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Abstract

This study aims to explore and improve the quality of fermented tiger nut milk by
investigating effects of enrichment with tiger nut proteins or dairy proteins mixed with
xanthan gum on the microbiological, physicochemical and sensory properties.
Enrichment with tiger nut protein decreased pH of the base system, increased microbial
lag time and reduced acidification rate. Dairy proteins marginally increased the viable
counts of starter culture and significantly increased acidification rate. Tiger nut milk
enriched with tiger nut protein remained liquid after fermentation, whilst dairy protein
enrichment caused formation of semi-solid, yogurt like gels. Fermented gel systems
containing sodium caseinate showed higher gel stiffness and lower whey drainage than
gels with whey protein enrichment. However, fortification with whey proteins resulted

in stirred products of higher viscosity. Frequent sensory descriptors for fermented tiger
nut milk were sweet watery, brown, almond, phase separation, woodyandnutty.

Fortification with dairy proteins resulted in sensory attributes that may be pivotal for

improving the properties of fermented tiger nut milk.

Keywords: Tiger nut milk, fermentation, phase separation, proteins, sensory.
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1. Introduction

Tiger nut Cyperus esculentus L.) is a sweet almond-like tuber that has alrelagign
recognised as a high potential, alternative soaféeod nutrients (Sanchez-Zapata,
Fernandez-Lopez, & Angel Pérez-Alvarez, 2012).ialgr interest in a fermented
extract of tiger nuts, usually addressed as tigenmnilk (TNM), has emerged because of
its sensory, nutritional and probiotic prospects, dso because fermentation might be
appropriate to generate microbially stable produatis extended shelf-life. For such
applications, tiger nuts are pre-soaked to softerfibrous tissues, washed, wet-milled,
pressed to obtain the milk-like extract, pastearised fermented with lactic acid
bacteria into a sweet-sour drink (Akoma, Elekwaydfnrinbi, & Onyeukwu2000;

Wakil, Ayenuro, & Oyinola, 2014).

Fermented TNM might be of at least local relevancgme countries
considering that worldwide about 75% of adults eigpee a decreased lactase activity,
and lactose intolerance prevalence rate is ~5%omhsrn Europe, ~70% in Sicily and
~90% in Asian and African countries (Vesa, Marteatorpela, 2000). To exploit the
potential of TNM for producing fermented drinksiesttific reports were mainly
dedicated to investigating its physicochemical cosmon, and its sensory and
microbiological characteristig®\koma et al., 2000; Belewu, Bamidele, & Belewu,

2010; Sanful, 2009; Wakil et al., 2014). Presently, as regards the physical characteistic
of fermented TNM, literature information is scaatthough they show a direct impact
on consumer acceptability (Walstra, Geurts, & WmjtB006). Exemplarily, phase
separation might be a factor that accounts fordemsory scores in appearance and
textuml attributes of fermented TNM (Akoma et al., 2000; Sanful, 2009; Wakil et al.,

2014).
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We have previously observed that TNM has only d@didhcolloidal stability
which might cause phase separation in fermentaémegs(Kizzie-Hayford, Jaros,
Schneider, & Rohm, 2015a). Therefore, we investigéihe effect of adding sodium
caseinate or soy protein isolate together with gadgharides (carboxymethyl cellulose,
xanthan gum or guar gum) on the stability of pleNM. We found that, after adding
0.1 g/100 g xanthan gum with 1 or 3 g/100 g sodoaseinate to tiger nut milk, phase
separation was considerably reduced (unpublishied)well-known that physical and
rheological properties of dairy yogurt can be inya by base milk enrichment with
dairy proteins Jaros & Rohm, 2003; Walstra et al., 2006). Thus, adding proteins and
polysaccharides to TNM might be beneficial for ilmygng the physical properties of
the fermented TNM, but also contribute to proteasdxd nutritional energy. Our
previous report suggests that the globular tigépnatein might show emulsifying
effects, which could additionally contribute to tteeluction of phase separation in TNM
(Kizzie-Hayford, Jaros, Schneider, & Rohm, 2015b).

Therefore, the aim of this study is to explore @Beof enriching TNM with tiger
nut protein, xanthan gum and whey protein or sodiaseinate on the viability of
microbial cultures, on acidification dynamics, awdphysicochemical characteristics

and sensory properties.

