recent developmestn food processing have provided a great addition to the range of
comminuted meat producsvailablein the market (Marchetti et al. 2015; Sarteshnizi 2015
Nevertheless, ngviousresearch has linketthese meat groups elevated risk in ‘diseases of
civilization’_such as coronary heart disease, cancer, and early ddaima( Wallace &
Mozaffarian, 201D Aside fromthe health advices, production of ruminant meat has been
associated”witthigh greenhousgas (GHG) emissiog, a contributor of climate change
(Ratnasiri & Bandara 2017 hough the methodology of these studies remanmn&roversy

it hasled toa shift in consumer preferences dras$givenrise to a new wavef innovationin

the search for plarderived meat substitutes.

Lupin is a legume that has been grown and cultivated in the Mediterranean region over the
past3000 yearsThe varietyl. angustifoliushas a very high protein content {83%),a high
non-starch polysaccharideontent(around 40%)anda relatively lowlipid content(6-8%)
(Sedlakova_etral. 20)6Several clinical trials and animal studies have shown the potential
nutraceutical effect of lupin in lowerinthe risk of obesity cardiovascular disease and
diabetes(Archer et al. 2004; Bouchoucha et al. 2016; Sedlakova et al)).2Dl6 to its
nutritional and functional effect, lupin has been utilised in the manufactwarius food
products includingoread(Villarino et al. 2014) muffins (Nasar-Abbas & Jayasena 2012)

paga (LampartSzczapaet al. 1997) and noodledayasena, Leung & NasAbbas 2010).

However,inclusion of lupin in comminuted meat produdiss been met witkome textural

and sensory~challengesddition of lupin protein isolates (LPIs) at 2% was shoten
significantly=increasehe texture parameter values (hardness, gumminess, chewiness) of
comminuted’meat gels @rakis, Doxastakis and Kiosseoglou 2003). The only other study
to incorporatelupin (Lupinus albusvariety) flour into sausage was undertakday
Papavergou, Bloukas and Doxastasis (1988p reportedthe preoxidant effect of lupin and
anunacceptableancid and bitter flavouand odoumt 2%.The high lipoxygenase activity in

L. angustifoliuscv. Boregine flour induces the release of odorant compounds, including
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alkyl-methoxypyrazines and terpenes, that give rise to ‘metalliclikeygrassy, cheedéke,
meatfatty like’ attributes(Bader et al. 2009).

Roastimg is one of the methods that has been proven to remove tfavoiiirs and rancidity
associatedwithrlupin flour (Yanez et al. 198K).the best obur knowledge, no studidsave
shown the effects of incorporatingpasted lupin (L. angustifoliug flour, with meat
substitution of higher than 2%, on the physicochemécal sensoryropertiesof sausage
products. Additionally, sensory analysis has never been performed orehupihed sausage

formulations.

By measuringphysicochemical and sensory attributds objective of this study was to
compare beef sausageality with different rati® of meat and lupin flourUltimately, this
studyaims to contribute to the developmentatiernaive high plant protein sausages, which
addresses _currenhealth and environmentalissues, without compromising consumer

acceptance.

Materialsand'M ethods

I ngredients

Freshbeef meat was obtained from a local butcher (Shing Hing Wholesale, Keon Park, VIC,
Australia).Immediately after purchasing, the meat was froze2@¢C in a freezePrior to

sausage manufacturing, the meat was defrosted for 24 hours in a refrigerator at 4 °C.

Lupin (L.Tangustifoliug flour was supplied by Irwin Valley Pty Ltd (Morawa, WA,
Australia). .Seasoningscgntaining mainly rice flour, salt, triphosphate emulsifier, spice
extracts)..were.supplied by J. Delaney & Co (Warriewood, NSW, Austr@ialjagen
sausagercasin@5mm) was supplied by Nippi Incorporated (Tokyo, Japan). Table 1 shows
the original chemical composition of the main raw materi@emicalsof trichloroacetic

acid (TCA), sodium phosphate (dibasic and monobasic), sodium hydroxide pellets, methanol,
chloroform™and copper sulfate (II) pentahydrate were ordered from Bio21, Stakersity

of Melbourne(Parkville, VIC, Australia). Zhiobarbituric acid (TBA) and magnesium acetate
were delivered from Sigmaldrich Pty (Castle HillNSW, Australia).

