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Introduction . Article presents evaluation of quality ¢
Canadian commercial plain ndat Greekstyle yogurts producet
only from natural dairy ingredients.

Material and methods Yogurts samples wengurchased 1C
days after their production and were stored®@ttd obtain 18 or 3£
days of storage. Dynamic rheological properties and surface-w
off were measured. An ordinal numerical scale was used in orc
evaluate whey drainage and the presendes&e of visible clusters

Results and discussionGreekstyle yogurt is a typical weal
viscoelastic gel whose elastic properties predominate ove
viscous properties over the measured range. A struc
degradation was observed in all samples atespoint during the
stressamplitude range applied. B samples had a higher total s
content than A samples therefore, this might be the reason tl
samples presented higher dynamic moduli than A samples, et
the same protein content. Both refese samples presented
significant increase in theiwiscous (G") and elastic (G") modu
upon storage at’6. This fact suggests that casein gels are dyne
by nature and that further development of the gel structure o«
during storage. At high amplides, A samples presented
significant increase in their tahvalues due to the rupture of the
gel structures. A proportional increase in G' and G" during sto
was observed; hence, the thvalues for the same types of sampl
after 18 and 35 dayof storage, were similar. Samples did not dit
in levels of whey drainage and in the size of visible clusters. |
market samples presented higher amounts of surface-efheg
storage time increased. Probably during storage, large :
rearrangemds occurred in the gel network which increased
level of instability of the gel, resulting in the loss of the ability
entrap all the serum phase. Although none of the reference sa
had visible whey drainage, all of them presented small vis
clusters.

Conclusions Protein is not the only ingredient shapi
structure and rheological properties of Grsgde nonfat yoghurt.
Properties of commercial plain ndat Greekstyle yogurts change
at the storage time. Samples becomes more solid, buthigher
whey syneresis.
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Introduction

Greekstyle yogurt (strained yogurt) is a semisolid dairy product obtained by removing
part of the whey from regular yogurti[3]. As a result of this action, the total solids content
and lactic acid concentration of the initial yogurtiaereased (concentrated yogurt typically
contains 2223 g/100g total solids and has an acidity of aroundiIL&0 g/100g lactic acid),
giving the final product a much thicker consistency and a distinctive, slightly tangy taste [4,
5]. In addition, the prduct obtained has nutritional properties superior to those of regular
yogurt, with higher protein and mineral contents and very low lactose content. It also has
better keeping qualities due to the increased lactic acid concentrat&jn [6

Health benefitassociated with yogurt cultures and probiotics led to a sharp increase in
the per capita consumption of yogurt in Canada and the United States during the last decades
[9]. According to Chandan [10], yogurt sales in the U.S. have been spectacular, igcreasin
from 1,837 million pounds in the year 2000 to 2,990 million pounds in 2005, and they
continue to show remarkable growth. Overall yogurt category sales increased 12% year after
year. Of those sales, 85% was driven by a 146% increase in-&xéekogurtsales, while
a 2% increase in traditional yogurt sales accounted for only 15% of category growth [9].

To take advantage of the current remarkable economic growth of -Grgekyogurt,
the issue of good quality is very important. Some researchers watkvaiopment of an
efficient formulation for the production of strained yogurt powder. It is believed that a dried
type of concentrated yogurt will help to expand the economic boom of Gtgekyogurt in
areas that have a limited indigenous dairy indysbryregions that suffer from seasonal
deficiencies in milk supply [11]. Thus, this type of product is intended to open new markets
to this highly valuable food commodity.

The pronounced economic growth of Grestile yogurt has led to a noticeable
diversfication of the traditional product. Many mechanized systems based on modern
techniques, such as membrane processes, centrifugation, and direct reconstitution, have been
developed to manufacture strained yogurt in large volumes [1,412Because the ovall
characteristics of concentrated yogurt depend on the method of production, the use of
different manufacturing methods has led to the production of diverse varieties of commercial
Greekstyle yogurt which significantly differ in their composition [1,]1%5amime [16] and
Tamime & Robinson [17] have reported about the difference in composition of various types
of commercial concentrated yogurt that exist around the world. In order to respond to the
increasing consumer preference for reduced fat and aelffiie products, the current study
will emphasize the production of a nfat, additivefree type of yogurt [18].

Regardless of the production method and composition of the final product, one of the
major concerns facing the Grestyle yogurt industry ithe production and maintenance of
a product with optimum consistency, stability and texture properties [19]. The overall visual
appearance, microstructure, and rheological properties of acid milk gels are important
physical attributes which contribute tbe overall sensory perception and functionality of
these products [20]. Textural attributes, including the desired oral viscosity, are very
important criteria for quality and for consumer acceptance of yogurt [21]. Sktied{22],
Richardsoret al [23], and Stanley & Taylor [24] reported that sensory texture analyses are
highly correlated with the rheological properties of stirred yogurt and otherssdichfoods.

Thus, the objective of this experiment was to evaluate the quality of commercialsBykek
yogurt and its "on shelf" stability. Such stability is particularly difficult to preserve for natural
nonfat yoghurts. Fat is an ingredient which stabilizes the structure and texture of yogurt and
makes it more attractive for consumers. Differemtire shaping ingredients added to many
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commercial yogurts enable to obtain a product with any desired texture and stability. Much
more difficult it to obtain product based only on Haih milk ingredients.

The aim of this study was to investigatete structure and rheological properties of
nonfat Greekstyle yogurtswith different dry matter contenproduced only from natural dairy

ingredients
The research tasks:

1. To analyse the current state of productioGodekstyle yogurts
2. To investigate th quality indicators of commercial samples rafinfat Greekstyle

yogurts;

3. Toidentify patterns of changes in the structure of the protein gel of yogurt with different
dry matter content during storage.

Materials & methods

Market reference samples

All types of commercial, plain Gregityle yogurts (0% M.F.) produced from natural
dairy ingredients without added preservatives, emulsifiers or stabilizers (according to their
labeling), that were commercialized in Edmonton (Canada) by three supermarket chain
(Walmart, Superstore, and Safeway) were used as reference samples in this study. Two

products that

me t t hese

requirements

wer e |

purchased 10 days after their production and were stored &dbobtain 18 085 days of

storage. Specifications of these samples are shown in Table 1.

Table 1

Specifications of the marketreference samples used in this study

A B

Ingredient8 Skim milk, live active Skim milk, live active
cultures cultures

Production methatl Traditional/Stirred Traditional/Stirred
Shelf life (Days) 35 35
Fat content (%) 0.0 0.0
Proteincontent (%% 10.3 10.3
Carbohydrates content 3.4 6.9
(%)°
Total Solids content (%) 13.7 17.1

OSpecifications obtained from products labels.
A Specifications obtained from customer services.
ATotal solids content was calculated based on the carbohydrates, fat and protein contents.

Dynamic rheological measurements

Small amplitude oscillatory rheology (SAOR) testre performed with a Paar Physica
UDS200 MCR Rheometer. The evaluation method was adapted¥remnet al. [25i 27].
The rheometer was set up with a parghlieite geometry (10 mm plate radius and 1 mm gap
setting). All samples were gently stirred wite@oon for 30 seconds before measurement in
order to mix the potential free whey with the resultant gel. Each sample was loaded into the

rheometer and

b b HJkrainian Food Journal .

all owed to

r el

a X

2020. Volume9.lIssue4db b b

andTferquilibr

759



t t tFood Technologyt t t

minutes prior to testing. Eh temperature of the samples inside the rheometer was
maintained by a circulating cooling system. Rheological aspects of all samples were
evaluated by conducting stress amplittude sw
t o 11mNmit.25 Hz waused and 25 measuring points were performed through the
sweeping range. Storage (G") and loss (G") moduli were recorded. Three replications were
conducted for each sample.

Whey separation measurements

Surface wheyoff (SWO). The method used to quantifhe amount of free whey
present on top of the resultant gel was adapted from Letcaly[28]. Experimental samples
were evaluated before and after applying homogenization during their production. Any free
whey expelled on top or around the sides ofgbkewas gently sucked with a polyethylene
transfer pipette and weighted. Once all the free whey was sucked from the surface, the gel
was allowed to rest for 1 minute and any further surface whey was sucked and weighted. The
degree of whey separation wagpeessed as a percentage of the total sample weight (% m/m).
After quantification, freewhey was reintroduced into the samples.

Whey drainage (WD). To evaluate the degree of whey drainage present in the final
samples, the resultant gels were broken wiip@on and the level of whey drainage was
guantified using an ordinal numerical scale from 0 (no visible whey drainage) to 2 (high
amount of whey drainagefrigure 1lillustrates the different levels that were used to classify
the samples according to whesainage.

Level O Level 1 Level 2

Figure 1. Ordinal levels used for the classification of samples according to the degree of whey
drainage

Presence and size of visible cluster&\n ordinal numerical scale from 0 (no visible
clusters) to 3 (big visible clusters) was used in order to evaluate the presence and size of
visible clusters in the final products. All samples were gently stirred wihoan for 30
seconds before the evaluation in order to mix the potential free whey with the resultant gel.
Figure 2shows the different levels that were used to classify the samples according to the
presence and size of the clusters.
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Level 1 Level 2 Level 3

Figure 2. Ordinal levels used for the classification of samples according to the presence and size
of visible clusters
Level O could not be assigned to any of the evaluatedlsan#ll samples presented visible clusters.

Experimental design and statistical analysis

The market reference samples were evaluated for their rheological and physicochemical
properties at day 18 and 35 after their production. All measurementsceseied out in
triplicate. According to the data collected from these analyses, a mean reference value and a
two-sided confidence intervahd€0.05) was established for each parameter tested. Reference
confidence intervals @& < 0.05 were used for compasiss with experimental data.

Results and discussion
Dynamic rheological analyses

In particular, the weak viscoelastic nature of yogurt gel is well established and the
rheological properties of yogurt can be explained by measuring its viscous (G)aatid
(G") moduli [25].Figure 3shows the dynamic moduli (G' and G") of the reference samples
when applying a stress amplitude sweep test. Consistent with the data presErgacki3
it can be stated that Greskyle yogurt is a typical weak viscastic gel whose elastic
properties predominate over its viscous properties over the measured range.
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t t tFood Technologyt t t

o 2957
o
. 20.
(U}
15-
10
5,
0- : L
10 30 50 70 90 110 130 150
Stress amplitude, mNm
1——G A18 S5-e—c'B18
2——G"A18 g—o—G"818
3-e-GA35 7-4—-G'B35
4-o-G'A35 8~4—G"835
Figure 3. Storage (G6) and |l oss (G66) modul us

production
Presented values are the means of triplioeasurements.

According to the previous figure, both fundamental dynamic parameters (G' and G")
showed a stressmplitude dependence. Also, a linear viscoelastic region was evident for all
samples. A structural degradation was observed in all samglesatpoint during the stress
amplitude range applied. These breakdown as a function of amplitude suggests that
mechanical changes produced in the gels during the manufacturing process would lead to
drastic rheological changes [2&]zer et al. [25] statedthat yogurt is a metastable gel and
any change in its enthalpic/entropic nature creates irreversible deformation.

Although both types of reference samples had the same protein coitainles 1, B
sample had higher G' and G" moduli than A sample. Assaltref more proteifprotein
interactions at higher protein levels, a much denser and stronger gel structure can be
expected; however, the rheological properties of yogurt are not only dependent on the protein
content, but are also highly dependent onltetdids content and on the type of protein
present in the gel matrix [281]. B samples had a higher total solids content than A samples
(Table J; therefore, this might be the reason that B samples presented higher dynamic moduli
than A samples. Even thgh the spatial distribution of the protginotein bonds over the gel
network, the strength of the interaction forces between protein molecules and the structure of
the protein particles themselves also defined the mechanical properties of a gel ré2work [
33].

Both reference samples presented a significant increase in their G' and G" upon storage
at C. This matches the findings of Marafenal.[34], Serraet al.[35] and Weidendorfer
etal] 36], who reported an i hicstomgeBhssfactsuggésis i n
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that casein gels are dynamic by nature and that further development of the gel structure occurs
during storage [37]¥ zer et al [26] affirms this point by stating that the number and/or
strength of nonrelaxing and relaxipgotein bonds in a protein gel matrix increases during
storage. Upon storage, casein particles experience severastalgeearrangements which
result in the formation of new linkages to decrease the total free energy of the system and
move to a morehermodynamically stable state [20, 35, 37].

Figure 4presents the loss tangent (e G"/G)) values of the reference samples in
days 18 and 35 after their production. Although B samples had higher G" and G' values than
A samples, within the linear viscastic region, the tad values of these two samples were
similar.

3 2.5
@
©
t
8'2 04
c
3
1.5{
1.0
0.5 y
3
0l . . : .
10 30 50 70 90 110 130 150
Stress amplitude, mNm
f——ni1g 3-e—B13
2——A35 4——B35

Figure 4. Loss tangent (tard = G"/G') values of reference samples at days 18 and 35 after their
production
Presented values are the means of triplicate measurements.

Loss tangent values are highly dependent on the nature of bonds between the particles
integrating the gel network [25, 27, 38]. Thus, it can be stated that at low amplitudes, the
nature of bonds between the particles integrating both gels was similarvétowe high
amplitudes, A samples presented a significant increase in theivédmes due to the rupture
of their gel structures, which resulted in a foportional decrease in the number and/or
strength of nosrelaxing protein bonds and relaxing losn After the breakage point, the
number and/or strength of noelaxing bonds declined more rapidly than the number and/or
strength of relaxing bonds; therefore, GO
partial breakdown of the elastic struetand a change to a relatively more viscous behavior.
Due to this fact, at high amplitudes, A samples had a higher {idggidbehavior than B
samples, and a significant difference in daralues was observed between both samples [39,
40].
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Even thoughhe G' and G" of both reference samples increased upon storage time (the
number and/or strength of nwalaxing protein bonds and rapidly relaxing bonds increase
with storage time), the tad remained almost unchanged for each sample throughout the
storageperiod, suggesting the formation of essentially similar network structures throughout
storage time [26]. This fact led to a proportional increase in G' and G" during storage; hence,
the tand values (tard = G"/G") for the same types of samples, afterrid2b6 days of storage,
were similar. For comparative purposéaple 2provides the twesided confidence interval
limits (a = 0.05) for the mean G' and tdwalues of the reference samples at points 1, 12 and
25 of the sweeping amplitude range applied. This table also presents the corresponding
confidence interval limitsg{ = 0.05) for the mean SWO value of the reference samples and
the mean values of the andl measurements (WD; presence and size of clusters) that were
carried out on these samples.

Table 2
Rheological and physicochemical values of the market reference samples

Parameters tested ] Market Reference Values
G' (Pa) [P1: 14.6Nm]A 22.358 16.226%
G"/G' [P1: 14.aNm]A 0.257i 0.2492

G' (Pa) [P12: 43.6Nm]A 22.418i 15.3742
G"IG' [P12: 43.6’er]A 0.2831 0.2607

G' (Pa) [P25: 156)1\lm]A 16.304i1 0.000%
G"/G' [P25: lSOTNm]A 5.324i 0.0402
SWO (%m/my* 0.190i 0.0282

wDA 0.000° 0.000"
Presence and size of clusfe 1.000° 0.000°

Scale measures.
AOrdinal measure$.95% twosided confidence intervals.
b Mean values of reference sampteSD.

As the level of WD and the size of visible clusters were measured using ordinal scales,
confidence intervals could not be determined ffiis type of data. Therefore, the total mean
values for these two measurements were considered as reference values for comparison with
experimental data.

Physicochemical analyses

Table 3shows the physicochemical results obtained from market referenpdesaan
days 18 and 35 after their production. Samples did not differ in levels of WD and in the size
of visible clusters. All tested samples presented significant levels of SWO. Both market
samples presented higher amounts of SWO as storage time incigasdd this fact, it can
be stated that, during storage, large scale rearrangements occurred in the gel network which
increased the level of instability of the gel, resulting in the loss of the ability to entrap all the
serum phase [28]. This observatiagrees with AlKkadamanyet al. [41] who reported that
the level of free whey in concentrated yogurt produced by the traditional method increases
upon storage. Additionally, Salvador & Fiszman [42] reported that the level of syneresis in
whole and skimmedet types of yogurt increases with storage time.
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Table 3

Physicochemical properties of market reference samplés

Reference Surface wheyoff Whey Size of visible

samples (Y%om/m) drainage clusters
AT Day 18 0.050° 0.087 0.000° 0.000 1.000° 0.000
AT Day 35 0.203° 0.021 0.000° 0.000 1.000° 0.000
Bi Day 18 0.030° 0.052 0.000° 0.000 1.000° 0.000
Bi Day 35 0.153° 0.150 0.000° 0.000 1.000° 0.000
Total mean value 0.109° 0.083 0.000° 0.000 1.000° 0.000

OPresented values are the means of 3 replicate tral3

Although none of the reference samples had visible WD, all of them presented small visible
clusters. According to Lee & Lucey [21], stirred yogurts are likely to have clusters of protein aggregates
which are presumably created by the collisions and sltgedurnng the mixing process involved in their
production. Due to this mechanical processcti@acteristic thredimensional gel matrix of set yogurt
isno longer visible in stirred producisee & Lucey [40] stated thatirred yogurt is aveak gel sygm
fi p a repoited forestirrediyagertdt shoutd besrecageized thaetsereno
individual particles; rather, there are weakdgsociated clusters of proteins that make up the
network The stirring action associated witie production of stirred yogurts disrupts the weak protein

and

net wor k

and

although

creates

Aiparticleso.

It is

i mportant

the production of concentrated stirred yogurts has a major impact on the viscosity afltheofifucts.

The larger the undisturbed aggregations of casein, and the smaller théilletlespaces, the higher

the viscosity of the final product [32].
Several researchers, such as Weidendetfet. [36], studied and continue to study the way to

avoid or minimize visual particles in stirred yogurt. Kucukcetin [43] stated that numerous

manufacturing parameters, such as high incubation temperatures, excessive whey protein to casein

ratios, certain types of starter cultures and the use of excessivetarobstarter culture, are associated

with textural defects of stirred yogurt, including graininess (particles) and surface roughness

(irreqularities in the yogurt matrix). Thus, to minimize visual clusters in the final product, it is very

important to cotrol these production parameters.

