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Abstract
Baby foods must be nutritious, semi-solid and afyedigestion. Quinoa and amaranth
are a good source of macro and micronutrients. @Gatron can improve their
nutritional properties; however, their technologi@nd sensory characteristics are
affected. The aim of this work was to develop psremulated with non-germinated
and germinated Andean grain flours (NGGF and G@Bpectively), and to evaluate
their nutritional, technological and sensory chagastics. Formulations (9) with potato,
pumpkin, and quinoa and amaranth flours (NGGF, Gfid mix of both) were
analyzed. In each formulation soybean:sunflowemptag and sunflower:chia oils were
used. Chemical composition, water activity, pH,ubte solids, color, rheology and
texture of purees, anuh vitro protein digestibility of grain flours, were detenad.
Sensory characteristics of samples were studiatyysiojective mapping. Nutritional
content of purees did not differ, but the proteigegtibility of grain flours improved
with germination. Soluble solids and pH with GGFrev@igher and lower than purees
with NGGF. GGF and canola oil caused deteriorationrheological and textural

properties of the purees. The sensory evaluatitferentiated the purees with NGGF,



26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

GGF and mix of both; GGF worsened the sensory cheniatics. Mixed flours and
sunflower:chia oil were the best alternative tariatate baby purees.

Keywords

Quinoa; Amaranth; Technological properties; Rheiglalg characteristics; Textural
features

1. Introduction

Quinoa and amaranth are Andean grains with goodtiontl profile. They have
proteins and lipids of good biological quality, higontent of dietary fiber, minerals,
vitamins and bioactive compounds (Mir, Riar, & Sing018). They are widely used for
the preparation of foods such as pasta, breadsksnaaby food (Alencar et al., 2017),
among others. When these grains are germinatech idequate environment the
contribution and digestibility of nutrients can ibgoroved (Khalil et al., 2007; Omary et
al., 2012; Jan, Saxena, & Singh, 2016). Besides Jdhels of antinutrients (saponins,
tannins and phytates) can decrease during germmg&mary et al., 2012; Jan et al.,
2016). However, during germination there is a weakg in the rheological
performance of flours, due to the enzymatic breakdof biopolymers. On the other
hand, sensory characteristics can be improved eosemed depending on the type of
crops and the germination conditions (Trogha et al., 2007; Nindo et al., 2007,
Khalil et al., 2007; Jan et al., 2016; Sattar, AliHasnain, 2017; Aprodu et al., 2019).
Sprouts are pre-digested foods with easily absorngdents. So, they are a good
alternative for infant feeding. There are previoasearches on the use of germinated
grains in food formulation (Troszgka, Szymkiewicz, & Wotejszo, 2007; Khalil et al.,
2007; Jan et al., 2016; Matrti et al., 2017; AgraMairugka, Zaidi, & Dwivedi, 2018).
Breast milk is the best food until the first 6 mumstold; after, highly nutritious,

digestible and safe complementary foods should d@ec The energy and high
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digestibility protein intake in this age must beeqdate to promote optimal growth and
physical and mental development (Tiwari et al.,0%an et al., 2018). Otherwise, the
demand for ready-to-eat formulated baby foods s rsignificantly with an increase
in the number of working mothers (Ahmed and Ramasyy&2006 b).

Most of the weaning foods are semisolid with sefkttire. The flow characteristics of
infant foods must be thick enough to stay in theosp but not too thick as to make
swallowing difficult (Alvarez & Canet, 2013; Sharneaal., 2017). These foods can be
formulated with cereals, roots, tubers, vegetahieksprotein foods. Also, vegetable oils
are added as a source of polyunsaturated fatty (&tiFA) which in babies promote
brain development, improves psychomotor performamzk visual functions (Diallo et
al., 2013). Besides, hydrocolloids are often usathd preparation of puree to improve
product stability and texture increasing viscosityater retention, firmness and
smoothness (Sharma et al., 2017).

Different researches about purees formulated waitmes foods show a gel behavior
(Ahmed & Ramaswamy, 2006 a; Ahmed & Ramaswamy, 2006Ahmed &
Ramaswamy, 2007; Alvarez & Canet, 2013; Sharmd.eR@17). Nevertheless, there
are no recent rheological and textural studiesurme® for baby based on vegetable, fruit
and cereal.

Furthermore, gluten-free mixtures are a good adtiera for feeding children under 24
months old who suffer celiac disease or to avomguamg it (Cerezal Mezquita et al.,
2011; Aronsson et al., 2015). So, Andean crop® fkinoa and amaranth, are an
excellent gluten-free alternative for the formuwati of infant foods in the
complementary feeding stage due to its high biakigvalue (good lipid and protein

profiles) and, in addition, with functional propeg (Nascimento et al., 2014).
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Although the nutritional and technological charastees are important parameters to
formulate food products; the sensory evaluation alsys an important role. Sensory
tests are performed to develop a new product, farawe it or identify its inherent
sensory characteristics. Projective mapping ispadraensory descriptive methodology
very useful in food product development and optatian. This technique allows
panelists to express similarities and differenceoading to their own criteria. Besides,
it allows grouping samples by placing them on aepap a two-dimensional position
(Pageés, 2005).