2. Materials and methods

2.1. Materials

A batch of tiger nuts that was provided by farma&r$wifo Praso in the Central Region
of Ghana was prepared for the experiments by algeemd drying (Kizzie-Hayford et
al., 2015a). Whey protein isolate (< 97 g/100 gqirg was obtained from Sports

Supplements Ltd. (Colchester, UK), sodium caseifrate Sigma-Aldrich Chemie
4
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GmbH (Steinheim, Germany), and xanthan gum frongiC&rance SAS (Saint-

Germain-en-Laye, France). All reagents were ofitall grade.

2.2. Preparation and fermentation of plain and enriched tiger nut milk

Tiger nut milk was prepared according to Kizzie-kag et al. (2015a) with
modifications. After soaking in 1 g/100 mL citricid for 24 h, tiger nuts were washed
three times in aqua demin. and wet comminuted wsikglt pro mixer (WMF AG,
Geislingen, Germany) for 3 min. TNM obtained aftersh separation was concentrated
in an R-124 rotational evaporator connected tokBvacuum controller (BUCHI
Labortechnik AG, Flawil, Switzerland) at 70 °C fmpprox. 1 h. This procedure resulted
in a TNM concentrate of approx. 30 g/100 g. Tiget protein (TNP) was isolated from
TNM as described previously (Kizzie-Hayford et 20,15b).

TNM concentrate diluted with aqua demin. to 100§/4 total solids served as
reference fermentation substrate. For obtaininggpmeenriched substrates, the
concentrate was diluted with TNP dissolved in adg@min. to ensure an additional
1 g/100 g (1TNP) or 2 g/100 g (2TNP) in the systéminvestigate the impact of
protein denaturation through heat treatment, TN&tisos were heated to 85 °C for 10
min in a water bath prior to mixing with plain TNNM a second test set-up, xanthan
and sodium caseinate, or xanthan and whey pratelate were dispersed in aqua
demin. and then mixed with TNM to obtain systemt&hwiO g tiger nut solids, 0.1 g
xanthan and 1 or 3 g sodium caseinate (1CnX orX3) @ar 100 g substrate, or systems
with 10 g tiger nut solids, 0.1 g xanthan and B grwhey protein isolate (1WPX or 3
WPX) per 100 g.

Fermentation of plain and enriched TNM was caraatlin glass bottles after

heat treatment at 70 °C for 15 min under continwagiation. After inoculation with
5
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0.01 g/100 g FVV-211 yogurt starter, a mixed cwdtafL. delbrueckii ssp.bulgariucs
andS. thermophilus (DSM Food Specialities, Delft, Netherlands), thistems were
acidified at 38 °C for 16.5 h. pH during fermemnatwas continuously monitored using
an InoLab 730 pH meter (WTW GmbH, Weilheim, Germjakyom the pH/time plots,
lag timeA (h) and maximum pH reduction rate p (1/h) werérestied using a graphical
method based on the modified Gompertz equatiobdoterial growth (Soukoulis,

Panagiotidis, Koureli, & Tzia, 2007)
pH = pH, + (pHe, — pHy)exp {—exp [ue/(pHoo _ pHy) A-t+ 1]} (1)

where pH is initial pH, pH.is final pH, p is the maximum pH reduction rated ans
the lag time.

Gel formation during fermentation was investigaisthg an ARES RFS3
rheometer (TA Instruments GmbH, Eschborn, Germarity) a concentric cylinder
geometry (inner diameter, 32m; outer diameter, 34 mm; height, 33.5mm);
temperature was maintained at 38 °C by a circulajgorox. 11.2 mL inoculated TNM
substrate was transferred into the cup. The inylerder was lowered into measuring
position, the surface was covered with low visgosilicone oil to prevent evaporation,
and a time sweep was started by applying a stfajr=d.003 and an angular frequency
of o = 1 rad/s (Jacob, N6bel, Jaros, & Rohm, 2011).dymamic moduli were recorded
during acidification.

Fermentation with each substrate, and the correbpgmcidification and gel
formation measurements were carried out in tripéicAfter fermentation, the samples

were cooled to 6 °C and stored until analysis.