Conclusions

Protein is not the only ingredient shaping structure and rheological properties ofsBieaion
fat yoghurt. Other noifat ingredients influence probably the structure of the protein particles and forces
between protein molecules. Properties of commaépdain nonfat Greekstyle yogurts change at the
storage time. Samples become more solid, but with higher whey syneresis. After 35 days of storage
commercial Greelstyle nonfat yoghurt had good properties without visible whey drain drainage and

small custers.
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Introduction . The aim of this study was to evaluate 1
main morphological and structural properties of native
modified starch by heatnoisture treatment (HMT) o
Api nh«od seeds

Materials and methods A Pi nh«oo S
extracted from seeds dfraucaria angustifolia Amylose
content was determined by iodine affinity. Humidity, ast
protein and fats were determined bye tAssociation of
official analytical chemists (AOAC) methodsThe
microscopic techniques used were Scanning Elec
Microscopy (SEM) and Atomic Force Microscopy (AFM
For structural evaluation of the granulesiray Powder
Diffraction (XRD) was used.

Reallts and discussion The Api ni
extracted from aqueous methodology showed an amy
content of 26.3%. The samples showed low mois!
(<8.5%) content as well as ash content (<1.44%). By <
and AFM, the largest average diametep) (as for
untteated fApinh«oo star chm,g
respectively. The smallest granules were those treated
10% humidity for 60 mi n
roughness @ studied by AFM increased according
HMT, from 321.68 to 470.06m, respectivelyA reduction
in the relative crystallinity (Rc) was observed according
the HMT performed.

Conclusions.Round and oval shapes were found
the starch granules, with a flat face. Similarities were fo
in the mean diameter values;)(thetween the tecliues.
The average diameter of the granules increased as hun
increased during the modification by HMT. The me
roughness §J increased with the HMT while the relativ
crystallinity (RC) decreased.
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Introduction

Starch is a source of carbohydrates in nature. It is a natural biopolymer arranged as semi
crystalline granules. Their main fractions are macromolecules of linear amylose and branched
amylopectin. Due the abundance it is main source of carbohydrates amldiet. Starches
can be obtained from several sources as roots, seeds, stems, etc.

AiPi nh«ood ar eAratchria angustdotiasee. fThisasra pine tree and grows in
south of Brazil and other countries of south America. The seed conia@%&tarch which
presents 228% amylose. Other compounds are protei@S8%), lipids (@ %), soluble
sugars @.4%) and fibres, minerals, phenolic compour@8.2%) [T 4].

Starch is useful in various industrial fields. However, in its native form has tedtric
limitations as low solubility in cold water, high viscosity, paste instability, etc. Talking in
account this aspect, starch is frequently submitted to physical, chemical or enzymatic
treatment, or their combinations in order to obtain some desirabpenies to industrial
applications [4, 5].

The heaimoisture treatment (HMT) of starches is a physical procedure that consists in
add water upon starch (ratio '~ 35%) and fol
gelatinisation temperature (@2C°C) and for some time (15 mifn 16 hours). This
hydrothermal modification is a technique considered natural and safe. It causes some features
in starch granules, acts within the amorphous and crystalline regions and without destroying
granular structure of stetn granules [B9].

The main microscopic techniques used in observation of starches are: optical
microscopyi OM [2, 10, 11], scanning electron microscopysEM [5-11], atomic force
microscopyi AFM [4, 12, 13]. In a previous review [14] has been repottesl main
characteristics (shape and size) of native starches from different sources obtained by SEM.

Many starches have been classified ag/pge, Btype and Gype, by Xray powder
pattern diffractometry technique (XRD). This classification is in agreewmigm the position
of diffraction angle (8). The Atype show higher peak intensity ajat 150, 17U, 1
2 3 U; -typehvdth MByher peak intensity for angles of refractigg2t 5 U, 60U, 150,
and 23 -typeis abfeed ofA and B witpeaksatgat 150, 170, 22U an
the other hand, with this technique it is possible to calculate the relative crystallinity of starch
granules [1113].

The Apinh«od is an unconventional source
and therefore encourages studies that enable its application. Thus, modifications can be tested
to understand the behaviour of starch under different conditions employed. Physical
modification, such as HMT, is widely valued as an environmentally friendhnt@ogy.

Therefore, the aim of this study was to evaluate the main morphologic and structural
properties of untreated and modified starch by-heati st ur e treat ment ( HN
seeds.

Materials and methods
Materials

The fpi nh«@orchaseddrdnsa papelar enarket in the city of Ponta Grossa
PR-Brazil.
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The starch was extracted in aqueous medium according the methodology described by
Bet et al.,[1]. After extraction the starch was filtered and dried in an oveffGb%®@4 hours
and naintained in a desiccator up to constant mass.

Methods

Amylose Content

The amylose content of fApinh«odo starch wa
A potentiometric titrator (702 SM Titrino, Brinkmann Instr., NY) was used in determination
of iodine affinity (1A). The procedure was performed in triplicate. The calculation of the
amylose content, the 1A value of starch was divided by the IA according the Equation 1:

Amylose (%) = 100% IA /0.2 (1)
Physicochemical Analysis
The moisture, ash, protein and fat content were determined as AOAC methodology [19].
Heat Moisture Treatment (HMT)

The heaimoisture treatment (HMT) of starches were perfatrirethe following way
[11]: an aligquot of 100 g fipinh«oo starch w
were maintained in desiccator with anhydrous calcium chloride up to constant mass. Each
sample show 8.1% moisture. One sample (untreated) mwaintained in desiccator and
labelled (a). Upon the second was added distilled water up to 10% (b); upon the third up to
15% (c) and upon the fourth up to 20%, respectively. The samples (b, ¢ and d) were
homogenised and transferred to tree pressurkstlasealed tightly with a hermetic lid. So,
the flasks were maintained in an autoclave for 60 min at@.2&fter this time, the flasks
were opened and maintained in desiccator up to constant mass.

Scanning Electron Microscopy (SEM)

The micreimages okach sample were observed with high resolution using a Scanning
Electron Microscope (model VEGA 3 Tescan, Czech Rep.) [10]. Initially, the samples were
sprayed on a carbon tape and metalized with gold and so observed. It was possible to observe
the shaperad measure it size as well as the average diamejesf(@ number of granules.

Atomic Force Microscopy (AFM)

Micro-i mages of fApinh«o0o starches were obser
force microscope SPM 9600 (Shimadzu, Japan), by theomact method [8]. The starch
samples were spread directly onto an adhesive tape fixed in the AFM sample holder. The
micro-images of samples were observed with high resolution in 2D or 3D. Measurements
and aver ags# danambeéepe i Hamnminmefdurfaca/dr asét of graneless ¢
it is possible to observe that this surface has irregularities. Thus, more or less smooth parts
can be observed with protrusions and depressions. The measurement parameter that
corresponds to the arithmetic mean & #bsolute values of the distance ordinatgsyyys,

..., Yn), divided by the number of measurement3 ify the considered distance,\drigure 1.
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Figure 1. Measurements of average roughnessr
The Equation 2 was used in the calculatioawdrage roughness)r
rA=y1 + Yo +ys + ... =w/n (2)
X-ray Powder Pattern Diffractometry (XRD)

The X-ray diffractogram of each sample was obtained by the instrument Ultima IV
(Rigaku, Japan). The following parameters were used: Gunddiation { = 1. 544 ) ,
voltage 40 kV and current 30 mA; scanning speed 2'miatep 0.02, Brag@rentano
geometryo f 5 U °(2qg). Dhe main&@grees of diffraction angles were observed and
registered. The relative crystallinity was calculated in agreement with Equation 3, as
described in literature [7, 12].

Re=Ap/ (Ap+ Ap) .100 3)

where: R = relative crystallinity; A= p e a kp=%aseaea A

Results and discussion

The amyl ose content in the studied dApinh.
found by BelleP ® r tak and Costa et al. [10, 12].

The moisture content for untreated and HMT modified starches were, 8.5%, 6.4%, 7.0%
and 7.4%, respectively.

The ashes were determined quantitatively and the values obtained were: 1.44%, 1.08%,
1.39% and 0.85%, respectively

The protein (2.12%) and fat (0.44%) content were determined only for untreated

pinh«o" starch, due to the changes that th

Scanning Electron Microscopy (SEM)

The microimages obtained by SEM are collected in Figure 2.

772 b b HJkrainian Food Journal. 2020. Volume9.lIssue4db b b
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Figure 2. Scanning el ect r ostarcmgranuteo@ untweptgd; ( SEM) o
(b), (c), and (d), treated by HMT (magnification 1200 X, bar 10nm)

According to the micrographs observed by
presented a rounded or oval shape, besides a flat face with some ramtebeand
depressions. No aggregation of granules was found in this investigation. Pinto et al., 2015,
found aggregation in pinion starch granul es
[6]. The mean diameter of untreated and modified starches mdasusEM was 14.66m;
the smallest granules had a diameter ofrriland the largest 23/m. Conto et al., 2011
[15], found values of 1425 nmm. The measurement of the average diametg¢h{dSEM is
shown in Table 1.

Atomic Force Microscopy (AFM)

This tool was used as the contactless method (ABJ. The samples were spread
directly on an adhesive tape fixed on the sample holder, and this was enough to immobilize
the granules and avoid contamination of the starch surface. In Figure 3(a) scada si24 (

Om), a 3D acquisition image of the typical
an oval shape is shown. On the surface we can see that it is relatively smooth with depressions
and shallow grooves. Below Figure 3(b), the same 2D imagfeeadtarch granule with the
measurements and next to the segmers &-D, E-F, G-H that represents the height profile
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of the morphological surface. Considering the values found for the-seotisn segments:

AB = 20.e7 =0m,5.@F1 =Om,@am®sSH O= 19.46 Om, the

diameter ¢,) found for t his granul e was 17.95

measurements must be made and the mean as well as a larger number of granules must be

calculated. The graph of the section in Figure 3{ght, corresponds to the measurement of

the surface topography from different angles of the granule and is used with the software of

the instrument to calculate the average roughngss,( whi ch was 302. 4 Om
In Figure 4, with the resolutons o f 120 x 120, 50 x 50 O

mi croi mage of Aipinh«od starch grBGDLEESs is r

G-H, displayed in a group of granules in each Figure, corresponds to a section measurement

(i n Om) t Wotcalcalatenthe laverage si@meter of each granule. On the right side

of Figure 4b, the segments displayed correspond to the surface of the starch granules and

are used to calculate the average roughngsa¢cording to Equation 2.

147 pm
(b) S5 1
A-B
e 0 2067 um
94290 nm 7
C-D R
0 K
0 1501 um
82067 nm
E-F
o ' ]
0 1665 um
110 wm - 77_,___-(4
10 m 24x24 pm G-H L g N
I
¢ Q 1945 um
Figure 3. NC-AFM, 3D (a) and 2D (b) topographic micrei mages of wuntreated fipi
(scan size 24 x 24 Om), height difference
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Since in a large amount of starch granules, they displayed different sizes, with each
segment it ipossible to measure different granules. Thus, other measurements are made in
resolutions 20 x 20, 50 x 50, 80 x 80, 100
at least 4 measurements are made with 3 repetitions. Therefore, as shown in Figure 3, the
measurements were made using the software of the instrument and it was possible to

determine the average diametds) (of the granules and the average roughne$<f the
surface granules

50x50 pm 20 pm

(c)

Figure 4: NC-AFM, 2D micro-i mage of untrealt ed fipi nh«oo
(@and()iscan size 120 x 120 Om, height diff
(c)and(d)iscan size 50 x 50 Om, height diff el

In Figure 5we canobserveh e 3D mi cr oi mages of each sar

granules (untreated and after HMT with 10, 15 and 20% moisturdr ascan size of 50
x 50 Om.
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(b)

381
um

40

Figure 5. NG-AFM 3D micro-images of:
(@iuntr ept e dstailogranules;

(b)ifipi nhstaccd gr anul es with 10% moisture and af
(c)ifipi nhxtoarch granules with 15% moisture and
granules with 20% moisture and

(d)ifpi n hxtoadr c h

Visually it is possible to verify that se@rchanges occurred in the structure, mainly in the
roughness, which increased proportionally with the increase of moisture in the HMT and

heating for 60 minutes at 120 UC. The rough
the values are representedrable 1.
Table 1
Average diameter (d) of fip i n hstaeclo granules measured by SEM and AFM and average
roughness (k) measured by AFM
(@Tuntr ept e dstailogranules;
(b)ifipi n hxtodarch granules with 10% moi sture and
(c)iipi nhxto@arch granules with 15% moisture and
(d)ifpi nhxtodr ch granules with 20% moisture and
Samples SEM i da (mm) AFM i da (Mm) AFM T ra (mm)
(a) 10.85 10.64 321.68
(b) 9.56 9.29 426.15
(c) 9.67 9.37 439.72
(d) 10.48 10.26 470.06

X-ray Diffractometry (XRD)

776
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The Xray diffractometer pattern of untreated and modifipd n h starahes is shown
in Figure 6. The values of the main peaks in the diffraction argglr@ shown in Table 2.
The analysis of these figures and values revealsithatn h starahes are semicrystalline
solids, with main peaks @ around 15, 17, 18 and @3characteristic of @ype.

100
(a)
M'I:
é
2 (b)
9
zl
y
5
= (c)
(d)
10 20 30 40 50 60 70 R0

20 /°

Figure 6. X-ray Diffractograms (XRD) of:
(@iuntr ept e dstadlogranules;

(b)ifApi nhsxtodr ch granules with 10% moisture an
(c)iipi nhxto@arch granules with 15% moisture an:
(d)ifpi nhxtodr ch granules with 20% moi sture an

According to the literature [17], the C type starch pattern is a semicrystalline polymorph
characteristic o€ereal and tuber starches, being a mixture of A and B polymorphs.

The relative crystallinity (RC) o f untr e
calculated. The results obtained are in Table 2, and a decrease in RC with an increase in HMT
was observedrlhis behaviour was observed by other authors [7]. The differences in values
may be associated with the starch extraction method, which in this study was performed by

aqueous methodology.
Table 2
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XRD values of:(a) untreatedfi p i n Istaroh granules;

fAipi nB&kawvdch granules with 10% moisture
)i pi nB&«kaldch granules with 15% moisture
dAipi nB&kawvdch granules with 20% moisture
Peaks Peaks Peaks Peaks Peaks CrRSet:ﬂxﬁ
sample | () () @) @) @) | Ry
(a) 15.09 17.05 18.10 18.75 23.30 20.94
(b) 15.11 17.12 18.05 18.60 23.11 19.89
(c) 15.23 17.10 18.01 18.66 23.00 19.02
(d) 15.80 17.22 18.00 18.62 22.94 17.76
Conclusion
Untreatedandnodi fi ed HMT Apinh«oodo s

AFM microscopy techniques, and the results were similar between the two techniques. Some
changes could be observed in the surface of the granules when analyzed by AFM, mainly in

and
and
and

tarch granul

the averageoughness that increases with hewatisture treatment. The XRD technique

allowed to determine the characteristics of type C and to calculate the relative crystallinity
that decreased with the treatment performed.
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Abstract

Introduction . The aim of this study was to monitor the colour ¢
stability of foam of different types of beer (light and dark beer) usir
nondestructive methodcomputer vision and digital image analysis.

Materials and methods Beer colour and beer foam stalyilibf
different beer types (declared as dark and light beer type) were mee
using computer vision method. Beer foam stability, expressed as ct
in foam height over time, is modelled using an exponential decay m
Measurement of foam decay generafivolves measuring beer drainay
or the decreasing height of the head.

Results and discussionThe dark beer was less bitter (16.75 IBl
with higher polyphenol content (181.80 EBC), compared to the light
style (bitterness was 26.50 IBU, total pdhgmol content 103.50 EBC]
Alcohol content was mostly below 5% (4.82% for the pale beer
4.90% for the dark beer), and pH was 4.39 for the pale beer and 4..
the dark beer. Beer colour was expressed in thel*@fb* colour
system, with darker beehgving lower values for lightnesk*(=28.7),
higher values foa* =10.4, and lower values fdr* =4.4. In contrast,
light beers were brightet¥ = 65.5), with lower values od* = 7.7 and
higher values ob* = 4.4. Dark beers had higher EBC, lowet, and
highera* values than pale beers due to the use of colouring malts
were kilned and roasted at a higher temperature at which Mai
reaction products were formed. The change in beer foam over tim
combination of liquid removal and bubbleahy. The dark style of bee
showed much more stable foam than the light beer. Beer foam heigt
statistically different f< 0.05) between light and dark beer, with d¢
beer samples having higher initial foam height (66.1 mm) compare
light beer (487 mm). Dark beer samples had lower values of rate con
(0.0091sY) and higher values of foam hdiffe time (76.1 s), implying
that dark beer had more stable foam than light beer. In contrast, ligh
samples had higher values of the rate conga110s') and lower
values of the foam halife time (63.2 s). The applied mathematic
model (exponential decay model) was found to be suitable for predi
the change in foam decay rate and foam stability of light and dark
samples. Moreovethe values of foam height of dry and wet part of fo:
were well predicted by the exponential decay model.