The aim of this work was to develop baby pureeshwinproved nutritional
characteristics and sensorially acceptable, incatpay as ingredients different oils and
germinated and non-germinated quinoa and amaraait ffpurs.

2. Materials and methods

2.1. Raw materials

2.1.1. Quinoa and amaranth grain flours

Quinoa (Cica variety) and amaranth (Mantegazziamrsety) grains were obtained
from “Centro de Investigacion y Desarrollo Tecnabdgpara la Agricultura Familiar”
(CIPAF), Hornillos, Jujuy-Argentina. The grains wewashed and the saponin of
guinoa was removed by successive washes, with rmémeieon until bitter taste was
eliminated, using tap water at room temperatureu(@genle, 2003). The washed
grains were dried in a forced circulation oven (50Antil constant weight) and milled
in a centrifugal mill (CHINCAN model FW 100, Chin&) obtain the non-germinated
grain flours (NGGF).

2.1.2. Germinated quinoa and amaranth grain flours

Quinoa and amaranth were germinated according gekidakinen & Arendt (2014)

and Aphalo, Martinez & Afon (2015) respectivelythwslight modifications. The
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washed grains were soaked in tap water (6 h, & temperature). The wet grains were
incubated by covering them with wet filter pape2-4°C, 80-90% RH, in darkness) 24
and 48 h for quinoa and amaranth, respectively. gdreninated grains were dried in a
forced circulation oven (50°C, until constant wejgland then were milled in a
centrifugal mill to obtain the germinated grainuts (GGF).

2.1.3. Potato and pumpkin

The Andean potato (Collareja variety) was obtaifredn CIPAF; the pumpkin was
provided by regional producers. The vegetables washed, and pumpkin was cut into
small pieces. Then, the potatoes and pieces of kinnvere cooked in boiling water
(20 min), peeled and processed with a commerctal fixocessor to prepare the purees.
2.14. Oils

Different oils were used to studied differenceplysico-chemical, rheological, textural
and sensory features due to their different fattg arofiles. Soybean:sunflower (19:1),
canola and sunflower:chia (2:1) oils were usedHerformulations. Soybean:sunflower
(19:1) is an oil marketed in that way in the regwith high ®6 content. Canola is
commercial oil with highn3 andm9 contents. On the other hand, sunflower:chia oil
(2:1) was prepared by adding chia oil to commerstaiflower oil to increase the3
content in the purees.

2.1.5. Other ingredients

Citric acid, ascorbic acid, sugar and xanthan gwerewbtained from local stores.

2.2. Pureesformulation

The constant parameters of the experimental degigre the amounts of potato,
pumpkin, sugar, xanthan gum, citric and ascorbidsacand water. The variables
studied to evaluate the changes that occur in tihemzal composition,

physicochemical, rheological, textural and sengwopperties of the formulated purees
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were flour type (NGGF, GGF and NGGF.GGF ratio 1:apd oil type
(soybean:sunflower, canola and sunflower:chia) deethe formulations of the purees.
The amounts of grain flours and oil added in theeps were determined by preliminary
sensory tests.

Nine purees (P) were formulated with Andean pogai pumpkin without skin (40 and
13 g, respectively), sugar (0.5 g), xanthan gurh ¢, citric acid (0.03 g), ascorbic acid
(0.07 g), distil water (35 mL) and 0.5 mL of difést oils: soybean:sunflower, canola
and sunflower:chia (“A”, “B” and “C”, respectively)The following purees were
obtained: purees with NGGF (PNGGF), purees with GBEGF); and purees with
NGGF and GGF (1:1), represented by “1”, “2” and,“B¥spectively. So, the flours used
were: a) 7.0 g of quinoa and 4.0 g of amaranth (F7R1, PC1), b) 7.0 g and 4.0 g of
germinated quinoa and amaranth (PA2, PB2, PC2)@ncbmbination 1:1 of non-
germinated and germinated quinoa (3.5 g of eacti)n@m-germinated and germinated
amaranth (2.0 g of each) (PA3, PB3, PC3). The naantufing process was as follow:
potato, pumpkin, sugar and quinoa and amaranthsflatere weighed. The xanthan
gum was previously dissolved in hot water and thmexed with the other ingredients.
The mixture was cooked for 20 min at boiling tengpere (Shumoy & Raes, 2017);
then citric and ascorbic acids, and oil were adddlally, hot purees were packed in
glass flasks with screwed metal caps and autoclegME@PC, 15 min).