Sausage prepar ation

This article is protected by copyright. All rights reserved



95 Lupin flour was roasted iran oven \Vestinghouse Electric Company LLC, Cranberry

96 Township, Pennsylvania, U/t 180°C for 20 min in the process losing its entire original

97  water content, then hydrated to 70% moisture content to match the moisturg obriteef

98 meat (Table 1). For every trial, approximately 5 kg of beef meat and 1 kg of hydrated lupin
99 flour were refrigerated at 4C overnight. Together with seasonings and cold water, the
100  mixture waschoppedfor eight minby a meat bowl chopper (MTK562 CBS Foodtech Pty
101 Ltd., Warriewood, NSW, Australia) in accordance to the formulations shown in Table 2. The
102  resulting meat battewas transferred into sausage stuffing equipment (Constante Imports
103  Preston, VIC, Australia), stuffed into collagen casings and twisted to fiks. IThe

104  sausages were/ldft arefrigerator (4°C) for at least 24 hours to equilibrate before cooking.
105  The physiecochemical analysis drsensory evaluation were done within 3 hours after the
106  sausages were cooked. Duplicates of the six formulation sausages were made and analysed.
107

108 Emulsion stability parameters

109 The emulsion stability of the formulations was evaluated by the procedure described by
110 Horita et al(2011) with minor modifications. Around 15 g of raw meat batter of each
111 formulation,were inséed in tubes and centrifuged (2480, 5 min, 4°C) with an Allegra

112 X-12R centrifuge(Beckman Coulter Australia Pty LtdMount Waverley, VIC, Australia).

113 The tubes were incubated at 45 for 60 minand left upside down at room temperature for
114  at least 90 minFluid released were determined by weighing the tub&sedand after the

115 incubation. Fat released was calculated from the difference of the fluid weight after drying in
116  oven at 100°C for 16 hours. The remaining fluid was regarded as the amount of water
117  released. [For every formulation, all three parameters (fluid, fat and water released) were
118 calculated as a percentage of the original batteghwand measured in duplicate.

119

120 Cooking,loss

121  Sausages"were-bakedthe Westinghouseven at 200°C for 24 minto reachan internal

122  temperature=of<7EC, flipping onceafter 12 min After cooking, sausages were washed in
123  cold waterdried and placed in refrigerator °@) for analysis (Tahmasebi et al. 2016).

124  Sausage samples were weighed before and after cooking to determine the percentage of
125  cooking loss.

126

Weight of raw sausage — weight of cooked sausage
Cooking Loss (%) = ght of g¢ (9) ght of ge (9) x 100

Weight of raw sausage (g)
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Proximate analysis

The moisture, protein, fat and ash contefitsamples were determined based tbe

Association of Analytal Chemists methods (AOAQO01]). Tests were carried out in

triplicates

The amount of carbohydrate in samples was calculated based on the following equation:
Carbohydrate (%) = 100 — moisture (%) — protein (%) — lipid (%) — ash (%)

Colour Determination

Colour of the sausages was measured based on the CIE L*(idt#ely, a* (greermagenta)

and b* (blueyellow) values on a scale of 0 to 100 by Nix Pro Color Sensor (Nix Sensor Ltd
Hamilton, Ontario, Canada), in which D50 illumination antl s&ttings were applied in
calculation of the colour scales. Raw sausages were scanned on its surface colour, whereas
cooked sausages were scanned on its internal colour. Measurements \eenre tdpiicate

for each sample.