Conclusions Computer vision has been shown to be a suits
objective, reproducible, and reliable method for measuring the colou
stability of keer foam (total foam, wet foam, and dry foam) for light &
dark beer varieties.
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Introduction

Among the important parameters of beer quality are the colour of beer, its clarity,
bitterness and the volume fraction of alcohol. The colour and clarity of beer are expected to
be constant after production and during storage and sale [1]. Accordingctddbeof beer,
we divide it into light, red, dark and black. The colour of beer conveys an important message
to the consumer, so the darker colour of beer suggests a stronger taste and aroma, a higher
percentage of alcohol and a richer fullness of behile the lighter colours of beer are just
the opposite[1,2] There are several methods for measuring beer colour like the Lovibond
comparison system method, the spectrophotometric method, the tristimulus colorimetric
method and the computer vision methaH

The quality of the foam influences the overall perception of the consumer to a great
extent. Therefore, the control of foam behaviour is essential. The physical properties
responsible for beer foam behaviour are: foam or head formation, foam eplfapm
drainage, or head retention, bubble collapse, and bubble cling, lacing, or foam adhesion. [2,4]

Numerous methods and procedures have been proposed to determine foam
characteristics. Some of them are based on the rate of the drainage of liquidefrfmam,
like the Blom or Rudin method. The Blom method [5] is based on the rate of liquid drainage
from the foam, where the rate of drainage is described as first order kinetic. After a short lag
period, the logarithm of the weight of the foam is projpod! to time. The Rudin tube
method [6] uses a long tube of small diameter with the iGf@ction for foam formation in

the degassed samples. Some methods are based on the measurement of foam collapse, where

the foam is measured by focusing a microscape the foam surface [3]. The most popular
method to measure foam collapse is the NIBEM foam stability tester where foam collapse is
measured with a conductivity probe, which follows the upper foam level as a function of
time. The time elapse fromil4 cmbelow the top of the glass is measured every cm and
taken as a measure for foam behaviour. Other methods are based on the measurement of the
conductivity of a foam or methods based on determining begibéedistribution in aqueous

foams. In general, isipossible to categorize foam measurement analysis methods by means
of foam generation into two groups. [7]

The first group generates the foam using
the foam collapse time by Yasui, the cylinder pour test bydia)[8,9]. The second group
is artificial methods, which assess the foam stability using beer that is not carbonated. These
foams are generated by gassing through porous frits, (Ross and Clark and Rudin) [6,10],
passing through nozzles (Steinfurth FoaS8tability Tester and Lg Foam tester
(MEBAK)) [11], or by employing other methods such as shaking [12,13] or flashing
(NIBEM) [8].

Most of the standard methods for measuring beer foam stability are based on
measurements of the weight or volume of the tqedllapsed from the foam [5,6,14,15] and
they have several limitations (Foam is generated in an atypical way, so the resulting foam are
different from those of foam produced by typical bpeuring methods; Liquid drainage is
only one of the factors reked to foam stability). Evanst al.[16] concluded that the ideal
foam measurement method would be to assess beer foam quality with a combination of digital
camera and image analysis software.

Given the need for objective instrumental measurements ofircmidhe coloured and
almost translucent samples, the purpose of this paper was to find the method that can
simultaneously determine the colours of both light and dark beer. In this study the same
mathematical model (exponential decay model) was apmietbtel of the wet and dry parts
of beer foam. Furthermore, the same method was applied for the purpose of determining the
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foam stability of these two different types of beer. So far, there has been no research on the

stability kinetics of beer foam, whickould include both dark and light beer style. The beer

model was improved by separating the wet part of the beer foam from the dry part of the
foam, and by distinguishing between the contribution of drainage and condensation to the

beer foam collapse. THmsic concept was to develop a custeomented approach, so that

values are measured in a conswusE situation.

The aim of this study was to monitor the colour and stability of the foam of different

types of beer (light and dark beer) using a-destuctive method computer vision and

digital image analysis.

Materials and methods

Materials

For this study, two

bott

ed

| ager

beer

(Osijek, Croatia) were used one declared as dark beer and the digbt beer. Six bottles

per beer sample from two different batches (purchased in 2018 and 2019) were used for all

st

the analyses. All measured parameters were made in four replicates, and average values were

used for data analysis.

Physicalchemical analyss

Beer alcohol content was measured on an Alcolyzer (Anton Paar GmbH, Austria).
Standard beer analyses and determination of colour, bitterness, total polyphenols and pH

were carried out according to EBC methods 9.6, 9.8, 9.11 and 9.35 (And&yHo@ E ,

2010) [17]. Standard method for foam stability evaluation were conducted according to the

MEBAK met hod 2. 18.[2l], ¢sikggr NIREMTPHfdarh fapility tester
with the Inpack 2000 Sampling Device, type ISD (Haffmans, Holland).

Analysis of beercolour with computer vision

The colour stability of beer samples was

evaluated with tristimulus analysis by using

image acquisition,
extracting the features of interest.

affect the colour ;
_ o _ samples were held at & Cand analyses
Figure 1. Cylindrical pilsner beer glass[18] were performed at ambient temperature

782 b b HJkrainian Food Journal. 2020. Volume9.Issue4db b b

computer vision. The computer vision
method is implemented in several steps:
image analysis and

Image acquisition. To acquire an
image of beer sample, a digital camera was
used (Canon EOS 1100D). Before shooting,
the camera was calibrated with a Datacolor
Spyder CHECKRE
k » Before the experiment, the beer samples

m— were degassed, so thgds bubbles did not
measurements.

Beer

calibrat
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( 2 B T Before analysis, the beer samples were degassed by gently stirring with a magnetic
stirrer andltkre edammilre ugds ay 6 100 @l ofeach beermbr an
sample was poured into a cylindrical pilsner beer glass, and placed inside the photographing
chamber at a distance of 50 cm from the camera [Ems.24bit coloured images was
capturedn TIFF format and sSRGB colour model. The cylindrical pilsner beer glass used in

the analysis is shown Figure 1. The photographing chamber was illuminated by four LED

lamps with a diffuser located on the outside.

Image analysis.After photographing, the colowf the samples was determined using
the digital i mage analysis method. A digiteé
Rasband, National Institute of Health, Maryland, USA), was used to analyse the images
obtained during colour tests. The resulte@bur measurement were expressed as values of
red (R), green (G) and blue (B) in the RGB colour system. The obtained colour values were
converted to th€lEL*a*b* colour model.

Analysis of foam collapse rate and foam stability using the computer vision

Analysis of beer foam was performed using the computer vison method in three steps:
foam generation, measurement of foam height and foam collapse time, and calculation of
foam stability value.

Before analysis der samples were held af6zand analysesere performed at ambient
temperature (26! 1A £ Foam is generated by natural pouring using the adopted method
reported by Yasui [9], where a volume of 100 ml of beer was poured freehand into a 400 mL
cylindrical pilsner beer glass from a precisely dedifieight. The angle between the bottle
and the glass was adjusted to ensure that the beer struck the bottom of the glass and was
poured as a steady stream for the duration of the pour.

PREGINAT FHOTOGRATHS | ‘ SEGMENTATION USING THE TRESHOLD

5s 150s 300s 600s 5s 150s 300s 600s

Figure 2. Beerfoam collapse determined using the image analysis meth@ibd]
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The profile of the beer in a glass was recorded by a-C&bera every 5 s for 10 min
(600 s) period. After the image of foam profile was captured, photographs were subjected to
digital image aalysis, and the percentage of foam layer was measured using a computer
software pr o3 he a4bit cblonged feainfmages captured during tests were
converted into an-8it format (Figure2). After that, the images were converted to binary
images 8ing a procedure called thresholding and then the height of foam was calculated
[20].

The beer height measurements were taken from the inside bottom of the glass to the
beer/foam interface. The foam measurements were calculated according to Eijuation
[21]. The values for both the liquid and wet part of the foam were used for further
matematical modelling procedure.

"0 OO0 OO0 O O 1
'O w0 OO0 O 0°00 )

where:
H: (DFP)T height of the dry part of the foam after a certain time
H: (WFP)1 height of the wet part of the foam after a certain time
H: (F)1 foam height after a certain tinie
H: (L) 7 height of the liquid after a certain tinhe
Hmax (L) T maximum height of the liquid, at tirte= 600s.

Several parameters were extracted from the images: foam height, liquid height (beer
beneath foam), and some parameters were calculated (foam collapse rate and fbfen half
The results of the image analysis showed the change in the height of the foam, caver
time (Figure3).

Modelling the change in foam column height over time

The method is based on the simultaneous measurement of the level of tHeyfoam
interface and the foam height as a function of time. fidight of the foam, the heigbf the
wet part of foam and dry part of the foam, rate constant and foarlifaaife (or head
retention value)vas thus obtainedlhe exponential decay model was used to predict the
foam stability of different types of beer. Foam collapse follows aroBgptial Decay Law
(EDL) [5], where the foam height at time can be expressed as the following function of time
(or first-order reaction model):

O 0O 1Q (3)
. a &g
Oy o) 4)

where:
Ho 1 initial height of the foam at time=0,
H: T height of the foam after a certain tipe
ki rate constant (9,
ti time (s),
t12 7 foam haltlife time (s) or Head Retention Value (HRV).
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Figure 3. Dynamics of beer foam stability measured using digital image analysis

The beer model was improved by separating the wet part of the beer foam from the dry

part of the foam, and by distinguishing between the contribution of drainage and

condensation to the beer foam collapse. In this study the same mathematical model
(exponential decay model) was applied to model the wet and dry parts of the beer foam [21].
The XLSTAT plugin in MS Excel was used to process the experimental data, and the

model

parameters were calculated using regression analysis. The success of the

appoximation of experimental data by mathematical models was evaluated on the basis of
several statistical criteria:

Mean square erroiy 0 "YO

Coefficient of determinationy*

Statistical analysis

Dat a

wer e

-3B

0

h

0

h

®)
(6)

performed using the XLSTAT add within the MS Excel program (Addinsoft, NewYork,

USA) .
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Results and discussion

Quality indicators such as foam stability, alcohol content, pH value, bitterness,
polyphenols content and colour are important for consumers and reveal much abeet the
type. The results of the physitahemical analyses are shown in Tahle

The dark beer style showed much stabile foam than light. Alcohol content was mostly
below 5% as well as pH value, which was almost the same for all beer styles (below 4.4).
The ethanol content of beer is very important, from both an economic and spoistsyof
view, as it is used to classify beers in terms of taxes and taste. The dark beer type was less
bitter, with higher polyphenolic content and EBC colour value, in comparison to the light
beer style (Tabl@). Typically, the colour of the beer is @uo the malt and other raw
materials that were used in the brew house [7] and is largely due to the melanoidins and
caramel present in the malt, although further caramelization can take place during wort
boiling.

Table 1
Results of the analysed beer parameters
Beer Foam Alcohol Viv Bitterness Total Colour
tvoe stability (%) pH value (IBU) Polyphenols  (EBC)
yp (min) (EBC)

Light  7.0(N0.08 4.82N0.22 4.39K0.04 26.50N3.000103.50K7.19 9.80K2.69
Dark 10.0(N0.09 4.90N0.168* 4.43K0.08* 16.75N3.86°181.80N6.222 72.14K1.71

Values are means of four replications N SD.
Values in the same column with different superscripds) @re significantly differentpg<0.05)

Colour formation occurs in beer during caramelization and Maillard reactions.
Caramelization can produce hundreds of different chemical products in different colours, but

most of them are brown. Maill ardodsformiegact i on
melanoidins during them, which give the beer a darker colour. Also, some products of
Maill arddéds reactions, such as furans, furan

beer. The increased concentration of these compounds in beeawsi#l beers to be darker,
while a smaller amount of these compounds yields lighter beers [22]. Furthermaotire

of beer is influenced by the polyphenols found in barley, and when malt is cooked,
polyphenolic components are released, and some newocemis are formed, and colour is
formed as well. Dring the storage and/or aging of beer, polyphenol oxidation can occur,
which is very noticeable in light beers [23]. In darker bemkurchange due to polyphenol
oxidation is masked by theolour of cdoured and roasted malt. Furthermore, oxidation of
the polyphenol can lead to an enhanced preatelgphenol interaction and the formation of
haze of norbiological origin. Thecolour change of beer due to a polyphenol oxidation is
most noticeable in lighteers during storage and/or aging of beer [1,24].

Low EBC values denotes (light) pale beer, and higher EBC values describe darker beers.
Figures 4i 6 show the colour measurement results of two different beer samples declared as
dark and light lager beerh€ colour of the samples was measured using the computer vision
method and represented as QIE a* and b* values. The lightnesd ) is achromatic
component of CIE colour space in the rangE00, the higher the*, the lighter the sample.
Thea* andb* values are chromatic component of the CIE colour space, and can be between
T 127 and +127. The chromatic componegit indicates the presence of a greed colour
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(smallera* means green, and the higlegrdenotesred colour of sample). The chromatic
componentb* indicates the presence of a biygllow colour (smalleb* means blue, and the
higherb* denotesyellow colour of sample).

100 30
90
80 a 25
65,5
60
50 *, 15 a
40 b 10,4 b
28,7 10 7.7
30 -
20 5
10
0 0
Dark Light Dark Light
Values are means of Values are means of
Values with different letters {b) are Values with different letters {a) are
significantly different p<0.05) significantly different p<0.05)
Figure 4. Results of the brightness value  Figure 5. Results of the greerred chromatic
for different beer samples component value for different beer samples
80
70 a
60 54,4
50
240
30
20 b
10 4,4
o L[
Dark Light

Values are means of four repl
Values with different letters {b) are
significantly different <0.05)
Figure 6. Results of the blueyellow chromatic
component value of different beer samples

As can be seen in Tab?eand on Figuredi 6, light beer had the lower EBC values, the
higherL* values and lowea* values than a dark beer. That indicates that these are the palest
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samples as they do not contain or contain a very low amount of special malts, which can
contribute to theircolour. Dark beer had higher EBC, lowkt and highera* values than

pale beer, de to the use of colouring malts which were kilned and roasted at a higher
temperature where Maillard reaction products were formed [25].

Results of foam stability measurements of different beer samples using the
computer vision system and image analysis

The foam stability of different types of beer was analysed by CVS and image analysis
and expressed as the change in the height of the foam cdHegnovér time f). Figures7 i
8 shows the collapse of the head of a beer poured into a glass.

Dark beer
80
1 Foam (exp)
. 2 Wet foam (exp)
3 Dry foam (exp)
4 Foam (mod)
o 5 Wet foam (mod)
_____ 6 Dry foam (mod)
50
€
E 40
T
30
20
10
0
0 100 200 300 400 500 600

Valuesar e means of four replications K
Figure 7. The height of the beer foam as a function of time (dark beer)
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Light beer
70
1 Foam (exp)
2 Wet foam (exp)
60 3 Dry foam (exp)
4 Foam (mod)
ofN . T 5 Wet foam (mod)
6 Dry foam (mod)
40
S
E
1
T 30
6.
20
| 4
\
\\ 3
10 |\’5
\Y
2 \\
\\\
0 “--- -------------------
0 100 200 300 400 500 600
t(s)
Values are means of four replication

Figure 8. The height of the beer foam as a funin of time (light beer)

The decay of beer foam takes place in three phases, i) the initialiphdakes about
300 seconds, where the liquid beer drainage is driven by gravity, ii) the consolidation phase
i characterised by an increase of ttancentration of polypeptide material in the foam
leading to bubble coalescence and foam collapse, iii) the residual phase.

When a beer is poured into a glass the initial burst of @@ates foam with a high
liquid fraction. There are actually two typeE o f 0 a m: "wet foam" consi
bubbles with liquid beer between them and "dry foam" consisting of polyhedral bubbles with
no liquid between them. Liquid foam slips and slides while dry foam is stiff and sticky. The
drainage of beer from th@dm begins as soon as the pour is complete. The rate of foam
collapse depends on the progress of three physical processes involved in the breakdown of
the foam: drainage, coalescence and disproportionation. When beer is poured into a glass,
initially, drainage is the main process, and at a later stage, coalescence and disproportionation
become more importantreaming, also called beading, is the continuous formation of new
bubblesCreaming is how foam forms from bubbles rising out of a glass of beendgeais
the liquid flow from a foam to the liquid underneath. It is not wieifined where creaming
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stops and drainage begins. The main driving force for both processes is gravity. Drainage
occurs if the bubbles become more densely packed. The foam bedryereand the bubbles
become deformed. Coalescence in foam is the merge of two bubbles caused by the rupture
of the film between the bubbles. Two smaller bubbles become one larger bubble [26].

Figures7i 8 show the experimentally obtained and meateldided values of the height
of the foam column change as a function of time for the dark and light beer style. The values
of the height of the beer foaHy of the dry and wet part of the foam was well predicted with
the exponential decay law model, in conttasthe predicted values of the height of the beer
foam for the initial foam. The diagram shows the exponential decay of the beer head
associated with the measurement. The regression curves match the measured data well, which
means that the beer foam eglbed quickly, as does the beer drainage. Correspondingly, the
model of beer height estimate well the real height. This was expected because at the
beginning of the foam decay, the packing density of the bubbles in the foam was much less
than later in theexperiment (which leads to a rapid loss of beer in the foam in the first 30
seconds following the pour) [27].

Using regression and curve fitting techniques, the generalized parameters for each foam
sample was obtained, which is shown in TaBigs The swecess of approximation of
experimental data by the selected mathematical model was analysed on the basis of several
statistical criteria. In this paper, the coefficient of determinat®f) i& presented, which
would ideally have a value of 1, and the megoare deviation (RMSE) at which smaller
values indicate a more successful approximation of the data by the applied model. In
Tables3i 5, a comparison d®?for the least squares regression of the change in the height of
the foam column over time indicatéhatR? was higher in the dry foam set, (dark beer
R2=0.9972 light beerR?= 0.9765)than in the wet part of the foam (dark b&r 0.9595,
light beerR?=0.920) or in the total foam (dark be&=0.9893,light beerR?= 0.9695)

This is aconsequence of ioreasing the variance in the pour value for dry foam since it
contains the variance from three measurements [28].

Table 2
Statistical analysis and parameters of an exponential decay mathematical model for foatability

Beer

1 2
type Ho (mm) k (sh tiz (S) R RMSE
Dark 66.182.0 0.009:N0.0004 76.183.4 0.9893 1.7242
Light 48.1N1.4 0.011(N0.0000 63.2N0.1 0.9695 2.2525
p-value 0.0194* 0.0465* 0.0640
Values are means of four replications N SD. Val
(p<0.05).

The effect of drainage time on the amount of beer in the foam was similar to curves found
by Blom [5], who suggested a firstder reaction model,d., the rate of collapse decreases
logarithmically with time. After the mathematical modelling of the beer foam stability, the
parameters of the exponential decay model were obtained: the rate clistdrihe foam
half-life time ty. If the values of the rate constant are lower and the foardifeatime is
higher, then the foam of the analysed samples is more stable.