2.3. Chemical composition

The chemical composition of purees was determineafhbcial techniques (AOAC,
2018): Moisture (method 925.10), ash (method 923.0@8d (method 963.15), total
nitrogen (method 920.87). Nitrogen-protein conwarsfactors of 6.25 were used.
Carbohydrate was determined by difference (Jah,&2GL6).

2.4. Protein digestibility
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In vitro protein digestibility of grain flours was deterrathby AOAC 971.09 method
modified (Miller, 2002). Defatted flours (1 g) wedkgested with 150 mL of pepsin
solution in HCI 0.075 mol/L (0.002 mL/L) and incubd in shaking bath (45°C, 16 h).
The digested samples were vacuum-filtered and vdagtwee times with water and
acetone. In the residue, the nitrogen content wetermhined by Kjeldahl method
(AOAC 920.87). The determination with free solutioh pepsin was considered as
blank.

2.5. Physical properties of the purees

2.5.1. Water activity

Water activity (aw) was determined in an instruma&quia Lab Model 3 TE (Decagon
Devices. Inc., USA) (x 0.003 of precision and +@L®f resolution).

25.2. pH

The pH was determined by AOAC 945.27 method (20&8)utions of each puree were
prepared in distilled water (0.1 g/mL) and the pHswletermined with a digital Ultra
Basic pH Benchtop Meters (Denver Instrument, USA).

2.5.3. Soluble solids

Soluble solids were determined by AOAC 932.12 metf@018) in a refractometer
Polish Optical Words model RL2 (Warszawa, Polagproximately 20 g of puree
was filtered through cotton cloth and the percalatequid was used for the
determination of soluble solids. The results weqaressed in Brix degrees (°Brix).
2.5.4. Color

Color was evaluated with Color Quest XE colorimefdunter Lab, USA) and the
following values were measured: L* (lightness, 1@0ite; O=black), a* (-a=greenness;

+a=redness), b* (-b=blueness; +b=yellowness), mgteah*= arctan (b*/a*)and color
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saturation Cx [(@*) + (b*)]*? (Francis, 1975; Maskan, 2001The color was expressed
with L*, h* and C*. The instrument was calibratedhvstandard white and black tiles.
2.6. Rheological measurements

The rheological characterization of purees wasoperéd with MCR 301 rheometer
(Anton Paar, Austria). Rheological data were codldcusing Rheo Plus software
version 3.21 (Anton Paar). The following tests wererformed: stress sweeps,
frequency sweeps and flow curves.

The viscoelastic properties of the purees wererated using serrated parallel plates
and sensor geometry of 50 mm of diameter with aajap mm. Before measurements
were performed, samples remained 300 s between pthes for temperature
equilibration at 25°C.

2.6.1. Stresssweeps

Stress sweeps were run following a logarithmicsstiacrease from 0.1 to 100 RA &t

a constant frequency and temperature (1 Hz and@%%C, respectively).

2.6.2. Freguency sweeps

The mechanical spectrum of the samples was obtaisied frequency sweeps from 0.1
to 10 Hz (f) at a constant stress within the linescoelastic range as well as at a
constant temperature (0.1 Pa and 25.0+0.5°C, regplgd. The applied stress was
selected to guarantee the existence of linear elastic response according to the
previously performed stress sweeps carried outarsame conditions.

The storage (G and the loss (G modulus values were recorded.

2.6.3. Flow Curves

Shear ratey) was increased logarithmically from 0.01 to 58ns50 s, maintained 300
s, and followed by a linear decrease from 50 td 8Xin 50 s. Each sample underwent a

shearing cycle.
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Flow curves were fit to the model of Herschel-Baikffor their characterization. Flow
behavior index (n) and consistency coefficient (§¢@re determined according the
Herschel-Bulkley equations = 6, + Ky".

2.7. Mechanical properties

Texture profile analysis (TPA) was conducted usan@A-XT Plus Texture Analysis
(Stable Micro Systems, UK). The baby food pureesevemalyzed for different textural
characteristics (hardness, adhesiveness, gummnmandsshewiness).

The samples (50 g) were subjected to compressiee foy probe up to the distance of 5
mm, with a 6.35 mm P/0-25 stainless steel cyliradrprobe. The conditions set in the
texture analyzer were: pre-test speed 0.5 mm/si-tpss speed 1.0 mm/s; two
penetration cycles, penetration depth of 16 mnt; tiese of 3 s; trigger force 49 N.
Texture analysis was done at 25 °C.

2.8. Sensory evaluation

Sixteen individuals with considerable experiencesessory assessors using descriptive
analysis of different food products were selectéelertheless, they did not receive any
specific training in the products under study ptmthe evaluation. Assessors evaluated
the samples with the projective mapping techniggapid sensory techniques as
projective mapping can be performed by assessdisomti specific training (Pagés,
2005; Albert et al., 2011).