Texture profile analysis (TPA)

Textural attributes of cooked sausage were assessed using the-litauldempression
procedure bysthe LS5 Lloyd Material Single Column Testing (Ametek, Berwyn,
PennsylvanialJSA). The sausagesere sliced into cylinders of 15 mm in height and 25 mm

in diameter, and placed at room tempeamfor approximately 100 mibefore each analysis
(Tahmasebt et al. 2016). All samples were then compressed by a thick cylindrica{Z0obe

mm diameter) to 3% of its original height, in two successive bites of 0.1 second interval,
and probe speed of 50 mm/min at room temperature. The capacity of load cell used was 500
N (50 kg)."Measurements were donejuadruplicate for every samplehe dataof hardness,
adhesiveness, cohesiveness, gumminess, springiness and chemenesibtainedisingthe

NEXYGENPIusmeasurement softwa(@metek Inc,Berwyn, Pennsylvania)SA).

TBARS analysis

Lipid oxidation,was evaluated based on the TBARS (thiobarbituric acid reacidgtances)
method by Sorensen and Jorgensen (1996) with some modifications. An aliquot of 25 mL of
20% tricholoroacetic acid (TCA) and 20 mL distilled water were added into a tulzentogt

5 gof sausage sample. The mixture was homogenised asitigaUItra Turrax homogeniser

(Rawang, Selanger, Malaysiy 60 seconds and allowed to stand at room temperature for at
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160 least one hour. The tubes were then centrifd@00 rpmfor 10 min at room temperature

161  The mixture was filtered witta Whatman No.1 filter paper and 5 mL of the filtrate was
162  mixed with 5 mL 0.02M thiobarbituric acid (TBA), incubated in tubes at 95 for 20 min

163 and washed with cold water. Absorbance was measureésBatnm with a UV1800

164  spectrophotomete(Shimadzu Corp.Kyoto, Japah against a distilled water blanKhe

165 TBARS value was obtained from the malonaldehyde (MDA) standard curvedpfodta

166  serial dilutions of 1,1,3;8tramethoxypropane (TERYleasurements were done in duplicate
167  for each sample. All values were reported as mg MDA/ kg of sample.

168

169  Sensory analysis

170  The sensaory @analysis protocol has been approved by the Human Research Ethics Committee
171 of The University of Melbourne, VIC, Australisnder the ethics ID number 1750301. A total
172 of 48 participants (Average age: 26y@ars Age range: 1&8; Gender distributior89.58 %

173  Male, 54.17 % Female, 6.25% prefer not)sagre recruited among students and staff on
174  campus asintrained consumer panel.

175

176  The six sausagdormulations were evaluated in terms of the aroma, appearance, flavour,
177  texture @and overall acceptance on-pdint hedonic scale (1: extreipeaislike, 9: extremely

178  like). A random thredligit code was generatddr each formulation, and each participant
179  was assigned arandomized order of which to consume the samples. Each sausage sample was
180 served at_approximately 10 mm in height and 25 mm in dianateoom temperature

181  Panellistavere asked to consume the givwater anavater cracke{Woolworths Ltd., Bella

182  Vista, NSW, Australia)between every sample to neutralize any possible interactive
183  influence. All testing was conducted in an isolated sensory booth of standard dimensions, in
184  room temperature and standard white light.

185

186  Statistical analysis

187 Data waszexamined using emay ANOVA of the general linear model on Minitab 18
188  statistical .anmalysis software (Minitab Inc., PA, USAJleans were grouped based on
189  Bonferroni“Pairwise Comparison for sensory analymisl the Fisher's least significant
190 difference (LSD) test for the rest of maesments with 95% confidence level (bsmled)

191  (Viljoen, de Kock & Webb 2002).