2.3. Analysis of the fermented tiger nut milk products
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2.3.1. Viable counts
Viable counts ot.. delbrueckii ssp.bulgaricus andS thermophilus in fermented
products were, after appropriate serial dilutionyraerated using MRS or M-17 media,

respectively (IDF, 2003). Determinations were dongiplicate.

2.3.2. Chemical analysis
TNM composition was analyzed as described prewo{i§kzie-Hayford et al., 2015a).
Total carbohydrate and fat content of TNM was deteed according to Albalasmeh,
Berhe, & Ghezzehei (2013) and IDF (2008), respebtiv

Sugars were determined by HPLC combined with réfraéndex detection.
After Carrez clarification and 0.45 um filtratiosgparation was achieved by 0.5
mL/min isocratic elution using a 300 x 7.8 mm Re?eRPM-Monosaccharide Pb+2
(8%) monosaccharide analysis column (PhenomenexAsdhaffenburg, Germany).
Temperature of the reference cell was maintain€d°at, and sucrose, glucose and
fructose were detected by light scattering. Eatbrdenation was carried out in
triplicate.

Titratable acidity (TA) was determined by dilutif@.0 g fermented TNM to 40
g using aqua demin. and subsequent titration withr@l/L NaOH against
phenolphthalein. The volume of NaOH required totredise the analyte was recorded,

and the lactic acid equivalent was calculated afingrto Sadler & Murphy (2010).

2.3.3. Physical analysis
Phase separation as an indicator for stability ugdevity was visually measured by
relating the height of a clear lower phase to ttal theight of fermented TNM samples

in small glass vessels. Separation time at incobaémperature (38 °C) was 16.5 h.
7
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The susceptibility of fermented TNM to syneresisl@emaccelerated gravity was
determined as described by Jaros, Heidig, & Rol00{R 30.0 g TNM was incubated
in pre-weighed sterile falcon tubes. After ferméiota samples were stored at 6 °C for
24 h, and then centrifuged at 600 g and 6 °C famir@ The separated liquid was
removed using a Pasteur pipette, and is expressethtion to the initial mass.
Apparent viscosity of fermented TNM was measuredgia Physica MCR 301
rheometer (Anton Paar GmbH, Graz, Austria). As ngxf fermented samples prior to
measurement resulted in lumpy products, an ultraxumixer was used to homogenize
the samples (11,000 rpm, 40 s). After 24 h at 6s&ples were transferred into the
rheometer’s cylinder geometry (inner diameter, 84n; outer diameter, 26.66 mm;
height, 40 mm) and equilibrated to 20 ° C for 5 t@fore applying a shear rate sweep
from 0.01/s to 100/s. For each fermentation expentnsyneresis and viscosity
measurements were carried out in triplicate.

When possible, gel firmness of fermented TNM wasimheined by penetration.
20 mL aliquots were fermented in screw-top glassels (inner diameter, 38 mm).
After keeping the samples at 6 °C for 24 h, the gedre penetrated by a cylindrical
plunger (diameter, 15 mm; height, 10 mm) mounted on an RSA 3 solids analyzer (TA
Instruments GmbH, Alzenau, Germany) at 0.5 mm/s. iilial slope of the
force/distance curves was taken as an indicatgydbfirmness (Jaros, Patzold,

Schwarzenbolz, & Rohm, 2006). Measurements weirgedapout in quadruplicate.

2.4. Sensory analysis
Flash profiling of fermented TNM was conducted gdiine procedure of Delarue &
Sieffermann (2004) as modified by Thamke, Dirrsahr& Rohm, (2009). A 13

member panel (4 male, 9 female; average age, 31 yrs.) was recruited for the study.
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Samples subjected to analysis were the fermented PNM, and the four fermented
products with caseinate or whey protein. To asesdiscriminatory quality of the test,
a duplicate of sample 1WPX was included. Sampleg wecoded with random 3-digit
codes and simultaneously served in counterbalamckt in 20 mL transparent cups.
The experiments were performed in a standard sgtedooratory. Raw data on the
attributes and the corresponding intensities waedyaed by principal component and
generalized procrustes analyses using the Sendeokoftware (OP&P Product

Research BV, Utrecht, Netherlands). Results arechas duplicate experiments.