Considering the obtained resultsthe height of the beer foanhere was a statistically
significant difference §<0.05) between the light and dark beer, where the samples of dark
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beer showed a higher initial height of foam (TaRleThere was a statistically significant
difference between the value$ rate constant and no statistically significant difference
between the values of foam hdife time in the observed beer samples. Dark beer samples
had lower rate constag®.0091s?) values andigher foam haHife time values (76.1 s),
which means that dark beer had more stable foam than lightTdee=foam heighof the

light beer was less stable than that of dark beer (T3blEhis means that the growth of the
bubble size in the case of the light beer type mentioned leads relatively quickly to bursting.
The foamforming proteins of the dark beer type on thkesthand, appear to stabilize the
large foam lamellae well so that its fluffy, largered foam remains intact for a long time
[29].

Table 3
Statistical analysis and parameters of an exponential decay mathematical model for weam
stability

Beer 1 2

type Ho (mm) k (sh tiz (S) R RMSE

Dark 24.eN0.7 0.034:K0.0012 20.2N0.7 0.9595  0.7659

Light 19.71N1.2 0.027¢K0.0029 25.1N2.6 0.9201 0.9383

p-value 0.0771 0.1786 0.2122
Values are means of four replications N SD. Val
(p<0.05).

Table4 shows the results of the stability of the wet part of the foam of light and dark
beer. According to the values of statistical criteria ievedent that the exponential decay
model fits well the experimental data (low values of RMSE for all analysed beer type) and
can be used to predict the stability of the wet part of foam for the light and dark beer types
[21]. Given the higheR? values fo dark beer samples, the model better predicts the stability
of the wet part of the foam in dark beer samples. Considering the obtained results of the
height of the beer foam of the wet part of the foam, there was no statistically significant
difference baween light and dark beer, where the samples of dark beer showed a higher
initial height of the wet part of the foam (24.6 mm), higher rate con9a0842s?) values
and lower foam halfife time values 20.3s) which means that the dark beer type hizss
stable wet part of the foam than the light beer type.

Table4
Statistical analysis and parameters of an exponential decay mathematical model for dry foam
stability

Beer 1 2

type Ho (mm) k (sh tuz2 (S) R RMSE

Dark 51.2R2.6 0.007¢N0.0005 88.1N5.6 0.9972  0.6800

Light 34.1N1.5*f 0.009:N0.0001 76.2N0.9 0.9765 1.4704
p-value 0.0289* 0.1325 0.1590
Values are means of four replications N SD. Val
(p<0.05).
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The values of the rate constant and the foamltialfime indicated a higher stability of the
dry part of the foam in samples of dark beer. They had lower values rate constant (0)0078 s
and higher values of the foam héfé time (88.1 s) of the lossf the dry part of the beer foam.
Given the obtained results, it is evident that there was a statistically significant difference in
the stability of the dry part of the foam between light and dark beer.

The dark beer samples showed higher values ofdiginhof the beer foam and longer foam
half-life time of the dry part of the foam (TalBg. According to the values of statistical criteria
for the success of approximation of experimental data by an exponential decay model, it can
be seen that the useadel fit well the experimental datBq{values are high) and can be used
to predict foam stability for both beer types, light and dark.

Conclusion

The computer vision system and image analysis have been shown to be a suitable,
objective, reproduciblegnd reliable method for measuring the colour, foam breakdown rate,
and foam stability of beer (namely, total foam, wet foam, and dry part of the foam).
Furthermore, the method is sensitive enough that it can be applied to analyse different types
of beer (ight and dark). The parameters of colour coordinates (defined ih*&1Ex 1°76
colour space) measured in the entire visible wavelength range can distinguish beers more
objectively than methods based on absorbance.

The concept of using a simple techniquaki@d eye assessment of foam quality), has a
high correlation with consumer perception of beer foam quality and can be improved by using
computer vision technologies for objective assessment of foam quality parameters.

The change in beer foam over time isoanbination of liquid drainage and bubble decay.
Measurement of foam decay generally involves measuring beer drainage or decreasing head
height. From the foam stability results, dark beers have a more stable foam. The mathematical
model used (exponentidbcay model) was found to be suitable for predicting the change in
foam collapse rate and foam stability of light and dark beers. This model can be used as a
costeffective method for rapid screening of beers during processing to evaluate acceptability
more efficiently
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Abstract

Introduction . The aim of the studig to develop the scientific
bases of antioxidant activitpf wateralcohol infusions from
vegetable raw materials and to identify the most promising pl
as sources of natural antioxidants.

Materials and methods. Alcohol infusions from vegetabl
raw materials, which were considered on morphological grou
hetbs (35 samples); roots and rhizomes (9 samples); flowel
samples); tree bark (2 samples); dried fruits (18 samples);
fruits (29 samples). Methods of investigation: redoxmeiry
determination of antioxidant capacity of from plant raw materi
pH-metry.

Results and discussiorinfusions of alcohol from vegetabl
raw materials have a hydrogen indeX) of 3.13 Sudanese roje
to 8.17 units pH$tinging nettle

The minimum theoretical value of redox potentRP[ (Ehmin)
has a value from 159.1 m(\&tinging nettl¢to 370.8 mV Sudanese
rose, and the actual value &P (Ehu) from 8.0 mV) up to 308.E
mV (Quince oblony

The minimum value of antioxidant (restorative) ability
alcohol infusions REq) is for Lemon fruits i 18.8 mV, the
maximum véue of restorative ability 209.0 mVi for alcohol
infusion ofWild strawberry

The energy of reduction/oxidation of plant raw materi
(REyiany) relative to the alcohol mixture is in the range of reduct
values from 124.5 mWYild strawberryleaves) o oxidative values
of -65.7 mV Lemonfruit).

Alcohol infusions, depending on the activity of plant ri
materials have a reducing ability (over 0 nmi\§5% of samples anc
oxidizing capacity (less than 0 mV)35% of samples.

The creation of alcoholitinctures with antioxidant actiol
allows you to bring to market new products that favora
distinguish the range of manufacturers from the range
competitors, creating a positive image of the company.

ConclusionThe expansion of the range of alcohol@brages
with the use of alcoholic infusions from plant raw materials
enhance the antioxidant effect is justified.
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Introduction

One of the promising ways to form consumer properties and expand the range of alcoholic
beverages is the use of various compositions of ingredients, food additiveslagidally active
substances [110]. Such substances are designed to improve the organoleptic properties of
alcoholic beverages, give them stable therapeutic [11] and prophylactic properties [12].

It is especially important to reduce the toxicity of €tdgohol and its impurities, alleviate or
eliminate the hangover syndrome, by affecting the metabolism of ethyl alcohol and its impurities
in the body [4, 5]. Creating alcoholic beverages with low toxicity [B1&Ballows you to bring
to market new pragtts that distinguish the manufacturer's range from the range of competitors,
creating a favorable image of the company [16], which cares about protecting consumers from the
negative effects of alcoholic beverages [3].

Currently, the use of vegetable rawterials in the technology of alcoholic beverages is very
relevant{171 19]. Herbal beverages commonly consumed worldwide contain different chemical
substances that display a broad spectrum of biological activitig2JRahey have gained
growing interesimong scientists and consumers due to their antioxidant properties [23]. The
ability of plant phenolics to act as free radical scavengers has led to increased interest in their
ability to act as antioxidants [24, 25]. At present, the antioxidant chasticseof all prescription
components, food additives, biologically active substances and their combinations have not been
sufficiently studied [26, 27, 28].

RPis an important indicator of the biological activity of solutions [29]. It characterizes the
deviation from the ionic balance of free electrons in a liquid medium. Changing the concentration
of free electrons leads to a change in its electron charge and, accordinB, ththe RPis
positive, it indicates the oxidizing ability of the solutioegative indicates recovery ability. The
value ofRPallows to estimate the energy of processes, that is, characterizes the activity of ions in
redox reactions [30, 31]. Redox reactions affect the ratio of energy to support homéostasis
relativity of dynamic constancy of composition and properties of internal environment and
stability of basic physiological functions of an organism. This ensures the vital activity of any
organism. The magnitude of this rate depends on the ratio and concentration ofl aidize
reduced substances in the body, including substances coming from food and beverages, so one of
the main factors in the regulation of redox reactions iRE{&0, 31].

These circumstances determine the relevance of this work, which is to develsaleadtol
extracts of vegetable raw materials in the technology of alcoholic beverages. Greatiagjc
beverageswith reduced toxicity through the introduction of waadgohol infusions from
vegetable raw materials antioxidant properties, allowsréate products, which favorably
differentiates them from competitors, creating a favorable image of the institution, which cares
for the protection of consumers.

At present, the antioxidant characteristics of all prescription components, food additives,
biologically active substances and their combinations have not been sufficiently studied.

The ainof the studyis to develop the scientific bases of antioxidant activity of wadterhol
infusions from vegetable raw materials and to identify the most grgnptants as sources of
natural antioxidants.

When achieving this goal, it is necessary to solve the folloprioiglems

T To substantiate the prospect of using wateohol infusions from vegetable raw materials

in the production of alcoholic beverages;

I To establish the value of the restorative capacity of veddehol infusions from vegetable

raw materials;

1 Identify the most promising sources of natural antioxidants for use in alcoholic beverage
technology.
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Materials and methods
Materials

100 plantsamples were used as objeethich were considered on morphological grounds:
herbs (35 samples); roots and rhizomes (9 samples); flowers (7 samples); tree bark (2 samples);
dried fruits (18 samples); juicy fruits (29 samples$. a control sample used atgralcohol
mixture with a strength of 46 vol.

Methods of obtaining wateralcohol infusions [3, 15]

Vegetable raw materials were ground with s
4 gwere placed in bottles of dark composition, poured 100 ml of a w&é&tehol mixture
with a strength of 40% vol. The vials were capped and placed in a Durocell dry air thermostat
for 48 hours at 40 UC. The resutef3jlflg i nf usi

Methods for determining active acidity andRP [3, 15, 30]

The active acidity index was measured on ampelt e r-1 5o HMAé wi t h a «co
|l ass el ectr oBBRRwagne&Gedbdtite@iie/t4eer-l 5cpMe, i n t he
f measuring the potential, wiltOltbea redoxmet
To evaluate the antioxidant properties of the obtained vedd¢eholic plant extracts, the
method[30], based on the differee®f RP in inactivated inorganic solutions and complex
biochemical media. The main criteria of this method were its clarity, simplicity, specificity,
reproducibility of results and efficiency. A number of researchers also emphasize that method
allows to déermine the total antioxidant activity of liquid products, including in total in a
complex mixture, and multifunctional antioxidafis 15].

Formula (1) holds for inactivated inorganic solutions in equilibrium. This formula links
the active acidity of thpH and theRP[30]:

g
0

Ehni=660i 6 Qgly, mV )

whereEhyin T the minimum theoretically expected value of Rig
te 11 active acidity of the test solution.

Acquired meanings oEhmin were compared with the actual measurement&had; of
solution. The shift oRPto the side of the recovered meaniingecovery energyRE) was
determined by the formul&0]:

RE= Ehminl Eheety mV 2)
whereRET the shift ofRPto the side of recovered meanings (resilence);
EhminT minimal theoretically expected meaningR#,
EhitT actual measuredP.

The value oRPallows you to estimate the energy of the processes, i.e. characterizes the
activity of ions in redox reactions.
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Research ofRP from hydrogen display in infusions of alcohols from vegetable raw
materials

For wateralcohol mixture, the relationshipetween hydrogenpH) and RP (Eh) was
experimentally determined. It is proved that the change of the hydrogen index of the water
alcohol mixture by 1 unit. pH leads to a changiby 42 mV:

Ehni=502 4 2gh, mV A3)

In the range of values of the hydrogen index of pHIZ® pH units for the watealcohol
mixture of RPis in the range oEhmin 418.040.0 mV.

The obtained values of tHeP of the wateralcohol mixtureEhmin were correlated with
the actually measured values of R of alcohol infusions from vegetable raw materials by
the platinum electrodeEfuer), which characterizes the difference raw materids.f):

REn=Ehmini Ehact, mV 4)

The energy of reduction/oxidation of vegetable raw materRiE{.) is determined by
the difference between theP of infusions of alcohol from vegetable raw materid®&()
and solventgontrol):

REyian=REinfl REso, MV (5)

According to the results of research, an improved method for assessing the antioxidant
capacity of infusions of alcohol from vegetable raw materials for the technology of alcoholic
beverages.

Results and discussions

Expansion of the range of alcoholic beverages with the use of alcoholic infusions from
vegetable raw materials with increased antioxidant action is substantiated.

Alcohol infusioni a semifinished product, which is prepared by infusion ofe®ble
raw materials (both aromatic and raromatic) in a watealcohol mixture [32] with a
strength of 40 to 9% vol.

For the preparation of alcohol infusions used: rectified ethyl alcoheB{33water [26];
vegetable raw materials, which are allovieduse in alcoholic beverages; filter cardboard.

The studies used 100 samples of vegetable raw materials by morphological characteristics
[35]: herbs; roots and rhizomes; flowers; tree bark; dried fruits; juicy fruits. As a solvent used
a wateralcohol mkture with a strength of 4@8: pH 5.63 units pH;Ehmin 265.5 mV; Ehagt
181.0 mV;REqn 84.5 mV; REyant 0.0 mV. Sensory evaluatioof the control sample are as
follows: colori colorless; aromé alcohol; tasté moderately burning, empty.
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Study of alcoholic infusions of herbs

35 samples of alcohol infusions from herbs were studied (Figure 1, 2pH level for
alcohol infusions of herbs ranges from 4.88I¢l strawberry to 8.17 Gtinging nettly which
have a reaction environmeinfrom acidic b alkaline. The minimum theoretically expected
RP (Ehmin) of alcohol infusions of herbs ranges from 159.1 r8Ynging nettlto 312.0 mV

(Wild strawberry.
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Actually measureRP (Ehs) from 8.0 mV §tinging nettle to 201.5 mV Common
cherry). At the same time, the minimum value of energy of reduction/oxidation of alcohol
infusions Ehuey) T 35.4 MV is set foCurly parsley and the highest 209.0 mVi for Wild
strawberry The minimum value of energy of reduction/oxidation of vegetable raw materials
(RBpiang) is set forCurly parsleyc-e 4 9. 1 mV (oxidative values),
mV i for Wild strawberry(reduction values).

5 samples of herbs, depending on the energy of reduction/oxidation, have oxidizing
character-¢49.i tPami®& culyn tedb .¢6 Viakeltrigolor), which is 146
of all herbs. 30 samples of herbs have regenerative characteristics from 1.BasiV (
eugenadl to 124.5 mV Wild strawberry, which is 86%6.

According to sensory evaluation, infusions of alcohol from herbs 447 are
recommended for use in the production of tinctures, aromatic alcohols, balms, liqueurs [17
19, 21, 36].

Infusions of alohol fromWild strawberryhave received the greatest value of antioxidant
activity; sensory evaluations of the product: célaieep brown; aromaherbal; tasté soft,
tart, sour, which is recommended for use in alcoholic beverages for tinctures asd balm

Research of alcoholic infusions from roots and rhizomes

9 samples of alcohol infusions from roots and rhizomes were studiegoH lexel for
infusions of alcohol from the roots and rhizomes is from 3@@rden onioh to 6.86
(Carrot), i.e. infusionsof alcohol have an acidic reaction, which is close to neutral (Figure
3).
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Figure 3. Characteristics of alcohol infusions from the roots and rhizomes
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The minimum theoretically expectd®P (Ehnin) for alcohol infusions from roots and
rhizomes rangeffom 214.1 mV Carrot) to 339.7 mV Garden oniof, and the actually
measuredRP (Eh.e) 7 from 98.0 mV (Naked licoricg to 199.0 mV Elecampane high At
the same time, the minimum value of energy of reduction/oxidation of alcohol infusions
(REw) is chaacteristic ofAllspice celeryand is equal to 44.0 mV, and the highest vélue
148.2 mV has an alcoholic infusion @farden onion The minimum value of energy of
reduction/oxidation of vegetable raw materi@&(any) is set forAllspice celerng-e 40. 5 mV
(oxidative values), the maximum value of 63.7 inf6r Garden onion(reducing values).

In the group of plant raw materials roots and rhizomes were identified: plants with
oxidative values of 5 samples (@ plants with restorative valués4 samples (4%).

When assessing the sensory evaluations of alcohol infusions from the roots and rhizomes
of 3 samplesKlecampane high, Valerian officinalis, Garden onjiorit is not recommended
to use for alcoholic beverages, due to their aroma and 84t8§]. ThusElecampane high
has an unpleasant taste (soapy, 4ntter, obsessive), alcohol infusion of valerian has an
unpleasant \(alerian officinali aroma and tastes burning, sour, with an unpleasant
aftertaste; infusion of alcohol frorfbarden ondbn has an unpleasant onion (nitrogen
containing compounds) aroma and tart taste. Sensory evaluations of the proposed (possible)
options for the use of infusions of alcohol from the roots and rhizomes gives grounds not to
offer for use in alcoholic beveragsamples even with maximum antioxidant characteristics
(for example Garden oniorwith a high regenerative activity of 63.7 mV).

Research of infusions of alcohol from flowers

From the group flowers 7 samples were studied. ddevel for infusions of Eohol
from flowers has a reaction of the environment from 3.88d@nese rojeto 5.98
(Chamomile officinaliy i.e. infusions of alcohol from flowers have an acid reaction (Figure
4).
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Figure 4. Characteristics of alcoholic infusions of flowers
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The minimum theoretically expecteRP (Ehmin) for infusions of alcohol from the
flowers is from 251.1 mV hamomile officinalisto 370.8 mV Sudanese rojeand the
actually measureBP(Ehac) T from 93.5 mV Chamomile officinalisto 239.0 mV Sudanese
rose. The minimum value of the energy of reduction/oxidation of alcohol infusi®Bs:Y
is characteristic o€alendula officinalisand is equal to 86.0 mV, and the highest value
157.6 mV has an alcoholic infusion @hamomile officinalisThe minimunmvalue of energy
of reduction/oxidation of vegetable raw materi&&gany) is set forCalendula officinalisl.5
mV (reducing values), the maximum value of 73.1 ifdr Chamomile officinaligreducing
values) [38, 39].