192
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Results and Discussion

Proximate analysis

In this study, the moisture content of lupin flour was hydrated to match that of thenbatef

to prevent excessive dryness and eliminates moisture as a factor that explains any differences
among formulations in terms of its physicochemical and sensory characteAsigrsbeing
subjected to cooking temperature, the moisture content in all formulations did rest diff
significantly (P>0.05) (Table 3). Despite theoriginal protein concentration in lupin flous

about 38.1% (Table 1), the hydration of lupin to a same moisture content of meat (about
70.5%) had diluted the lupin protein concentratitinexplains the trend ofliminishing

protein contentsdin formulations with higher proportion of lupin floable3). Lipid and ash
contentsin’ the sausage formulations also had the same trend to that of praeiheir
content was decreasing wighgreateiproportion of lupinflour. The carbohydrate content in

all lupin-enriched formulations was higher than the control (beef only) formulation. This
finding is expeeted as lupin flour, albeit the hydration, consists of around 40% carbohydrate,
of which Is,mostly nosstarch polyaccharides (NSP) and dietary fibre (Sedlakova et al.
2016).

Pastresearch has suggestbe protective effect of lupin fibre and protein against the risk of
cardiovascular disease, hypertension and diabetes. Increased fibre intake has been linked with
reduction_ofssystolic and diastolic blood pressure in several-ametigses (Streppel 2005).

Hall et al. (2005)eportedaround 5% reduction in total and LDL (low density lipoprotein)
cholesterobf healthy malesfter supplementation of 430 grams lupin kernel fibre daily for

one month Though the exact mechanism is not clearly understood, Pilvi et al. (2006)
suggested that arginine in lupin may induce the synthesis of nitrogen oxide, whiobigd

in enhancing=endothelial functions and vessel relaxa#orrandomizeecontrolled trial
involving.type.2 diabetes by Bouchoucha et al. (2016), demonstrated the blood pressure

reducingreffect-of gammesnglutin fromlupin (L. albusg.

Emulsion stability and cooking loss

Table4 indicates that the hydrated lupin flour is associated with improving the stabithy of

meat emulsion system, where a reduction in fluid released, fat released, and water released
was observed with increasing lupin content. This suggests the lupin protein mayidiare
emulsifying capacity than meat protein, or that the high NSP content in lupin flguplena

a role in retaining fat/watef.he positive emulsifying properties of lupin proteinas well as
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other plant based proteins such as $@aye been welkkstablishedn previous studies (King,
Aguirre, & De Pablo, 1985). However, fibres are also well knowmtorove emulsion
stability (AbdutHamid & Luan, 2000), and consequently btttk lupin protein or the lupin
fibre (or a syergy between the two), could be responsible for the increased emulsion stability

observed:

Cheetham, Cheung & Evans (1993) characterized the principal NSP structuupimis
angustifolius (Gungurru) cotyledons and proposed that the backbone is rsindla
rhamnogalacturonan with abundant short, linear galactarsA)B-D-Galp and highly
branched arabinans as side chairfge greater mobility of these side chains may explain the

higher water affinity (Ha et al. 2005) and therefore higher water binding capacity.

This finding is in agreement with some previous studies. Naveen et al. (2@Es) ap to

10% soy flour.in duck meat sausages and found a trend of increasing emulsion stability with
higher proportion of thex¢ender. Similarly, the water holding capacity of beef sausages was
significantly=improved after the inclusion of common bean flour (Dzudie, Scher rglyHa
2002). In ‘& study of integrating corn germ protein flour into beef frankfurters, Hung and

Zayas (1992) observed significantly (P<0.05) higher emulsion stability comparedral.cont

The present study also demonstradddend of higher cooking yield withhigher proportion

of lupin flour in sausage formulatiorf$able 4) This finding could be attribad to the high
emulsion stability and fat retention capacity of lupin flour. Similar resultsookicg yield

were recorded) in past research by incorporating various plant flours into sausage
formulations..Dzudie, Scher & Hardy (2002) concluded that higher addition of common bean
flour in beef sausages results in lower cooking loss. After inclusion of riceifl@mulsified

pork sausages; Pereira, Zhou & Zhang (20®&6prdeda significantly (P<0.05) increased
cooking yield“as compad to controlFang et al(201§ added 3% of sugarcane fibirgo
chicken sausagend reported significant decrease in cooking loss.