2.5. Satistics

Results of analytical experiments were evaluat@égusne-way analysis of variance.
Tukey HSD or Games-Howell post hoc analysis wathé&urrused to compare the mean
values when necessary. All significant values regét < 0.05. SPSS software package

version 16.0 was used for performing the analy8RBSS Inc., Chicago, IL, USA).

3. Results and discussion

3.1. Acidification and gel formation during fermentation

Fig. 1 shows that acidification during fermentatadrplain or enriched TNM follows
profiles that are similar to milk fermentation (%oulis et al., 2007). The addition of
tiger nut protein reduced pH of the plain TNM (6.B$ approx. 0.25 units, probably
because tiger nut proteins contain more acidic aragids than basic amino acids
(Aremo, Bamidele, Agere, Ibrahim, & Aremu, 2015nhr®@ersely, sodium caseinate
addition increased initial pH to 6.40. The Gompdatgtime parametey, was, on

average, 1.6 h for plain TNM and systems enrichi¢d ehairy proteins but significantly



191 higher A = 3.2 h) when tiger nut protein was used as emréit medium. A similar

192 effect of an initially reduced pH on lactic acidcberia lag time in yogurt fermentation
193 was observed by, e.g., Oztiirk & Oner (1999). MaxmpH decay rate was 0.43/h —
194  0.45/hfor plain TNM and TNM enriched with whey proteiroiate, which is lower than
195 u ~0.65/h —0.70/h reported for cow milk yogure(Brabandere & De Baerdemaeker,
196 1999). The addition of tiger nut protein signifitigmreduced p to 0.25/h, whereas TNM
197 with sodium caseinate came close to dairy systgmsd.55/h). The reduced

198 acidification rate can be partly attributed to tiyge of fermentable sugars. Apart from
199 fructose traces, approx. 6 g/100 g sucrose sessearbohydrate source (Table 1), and
200 L. debrueckii ssp.bulgaricus andS. thermophilus showed a delayed growth on these
201 sugars (Amoroso, Manca de Nadra, & Oliver, 1988p fesults suggest that the protein
202 source is relevant for the time to reach a pawicpH in tiger nut milk fermentation.
203 After approx. 15 h incubation, a pH of 4.4, whistcomparable to that of dairy yogurt,
204 was achieved for all systems.

205 Whereas the systems with additional tiger nutgnotemained liquid during
206 fermentation, it was possible to monitor gel forimatoy small amplitude oscillatory
207 shear when dairy proteins were used for enrichrgtégt 2). For both proteins, the

208 higher concentration resulted in a pH 0.2 — 0.3sumigher at gelation onset (the point
209 when a storage modulus'{®Gf 1 Pa was achievedacob et al., 2011) and, as a

210 consequence of almost identical acidification pesfiin a shorter time until gelation
211 onset. pH at gelation onset of TNM enriched witrydproteins was 0.04 — 0.52 units
212 lower than the range reported for cow milk (Lee @cky, 2006). It is also evident from
213 Fig. 2 that the amount of added protein signifibaatfected gel stiffness, and that

214  stiffer gels were obtained when sodium caseinatewsad for enrichment. A storage

215 modulus of approx. 300 Pa is comparable to thaebfogurt from skimmed cow milk
10
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with 12 g/100 g dry matter (Jaros, Rohm, Haque,dpante, & Kneifel, 2002). Whey
proteins form gels mainly through disulphide int#i@ns whilst casein forms gels
through hydrophobic, van der Waals, hydrogen bandimd electrostatic interactions
(Alting, Hamer, de Kruif, & Visschers, 200Dalgleish, 1997). Differences in
rearrangement mechanisms during gelation mightuatdor the variations in gel
stiffness in supplemented fermented TNM. Howeudfness of acid gels from TNM
enriched with dairy proteins was lower than thatadein or whey protein gels at
comparable concentratigAlting et al., 2004; Lucey, van Vliet, Grolle, Geurts, &
Walstra, 1997). Reasons for this might include@#®f substrate composition, the rate
of acidification and fermentation temperature (Ngutal., 2014; Lucey et al., 1997).
The broad variation of gel stiffness achieved biywe type and content of dairy

proteins may be advantageous for tailoring protiexdure.