According to sensory evaluationsfusions of alcohol from flowers are recommended
for use in the production of tinctures, aromatic alcohols, balms, liqueurs.

Research of alcohol infusions from tree bark

From the group tree bark 2 samples were studied pFhevel for infusions of alcohol
Cinnamon(Cinnamon barkis 5.34 andRooibug 5.52 unitgoH. The minimum theoretically
expectedRP (Ehmin) is 277.9 mV Cinnamon and 270.2 mV Rooibug, the actually
measuredRP (Ehaey) is 208.5 mV and 155.0 mV, respectiueit the same time, the minimum
value of energy of reduction/oxidation of vegetable raw materfitisi(y) is equal to 69.4
mV and 115.0 mV, respectively (Figure 5).
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Figure 5. Characteristics of alcohol infusions from bark

According to sensorgvaluations, infusions of alcohol from the bark are recommended
for use in the production of tinctures, aromatic alcohols, balms.
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Research of infusions of alcohol from dried fruits
In the group dried fruits 18 samples were studied. fiHdevel of infusi;ms of alcohol

from dried fruits (Figure 6) ranges from 4.4Ba(dian rea) to 6.82 Horse chestnii i.e.
infusions of alcohol from dried fruits has an acidic environment that is close to neutral.
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Figure 6. Characteristics of alcoholic infusions of driedruits

The minimum theoretically expect&P (Ehmin) for infusions of alcohol from dried fruits
has a value from 215.6 m\Hérse chestnit to 314.1 mV Badian rea), the actually
measuredRP (Ehsye) T from 83.5 mV Flax ordinary) to 231.5 mV Badianreal). The
minimum value of the energy of reduction/oxidation of alcohol infusiBfs is typical for
Walnuts[40] i 44.5 mV, and the highest valiie1l58.9 mV has an alcoholic infusion of
Cocoa The minimum value of energy of reduction/oxidation of etaple raw materials
(RBpiary) is set foWalnutg-é 40. 0 mV (oxidative valuds),
for Cocoa(reduction values).

9 samples of dried fruits, depending on the energy of reduction/oxidation, have oxidizing
char act er-e48.0 mtWalnd)r of nd 1&]1 . t9oBaxen réa), which is 50% of
all dry fruits. 9 samples of dried fruits have restorative characteristics from 1.4500¢s(
pine) [42] to 74.4 mV Cocog, which is 50%.

According to the sensory evaluations of 18 studiaples of alcoholic infusions of dried
fruitsi 1 sampleltlax ordinary) i is not recommended for use in the production of alcoholic
beverages due to the aroma and taste (aroma of vegetable oil with a bitter taste).

Research of alcohol infusions from juty fruits
In the group juicy fruits [33, 34] 29 samples were studied (Figure 7, 8)pHevel of

infusions of alcohol from juicy fruits has an acidic environment, approaching neutral and
varies from 3.60Rlack curranj to 6.77 Sowing cucumbér
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Figure 8. Characteristics of alcoholic infusions of juicy fruits
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The minimum theoretically expect&P (Ehmin) for alcoholic infusions of juicy fruits
is from 217.9 mV $owing cucumbg, to 351.0 mV Black curran}, the actually measured
RP (Ehae) T from 138,5 mV Mountain ash to 308.5 mV Quince oblony The minimum
value of the energy of reduction/oxidation of alcohol infusidREf) is typical forLemon
18.8 mV, and the highest valiie174.8 mV has an infusion of alcoh@rapefruit The
minimum value of energy of reduction/oxidation of vegetable raw mateR&s() is set
forLemong-e 6 5. 7 mV (oxidative val ue§forGrapefriet maxi r
(reduction values).

15 samples of juicy fruits, depending on the energy of reduction/oxidation, have oxidizing
character-2s6bcl@Emd)¥oteo 2¢ Zrapey, which is 526 of all juicy
fruits. 14 samples of juicy fruits have resttive characteristics from 3.5 m\G(apesi
raising) to 90.3 mV Grapefruif), which is 484.

According to sensory evaluations, all infusions of alcohol from juicy fruits except
infusion ofFigsandRaisinsare recommended for use in the production of tirestuaromatic
alcohols, balms, liqueurs. When examined in juicy fruits, a negative aroma of sulfur dioxide
was detected, which is used for processing, in order to increase their shelf life.

It can be concluded that infusions of alcohol from vegetable raenmals have a
hydrogen index of 3.13Sudanese ro$do 8.17 units pH $tinging nettle The minimum
theoretical value oRP (Ehmin) has a value from 159.1 m\&{inging nettle to 370.8 mV
(Sudanese ro3eand the actual value BfP (Eh.e) from 8.0 mV Stinging nettleup to 308.5
mV (Quince oblony The minimum value of antioxidant (restorative) ability of alcohol
infusions REx) is for lemon fruitsi 18.8 mV, the maximum value of restorative ability
209.0 mVi for alcohol infusion ofWild strawbery. It is proved that the energy of
reduction/oxidation of plant raw materiaRHyan) relative to the alcohol mixture is in the
range of reduction values from 124.5 mWi(d strawberryleave$ t o oxi dati ve v
e 6 5 . 7 Lemwwfruif). It was foundthat alcohol infusions, depending on the activity of
plant raw materials have a reducing ability (over 0 M\§5% of samples and oxidizing
capacity (less than 0 mV\)35% of samples.

Conclusions

1. The expansion of the range of alcoholic beverages Wétuse of alcoholic infusions
from plant raw materials to improve sensory evaluations and enhance the antioxidant
effect is justified. A study of alcohol infusions from vegetable raw materials, which
were considered on morphological grounds: herbs (35Isajnpoots and rhizomes (9
samples); flowers (7 samples); tree bark (2 samples); dried fruits (18 samples); juicy
fruits (29 samples).

2. Infusions of alcohol from vegetable raw materials have a hydrogen index from 3.13
(Sudanese ro$do 8.17 units pHtinging nettle The minimum theoretical value of
RP (Ehmin) is from 159.1 mV $tinging nettle to 370.8 mV Sudanese ro3eand the
actual value ofRP (Ehs) from 8.0 mV §tinging nettl up to 308.5 mV Quince
oblong. The minimum value of antioxidantestorative) ability of alcohol infusions
(RExy) is forLemon fruits' 18.8 mV, the maximum value of restorative abilit09.0
mV 1 for alcohol infusion ofWild strawberry It is proved that the energy of
reduction/oxidation of vegetable raw materiaRE(an) relative to watealcohol
mixtures is in the range of reduction values from 124.5 Wild strawberryleave$ to
oxidative values 0f65.7 mV (emonfruit).
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3. Alcohol infusions, depending on the activity of plant raw materials have a reducing
ability (over 0 mV)i 65% of samples and oxidizing capacity (less than 0 mm\3p%
of samples. The creation afcoholic beveragewith antioxidant action allows you to
bring to market new products that favorably distinguish the range of manufacturers from
the range of competitors, creating a positive image of the company.
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Introduction. The purpose of research was isolation ¢
identification of Enterococcusspecies from raw milk ant
traditional dairy products and their biochemical properties w
examined.Some biochemical and technological properties of
strains were determined.

Materials and methods.Raw milk and some dairy produt
samples (Izmir Tulum cheese, Koy cheese, White cheese, b
Ezine cheese, kefir grain, kefir drink, Armola, Tire Camueese,
Herby cheese, Goat cheese and Cecil cheese) were collec
different regions of Turkey and samples were inoculatec
Kanamycin Aesculin Azide Agar, Slanetz Bartley andlKAgar
media and Enterococcus spp. were isolated. Acidificatiol
properties, exopolysaccharide (EPS) production, lipolytic
proteolytic activity, and decarboxylation activity Bhterococcus
strains, which were diagnosed phenotypically and biochemic
with different techniques werinvestigated.

Results and discussion 167 lactic acid bacteria wer
identified after Gram staining and catalase tests. Due to
analysis, 122 of these isolates identifiedeaserococcus faeciur
18 asEnterococcus duransl7 asEnterococcus faecalis8 as
Enterococcus faeciumar. and 2 a€nterococcus hiraeSome
biochemical and technological properties of these species
studied. It was determined that faeciumandE. faecalisstrains
produced higher acidity compareddoduransandE. hirag a total
of 19 strains were capable of producing EPS, while 9 str
showed poor EPS production. Also, it was performedEL7
faecium 2 E. faecalis 1 E. duransand 1E. hiraestrains showec
lipolytic activity and 95E. faecium 12 E. durans 5 E. faecais
var., 3E. faecalisand 2E. hirae decarboxylated to lysine an
ornithine amino acids. It was observed tiatterococcusspp.
isolated from raw milk and traditional dairy products shov
differences especially technological characteristics accordin
the source, species and strain.

Conclusions. Raw milk and dairy products are importa
source for isolation of enterococci speci€Be characteristics o
Enterococcusspecies such as acidification, exopolysaccha
production ability, proteolytic and lipolytic activity, decarboxyla
activity differed by species and strain.
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Introduction

Lactic acid bacteria (LAB) are considered to be industrially important microorganisms
because of their benefits in human health and nutrition and their fermentation ability. LAB
are Grampositive, prokaryotic bacteria identified as lactic acid productasmghe final
product. These bacteria are characterized by turning glucose into lactic acid. LAB generally
include Lactobacillus PediococcusLeuconosto@nd Streptococcuspecies [1, 2]. Unlike
other lactic acid bacteria, enterococci are not GRAS (gdypeetlognized as safe) status,
and their presence in water is considered to be an indicator of faecal contamination. However,
enterococci are one of the lactic acid bacteria that have an important place in the fermented
food industry due to their functiohproperties, production of lactic acid, proteolysis and
lipolytic activities, citrate metabolism, probiotic properties and their ability to synthesize
proteins with antimicrobial activity such as bacteriocin production [3, 4]. Enterococci are
Gram positie cocci found in single, double or short chains. Until recently, they have been
classified in the genuStreptococcusStreptococcus faecahgas identified by Andrewes and
Horder in 1906, an&treptococcus faecium 1919 by OrlaJensen [5, 6].

As a resul of molecular studies carried out by Schleifer and Kilgpalz in 1984, it
was suggested th&. faecalisand S. faeciunshould be separated from streptococci and
transferred to the genunterococcusThen the bacteria in this genus &efaecalis E.
faecium E. durans E. avium E. casseliflavusE. malodoratusk. hirag E. gallinarum E.
mundtii E. raffinosus E. pseudoaviunand they are divided into several species sudh. as
flavescenskE. dispat E. sulfureusk. saccharolyticusE. columba&ndE. cecoruni7, 8]. In
some literatures, it is reported tHat duransandE. faeciumare the same species [9, 10].
Devriese and Pot [11] ga¥e duranswithin the group oE. faeciunmspecies consisting &.
faecium E. duransE. hiraeandE. mundtii In recent identification studieB, duransandE.
faeciumare mentioned as two separate specieslaR

Although the use ofEnterococcusspecies may be a controversial issue, certain
Enterococcuspecies can be used as probiotic, starter, and praextitures, even as food
and feed supplements [3, 4]. Studies have generally been carried out by focusing on some
species oEnterococcugienera. Although there are studiestanierococcuspecies isolated
from traditional dairy products, as in our studyere are limited studies mainly on those
isolated from Izmir Tulum Cheese. Also, studies on examining the technological properties
of different species and strains are limited.

The purpose of research is isolation and identificatioEmtErococcuspedes from
raw milk and traditional dairy products and their biochemical and technological properties of
the strains were determined.

Materials and methods

Isolation of Enterococcusspecies

In aseptic conditions, 10 g and / or 10 mL sample was weighed into a sterile stomacher
bag and 90 ml of 0.1% sterile peptone water solution was added. It was homogenized for two
minutes using Stomacher (Colworth 40K) and 1ml was taken from this mixtueand
added to 9ml of 0.1% sterile peptone water (Merck, Germany) solution and mixed. Dilution
series were prepared by taking 1 ml of the previous dilutions. From the selected dilutions,
inoculation was performed using Kanamycin Aesculin Azide Agar (Me@xdgmany),
Slanetz Bartley Medium (Merck, Germany) andlM Agar (Merck, Germany). Petri dishes
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were incubated at 3% @or 24i 48 hours under aerobic conditions, and the colonies that were
considered to bEnterococcuspecies, which were thought toBeterococcusspecies, were

taken with the help of the essence and each colony was transferred to Kanamycin Esculin
Azide Broth (Lab M, UK). The medium was inoculated and left for incubation &t G7At

the end of the incubation, Kanamycin Esculin Azide Agas transferred by using the line
cultivation method using the medium. Thus, isolates were purified, and purified colonies
were transferred to M7 Broth (Merck, Germany). Gram staining and catalase tests were
performed in all isolates before being incldde the diagnosis. The isolates which were
determined to be Gram positive catalase negative and classified according to their
morphology were transferred to-W Broth (Merck, Germany) medium containing?20
glycerol and stored a0A CFor this, Ml17bot h + 500 €l active bact
500 &blycerel @ppliChem, Germany) was taken into the eppendorf tube. The medium
and glycerol were autoclaved in separate bottles Z15min) and mixed sterile before

use.

Phenotypic and biochemichidentification

Phenotypic identification oEnterococcuspecies was carried out by modifying the
diagnostic stages of Reuter [1&nterococcus faecium-2354,Enterococcus casseliflavus
B-3502, Enterococcus faecalisATCC 29212, Enterococcus hiraeUWWE 3080,
Enterococcus hira® WWE 3102 ancEnterococcusluransGE-66 were used as reference
cultures for the identification of bacteria. In order to identify Gyzositive catalase negative
cocci at the level of species, development at different tempegatat 10, 40 and 45
development at different salt concentrations (2artl 6.5%), development at pH 9.6,
formation of ammonia from arginine, and hydrolyse of esculin. In addition to tests such as
shredding, various carbohydrates fermenting testse wperformed. 13 different
carbohydrates were used for this (Lactose, Fructose, Galactose, Maltose, Melibiose, Salicin,
Sucrose, Sorbitol, Raffinose, Arabinose, Mannitol, Trehalose and Inulin). Diagnostic tests
were carried out by inoculating/d.of each baterial culture incubated at 3¥ Gor 18i 24
hours on M17 medium. Except for those for temperature tests, tubes were incubated at 37
A Gt the temperature at which the inoculated bacteria were isolated, examined at 24 hours,
48hours, days 5 and 7, réems were recorded as positive or negative.

Identification with API test kits

Among the strains that could not be identified by traditional diagnostic stages, have
problems or appear suspicious, di agnostics
20 Strep (Bi oM®ri eux, France) . APl E 20 Str ¢
chemical tests with a large capacity. It provides the identification of many streptococci and
enterococci at the group or species level. The reactions that occurdieeceading to the
"reading table" and the diagnosis is carried out using the analytical profile index or a
computerized diagnostic program. The API E
prepared ML7 agar (Merck, Germany) was poured into petri eéshnd solidified. Each
isolate was streaked on the surface of the medium in a separate petri dish. Colonies
developing in petri dishes incubated at8%@or 24 hours were inoculated into test strips by
applying the procedure steps described intheusenmm al of API E 20 Strep
was used for each isolate. Strips were incubated At GThey were checked at th& dnd
24" hours of the incubation as specified in the instructions for use. The resulting changes
were recorded andtheresmi®e r e eval uated using the diaghno
alone V 1.1.0, BioM®rieux).
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Determination of technological properties

Acidification. The amount of lactic acid and pH changes occurring as a result of 24
hour incubation in skim milk containing ¥®non-fat dry matter (reconstituted skim milk)
were determined at thé®36", 9" and 24" hours after inoculation [17].

Exopolysaccharide (EPS) production.Using the method specified by Rasic and
Kurmann [18], the ability of strains to produce EPS watermined. To this end, 447
containing doubldorce lactose and MRS agar medium containing defdstee glucose
were extracted from active cultures, and streaked colonies were performed, and colonies that
creep at the end of the 4®ur incubation periodiere examined.

Lipolytic activity . Lipolytic activities of the strains were determined using Tributyrin
Agar ( Mer ck, Ger many) containing Neutral tor
cell suspension was spotted on the petri dish and thedjstes were incubated at A0Gor
5 days. Lipolysis was determined by pouring 10mL of saturated copper sulphate solution
onto the petri dish, and around the colonies being green blue [19, 20].

Proteolytic activity. Proteolytic activity of strains wasgerformed according to Church
et al. [21]. 3 mL ephthaldialdehyde (SigmA |l dr i ¢ h, USA) reagent wa
TCA filtrate and 5 sec. mixed 2 minutes at room temperature. The absorbance at 340 nm
wavelength was read in the spectrometer Sp#R0OD (Analytik Jena, Germany) until the
waiting time. Valuesre given as OPA {phthaldialdehyde) equivalent.

Decarboxylase activity. The ability of amino acids to produce biogenic amines by
decarboxylation was tested using the media specified by Boideard Holzapfel [22],
which contain any of the lysine and ornithine amino acids. In order to promote decarboxylase
activity, strains were subultured 2 times in ML7 broth (Merck, Germany) containing 0.1%
precursor amino acid [23]. Active cultures were inated with 0.5% of Moeller
decarboxylase Broth containing control, lysine and ornithine. The yellow color
decarboxylation-}, which was formed by comparison with the control sample at the end of
the 48 hour incubation, was evaluated as purple color degdalion (+). Escherichia coli
0157: H7 ATCC 8739 reference strain was used as positive control in the study [24].