One limit of“the, present studshouldbe noted is that the objective of the design was to
control for moisture contengis lupin content increased there was also a decrease in fat
content, which may have influenced fat percentage releksadre studies with this sausage

system could look to control for fat content.
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Colour determination

Table 5 suggests that there is some variability in the extent of lightness (L* values) and
redness (a* values) for the raw sausages, which may be attributed to unevemdpranchi
mixing of lupin flour during the roasting process. Results demonstrated a signifisQr@g)P
difference inmyellowness between control and the rest of dimgorporated formulations,
which is expected from the highlket values of roasted lupin flw and seasoning (Tabk.

This supports the finding by Mansour and Khalil (19¢8t the yellowness values were
higher after incorporating wheat fibres into uncooked beef burgers. Nonethelessye¢he cur
findings are, contradictory to Papavergou, Bloukas and Doxastakis (1999) who recorded no
significant'£<0.05) effect of lupin protein isolate and lupin flour on kfea*, b* values of
fermentedssausages. The reason may be due to the low percentage (2%) of incorporated
lupin, as compared to at least 12% of the total ingredient composed of lupin in this study
(Table 2).Additionally, after being subjected to the roasting process, the lupin flour had a

more yellowish colour (Table 5).

A higher prepertion of roasted lupin flour is associated with the trend of decrdasing
values, and,increasing badh andb* values in cooked beef sausgdeable 5) This result is

in agreement with some studies that recoldectr lightnessbut higherredness values with
higher substitution of minced beef meat with plant flours (Brown & Z&@89; Dzudie,
Scher & Hardy 200R Besides the denaturation of myoglobin in meat, lupin flour and
seasoning. (contains mainly rice floumas subjected to conditions similar to the roasting
process, thence the occurrence of Maillard browning reaction. The combineid effec
have intensified the darker colour in the sausage formulations. Additionally; tiasimethe
colour of the added flour, the higher redness and yellowness values irelumhed
formulations may be attributed more from the dilution of thw®wn meat pigment

ferrihemochrome (Tabarestani & Tehrani 2014).

Texture profileanalysis (TPA)

The TPAofssausage is shown irable6, which indicateshat higher substitution by hydrated
lupin flour istassociated withower hardness, cohesiveness, gumminess, springiness and
chewinessThis result parallels the trend found by Kerr, Wang and Choi (2005) who reported
the softer texture italian pork sausages incorporated with up to 30% hydrated oat. In a
study that focused on the manufacture of-fatvsausages, Yang et al. (2007) also showed

significantly (P<0.05) lower hardness, cohesiveness and gumminess after inclusien of 10
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25% hydrated oatmeal and toit¥hen exposed to c&mg temperature, theyofibrillar and
sarcoplasmic proteins in muscle tissuefold, entangle with each other to form a solid
protein gel matrix. This process is also known as gelation and explains the harder texture of
the cooked sausag€Rableb).

Lupin flour seems to have the opposite character to meat in an emulsion system. Radikos e
(2014) recorded that lupin flour has a relatively poor gelling capacity compared to ottier pla
foods (wheat, buckwheat, green pea). They suggestedutsiats low level d nonfibre
carbohydrates; leads to weaker intermolecular forces and redolcesivenesslroutt et al.
(1992) theerized that the high water binding capacity of meat extenders may explain the
decreasensthe firmness of sausage. Nevertheless, as Table 3 shows that even after cooking,
no significant P>0.05) difference was found in the moisture content of all formulations.
Thus, it is likely that the softer texture is due to the weak internal strudtdugio flour,

lower protein_content in luptenriched formulations, or disruption of protein matrix by its
components (nomeat proteins, carbohydrates), rather than the meat extender’s capacity to
retain moisture/(Kerr, Wang & Choi 2005). However, theotxeffect of legumdased
extenders'in a,meat emulsion system, including its relation to moisture retention, still remain

a subject of debate.