Each assessor received all purees (approximatelyed@h) in plastic cups marked with
a random three-digit code. They were asked to ebsemell and taste the samples and
arrange them on a sheet of paper (A3, 60x40 cmrdicy to their differences and
similarities, following their own criteria. The gnlule they had to follow was “the

more similar the samples, the closer they shouldrbéhe sheet”. The assessors were
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asked to write down comments to describe the saglgroups of samples according
to their relevant sensory characteristics (Peitrad.e2008).

2.9. Statistical analysis

2.9.1. Chemical composition, protein digestibility and physical properties

The experiments were done in triplicates. Chemicahposition, protein digestibility
and physical properties were analyzed by Kruskallig/aon-parametric test with
Dunn's multiple comparison. The median * typicalid&on was reported.

2.9.2. Projective mapping

The product positioning (X, Y coordinates) were swgad in centimeters considering
the bottom left corner of the paper sheet as tignoof the coordinates (0,0) (Pages,
2005). The elicited words provided by assessorghm projective mapping were
gualitatively analyzed by triangulation (consensarmong three researchers after
separate data processing). Frequency of menti@adi attribute for each sample was
determined by counting the number of assessorsuded those words to describe it.
The frequency of mention of repeated attributes ayjlsonyms was combined and
considered as a single variable when doing the alzdbysis. Only attributes mentioned
by more than 10% of the assessors were considered.

Data table was analyzed by a multiple factoriallgsis (MFA) using the table of
coordinates (X and Y) as active variables; andt#iibe of frequencies containing the
descriptive terms was considered as a supplemewsaigble, thus not contributing to
the conformation of the MFA factors (Pagées, 2005).

Hierarchical Cluster Analysis (HCA), using Euclidedistances and Ward's aggregation
criterion, was carried out in order to identify gps of samples with similar

characteristics.



247  All statistical analyses were performed with XL4S2817 software (Addinsoft™, Paris,
248  France).

249 3. Resultsand discussion

250 3.1. Chemical composition

251 Table 1 shows the chemical composition of the mirdde samples did not show
252  significant differences in the moisture, ash, ljpdotein and carbohydrate contents.
253  The dietary reference intake (DRI) of proteins adocw to the Food and Nutrition
254  Board (FNB, 2005) for babies from 7 to 12 month&.& g/kg/day; so, a puree portion
255 (100 g) would cover 21% of the DRI. Therefore, pheees formulated with germinated
256 and non-germinated grain flours with different aMsuld be nutritionally suitable for
257  babies.

258 These results agreed with other authors (Omaryl.e@12; Kanensi et al.,, 2011).
259  However, other researches informed an apparergaserin ash and protein content due
260 to the loss of dry matter (Khalil et al., 2007) reduction of the lipid content (Devi,
261  Kushwaha, & Kumar, 2015).

262  Protein and fat contents were similar than thopernted by Alvarez y Canet (2013) for
263  purees with rice and vegetables. On the other hidwedformulated purees had protein
264 and fat contents similar and higher, respectivéign those reported by Ahmed and
265 Ramaswamy (2006 b) for vegetable (pea, corn, andb@an) baby purees.

266 3.2. Protein digestibility of grain flours

267  The protein digestibility of grain flours was sigoantly improved with germination
268 from61.3 +0.4t087.1+0.4and from 71.6 + 43B56.3 £ 2.6 for quinoa and amaranth
269  respectively, possibly due to hydrolysis of progein small molecules. This increase

270 was also observed by Omary et al. (2012) and Kealdl. (2007) in quinoa, amaranth,
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millet, corn and sorghum, chickpea, among othersit® digestibility of the elaborated
PGGF would improve, which is favorable for the mtfaonsumers.

Gan et al. (2018) explained that the infant digessystem cannot fully hydrolyze
proteins during the first two years of life. Themef, protein digestion is critical for
babies and the use of predigested foods, suchrastsg grain flours, could be a good
alternative to formulate food products for these gmpups.

3.3. Physical properties of purees

Table 2 shows the physical properties of purees. Water activities of all purees were
higher than 0.90.

The PGGF presented a lower pH than those madeaowittbined flours, followed by
PNGGF. The release of fatty acids during germimatould be responsible for the
higher acidity of PGGF (Bewley, 2001). The pH valweere within the range of baby
vegetables purees reported by Alvarez & Canet (R013

The soluble solid contents of the purees were Evi®.5 and 14.7 °Brix; which were
higher than the ones informed by Ahmed and Ramagw@®07) and Santos et al.
(2017). The PGGF showed soluble solid contentsdrigian the PNGGF. The starch
hydrolysis during germination could be the causthefincrease in °Brix because of the
release of soluble sugars. The starch and protginolysis could cause rheological
changes (lower consistence and viscosity).