Results and discussion
Physiological and biochemical diagnostic results d&nterococcusspecies

As a result of Gram staining, catalasst and morphological examinations, a total of
167 isolates with Gram positive, catalase negative and cocci appearance were taken into
various physiological and biochemical tests. Traditional methods were compared with API
test results and those that wexampliant were analysed further. Strains were named by
coding K: the source of isolation and E: the strain number (Table 1).
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Table 1
Isolate codes of isolatedEnterococcusspecies and their isolation sources
Isolate codes Isolation sources
K1, K2, K3,K5, K7, K8, K11, K12, K13, K15, K16, K17, K65| Izmir Tulum Cheese
K73, K74, K75, K78, K79
K60, K69, K70, K71 Raw milk
K18, K63, K76 Fresh Cheese
K67, K80 White Cheese
K51, K62 Butter
K40 Armola Cheese
K41 Tire Mud Cheese
K50 Kefir grain
K61 Kefir drink
K64 Whey cheese
K66 Herby Cheese
K68 Ezine Cheese
K72 Cecil Cheese
K77 Goat cheese

As a result of the comparison and evaluation, 122 isolates Evedeecium(73.05%),
18 isolates wer&. durans(10.78%), 17 isolates wete faecalis(10.18%), 8 isolates were
E. faecalis (4.79%) and 2 isolates wele hirae(1.19%). Sources of isolation are given in
Table 1. In the differentiation dEnterococcuspecies, sugars such as sorbitol, arabinose,
mannitol and raffinose and changesdifferent temperature and salt concentrations were
taken into consideration. These saccharides are reported to be critical sugars in the separation
of E. faeciumE. duransandE. hiraespecies. Besides these saccharides, fermentation tests
using sugarsuch as trehalose, lactose, fructose, galactose, maltose, mellobiose, salicin,
sucrose and inulin helped in definitive diagnosis [25, 26].

In some literatures;. duransandE. faeciumare reported as the same species [9, 10].
Devriese and Pot [11] gae duranswithin the group ofE. faeciumspecies, consisting of
E. faeciumE. duransE. hiraeandE. mundtii In recent identification studieg, duransand
E. faeciumare mentiord as two separate speciesi[l14]. Although it is stated in many
researchand literature thaEnterococcusspecies develop at @&salt concentration, the
results obtained in the study show that there are strains that can develop in ma%saln 4
concentration. Similar results have been revealed by Guley [15]. Only refsteaios ofE.
casseliflavusnulin (+) reacted, while only 2 of thi. faeciumisolates gave a weak inulin
reaction.E. faeciumisolates gave variable reactions in terms of melibiose, raffinose and
sucrose. Their ability to ferment sugar in question vdr@®s strain to strain. Some strains
of E. faecium on the other hand, suggested that there was a mistake in the diagnosis of
bacteria since mannitol gave a negative reaction, and it was concluded that this species may
be a variant oE. faeciumby makinga detailed literature scan as a result of repeated positive
reactions in repeated controls [11, 15, 25, 28,29].
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Acidification

Enterococcusspecies showed different acidification results depending on isolation
source, species and strain differences. While some species produced high acidity, some
species showed low acidity. When the isolated species were exam@ineciumandE.
faecalisstrains produced higher acidity compared&oduransandE. hirag but someE.
faeciumstrains formed low acidity and sor&e hiraestrains had somg. faeciumlIt can be
seen that it can produce higher lactic acid than strains. In the medianfagciumstrains
containing 186 skim milk powder, pH valueshanged between 5.80 and 6.64 hours at the
3 hour, while the amount of lactic acid (LA) occurred in the lowest (0.108%) K69E2 strain
and highest in the K80Estrain (0.468%). At the end of the 24 hancubation, pH values
ranged from 4.10 to 5.12, while the lowest lactic acid amount was determined in the K1E1
strain with 0.23@6, while the highest was determined in the K5E2 strain with 0.932%. The
pH valuesof E. duransstrains were changed betwe&07 and 6.55 at the“hour, while the
amount of lactic acid formed was determined in the K63EL1 strain with the lowest amount of
0.120% LA, while the highest was determined in the strain of 0.257% LA K7E2. At the end
of the 24hour incubation, pH valugsnged from 4.06 to 5.38, while the lowest LA amount
was determined in the K40E4 strain with 0.293%, while the highest was determined in the
K75E1 strain with 0.859%. When looking at the pH decreasing properties fakecalis
strains at the'$hour, itis seen that the valusary between 6,15,57, the amount of lactic
acid occurring is determined in the K41E2 strain with the lowest amount of lactic acid K5E1
with the lowest 0.11%. At the end of the 24 h incubation, pH valuaaged from 4.16 to
4.94, while the lowest lactic acid amount was determined in the K64E2 strain with 0.315%,
while it was observed in the K5EL1 strain with the highest%.99

The pH value of the isolated2. hiraestrains were determined as &tt®ur 6.42 in
K17E2 strain ad 5.82 in K73E5 strain. The amount of lactic acid produced by the isolates
was determined as 0.199% in K17E2 strain and 0.170% in K73ES5 strain. At the end of the
24 h incubation, it was observed that the K17E2 strain was higher (5.95) and the K73E5 strain
was lower (4.74) as in thé%hour. Lactic acid amounts were determined as 0.504% and
0.890% in these strains. Acidification is an important criterion in the selection of starter
cultures to be used in cheese production. Tuncer [30] determineé .tlfagcium strains
showed higher acidification thdh faecalisandE. duransin Enterococcuspecies isolated
from Tulum Cheese. On the other hand, it has been revealed by some researchers such as
Dagdemir and Ozdemir [31], Suzzi et al. [32] sofBe faecalis strains have higher
acidification power thaik. faeciumandE. durans

Exopolysaccharide (EPS) production

Some lactic acid bacteria can form sticky, lysing agents. This feature of bacteria is
revealed by mutation, that is, the permanent character and structure change that occurs in the
organism. Sometimes there are development conditions that increase tiaiprodf these
substances. These conditions can be listed as too high or too low development temperature,
lack of nutrients in the culture of the culture, separation of strains in mixed cultures, high pH
and lyophilization [9]. In the study, it was detened that a total of 19 strains were capable
of producing EPS, while 9 strains showed poor EPS production. When the distribution of
EPS producindgenterococcuspecies and strains is examined, there argé.¥aecium 2 E.
duransand 2E. faecalishas beern the formation. AnyE. faecalisstrains produced EPS.

The distribution of the species and strains that have poor EPS production ability Bere 6
faecium 1E. duransand 2E. faecalis There are a limited number of studies conducted with
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exopolysacchade production oEnterococcuspecies. Jamaly [33] determined that all 23
E. duransstrains isolated from Moroccan dairy products are capable of producing EPS.
Omafuvbe and Enyioha [34] determined that 1 of the 2 straiis t#ecalisisolated from
yoguits consumed in Nigeria is capable of producing higher EPS ltaatobacillus
StreptococcuandLactococcuspecies.

Lipolitic activity

Lipolysis is the phenomenon of hydrolysis of lipids under the influence of lipolytic
enzymes such as lipase and bregkdown into fatty acids with glycerine, the building
blocks. The lipase enzyme can be rspecific, of natural or microbial origin. Generally,
lactic acid bacteria have a weak level of lipolytic activity and are more effective on-mono
and diglyceridesLipolysis is a desired feature for some cheese types to gain their desired
qualities [10].

Fatty acids directly affect the flavor of many cheese types. Especially C4 (butyric acid)
1 C10 (caproic acid) acids have strong flavor (rancid, sharp, goat, ssmonutlike). The
amount of fatty acids varies widely between varieties. In addition to its direct effects on
cheese flavor, fatty acids act as pioneers in the production of other volatile flavor compounds
during ripening [35]. Among thEnterococcuspecies and strains in the studyFElTaecium
2 E. faecalis 1 E. duransand 1E. hirae strains showed lipolytic activity. There are
contradictory data and statements regarding the lipolytic activitiE&ntfrococcuspecies
in the literature. Suzziteal. [32] reported that while strains of different species did not
observe lipolytic activity, DurltOzkaya [36] reported thdE. faecalishydrolysed milk
triglycerides at a higher level th&n faeciumandE. durans

Proteolytic activity

Proteolytic ativity is the hydrolysis of proteins by proteolytic enzymes of natural or
microbial origin. Proteolytic activity is important both in terms of acid forming function of
starter cultures and sensory properties of the product. In research, it has beemele titwami
lactic acid production and proteolytic activity differ between genus, species and strains in
lactic acid bacteria [37]. In the study, isolates with different characteristics and high activity
under development conditions were evaluated, and stithit could not survive were
excluded.

It is seen thaE. faeciumstrains constitute the majority of the tested species and their
proteolytic activities vary between 012150 as OPA values. OPA valuearied between
0.28 0.49 forE. duransstrains and.21i 0.48 forE. hiraestrains. There i&. faecalistaken
to the test. The value of the strain was determined as 0.41, while the reference was determined
as 0.23 in the strain dE. casseliflavusit has been revealed by many studies that the
proteolyticactivity of enterococci varies depending on the source, species and strain. Wallace
and Harmon [38] studied the intracellular protease d&.aduransstrain and determined that
the protease produced was p-lactogldbdnahdadidhoy act i
hydrolyse bovine serum albumin. Dovat et al. [39] studied the proteolytic activity of
enterococci in milk and demonstrated that they exhibit low proteolytic activity. Carrasco de
Mendoza et al. [40] found th&nterococcustrain used sodiurbaseinate as a substrate in
determining the extracellular proteolytic activity, proteolytic activity may change depending
on strain and time, and after 48 hours incubation, this situation became more evident after
120 hours of incubation. Wessels et dll][found that total 10&. faeciumE. faecalisand
E. duransstrain isolated from various dairy products developed under cold conditions and
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showed proteolytic activity. Villani and Coppola [42] examined the proteolytic activity of 24
E. faeciumand 60E. faecalisstrains in skim milk at 3A Gor 6 hours after incubation, and

all E. faecalisstrains were more proteolytic comparecEtofaeciunstrains. Andrighetto et

al. [43] revealed in their study on 1Ehterococcuspecies isolated from traditionilian
cheeses, showing that they showed weak proteolytic activity in milk and 30 more strains
including E. faecalisstrains were proteolytic. Sarantinopoulos et al. [44] E2faeciumE.
duransandE. faecalisstrains showed low extracellular proteayactivity andE. faecalis
strains were more proteolytic.

Decarboxylation activity

Decarboxylation of amino acids by bacteria has been linked to their ability to produce
biogenic amines. It was performed on B5faecium 12 E. durans 5 E. faecalisvar., 3E.
faecalisand 2E. hiraeamong theEnterococcuspecies, which were decarboxylated using
lysine and ornithine amino acids. A total of ¥ faeciumstrains were found to
decarboxylated to ornithine of 21, 8 of them were lysine, and 5 of theendeearboxylated
together with both amino acids. There arg.Jaecalisand 12E. duransstrains, 2 of them
are both lysine and ornithine, 2 strain decarboxylated only ornithine. None ef thecalis
and E. hirae strains gave decarboxylation positivesults. Sarantinopoulos et al. [44]
determined that none of the strains decarboxylated lysine or ornithine in their study on 129
Enterococcustrains E. faeciumE. faecalisandE. duran3. Tuncer [30] found that none of
the 39Enterococcusspecies and iins isolated and identified from Turkish Tulum type
cheese decarboxylated lysine or ornithine. Yousif et al. [45] revealed that none ofghe 22
faeciumisolates isolated from African fermented sorghum products decarboxylated lysine
and ornithine. Hasgan e et al . [ 4 6 Entedb@tcespeaniesnseldted frdmat t h
raw milk samples do not decarboxylased lysine and ornithine. Belgacem et al. [47] found that
none of the 24 strains &. faeciumisolated from Gueddid, a traditional fermented meat
product, decarboxylated lysine and ornithine. Omafuvbe and Enyioha [48] determined that 2
strains ofE. faecalisisolated from yoghurts consumed in Nigeria decarboxylated lysine and
ornithine.

Conclusions

As a result of the researdBnterococcuspecies and strain with different biochemical
properties and technological characteristics were isolated and diagnosed. In the study, it was
observed thaEnterococcusspp. showed differences according to the source, species and
strain from which the tecloogical features were isolated. In future studies, it will also be
useful to investigate whether enterococci species isolated from traditional dairy products
have different aroma substances, their amount of forming exopolysaccharide and whether
they havanutagenic effects. Thus, by using the culture catalogues of the species and strains
that will not pose a problem for human health, there will be niarigrococcuspecies and
strains with different characteristics in these catalogues, and their useenemiffypes of
dairy products can be easily tested.

Acknowledgements

This study is supported by Ege University
Scientific Research Projects Coordination Unit
(Project Number: 201ZZRFA10).

816 b b BJkrainian Food Journal. 2020. Volume9.Issue4b b b



10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

t t t{Food Technologyt t t
References

Salminen S., Deighton M.A., Benno Y., Gorbach S.L. (1998), Lactic acid bacteria in health

and disease. In: Salminen S, von Wright A, edsctic Acid Bacteria: Microbiology and
Functional Aspect22nd ed. New York: Marcel Dekker Inc, 21B4.

Kongo J.M. (2@3), Lactic acid bacteria as startedtures for cheese Processing: Past,
present and future developments; Lactic Acid BacterlR & D for Food, Health and

Livestock Purposes, pp:22.

Franz C.M., Holzapfel W.H., Stiles M.E. (199%nterococci at therossroads of food

safety? International Journal of Food Microbiology7(1i 2), pp. 1 24.

OgierJ-C.,Serror P. (2008), Safety assessment of dairy microorganism:

the Enterococcugenusnternational Journal of Food Microbiology26,pp. 291 301.

Lebreto F., Willems R.J.L., Gilmore M.S. (2014 nterococcusliversity, origins in nature,

and gut colonization. Enterococci: From commensals to leading causes of drug resistant
infection. Ed: Gilmore, M.S., Clewell, D.B., Ike, Y., Shankar, N., Boston.

Toit M.D., Huch M., Cho G.S., Franz C.NR014), The genuStreptococcudn: Lactic Acid

Bacteria: Biodiversity and TaxonomMolzapfel, W.H., Wood, B.J.B., Ed3ohn Wiley &

Sons, pp. 45505.

Facklam R.R., Teixeria L.M. (1998} nterococcusin: TopleyandWilsn= s Mi cr obi ol
and Microbial Infections Collier L, Balows A, Sussman M (eds)., Vol 2 (Systematic
Bacteriology). ¢ edition, Edward Arnold, London, pp. 66882.

Koneman E.W., Allen S.D., Janda W.M., Schreckenberger P.C., Koneman EW., Allen S.D.,
JandaNM., Schreckemberger P.C., Winm Jr W.C. (2005), Diagnosticdo Microbiologico:

Texto e Atlas Colorido. "5 Edition, Medir, Rio de Janeiro, 1465 pp. (in Portuguese
Brazilian)

Yaygén H., KSi¢glti cEnSl.y st Xr9%3)nde Saf, Kidnt ¢r, A
Turkish)

KilicS. (2001),S¢t End¢strisinde LEgltikiAirtsi BealstierZ
Yayénl ar é, No: 542, Kzmir. (in Turkish)
Devriese L.A., Pot B. (1995), The gertsterococcs B.J.B. Wood, W.H. Holzapfel (Eds.),

The Genera of Letic Acid Bacteriavol. 2, Chapman & Hall, London, pp. 32367.

LopezDiaz T. M., Alonso C., Roman C., Gardiapez M., Moreno B. (2000), Lactic acid

bacteria isolated from a hamdade blue cheesEpod Microbiology 17, pp. 2832.

Bul ut , ¢ ., G¢égnes, H. , Okukl!l u, B. , Har s a, S.
Homof ermentative |l actic acid bacteria of
cappadocia regiodournal of Dairy Researctv2, pp. 1924.

Cheriguene, A., Charani, F., Bekada, A.M.A., El Soda, M., Bensoltane, A. (2007),

Enumeration and identificati on AbidanJoawmalt i ¢ mi
of Biotechnology6(15), 18541861.

Gul ey Z. (2008) , Doj al crezé |l leamk tkighk | &s ipte yma
aflatoksin Bl ve aflatoksin M1 ¢zerine etki
Enstite¢gse¢e, (Doktora Tezi), Kzmir. (in Turki

Reuter G. (1995), Culture media for enterococci and group D streptocoiltire Media
for Food Microbiology Progress in Industrial Microbiologgd. Corry, J.E.L., Curtis,
G.D.W. and Baird, R.M. pp. $81. Philadelphia, PA: Elsevier Health Sciences.

Kilic S. (1986) , Or i j iLnbulgaricGsze 8.|thekmbphis i |, or
bakterileri i-eren sévé, dondurul muk ve |iy
iczerine araktérmalar, (Doktora Tezi), Kzmir

Rasic J.I., Kurman J.A. (1978), Cultures and staitd?art Ill, Chapter, 10, pp. 18813.
Kouker G., Mossel K.E. (1987), Specific and sensitive plate assay for bacterial lipases,
Applied and Environmental Microbiolog$3, pp. 211213.

b b HJkrainian Food Journal . 2020. Volume9.lIssue4db b b 817



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

818

t t tFood Technologyt t t

Leuschner R.G., Kenneally P.M., Arendt E.K. (1997), Method for rapid quantitative
detection of lipolytic activittamong food fermenting microorganisrgternational Journal

of Food Microbiology 37, pp. 237240.

Church F.C., Swaisgood H.E., Porter D.H., Catignani G.L. (1983), Spectrophotometric
assay using-phthaldialdehyde for determination of proteolysis in naifid isolated milk
proteins, Journal of Dairy Sciences6, pp. 12191227.

BoverCid S., Holzapfel W.H. (1999), Improved screening procedure for biogenic amine
production by lactic acid bacteriternational Journal of Food Microbiology3, pp. 38

41.

Recsei P.A., Moore W.M., Snell E.E. (1985), Pyruvalgpendent histidine decarboxylases
from Clostridium perfringens aridactobacillus buchneyJournal of Biology and Chemisty
258, pp. 439444,

S8nchez V. A., Lavilla L. L.R., ABreuelplhd2013)N. , Ge
Phenotypic and molecular antibiotic resistance profile of Enterococcus faecalis and
Enterococcus faeciunisolated from different traditional fermented foodspodborne
Pathogenesis and Diseasd$), pp. 148149.

Franz C.M.A.P., Skes M.E., Schleifer K.H., Holzapfel W.H. (2003), Enterococcin foods a
conundrum for food safetinternational Journal of Food Microbiololgy88, pp. 106122.
Teixeira L.M.,Carvalho M.G.S.Facklam,R.R(2007),Enterococcus In: Manual of
Clinical Microbiology, 9" Edn, edP.R. MurrayE.J. BaronJ.H. Jorgenseml.L.
LandryandM.A. Pfallerp. 430. Washington, DC: ASM Press.