Additionally, there was a trend of increasing adhesive(ggkiness)wvith higher content of
hydrated lupin lbur. Similar results were obtained by Jayasena, Leung and-Nbbas
(2010) who substituted up to 50% of wheat flour with lupin flour in instant noodles. This
could be attributed to the moisture binding capacity oftstanch polysaccharides and dietary
fibre in lupin. In the food industry, excessive stickiness is undesirablenasaases thask

of damagdo machineryAgrahar-Murugkar et al. 2015).

TBARS analysis

Resultsindicatethat substitution of meat with lupin flour may promote lipid oxidation, as
shown by.the significantP0.05) difference between control and @bked lupin-enriched
formulations(Table 7) Lupin seeds have a very high proportion (80%) of unsaturatgd fatt
acids (Yanez et al. 1983). The presence of double bonds in unsaturated fats decreases the
bond dissociation energy of the neighbouring cailiyuirogen bonds, thus increasing its
susceptibility to extraction of hydrogen atoms and conversion to lipid radical. Papavergou,

Bloukas and Doxastakis (1999) described the lupiralbug seed flour as having a ‘pro
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oxidant’ effect, a term used for substances that accelerate oxidative stress or limit antioxidant
capacity. This claim was based on the finding thatnlUlour-treated sausage scored the

highest TBARS value among all formulations, including control.

Although=the=addition of lupin flour is linked to higher lipid oxidation, all TBARS values
presentedn this'study (Table7) is far belowthe human detectabiihreshold level of 0.6 mg
MDA /kg (Sheard et al. 2000)husthe oftflavours and rancidity of the sausages unlikely

to be deteeted by consumers.

Sensory analysis

Sensory analysis indicatékat there was no significant (P<0.05) effect of lupin flour on the
appearance sces of the sausagesvenwhenthe lupin flour was added to 36% (Taldg

Thisis in agreement with the only known study to have evaluated the sensory prapferties
lupin-incorporated sausages by Papavergou, Bloukas and Doxastakis (1999), although their

incorporation level was much lower (2%).

Additionally; similar results were reported for aroma acrossalksagdormulations(Table

8). Insignificant P>0.05) differences were also exhibited between the flavowesdor
control and_fermulations with up to 18% lupin content. The present observation dgagre
with the study by Papavergou, Bloukas and Doxastakis (1999) who reported unacceptably
lower flavour and odour scores for fermented sausages with 2% lupin flour. Thidgztive
evidence that oven roasting at 18D for 20 minin this study may restrict lipoxygenase
activity and remove much of the ‘beany’ odour, bitter and rancid flavour associdted wi
lupin flour. Furthermore, it confirms the pheating method to improve the legume flavour,
as proposed by Yanez et al. (198Mevertheless, when more than 18% of meat was
substituted.with roasted lupin, there was a steep decline in the flavour soggestsg that

the removal~of lupin offlavours was not complete by the roasting process, and/or the

consumerssgenerally prefer meat flavour to that of lupin flavour.

The sensory‘datalso indicated that inclusion of hydrated lupin flour is associated with poor
textural properties, with none of the lugiontaining formulations regarded in the
statistically P<0.05) same grougps controTable8). It mimics the trend of hardness values
displayed from the textural profile analysis in Secttofh and Tablé. This may support the
argument by Caine et al. (2003) who suggestedithatness wathe most important TPA
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measurement @kaining 3146% variation in sensory properties of beef steaks such as overall

tenderness, overall palatability and connective tissue.

Finally, incorporation of up to 12% lupin flour resulted in overall liking scores that were not
significantly==(>0.05) different from control (Table 8). Two other lupin-containing
formulations(lupin level up to 24%Hklso displayed mean overall liking scores above five
(neither like nor dislike). This appears to be the first study to confirm the pbiorisumer
acceptalhity of roasted lupin flour in beef sausagékwever,as observed with flavour and
texture, asteadydecline in overall acceptabilitig seenwith increasing lupin contentThis
suggestghat texture and flavour are the two most imporserisorymodalitiesdriving the
differencegbetween formulation$or overall liking and thusshould be thdocus areas for

improvement infuture studies with processed meat products containing lupin.