The total or partial substitution of non-germinatgain flours by germinated grain
flours produced changes in lightness (L*), hue ar{bF) and color saturation (C*) of
the purees. No tendency was observed in the chafnigeand h* with the replacement
of non-germinated grain flours with germinated gréours. The lipid oxidation is
influenced by the fatty acid profile; thereforewiais different in the purees elaborated

with the different oils. Lipid oxidation and itsteraction with amino acids to form
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brown color polymer could occur during cooking (Agai, 2017). On the other hand,
PGGF had more color saturation than PNGGF. Thisiplysoccurred due to the greater
degree of Maillard and caramelization reactionsrduthermal treatments due to the
higher reducing sugar and free amino acid contettte grain flours after germination.
3.4. Rheological measurements

Figure 1 and 2 show the variation of G', G" and3Gbf the purees PAL, PA2, PA3 as
response to dynamic stress and frequency sweegagstmodulus (G') was higher than
loss modulus (G") over the entire range of st(@slks100 Pa log) and frequency (0.1-10
Hz log) for all samples. These results indicatet #il purees had a weak gel structure
with a predominance of elastic over viscous behlravis values of G"/G' gives a
relative measure of lost energy versus stored gnerghe cyclic deformation, the
formulated purees were characterized as weak gstause G"/G'<1.0 (Ahmed &
Ramaswamy, 2006 a; Ahmed & Ramaswamy, 2006 b; A& Canet, 2013; Cornejo
et al., 2019). So, these products were more eléiséin viscous, which would be a
favorable feature to stimulate the swallowing @& babies (Sharma et al., 2017).

Stress sweep showed G' values between 4140-558an@®aG" at 740-927 Pa in
formulated PNGGF, while for PGGF the G' values w2880-3440 Pa and 550-734 Pa
for G". The reduction of the G' and G" modulethwihe use of GGF in the puree could
be related to the decrease in the starch contehten hydrolysis of high molecular
weight proteins during germination, which produeedeaker food matrix and a more
fluid behavior (Cornejo et al., 2019). The pureathwnixed flours showed a similar
behavior to the purees with GGF.

The frequency sweep showed the same tendency hsthdt stress sweep between
purees formulated with NGGF, GGF and a combinatiimoth flours for different olils.

The results obtained are similar to those repoligdWu et al. (2013) for purees
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elaborated with flours of different cultivars of mgerminated and germinated rice.
Moreover, the results were similar to those infadnbg Sharma et al. (2017) for carrot
purees with different hydrocolloids.

Figures 2a, 2b and 2c show the flow curves of murdde flow curves had non-
Newtonian fluid characteristics and pseudoplassicavior, in which viscosityn) was
dependent on shear rate (gradual deformation bgr fteess).The flow curves (Figure
2a, b and c¢) were modeled using the Herschel-Bylidedel with an acceptable fit {R
0.90-0.96), which coincides with that reported blyrfed and Ramaswamy (2007). A
pseudoplastic behavior (n<1) was observed with fl@kavior index (n) from 0.57 to
0.73 for PNGGF and between 0.88 and 0.98 for PG@Fnaixed of flours (Table 2).
Therefore, the PGGF showed a behavior less pseagtapthan PNGGF. The lower
content of high molecular weight polymeric struesiof PGGF could be the reason for
this behavior. The flow curves of PGGF and pureih the combination of flours had
lower values of shear stress for the same shearmatelation to the PNGGF. These
downwards displacements of the curves indicatedtgrdluidity due to the enzymatic
hydrolysis of starch and proteins. The flow indedues of the formulated purees were
similar to those shown by Nindo et al. (2007) faifedent fruit purees; furthermore,
they also observed that the flow index increaset thie total solid content.

The maximum viscosity values obtained from the sb&ass sweep (apparent viscosity
Na) of PNGGF were higher than PGGF and mixed flobessause during germination
the starch and proteins were hydrolyzed (TableTBe apparent viscosity values of
PNGGF were like those reported by Sharma et all{R0

The consistency coefficient (K) of PNGGF was supredue to the higher content of
proteins and starch, and the lower content of deldwnlids, than in PGGF. The

consistency values obtained for PGGF were comparablthose reported for meat-
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based purees by Ahmed and Ramaswamy (2007). Thiksragreed with Nindo et al.
(2007) who reported a decreased in K with the eean soluble solids.

The measurement of increasing and decreasing shess for different formulated
purees showed hysteresis loops (Figure 2a, b gntheefore, all the purees had a
thixotropic behavior. This type of food is charaized by a decrease in viscosity with
increasing the shear rate with time (Alvarez & Qa2013; Amiryousefi & Razavi,
2013). The thixotropic behavior prevents the slimguthfeel of foods; therefore, the
characterization of time-dependent rheological probgs of food systems is important
to establish relationships between structure amav,fland to correlate physical
parameters with sensory evaluation (Alvarez & Cake13; Yang et al., 2017; Sharma
et al., 2017).