Garvie E.l. (1984), Taxonomy and Identification of Bacteria Important in Cheese and
Fermented Dairy Products, Advances in the Migotogy and Biochemistry of Cheese and
Fermented Milk, Eds: Davies, F.L. and Law, B.A., Elsevier Applied Science Publishers
London New York.

Teuber M. (1995), The GenusctococcusThe Genera of Lactic Acid Bacteria, The Lactic

Acid Bacteria, 17334, Es: Wood, B.J.B. and Holzapfel, W. H., Vol: 2, Blackie Academic
and Professional, an imprint of Chapman & Hall, Glasgow.

Klein G. (2003), Taxonomy, ecology and antibiotic resistance of enterococci from food and
the gastreintestinal tract|nternational burnal of Food Microbiology88, pp. 12B 31.

Tuncer Y. (2009), Some technological properties of phenotypically identified enterococci
strains isolated from Turkish tulum cheesédsican Journal of Biotechnology8(24), pp.

7008 7016.

Dagdemir E., OzdemiS. (2008), Technological characterization of natural lactic acid
bacteria from artisanal Turkish white pickled cheesgernational Journal of Dairy
Technology61(2), pp. 138140.

Suzzi G., Lombardi A., Lanorte M.T., Caruso M., Andrighetto C., GarBin{2000),
Characterization of autochthonous enterococci isolated from Semicotto Caprino Cheese, a
traditional cheese produced in Southern Itadyrnal of Applied Microbiology89, pp. 267

274.

Jamaly N., Benjouad A., Comunian R., Daga E., Bouksain2®iL@), Characterization of
Enterococci isolated from Moroccan dairy produdddrican Journal of Microbiology
Research4(16), pp. 17681L774.

Omafuvbe B.O., Enyioha L.J. (2011), Phenotypic identification and technological properties
of lactic acid bacterigsolated from selected commercial Nigerian bottled yoghdrican

Journal of Food Scieng®&(6), pp. 340348.

Yildiz O., Otles S. (2010) , PeySigtr db¢ ray aama
Dergisi, 5(28), pp. 5858. (in Turkish)

DurluOzkaya F. (2001), Salamura Beyaz Peynirl e
ve |l aktobasil suklaréenén proteolitik aktiwvi

b b HJkrainian Food Journal. 2020. Volume9.lIssue4db b b



37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

t t t{Food Technologyt t t

karkél aktéeréel masé, Ankara | ni viezi, snkdre @ni Fen
Turkish)
Yuksekdag Z. N. , Beyatl Y. (2003) , Kefir

met abol i k, ant i mi kr oQrlabyaline MileobigobojnCetgisgil(2),° z el | i
pp. 49 69. (in Turkish).

Wallace D.L., Harmon L.G. (1970), Intracellular protease frStmeptococcus durans

Journal of Dairy Sciengeb3, pp. 398402.

Dovat A.M., Reinbold G.W., Hammond E.G., Vedamuthu E.R. (1970), Lipolytic and
proteolytic activity of enterococci and lactic gmstreptococci isolated from young Cheddar
cheeseJournal of Milk and Food Technolog$3, pp. 366372.

Carrasco de Mendoza M., Meinardi C.A., Meinardi S.A., Arturo C. (1989), Actividad
caseinolitica exocelul ar d eRevstan Argentina dec o0 s p
Lact g2, ppg2raa7. (in EspafYol)

Wessels D., Jooste P.J., Mostert J.F. (1990), Technologically important characteristics of
Enterococcusisolates from milk and dairy product$nternational Journal of Food
Microbiology, 10, pp. 348352.

Villani F., Coppola S. (1994), Selection of enterococcal strains for waterbuffalo Mozzarella
cheese manufactur&nnual Microbiology and Enzimolog$4, pp. 97105.

Andrighetto C., Knijff E., Lombardi A., Torriani S., Vancanneyt M., Kersters K., Ssvihg

Dellaglio F. (2001), Phenotypic and genetic diversity of enterococci isolated from lItalian
cheeses]ournal of Dairy Researcé8, pp. 30B316.

Sarantinopoulos P., Andrighetto C., Georgalaki M.D., Rea M.C., Lombardi A., Cogan T.M.,
Kalantzopoulos G Tsakalidou E. (2001), Biochemical properties of enterococci relevant to

their technological performanckaternational Dairy Journgl 11, pp. 621647.

Yousif N.M.K., Dawyndt P., Abriouel H., Wijaya A., Schillinger U., Vancanneyt M.,
Swings J., Dirar H.AHolzapfel W.H., Franz C.M.A.P. (2005), Molecular characterisation,
technol ogical properties and safety aspect
fermented sorghum produdipurnal of Applied Microbiology98, pp. 216228.

Has s apune -Katam, H, Kamathi NE. (2008), Phenotypic identification and
technological properties of lactic acid bacteria isolated from three breeds dromedary raw
milks in south AlgeriaEmirates Journal of Food Agricultur@0(1), pp. 4659.

Belgacem Z.B., Abriouel H.,, BeBmar N. , Lucas R., Mart2znezC:
Manai M. (2010), Antimicrobial activity, safety aspects, and some technological properties

of bacteriocinogeni&nterococcus faeciuriiom artisanal Tunisian fermented meatod

Control, 21, pp. 462470.

Omafuvbe B.O., Enyioha L.J. (2011), Phenotypic identification and technological properties

of lactic acid bacteria isolated from selected commercial Nigerian bottled yogicgn

Journal of Food Scieng®&(6), pp. 340348.

b b BJkrainian Food Journal . 2020. Volume9.Issue4b b b 819



Proximate composition,

t t tFood Technologyt t t

physicochemical properties and

sensory qualities of salad cream from corn and tigernut

starch blends

Oke Emmanuel Kehinde
Ojo Oladimeji George

!, Idowu Michael Ayodele 1,
1 Adeleke Rafiat Bamidele 1,

Adeyeye Samuel Ayofemi Olalekan 2

17 Federal University of Agriculture, Abeokuta, Nigeria.
2T Ton Duc Thang University, Ho Chi Minh City, Vietnam

Keywords:

Corn
Tigernut
Starch

Salad cream

Article history:

Received 27.02.202(
Received in revised
form 11.06.2020
Accepted 27.12.202(

Corresponding
author:

Oke

Emmanuel Kehinde
E-mail:
kennyoke35@
gmail.com

DOI:10.24263/2304
974X-20209-4-8

Abstract

Introduction. This study was carried out to determine t
proximate composition, physicochemical properties and sen
qualities of salad cream from corn and tigernut starch blends

Materials and methods.Yellow variety of tigernut and corn wa
sorted from dirt, washedsoaked for 24hrs and was wet milled ir
slurry using a laboratory hammer milling machine. The resulting sl
was filtered through muslin cloth and allowed to sediment for 3hrs,
which the sediment was decanted, dried in a cabinet dryer and tail
obtain starch. Salad cream was produced from the blends of cor
tigernut starch with other ingredients.

Results and discussionMoisture content, total ash, crude fe
crude protein and carbohydrate of the salad cream from the <
blends of cornand tigernut ranged from 51.50 to 59.58%, 0.33
0.58%, 23.05 to 24.78%, 0.65 to 1.16% and 14.31 to 24.
respectively. The interaction effect of corn and tigernut starch doe
have any significant (p>0.05) effect on the moisture content, total
crude fat, crude protein and carbohydrate of the salad cream fromr
and tigernut starch. The moisture content of salad cream obtain
this study can affect its quality and its shelf stability. Salad cream
corntigernut starch at 90%:10% had thighest total ash and cruc
protein while salad cream from cetigernut starch at 10:90% had tt
lowest total ash and crude protein. However, a progressive increi
total ash content was observed with the addition of corn starch.
values for the crde fat content of salad cream from céigernut starch
were similar. The interaction effect of corn and tigernut starch h
significant (p<0.05) effect on the starch content and total titrat
acidity. Sugar and Starch content ranged from 2.67 t0/®&fd 4.14
to 11.45% respectively, salad cream from ebgernut starch al
10%:90% had the highest value while salad cream from-togemut
starch at 70:30% had the lowest value for sugar and starch conter
pH, total titratable acidity and viscogitvere 3.573.77, 0.320.69%
and 4721683 Pds respectively. The solution process to t
optimization of salad cream from corn and tigernut starch blend is
corn starch and 10% tigernut starch. However, optimized salad ¢
of 90% corn starch and 10%geérnut starch and commercial sal:
cream (Heinz salad cream) was most preferred by the panelist in
of their sensory attributes.

Conclusion. Salad cream from corn and tigernut starch |
desirable physicochemical properties and has a compared se
attributes with the commercial salad cream. Therefore, an accef
salad cream can be produced up to 10% substitution of tigernut ¢
with corn starch.
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Introduction

Starch has been a key carbohydrate storage produce in all plants with green parts
containing chlorophyll. It iconomically accessible and commonly used in many facets of
life for the manufacture of industrial products. The distinctive characteristic of starch which
enhances its use basically includes biocompatibility, biodegradability, gelation and
modification acording to its potential usage [1, 2, 3]. Starch exists as the most essential
carbohydrate in the human diet and in large quantity in many staple foods. Starch usually
contains 20 to 25% amylose and 75 to 80% amylopectin by weight [4]. Starches are@xtract
from a number of different starchy raw materials, such as barley, maize, rice, sweetpotato,
and cassava. Sweetpotato and cassava are two major starchy root and tuber crops used in
many tropical countries [5]. However, information is still scanty onchktdirom tigernut.
Tigernut Cyperusesculentl$ is an underutilized crop which belongs to the division
Magnoliophyta, Clastliopsida, ordercyperales and famitgyperaceae and was found to be
a cosmopolitan perennial crop of the same genus as the paggniisOther names of the
pl ant are earth al mond as well aya® V el IHaw smu
flakiawus® i n oficdb ® n ¥ o rispdrarada nidn AEf fi k most espec
Tigernut is safe to eat, sweet, nuttyyfliared tubers which consist of protein, carbohydrate,
sugars, fat and fibre [8].Tigernut tuber exist in different varieties in Nigeria, but the two major
varieties include, yellow and brown. It is an essential food crop for some certain tribes in
Africa, tigernuts are often collected and eaten raw, baked as a vegetable, roasted or dried and
ground to flour [8]. Tigernut tubers are rich in carbohydrate, starch and dietary fiber [9].
According to Adamat al.[3], extraction of tigernut starch gives an odesd, brilliant white
or off-white nonrhygroscopic powder with yields changing from as low as 14 to 37%
depending on the volume and flesh of the tubers or nut.

Salad cream is a creamy, yellow condiment based on an emulsion of abb0ke2H
oil in water, it is prepared from ingredients such as distilled vinegar, vegetable oil, water,
sugar, mustard, salt, egg yolks, modified corn flour / starch, xantham gum and guar gum as
stabilizers and riboflavin for colouring [10]. It can also be described as a redelymamy
white dressing with a flowing consistency and uniformity for eating salad, (mixture of raw
vegetable). It can be prepared with various ingredients such as modified maize flour which
serves as the starting raw material [11, 10]. In order to rettheceverdependence of corn
which might not readily be available throughout the year due to seasonal variations, there is
need to produce salad cream with or without the use of corn starch by substituting other local
crop such as tigernut. Corn starch ditbted with tigernut starch can be used in appropriate
proportion thereby enhancing the nutritional quality and versatility of the salad cream. It can
also increase its usefulness in food industry and serve as a better raw material for food
products. Howeer, there is dearth of information on salad cream from corn starch and
tigernut starch.

The main objective of the study is to determine the proximate composition,
physicochemical properties and sensory qualities of salad cream produced from corn and
tigernut starch blends.

Materials and methods

Materials

The yellow variety of tigernut and corn, vegetable oil, egg yolk, vinegar, sugar, mustard
paste, salt, flavoring and colouring was obtained at Eleweran market in Abeokuta, Ogun state,
Nigeria
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Methods
Extraction of starch from corn

The corn starch was prepared according to the method described kst #a¢12].
Corn grains are free from dirt and other foreign materials like stones, sticks and leaves were
weighed and cracked into grits. The grits weoaked in water for 24hrs with occasional
changing of water to prevent fermentation. Then, the steeped grits was drained and wet milled
using laboratory hammer mill (Fritsch;®5743, IdafobersteirRGermany) with warm water
into fine slurry. The resultinglurry was sieved with muslin cloth and allowed to sediment
for 3hrs. The filtered and sedimented starch was decanted, dewatered and dried in a cabinet
drier (65A C6h). The dried corn starch was milled using a laboratory hammer mill and also
sieved usig 400mesh sieves.

Extraction of starch from tigernut

The method described by Adaretaal [3] was used for extraction of tigernut starch.
The dried tigernut tubers were sorted from dirt and washed. The washed tuber was soaked in
sodium metabisulphitsolution at room temperature (2Y L Thereafter, the tuber was
removed and wet milled into slurry using a laboratory hammer milling machine (Fritsch, D
55743, |darobersteinGermany). The paste was then dispersed in a large volum& of 1
sodium metabisulgte solution and filtered through muslin cloth. The suspension was
centrifuged at 3500 revolution per minute foréns to ease the removal of dirt. The
supernatant was then carefully decanted and the mucilage scraped off. The process was
repeated for thperiod of three times with the mucilage on the starch been scraped constantly
until a pure starch is obtained. The resulting starch was dried in the sun and further dried at
60 A @n a hot air oven, milled, weighed and stored in an airtight bag.

Formulation of corn and tigernut starch blends for salad cream

D-optimal mixture design was used to produce the percentage of corn and tigernut
starch blends by combining corn and tigernut starch at 10%:90%, 90%:10%, 50%:50%,
70%:30%, 90%:10%, 30%:70%, 90%:10%, 10%:90% and 50%:50% respectively.

Production of salad eeam from corn and tigernut starch

The method described by Samial.[13] was used for the preparation of salad cream
from corn and tigernut starch. The salad cream was produced from nine blends formulation
of corntigernut starch. The tigernut starcwrn starch, mustard, sugar, salt and water was
weighed into a cooking pot, stirred and brought for heating ah @hen was cooled to
temperature (8 £ The egg yolk and oil was then stirred into the slurry followed by the
vinegar which was added graadly and boiled for 5 min. The slurry of each blend was poured
into labeled sterilized jars and stored in a refrigerated storage condition.

Proximate composition of salad cream made from corn and tigernut starch
Moisture content, total ash, crude fatacrude protein of salad cream from corn and

tigernut starch was analyzed using the method described by AOAC [14], while carbohydrate
content was determined using difference method.
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Physicochemical properties of salad cream from corn and tigernut starch

pH determination. The pH meter was standardized with standard buffer solution of 4.
0. and 7.0. The pH was measured by inserting directly the electrodes into 10ml beaker
containing the sample.

Determination of titratable acidity. Titratable acidity was dermined according to
the method described by Pattersdral [15]. 1g of the portion of the sample was weighed
and put into 50ml centrifuge tube respectively. 10ml of distilled water was then added to each
tube to dissolve each respectively and thetedlit 1ml aliquot of each solution was taken
into another 50ml centrifuge tube and 10ml of distilled water was added to dilute the sample
because it is highly colored. 10ml of the diluent was titrated against 0.1N NaOH solution
using phenolphthalein (2 drepindicator, until a pink colour is observed then percentage
titratable acidity was calculated.

Determination of total sugar and starch contentsSugar and starch contents were
determined with the method of Dubeisal [16] as described by EKgjiofor and Kiin Kabari
[17]. Hot ethanol was used to extract starch and sugar frorntigenmut salad sample. The
extract (supernatant) and digest (from the residue) was quantified calorimetrically for sugar
and starch respewtly, using phenesulphuric acid as the colour developing reagent; and
absorbance read at 490 nm wave length. @gernut salad sample (20 mg) was weighed
into a centrifuge tube and wetted with 1 ml of 95% ethanol. 2 mL of distilled water was added
followed by 10 mL of hot 95% ethanol. The content was vortexed and centrifuged
(GALLENKOMP Centrifuge Model 90 1, USA) at 2000 rpm for 10 min. The supernatant
was decanted and used for determining sugar content while the sediment was hydrolyzed
with perchloic acid and used to estimate starch content. Phenbiuric reagent was used
for colour development and glucose standards were used for estimation of sugar. The
absorbance was read with a spectrophotometer (Milton Spectronic 601, USA ) at 490 nm.

I AOT OAATRAT 1
OA | IO v
pséAC)T\!ﬁAm OA At A At

T O0AT x10A® v

b3OOA

Rheological properties of salad cream from corn and tigernut starch using
Brookfield viscometer

The method described by Muhammad and Sagir [18] was usedhémogical
properties of corn and tigernut starhe viscosity of the salad cream samples was measured
at a controlled tempetare of 500A Cusing a digital rotational Brookfield viscometer
(Brookfield Engineering Laboratories, Middleboro, USA, Moda&! D E). These readings
were taken per samples at 20, 40 and 1 min rotation at each speed (30, 60 and 100 rpm).
Spindle #4 was used for all measurements. A 600 ml beaker was used for the measurement
with the viscometer guard leg on. The samples were panied beaker to reach a level that
covers the immersion groove on the spindle shaft. The viscosities of the products were
measured at temperature between26 UC ( N1) .
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Sensory quality of salad cream made from corn and tigernut starch

The method descrilbeby Iwe, [19] was used. Fifty Panelists from Federal University
of Agriculture, Abeokuta (FUNAAB) was chosen for the sensory evaluation. The optimized
sample of salad cream was presented to the panelists. The salad cream attribute that was
evaluated werappearance, aroma, taste and spreadability. A 9 point Hedonic scale test was
used to determine the overall acceptability of etiger nut salad cream as 9= like extremely,
5= neither like nor dislike and 1= dislike extremely

Statistical analysis

All experimental data obtained were subjected to statistical analysis. Means, Analysis
of variance were determined using SPSS version 21.0 and the difference between the mean
values were evaluated at p<0.05 using Duncan multiple range test. The effect ofatjotimiz
procedure was investigated using Design Expert version (8.0) and significant effects of the
independent variables were determined at 5% confidence level.