Conclusion

Meat substitution of lupin flouwithin beef sausagdrom 0% up to 36%f total ingredient
compositign)increasedcarbohydratelevels, decreased fat conterand decreased protein
content(a constant moisture content was maintainetfjcreasing lupin flour also improved
emulsion:stability and cooking yield. However, as lupin content increased the Istoétige
textural strueture became weak@exture profie analysis parameters declinddirdness,
cohesiveness, gumminess, springiness and chewirgsssory analysis revealed thapih
flour couldsbeincorporatedn the manufacture of beef sausagesto alevel of 12% of the
total ingredient composition without significantly affecting consumer accepyabili
Substituting lupin flour at higher levels (up to 36%) had a negative impact on consumer
acceptability=insterms of flavour and textu@onsequently, further rearch is required to
improve.the texturattributesandreduce the “beanyflavour of the sausage, when lupin is

added assasplant protein and dietary fibre source.
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Tablel. Chemical composition (in g/100 g) of raw materials

Raw Moisture Protein Lipid Ash Carbohydrate

Materials

Beef meat  70#46+1.57 21.61+3.86 16.99+3.30 1.93+0.36 -
Lupin floUfmes7:86+ 1.31 38.1+5.3 7.47+£0.18 3.15£0.16 38.543

@Total carbohydrate content as shown in the product technical data sheet.
Table2. Six.different sausage formulations with variable proportion of beef and lupin flour

(wet weight)

Formulation Beef Meat (%) Lupin Flour (%) Seasonings (%) Water (%)

L36 36 36
L30 42 30
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L24 48 24 8 20

L18 54 18
L12 60 12
C 72 0

555

556  Table 3. Proximate values of cooked beef sausage formulations emwithdéydrated lupin

557  flour
Formulation™ Moisture (%) Protein (%) Fat (%) Ash (%) Carbohydrate
(%)

L36 60.44+1.56  10.1% 047  7.91+1.7% 1.70+0.044  19.31+0.54
L30 60.37+0.97 9.95+0.25  9.04+0.18°  1.77+0.04*  18.62+0.88
L24 60.87+1.34  11.94-1.79° 9.29+0.17°  1.84+0.08"° 15.88+1.5%
L18 60:05+ 0.33  11.70:3.28° 9.79+0.50°  1.89+0.08"° 16.57+3.42"
L12 61415+ 4.34 1457 4.11° 10.07+0.21° 1.96+0.06"  12.26+ 4.43°
C 61.38+2.18 15.37+£0.58 11.62+0.1F  2.02+0.27°  9.62+2.1%

558  Means sharingthe same left&fin the same column is not significant§<0.05) different
559  from each other(Fisher's LSD Test).
560 Table 4. Emulsion stability and cooking loss percentage for the six sausage fommsulatio

561
562

Formulation Emulsion stability parameters Cooking loss
Fluid released Fat released (% Water released (%)
(%) (%)
L36 1.53+ 0.2 1.47+0.29" 0.06+0.09  14.30+1.04
L30 2.27+0.33° 2.16+ 0.3¢°" 0.11+ 0.0  14.92+1.7%
L24 2.92+0.23° 2.67+0.20° 0.25+0.08  16.29+2.18"
L18 3.83+0.25 3.54+0.27¢ 0.30+£0.02  16.60+1.57"
L12 4.37+0.02 3.71+0.11° 0.66+0.12  18.33+0.039
C 9.35+ 1.36 8.56+ 1.37 0.80+0.04'  22.70+0.90

Means sharing the same let&%9n the same column is not significant<0.05)
different from each other (Fisher's LSD Test).