3.2. Microbiological, chemical and physical properties of fermented tiger nut milk
The substrate had only a minor influence on laatid bacteria development. In all
samples, viable counts 8f thermophilus ranged from 2.8 — 5.6 x 18fu/g and were
higher than that of. delbrueckii ssp.bulgaricus (2.4 — 5.0 x 1®cfu/g). These viable
counts were higher than reported by Wakil et @1 who, however, worked with
isolates from wild TNM fermentations as startertards. Compared to the plain
fermented TNM and TNM enriched with tiger nut pintesiable counts for botB.
thermophilus andL. delbrueckii ssp.bulgaricus were higher when sodium caseinate or
whey proteins were present in the fermentation tsates

Related to dry matter, the base tiger nuts coatb32 + 0.11 g/100 g protein,
20.72 £ 0.56 g/100 g fat, 1.85 £ 0.01 g/100 g @89 + 0.21 g/100 g total fiber, and

51.62 £ 0.42 g/100 g carbohydrates. Protein, adicarbohydrate content were slightly
11
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higher than that from our previous report (Kizzieyfbrd et. al., 2015b), probably
because of the different harvest period. Totabdsationtent of plain TNM used as
fermentation substrate was 10.40 g/100 g, whichprm®d of 1.02 £ 0.01 g/100 g
protein, 2.23 + 0.02 g/100 g fat, 0.28 + 0.01 g/§08sh, and 6.87 £ 0.05 g/100 g total
carbohydrate. Table 1 shows that the main ferméntasbohydrate is sucrose. The
difference between total carbohydrate and sugaeoboriginates from starch and
fiber. Generally, the sugar content in tiger nigpehds on the cultivar and the ripening
stage (Cgkuner, Ercan, Karababa, & Nazlican, 2002). Compé&wgaain TNM, the
fermented products showed higher fructose contprésumably because of microbial
sucrose hydrolysis and the further utilization logyrt microorganisms, which prefer
glucose to fructose for growth (Amoroso et al., 998 he content of lactic acid was
higher than what was reported by Akoma et al. (208@hough pH at the end of
fermentation was similar, there were significarftedences in the lactic acid content of
the fermented TNM, with the highest values in thiessrates with the highest protein
content. It is evident that the buffering capaei$pecially of the milk proteins is
responsible for these differences. Increased pratemtent in fermented TNM might
enhance the production of microbial by-productdhsag fatty acids and amino acids as
flavor-active compounds (Sadler & Murphy, 2010).

During fermentation, TNM separated into a transpalower liquid part and an
opaque upper part (Fig. 3). Phase separation in Big¢ems might result from
differences in solute properties such as partizike, snolecular shape and charge (de
Jong, Klok, & van de Velde, 2009; Kizzie-Hayford et al., 2015a). Thin protein
membranes that coat fat droplets enhance stabflgynulsions by lowering interfacial
energy and surface tensjaturing fermentation, phase separation might irsrea low

protein emulsions because of the acidification,owtdistorts the protein film and
12
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facilitates oil droplet contact, and which caudesdulation (Kinsella, Damodoran, &
German, 1985). Addition of tiger nut protein to TNidfore fermentation probably
reduced surface tension by increasing the thickoetig interfacial protein membrane,
thereby, enhancing the stability of the emulsionn(& Gunasekaran, 2009). Protein
denaturation by thermal treatment was not apprgptainhibit phase separation.
Inclusion of CnX and WPX, however, ensured proc@bility during fermentation.
Firstly, whey proteins and sodium caseinate exleitmtlsifying properties (Amine,
Dreher, Helgason, & Tadros, 2014) and probably owed the emulsion stability of the
plain TNM. Secondly, the milk proteins with theeldorming capacity allowed
structures which entrap the liquid phase in a taiegensional network, arresting
further phase separation (de Jong et al., 2009).