The PNGGF showed higher hysteresis than those fatatiwith combined flours or
with GGF because enzymatic hydrolysis reduces tidwets content and the molecular
weight of proteins. Starch needs more time to reachquilibrium viscosity when there
is a change in the shear rate. On the other hbad? GGF contained more sugar due to
the hydrolysis of the starch, which caused gredéformation of food matrix for the
same shear stress; however, the structures were stable and, therefore, had less
thixotropy. Lack of thixotropy in formulated pureesuld promote a viscous sensation
in mouth (Yang et al., 2017). Therefore, the puretis GGF were characterized by low
swallowing difficulty, because the low shear strdesermined, favorable situation for
infants. Enzymatic hydrolysis reduced the starchteat and the molecular weight of
proteins, with a consequently decreasing in sheess

The same behavior was observed among the purdeslifférent flours with the same
oil. On the other hand, the values of shear sfieasthe same shear rates, and apparent

viscosity values (Table 2) were lower for the psresade with canola oil (Figure 2b)
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followed by those of soybean:sunflower and sunfiogea oils (Figure 2a and 2c,
respectively). Starch-fatty acid complexes formedrdy puree elaboration could have
influence on their viscosity. The high concentnataj oleic acid in the canola oil would
not allow the formation of these complexes, sif@edleic acid is not easily included in
the amylose helices (Zheng et al., 2018).

3.5. Texture profile analysis

Table 3 shows the parameters resulting from foroe-turves. PGGF had significantly
less hardness and adhesiveness than PNGGF; poskélyydrolysis of the starch and
protein caused less polysaccharide chain netwattkimihe food matrix (Sharma et. al.,
2017).

The gumminess and chewiness did not show significkiferences among purees
formulated with GGF, NGGF or mixed flours with th@me oil.

On the other hand, all textural properties of PNG@ith sunflower:chia oil were higher
than those formulated with soybean:sunflower ambleaoils. This behavior occurred
possibly due to the interaction between macromddscof NGGF with the oil, so a
higher amount of work was necessary to make a &aodple ready to swallow. The
purees elaborated with germinated and mixed grdauard did not show significant
variation on textural properties according to thget of oil used due to the
macromolecule’s hydrolysis.

3.6. Sensory analysis of formulated purees

The descriptive terms were those mentioned by sisessors. There were 51 different
descriptive terms with appearance frequency grelager 10% (Figure 3a). The first two
dimensions of MFA accounted for 57% of the variarfEgure 3a and b). HCA
highlighted four groups of samples according tartiherent sensory characteristics

(Figure 3b). Purees made only from NGGF (GIl) wesscdbed with: low odor,
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heterogeneous texture, firm, slightly sweet anddrfldvor, and cereal/pumpkin/fruity
flavor. Purees made from GGF (Gll) had unpleasianbf, bitter flavor, intense flavor
and odor, slightly acid, vegetable odor, corn flaand with aftertaste.

The complete or partial (50%) replacement of NGGth WGF affected the sensory
attributes of the purees in a negative way. Senatigration depends mainly on the
types of sprouts (Trosrgka et al., 2007) and the germination conditionisalK et al.,
2007).

Khalil et al. (2007) explained that the overall ety scores of chickpeas increased with
the first (24 h) sprouting interval and then desesh On the other hand, Sattar et al.
(2017) observed that the replacement of more théf @f the rice flour by germinated
legumes to prepare pudding caused a decreasedptabdity.

The purees formulated with a mixture of NGGF andFG@G:1) were located with
intermediate characteristics among those made M&GF and GGF (Figure 3, groups
Gllla and Glllb). However, they differed accorditg the different types of oil. The
puree with mixed flours made with canola oil (saenp) was more tasty and it had
higher density and adhesiveness determined by sassethan those formulated with
soybean:sunflower and sunflower:chia oils (Figures@mples 3 and 9 respectively).
The sensory characteristics of the purees formdibaith GGF could be improved with
different proportions of substitution or by incorping additives that mask the flavor
of the products.

In addition, the use of mixed flours with NGGF aB&F improved the digestibility of
the products (Khalil et al., 2007; Omary et al., 120 Jan et al., 2016) with an
intermediate effect on the sensory characteristi¢be product.

The sensory differences in color, consistency,utexand stickiness among samples on

group Gl and GIl presented correlation with instemtal measurements (color,
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rheological behavior and texture characteristi€h)s result agreed with those informed
by Sharma et al. (2017).

4. Conclusion

The use of different oils and non-germinated ongeated quinoa and amaranth flours
in the formulated purees for babies produced vaitialin their physical, rheological
and textural properties. These changes were ddtbgteensory assessors.

Purees had chemical composition, and physico-clmiteological and textural
features suitable for babies’ consumption and ltke other researches. Besides,
elaborated purees had soft texture and viscoelagtaracteristics that favor the
swallowing of these age groups.

On the other hand, germination improved proteireslidpility. However, purees made
with germinated grain flours did not have a goodssey description by assessors;
nevertheless, the purees made with the combinafioon-germinated and germinated
grain flours, with different oils, were positiveliescribed in the sensory evaluation.
Therefore, a purée elaborated with the mixed flamd sunflower:chia oil could be the
most suitable for babies.