563 Table 5.€olour (L*, a*, b*) values ahw materialstaw and cooked sausage formulations
L* a* b*
Lupin Flour 36.12 + 3.17 16.40 £ 2.72 9.76 + 1.27
Hydrated + Roasted 97.27 £0.90 0.87 £ 0.25 32.20+£1.91

Lupin Flour
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Seasonings

Raw Sausage

L36
L30
L24
L18
L12
C

Cooked Sausage

L36
L30
L24
L18
L12
C

41.35+1.68

56.53+ 0.97
54.00+ 2.87
59.00+ 1.04
59.23+0.57
55.37+ 0.15°
54.80+ 0.66

45.17+ 3.25
46.17+0.85
52.67+1.29
52.10+ 0.66°
52.70+ 1.67
53.17+1.27

15.80 £ 1.45

15.27% 0.40°
14.7% 0.15
17.07% 1.2
16.80¢ 0.8G"
14.10+ 0.8F
16.77% 1.5

11.30+ 0.56"
12.0% 0.23
11.13:0.64
10.8Q+ 0.20°
10.80+ 0.1
9.67+0.6T

32.28 +1.37

26.00+ 0.72"

24.50+ 0.53
26.23+ 1.94
26.07+ 0.38"
22.03+ 0.50°
17.03+ 0.55'

21.90+ 0.3
21.47+0.97
23.40+ 0.46'
21.20+0.27
19.57+ 0.4
15.00+ 0.36'

b

564  Means sharing the same lowercase leftf$in the same column are not significantly
565 (P<0.05) different from each other (Fisher's LSD Test), and only raw and cooked sausages
566 are compared

567 Table 6. Textural parameters of the cooked sausage formulations

F Hardness (N)..Adhesiveness Cohesiveness Gumminess  Springiness Chewiness (N)
(Nmm) ratio (N) (mm)
L36 15.35+1.07,.4.336:0.860 0.139+0.046 2.14+0.74 0.580+0.155 1.29+0.7%
L30 17.47+2.86° 1.072t0.214° 0.129+0.02% 2.30+0.8F 0.640+ 0.276" 1.63+0.98
L24 17.53+0.85° 1.1810.276° 0.132+0.042 2.34+0.85 0.663+ 0.195"° 1.52+0.54
L18 19.87+0.26° 0.635:0.427° 0.288+0.163 5.72+3.27° 1.274+0.146 7.25+4.03
L12 20.93+2.67 0.70%0.262 0.188+0.044° 4.02+1.35° 0.647+0.472°  2.15+0.65
C  3522+214 0527 0.38F 0.225+0.099° 7.97+3.64 1.000+0.188°  8.30+4.77
568  Means Sharing the same lowercase left®f$in the same column are not significantly
569  (P<0.05) different from each other (Fisher's LSD Test).
570 Table 7. TBARS value (mg MDA/ kg) for raw and cooked sausage formulations

Formulation

Raw Sausage

Cooked Sausage
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L36 0.092+0.01¢ 0.203:0.12F
L30 0.089+ 0.07C 0.182+ 0.022
L24 0.062+ 0.029" 0.115¢ 0.02F°
L18 0.082+ 0.04F 0.118 0.029"
L12 0.056+ 0.01F" 0.069 0.024°
C 0.001+ 0.000 0.00% 0.000
571  Means sharing the'same lowercase left&fm the same column are rsignificantly
572  (P<0.05) different from each other (Fisher's LSD Test).
573  Table 8. Sensory properties of beef sausage formulationsddnith hydrated lupin flour
F Appearance Aroma Flavour Texture Overall Liking
Liking Liking Liking Liking
L36 475+1.67 529+ 1.4F 4.60+1.67 3.25+1.19 3.98+1.33
L30 510+ 136  5.69:1.36 5.13+1.77° 4.21+161  4.81+167
L24 5.08¥1.1%  544r125  542+1.38° 458+1.37 5.06+1.51°
L18 5.35+1.14 5.71+1.158 5.96+ 1.17¢ 5.40+ 1.46 5.65+ 1.44¢
L12 5.31+1.56  594+1.37 6.17+1.26  552+1.60  5.88+1.36°
C 5.42+ 165 581159  6.42+1.54  6.19+1.70 6.48+1.37

574  +represents.the standard deviation (n=48). Means sharing the same lowercage féters
575 the same column are not significantB<(.05) different from each other (Bonferroni

576 Pairwise Comparison).
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