Fig. 4 shows that, in all systems, fermented TNMileixed shear thinning
behavior. At shear rate of 1.0/s, mixtures contegriiNP showed a lower viscosity than
plain fermented TNM, probably caused by surfacsitenreduction through coating of
TNM lipid droplets with proteins. The increase isaosity observed in 3CnX or 3WPX
might originate from the protein gels or solubletpm aggregates from the thermal
denaturation of whey proteins. A similar increasgogurt viscosity on addition of
sodium caseinate or whey protein concentrate wasrebd by Akalin, Unal, Dinkci, &
Hayaloglu (2012). The viscosity difference at highleear rates was pronounced,
showing that WPX systems had a higher shear resst@nd viscosity than CnX
systems. Although homogenization, which was necgdsalissolve lumps, may have
attenuated the effects of intact gels on fermemted viscosity, the mixing procedure
improved their texture. The results depict thatadmng TNM with dairy proteins before

fermentation results in products of more viscousratteristics.
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Table 2 shows that the firmness of gels from TNiWiahed with dairy proteins
was higher when enrichment increased, possiblyusecaf a denser protein-protein
network that was generated during gelation. Adddlty, gel firmness was higher when
sodium caseinate rather than whey protein was feseghrichment. This is comparable
with observations from regular yogurt fortified tviéither sodium caseinate or whey
proteins (Modler, Larmond, Lin, Froehlich, & Emmoi983 Rohm & Schmid, 1993).
Evidently, susceptibility to forced syneresis, whalso reflects the physical quality of
protein gels (Rohm & Kovac, 1994), was more redubedmore protein was added to
TNM. Again, enrichment with sodium caseinate re=siiin a more pronounced effect.
The inverse relationship between gel firmness gnérgsis is similar to that in dairy
yogurt as long as it is generated by differenceglemprotein content (Jaros et al., 2002)
but differs from that when yogurt made by differstdrter cultures is compared (Rohm

& Kovac, 1994).

3.3. Sensory properties of fermented tiger nut milk

Principal component analysis of the consensus rstiowed that dimension 1 and
dimension 2 accounted for a fraction of 83.59%heftbtal variance, and dimension 3
for an additional 11.14%. In Fig. 5, the samplex®d coordinates of the two identical
samples that were presented to the panelists gidogether, which is a strong
indicator for the discriminative reliability of thessessment (Diaz-Maroto, Vinas, &
Cabezudo, 2003). Emerging descriptors out of thdifédrent descriptors used for
fermented TNM wereweet, watery, brown, almond, phase separation, woody and

nutty. Those for 1IWPX wer uity, sweet andoil droplets on surface whilst 3WPX
werefruity, banana, viscous, earthy, sour, adstringent, creamy, lightness and

homogenous. The most frequent descriptors for 1CnX wexesty, foamy, oil droplets

14
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on surface andnutty, and for 3CnX wer@raininess, viscous, balanced, sour, foamy and
mushroom. The results show that each product generatedémsyory attributes that can

be exploited when producing fermented tiger nukmil

4. Conclusions

Enrichment of TNM with tiger nut proteins or dapyoteins with xanthan gum
improved the properties of fermented TNM. Partidy|aenrichment with dairy proteins
caused a slight increase in the viable counts mr@ased the acidification rate of
fermented TNM. All proteins significantly increaskdtic acid content of the fermented
system. Fermented TNM showed semi-solid, yogud-koperties on enrichment of
plain TNM with dairy proteins. Inclusion of all thgpes of proteins significantly
reduced phase separation in the fermented prodechented systems fortified with
sodium caseinate showed higher gel stiffness amdrlashey drainage than gels from
whey proteins. However, the latter showed stirnextipcts of higher viscosity.
Important sensory descriptors for fermented TNMevgareet, watery, brown, almond,
phase separ ation, woody andnutty. Inclusion of dairy proteins showed unique sensory
attributes that may be relevant for tailoring fenteel TNM products. Further studies on

the effects of the additives on shelf-life of femtexd TNM might be relevant.
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Table1

Effect of enrichment on viable counts and compositif fermented tiger nut milk.

Systerf Viable countsX10° cfu/g)® Sugars (g/100 g) Lactic acid
Streptococci Lactobacilli Sucrose Fructose (9200 )

TNM - - 6.0F+0.02 0.07+0.01 -
Fermented TNM  340.0°+34.0 2.40°%0.47 5.58'+0.10 0.14+0.01 0.53+ 0.00
1TNP 280.0°+52.0 2.50'+0.36 5.92+0.02  0.18+0.02 0.69+ 0.00
2TNP 358.0°+26.0 2.95'+0.19 5.76+0.06  0.18+0.01 0.73+0.01
1CnX 380.0°+49.0 3.28+0.21 5.49+0.01 0.18+0.01 0.76+ 0.00
3CnX 553.0+36.0 5.08'+0.44 5.31+0.06 0.13+0.00 1.08+ 0.00
1WPX 460.0+47.0 3.76+0.31 5.2840.63  0.14+0.02 0.76+0.01
3WPX 498.0°+41.0 4.889+0.82  487+065 0.183+0.02 0.88+ 0.01