Rheological studies could be deepened to defirgptimal combination of the different
proportions of non-germinated and germinated gflaiars. Besides, the effect of the
addition of other ingredients (such as dry milkemsences) to improve the sensory
properties of the formulated baby purees couldtbdied in order to obtain an “ideal
product”.
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Figure Captions

Figure 1. Curves of the rheological tests of the studiecesiPAl, PA2, PA3

(@ G’ and G” modules of the dynamic stress sweep¥;G'(PALl), @) G"(PAl), (A)

G'(PA2), (V) G"(PA2), #) G'(PA3), p) G"(PA3).

(b) Tangent (G"/G") of the dynamic stress sweeps(x('/G'(PAl), @) G"/G'(PA2), &)
G"IG'(PA3).

(c) G’ and G” modules of the dynamic frequency swedp$ G'(PAl), @) G"(PAL),
(A) G'(PA2), (V) G"(PA2), #) G'(PA3), ) G"(PA3).
(d) Tangent (G"/G") of the dynamic frequency sweépsG"/G'(PAL), @) G"/G'(PA2),

(A) G"/G'(PA3).



596 PAL: purees with non-germinated grain flours wiblylsean:sunflower oil; PA2: purees
597  with germinated grain flours with soybean:sunflowér PA3: purees with mixed grain
598 flours (1:1) with soybean:sunflower oil.

599  Figure 2. Flow curves of different studied purees

600 (a) Purees with soybean:sunflower oie)( G"/G'(PAl), @) G"/G'(PA2), @A)
601 G"/G'(PA3).

602 (b) Purees with canola oie] G"/G'(PB1), &) G"/G'(PB2), &) G"/G'(PB3).

603 (c¢) Purees with sunflower:chia o#) G"/G'(PC1), &) G"/G'(PC2), &) G"/G'(PC3).

604 PA1, PB1, PC1: purees with non-germinated graiaripPA2, PB2, PC2: purees with
605 germinated grain flours; PA3, PB3, PC3: purees witked grain flours (1:1).

606  Figure 3. Samples configuration with Multiple Factor Analy$MFA)

607  a) Attribute Plot.b) Sample Plot.

608 Ellipses on the Sample Plot show the grouping abtafrom Hierarchical Cluster

609  Analysis (HCA).

610 1, 4, 7: purees with non-germinated grain flours528: purees with germinated

611 grain flours; 3, 6, 9: purees with mixed grain floy1:1); 1, 2, 3: purees with

612 soybean:sunflower oil; 4, 5, 6: purees with canola 7, 8, 9: purees with

613  sunflower:chia oil.

614 Table Captions

615 Table 1. Chemical composition of the different studied msre

616 Table 2. Physical properties of the different studied paree

617 Table 3. Texture Profile Analysis of the different studijedrees



1 Tablel. Chemical composition of the purees
Sample Moisture Ash Proteins Lipids  Carbohydrates
PA1l 83.0+0.8 0.69+0.06 2.14+0.06  0.77+0.07 13.4
PA2 82.0+0.1 0.78+0.08 2.61+0.06  0.70+0.08 13.9
PA3 81.6+0.4 0.79+0.08 2.52+0.09 0.83+0.18 14.2
PB1 82.5+0.7 0.64+0.08 2.31+0.02  0.92+0.19 13.7
PB2 82.4+0.1F 0.78+0.19 2.41+0.05 0.89+0.1% 13.5
PB3 82.0+0.3 0.68+0.04 2.44+0.04 0.69+0.19 14.2
PC1 82.2+0.5 0.65+0.06 2.23+0.06  0.90+0.16 14.0
PC2 81.2+0.5 0.77+0.12 2.44+0.07 0.74+0.12 14.8
PC3 82.9+0.2 0.69+0.10 2.18+0.04  0.80+0.06 13.4

2 Values are median * typical deviation (g/100g wbjf triplicate analysis.

3 Different superscript letters in the same colundidate significant differences (p<0.05).

4 PA1, PB1, PC1l: purees with non-germinated graiurip PA2, PB2, PC2: purees with
5 germinated grain flours; PA3, PB3, PC3: purees witked grain flours (1:1); PA1, PA2, PA3:
6 purees with soybean:sunflower oil; PB1, PB2, PBReps with canola oil; PC1, PC2, PC3:

7  purees with sunflower:chia oil.



1 Table 2.Physical properties of the purees
aw Color
Sample pH °Brix n K (Pa.s) 1. (Pa.s)
(25 °C) L* h* C*
PA1  0.99240.002 5.83+0.02° 11.1+0.6" 67.1+0.4° 1.354#0.005 51.2+0.7 0.63+0.07" 290+3' 7.0+0.5
PA2 0.991+0.00® 5.34+0.03 13.9+0.8° 64.7+0.7 1.331+0.003 59.7+1.4° 1.00+0.04 105+F" 3.0:0.3
PA3  0.991+0.00® 5.67+0.02 12.1+0.68° 68.620.4° 1.362+0.008° 58.1+0.9° 0.98+0.0f 103+2" 2.6+0.4
PB1  0.990+0.001 5.85x0.0%° 12.520.9° 69.9+1.8"° 1.386+0.016° 55.3+0.3° 0.73x0.03" 179+2° 4.620.2"
PB2 0.991+0.00 5.55+0.03 14.7+0.3 72.2#0.3 1.403x0.00¥ 64.9+0.3  0.98+0.02 967 3.240.F
PB3  0.991+0.00 5.68+0.04° 13.1+0.4° 71.5+0.3° 1.406+0.001 62.6+0.2° 0.95+0.0%° 109+ F* 3.240.7
PC1 0.990+0.001 6.02+0.08 10.5+0.8 69.2+0.8° 1.369+0.008° 52.5+1.f 0.57+0.0% 412+7 9.4+0.4
PC2 0.992+0.002 5.60+0.0%8" 11.7+0.8° 725+1.f 1.411+0.013 63.9+0.8 0.880.0%% 114+F 3.620.3"
PC3  0.990+0.002 5.68+0.08° 11.5x0.5" 71.8+0.7° 1.389+0.007° 57.9+0.4° 0.82+0.02% 1592 4.9+0.3"
2 Values are median * typical deviation from tripte@nalysis. Different superscript letters in tame column indicate significant differences (p<(.05

3 L* lightness; h*: hue angle; C*: chroma; PA1, PBAC1: purees with non-germinated grain flours; PRB2, PC2: purees with germinated grain flours;
4 PA3, PB3, PC3: purees with mixed grain flours (1BA1, PA2, PA3: purees with soybean:sunflower i1, PB2, PB3: purees with canola oil; PC1, PC2,

5 PCa3: purees with sunflower:chia oil; n:behaviorédrgK: consistency coefficieniy,: apparent viscosity.



1 Table 3. Texture Profile Analysis of the purees

Sample Hardness(N) Adhesiveness(N) Gumminess(N) Chewiness (N)

PA1 132+F 787+12 94+7°¢ 91+8¢
PA2 113+5" 493+13 79+8" 7862
PA3 119+4 621+12° 835 81+7°
PB1 112+4" 750+17° 835" 80+ 7™
PB2 964 588+17" 71+ 7018
PB3 99+& 709413 63+ 61+7
PC1 194+4 1194+1% 123+6 1167
PC2 08+5 546+13" 754" 74462
PC3 113+5" 738+11° 767" 72464

2 Values are median * typical deviation from tripteanalysis.

3 Different superscript letters in the same colundidate significant differences (p<0.05).

4 PAl, PB1, PC1: purees with non-germinated grairurfip PA2, PB2, PC2: purees with
5 germinated grain flours; PA3, PB3, PC3: purees witked grain flours (1:1); PA1, PA2, PA3:
6 purees with soybean:sunflower oil; PB1, PB2, PBReps with canola oil; PC1, PC2, PC3:

7  purees with sunflower:chia oil.



- 4 0 om -
. s m O»
[ ] 40 .13
[] = n ow
. N | os
[ ] *n or
L] - u o»
- - m [+ 3
. - n o
. “ -2
T T
=] =3 =1
=] =] =]
S = -
(=] -
-
(.9) Boj
(@) Bo
[ ] e OF -
. +4m O
. 4 B0
* 44 [ X3
. e no
. &4 [ 1= 3
* * [ -2
o e [1- 3
LR ] [ [ -
. e no»
L X | o
LR .| [ [+ 2
. [ X2
* 4 [ -3
- bd L [ 3
LR [ -2
I T
=] o o
=] o =]
=] o -
(=] -
-
(.,2) Boj

(9) Boj

10

100

10

- - o
»
[ L]
-
- -
N —
oL = -
ol
-
L B
L & |
T
- -
=
(©1.9) Boj
m o« . -m
[ £} [ ]
| I ]
.cl... - e
H me
= me
w
L e~ [
g &= e
» ne =
.m [ ]
o [ ]
»
| |
»
»
e
r -
- -
=
.99 Boj

10

log (Shear Stress)

(Pa)

(d)

(b)



]
)

g

(egd) ssans 1eays

8 g

- ~N
(ed) ssans 1eays

(ed) ssans 1eays

Shear Rate (1s)

Shear Rate (1/s)

Shear Rate (1/s)

(c)

(b)

(a)



Journal Pre-proof

Variables (axes F1 and F2: 57.43 %)
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Highlights

1) Germination improved in vitro protein digestibility of the quinoa and amaranth
grains

2) Germination decreased consistency, viscosity, hardness and acceptability of purees
3) Elaborated purees presented the pseudoplastic behavior characteristic of baby foods

4) Nongerminated:Germinated grain flours were the best nutritional and sensoria
option