&TNM, tiger nut milk; 17TNP (2TNP), TNM enriched WitL (2) g/100 g tiger nut protein, 1CnX (3CnX),

TNM enriched with 1 (3) g/100 g sodium caseinate @i g/100 g xanthan; 1IWPX (3WPX), TNM enriched

with 1 (3) g/100 g whey protein isolate and 0.10§/y xanthan.
® Results are arithmetic mean + standard deviatiom {n=3) determinations. Values in the same column
marked by a different superscript differ signifidgirat P < 0.05.
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Table 2.
Effect of enrichment with dairy proteins on gel pedties of fermented tiger nut milk.

Fermented systetn Gel firmness (N/mnf) Whey drainage (%)
1CnX 0.021 + 0.004 14.1 + 0.97
3CnX 0.115+0.02 1.9+0.78
IWPX 0.013 +0.002 31.8+1.45
3WPX 0.038 + 0.008 15.2+1.24

#1CnX (3CnX), TNM enriched with 1 (3) g/100 g sodlicaseinate and 0.1 g/100 g xanthan; 1IWPX
(BWPX), TNM enriched with 1 (3) g/100 g whey pratésolate and 0.1 g/100 g xanthan.

® Results are arithmetic mean + standard deviatiom {n=4; gel firmness) or (n=3; whey drainage)
determinations. Values in the same column markea @§ferent superscript differ significantly Bt< 0.05.
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Figure captions

Fig. 1. Acidification profiles during fermentation of pra(TNM) or enriched tiger nut
milk. O, plain tiger nut milkO, @, TNM enriched withl (2) g/100 g tiger nut protein; [,
B, TNM enriched with 1 (3) g/100 g sodium caseiratd 0.1 gf00 g xanthan; A, A,
TNM enriched with 1 (3) g/100 g whey protein iselaind 0.1 g/100 g xanthan. pH
measurement was continuous, only selected dataspara displayed.

Fig. 2. Development of gel stiffness during acidificatiofinenriched tiger nut milk Il |
TNM enriched with 1 (3) g/100 gpdium caseinate and 0.1 g/100 g xanthan; A, A, TNM
enriched with 1 (3) g/100 g whey protein isolatd @il g/100 g xanthan. Stiffness
measurement was continuous, only selected dataspani@ displayed. Each curve

represents the arithmetic mean of triplicate mesments.

Fig. 3. Phase separation, expressed as percentage temdparer layer, of fermented
tiger nut milk (TNM) with different composition. NP and 2TNP, tiger nut milk was
enriched with 1 (2) g/100 g tiger nut protein. Bddmars, tiger nut protein was heated to 85
°C for 10 min prior to fermentation. Samples “Mpkotein” contained 1 g/100 g sodium

caseinate or whey protein isolate.

Fig. 4. Apparent viscosity of fermented tiger nut milk (Wi\with different composition.
O, plain tigemut milk ; @, TNM enriched with 2 g/100 g tiger nut protein ; ll, TNM
enriched with 3/100 g sodium caseinate and 0.1 g/100 g xanthan; A, TNM enriched with
3 g/100 g whey protein isolate and 0.1 g/100 ghamt Each curve represents the

arithmetic mean of triplicate measurements.

Fig. 5. GPA group average plots for descriptors of ferraériiger nut milk (TNM) with
different compositions. In the consensus spac€ake enrichment with sodium caseinate
and 0.1 gf00 g xanthan; WPX, enrichment with whey protein isolate and 0.1 g/100 g
xanthan. Numbers in the code refer to additiorodiem caseinate or whey protein isolate

(9/100 g). Plots are based on duplicate experiments
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Highlights:
» Tiger nut milk shows pronounced phase separation during fermentation
» Protein enrichment of tiger nut milk inhibits phase separation in fermented systems
* Protein enrichment improves textural properties of the fermented system

» Protein enrichment leads to fermented systems with different sensory properties