Results and discussion

Proximate composition of salad cream produced from corn and tigernustarch
blends

The mean values of the proximate composition of salad cream produced from corn and
tigernut starch blends presented in Table 1. Moisture content ranged from 51.50% to 59.58%,
corrttigernut starch (50%:50%) had the lowest value, while-tiggrnut starch (70%:30%)
had the highest value. The interaction effect of corn and tigernut starch does not have a
significant (p>0.05) effect on the moisture content of salad cream produced from corn and
tigernut starch as shown in the regression coeffictd Table2. Theresult obtained for
moisture content of this study was higher than that reported by Babajide and Olatunde [20]
in cornrcocoyam starch salad cream, who reported moisture content of 48.80 to 49.79%. Eke
Ejiofor and Owuno [21] also reportedmoisture content of 57.84 to 64.88% for cassava and
potato starch based salad cream, which is similar to the result observed in this study. The
moisture content of any food also indicates its level of water activity and thus, be used to
measure its stdlity and susceptibility to microbial contamination [22]. The high moisture
content of the salad cream obtained in this study can affect its quality and its shelf stability
and this implies that the salad cream cannot be kept for a longer period ot tiawe.also
lead to hydrolytic rancidity, which can cause off flavor of the satedm. Thelifferent in
the moisture content obtained in this study, may be attributed to the difference in the starch
origin of the corn and tigernut crops. Total ash contaried between 0.33 and 0.58% with
corrrtigernut starch (90%:10%) having the highest value, while -tigemnut starch
(10%:90%) had the least value. The regression coefficient shown in Table 2 shows that the
interaction effect of corn and tigernut staidies not have a significant (p>0.05) effect on
the ash content of salad cream produced from corn and tigernut §thechsh content of
any given food sample is a measure of the mineral level that the food comtans.was a
progressive increase intasontent with addition of corn starch in Table 1, which implies that
salad cream with higher corn and tigernut starch (90%:10%) had more nunentsis is
beneficial to the health of the consumEotal ash content obtained in this study was lower
than the values of 0.50 to 4.10% and 1.74 to 2.75% reported k®t @lli[23] and Ashayet
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al. [24] on salad cream from yellow corn flour and cassava starch respectively but also similar
to the values of 0.59 to 0.79% reported by Babajide and Olatunddof26prncocoyam

starch salad cream. Crude fat ranged from 23.05 to 24.78% withtigernut starch
(30%:70%) having the least value while cdigernut starch (90%:10%) had the highest
value. The interaction of corn and tigernut starch were not signiifjcgp>005) affectedas

shown in the regression coefficient in Table 2 The fat content oft@gemut starch salad
cream had a similar value irrespective of blends combination. Fat plays a significant role in
the shelf life of food products and as such relatively highdatent could be undesirable in

food products. Eké&jiofor and Owuno [21] reported a fat content of 25.17 to 28.15% in
cassava and potato starch based salad cream, while Babajide and Olatunde [20] reported a fat
content of 27.04 to 29.68% in cecocoyam sirch salad cream. These values are comparable

to the result obtained in this study. Until recently, lipids have been considered as functional
foods to enhance their analysis, extraction procedures or to enrich the nutritional profile of
traditional foods 25]. However, the higher the fat content, the more tendency to promote
rancidity, leading to development of unpleasant and odorous compounds. The protein content
ranged from 0.65 to 1.16%, salad cream with g¢@ernut starch (10%:90%) had the lowest
value while salad cream with cotigernut starch (90%:10%) had the highest protein. Salad
cream with higher proportion of corn and tigernut starch had higher protein and showed the
influence of corn starch in the contribution of proteins. However, this shotiloe depended

on because it does not determine the major source of protein. Proteins help to build and repair
worn out tissues in the body. Studies of salad cream byEk&#or, [26], EkeEjiofor and

Owuno [21], Babajide and Olatunde [20], had lowestein values than what was obtained

in this study. Thus values obtained in this study were far lower than the values of 1.40 to
8.75% reported by Okt al. [23] and 1.55 to 1.80% reported by Naknaaral. [27]. The
carbohydrate content of the salad creanged between 14.31 and 23.41%. Carbohydrate is

a major nutrient that provides energy and helps promote healthy digestive system. Although
the values obtained in this study was lower than the value of 7.11 to 17.32% reported by Eke
Ejiofor and Owuno [21bn potato starch and cassava starch based salad cream and 13.99 to
37.18% reported by EkEjiofor and Beleya [28] on cassava, sweetpotato and three leaf yam
starches

Table 1
Proximate composition of salad cream produced from corn and tigernut starch bleis (%)

CS:TS Moisture Total | Crude | Crude | Carbohydrate
Content Ash Fat | Protein
10:90 56.92 0.33 | 23.072 | 0.65° 18.40
90:10 5757 0.58 | 24.78 1.1# 15.9%
50:50 51.50 0.4Z | 23.68 | 0.99 23.41
70:30 59.58 0.55' | 2453 | 1.03 14.3F
90:10 57.57 0.58 | 24.78 | 1.1¢ 15.9P
30:70 53.69' 0.38 | 23.2% | 0.79 21.95
90:10 57.59 0.57 | 24.8¢ | 1.1% 15.89
10:90 56.94 0.3% | 23.08 | 0.67 18.99¢
50:50 51.5Z 0.4# | 23.68 | 1.0T 22.7%

Mean values with different superscripts within the same columsigméicantly different (p <0.05);
CS- Corn starch, TSTigernut starch
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Table 2
Regression coefficient of proximate composition of salad cream from corn and tigernut starch
Parameters | MoistureContent | Total Crude Crude Carbohydrate
Ash Fat Protein
A 58.20 0.58 24.83 1.15 14.75
B 56.59 0.34 23.02 0.65 19.32
AB -16.51 -0.064 -0.71 0.24 17.54
F-VALUE 3.45 93.49 122.58 94.34 5.92
R2 0.5348 0.9689 | 0.9761 0.9692 0.6639

A- Corn starch, Bligernut starch, ABnteraction of corn and tigernut starch?- RCoefficient of
determination

Physicochemical properties of salad cream produced from corn and tigernut
starch blends

The mean values and the interaction effect on the physicochemical properties of salad
cream produced from corn and tigernut starch blends is presented in Table 3 and 4. Sugar
and starch content of salad cream from corn and tigernut starch ranged froim 2.50%
and 4.14 to 11.45% respectively with salad cream from-tigemnut starch (10%:90%)
having the highest value for sugar and starch content while salad cream fretigeorat
starch (70%:30%) had the least value for sugar and starch contenttikedpe The
interaction effect of corn and tigernut starch had no significant (p>0.05) effect on the sugar
contents as shown in Tabde Sugarcontent was higher in salad cream from etigernut
starch (10%:90%), this may be attributed to high sucrogel.|l&ugar may also act as
sweetener; thereby contribute to the taste and flavour of the salad cream. The interaction
effect of corn starch and tigernut starch significantly (p<0.05) affect the starch content of the
salad cream negatively as shown in TableThe starch content of salad cream ranged
between 4.14 and 11.45% with cdigernut starch (10%:90%) having the highest value,
while corn-tigernut starch (70%:30%) had the least value for starch content. The starch
content obtained in this study wasriange with the value of 8.03 to 12.25% and 6.40 to
14.41% reported by Asha al.[24] and EkeEjiofor and Owuno [2]L Thestarch obtained
in this study will helps to bind and thicken the salad cream together. It also helps in increasing
the paste vigzsity, emulsion stabilizers and it lowers gelatinization temperature. The pH of
a food is defined as the level of acidity or alkalinity of food content. The pH of the salad
cream ranged from 3.57 to 3.77 with cdigernut starch (90%:10%) having the lowpsi
while corntigernut starch (10%:90%) had the highest pH. Maximum desirable pH level for
safety and optimum target pH should be 4.25 to ensure food safety [29]. pH of 4.5 is a
desirable trait because it will halt the proliferation of miorganism, tereby favoring the
conservation of the in the finalroduct B0, 31]. However, the pH of coitigernut starch
salad cream in this study wasidic. ThepH of the salad cream obtained in this study was
higher than the value of 3.14 to 3.50 reported by-Hk&for and Owuno [21] on salad cream
from cassava and potato starch but lower than the value of 3.78 to 3.91 reported by Gaikwad
et al.[32] on physicochemical properties of flavoured mayonnaise. The total titratable acidity
of corn and tigernut starch sal cream ranged from 0.32 to 0.69%, etgernut starch
(90%:10%) had the lowest value, while caigiernut starch (50%:50%) had the highest value
of total titratable acidityThe total titratable acidity was significantly (p<0.05) affected by
the interation effect of corn and tigernut starch as shown in Tabli@rdtable acidity is a
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measure of food products acidity [15].The values of total titratable acidity obtained in this
study was higher than the values of 0.02 to 0.89% reported b¥jiter andOwuno [21]

on cassava and potato starch based salad cream but lower than the values of 1.35 to 2.50%
reported by Olet al.[23] on salad cream from yellow corn flour. The difference obtained in
total titratable acidity in this study could be due to thfetknce in starch properties between
corn and tigernut crops. The viscosity of the salad ranged between 472 and 1683rpm with
corntigernut starch (90%:10%) having the highest viscosity while -igemnut starch
(10%:90%) had the lowest viscosity. Howevdre interaction effect of corn and tigernut
starch on the viscosity of salad cream were significantly (p<0.05) affected. The high viscosity
obtained in corttigernut starch (90%:10%) could be due to the addition of the salad
ingredients used in its preqadion.

Table 3
Physicochemical properties of salad cream produced from corn and tigernut starch blends

CS:TS | Sugar | Starch | pH Total Viscosity
(%) (%) titratable acidity (%) (Pa*s)
10:90 | 9.3¢ | 11.43 | 3.7¢ 0.57 472
90:10 | 3.39 | 4.87 | 357 0.32 168F
50:50 | 6.56 | 7.0 | 3.68 0.68' 1189¢
70:30 | 2.67 | 4.14 | 3.67 0.38 1412
90:10 | 3.40 | 4.89 | 3.58 0.33 1683
30:70 | 8.1 | 9.74 | 3.60° 0.5¢ 990°
90:10 | 3.41 | 4.89 | 3.58 0.3% 1682
10:90 | 9.5C" | 11.45 | 3.7F 0.5% 474
50:50 | 6.5% | 7.0Z | 3.67 0.69 1190¢

Mean values with different superscripts within the same column are
significantly different (p <0.05); GSCorn starch, TSTigernut starch

Table 4
Regression coefficient of physicochemical properties of salad cream from corn and tigernut
starch
Parameters | Sugar | Starch | pH Total titratable acidity | Viscosity
A 3.15 4.69 3.58 0.32 1670.29
B 9.59 | 75.03 | 3.75 0.57 496.64
AB -1.38 | -5.36* | -0.059 0.66* 497.10*
F-VALUE 37.80 | 75.03 | 8.98 13.29 322.92
R? 0.9265| 0.9616| 0.7495 0.8158 0.9908

A- Corn starch, Brigernut starch, ABnteraction of corn and tigernut starch,
R2- Coefficient of determination
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Optimization process of salad cream produced from corn and tigernut starch
blends

The salad cream was optimized based on some important properties attributed to salad
cream. Moisture, total ash, crude fat, crude protein, carbohydrate, sugar, starch, pH, total
titratable acidity and viscositywere the main quality parameters studiechis tvork which
were also the criteria based on desirability concept as well as their main quality parameters
serving as the constraints to process optimizafidmisture, crude fat, carbohydrate, sugar,
starch, pH, total titratable acidity and viscosityrevenaximized while total ash and crude
protein were set at none. The solution to the optimized salad cream from corn and tigernut
starch blends is 90% corn starch and 10% tigernut starch as shown in Table 5.

Table 5

Solution process to the optimization oalad cream from corn and tigernut starch blends
= = -
- i) 2 = > =
3 0|l n % i ) S § D 3
S O|F | @ 3 I 2 - o 3 g
E S = | 91 g | ¢ = 2
O S < > @)

n "0
1 wT p 1 58.20 | ¢ W o| 14.75| 3.154| 4.685| 3.58 | 1670.29| 0.651

CS- Corn starch, TSTigernut starch, CH@arbohydrate

Sensory score of salad cream produced from corn and tigernut starch blends

The sensory score of salad cream obtained from corn and tigernut starch blends is shown
in Table 6.

Table 6
Sensory score of salad cream produced from corn and tigernut stardilends

CS:TS Appearance | Aroma Taste | Spreadability Overall
acceptability
100:0 4.14 4.18 440 3.2%3 4.5¢
90:10 6.59 6.85 6.90° 6.10° 6.95
Commercial 7.10 5.7% 4.90° 7.00 6.00
(HeinzSalad
Cream)

Mean values with different superscripts witllie same column are significantly different (p <0.05);
CS- Corn starch, TSTigernut starch

Consumer quality is a major factor for selecting a product and among the main
characteristics related to quality are texture, taste, and surface color of foods [33]. Significant
difference (p<0.05) was observed in all the sensory attribute of salad credotgd from
corn and tigernut starch blends. Appearance, aroma, taste, spreadability and overall
acceptability ranged from 4.14 to 7.10, 4.15 to 6.85, 4.40 to 6.90, 3.25 to 6.10 and 4.50 and
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6.95 respectively. Optimized salad cream had the highest va@edma, taste and overall
acceptability, commercial salad cream had the highest for appearance and spreadability while
salad cream produced from 100% corn starch had the least for all attributes. Aroma, taste and
overall acceptability of optimized salaleam were most preferred over commercial salad
cream and 100% corn starch salad cream with a sensory score of 6.85, 6.90 and 6.95
respectively. Commercial salad cream had higher sensory scores in terms of appearance and
spreadability. Meanwhile, 100% comstarch salad cream showed a very poor sensory
attributes and was rejected by the panelist.

10.

11.

Conclusions

Salad cream from corn and tigernut starch had desirable physicochemical properties and
has a compared sensory attributes with the commercial saadcespecially for
appearance

However, 100% corn starch based salad cream was rated low. Therefore, an acceptable
salad cream can be produced up to 10% substitution of tigernut starch with corn starch
thereby increasing the utilization of tigernut starch
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Abstract

Introduction. The aim of this work was to determine tl
polyphenol composition and technological characteristics
coloured whey from various origin obtained by milk proteins
coagulation with traditional berry raw materials and wild herbs.

Materials and methods.Coloured whey is obtained as a res
of thermo acid coagulation of milk proteins by plant ori
coagulants. The identification amguantitative determination ¢
polyphenol compounds in the coloured whey samples has
carried out by high performance liquid chromatography. The sc
content in the coloured whey has been investigated by
refractometric method and optical dense fioe colouration anc
turbidity of the coloured whely by the colorimetric method.

Results and discussionThe whey samples had violet ar
green shades, respectively, due to the presence of specific col
substances, including various polyphenols, widioh a componen
in black currant berries and chlorophyll in plantain juice. 1
content of the abovementioned compounds in whey after mi
proteins coagulation witPlantago majorL. juice and cavitation
processed blackcurrant paste are 324.43 and 2644,
respectivelyWith an increase in the amount of plant coagulant
thermo aciccoagulatiorof milk proteins from 5 to 11%, the optic:
dense value for turbidity of coloured whey decreases by 0.4C
0.41 cond. units and for tleelouration on thecontrary, increase b
0.170.19 cond. units for coloured whey after milk prote
coagulationwith Plantago majorL. juice and blackcurrant past
respectively.Dry matters weight ratio in coloured whey has be
fixed at the level of 6.8@.55%. The protei content was 0.96
1.33%, depending on the amount of plant origin coagulant dt
thermo acid milk coagulation. The coloured whey, obtained afte
milk proteins coagulation by plant coagulants in the amount of
and 11% had a lower protein content®$2 0.45%, compared t
the control sample. This confirms the complex casein and milk v
proteins coagulation by organic acids of the cavitation proce
blackcurrant paste and the active complex (proteases and ot
acids) of plantain juice.

Conclusons. Coloured whey samplesave improved taste
colour characteristics and increased nutritional value, which m
it widely used in whey beverages with or without additio
processing.
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Introduction

Research of various additional sources of milk raw materials, including milk whey, in
order to develop fulfledged, available and safe drinks, is actual [1]. However, the use of
whey for various drinks needs to be adjusted in the recipe to weaken whey tones in taste and
smell [2].

In the beverage industry, whey is combined with fruit &adetable juices, fruit and
berry purees and herbal extracts to give the product not only a pleasant and refreshing effect,
but also preventive properties. Depending on the beverage type, processed or unprocessed
whey is used, as well as condensed or amycentrates with the fruit and aromatic fillers
addition. For example, in Germany, whey is used to prepare tasty beverages contiining 80
90% whey and 1®0% strawberry and peach juice. Similar beverages are made with the
addition from 7 to 20% grapefruito ot her j ui ce. The tradition
is made from milk whey pasteurized at a temperature 67&A @nd then cooled to 4@2
A @vith the addition of 2.5% dessert yogurt. In Austria, a popular drink with a long storage
period is a mixtue of 50% whey, 40% fermented milk and 10% fruit juide4].

The abovementioned developments are focused on correcting the chemical composition
and sensory characteristics of whey in order to enrich and increase the nutritional value in
beverages baseddt.

For the manufacturer, an important advantage of adding fruit and berry fillers is the bright
taste and fresh flavor in the final product. In addition, the filler presence with an appropriate
chemical composition eliminates the necessity tofelaring matter, coloring agentnd
some types of stabilizers [5].

A promising direction in the technology for the enriched dairy products production with
functional properties is using of coloured whey obtained as a result of complex milk
processing ird protein concentrates in the presence of plant coagulants. In particular, the
plant using as technological components allows to changsetisorycharacteristics in the
milk whey, due to different taste shades and colours, and also to regulate theitompbs
biologically active substanc¢6].

It is recommended to use intensely coloured herbal compositions in order to improve the
sensorycharacteristics of whelgased products. This is due to the fact, that in an acidic
environment caused by whey lacacid, plant systems acquire changes in colour intensity
caused by the bioflavonoids dissociat[@h

There are no studies to determine the optical dense for colouaaticturbidity, as well
as coloured substances and polyphenol composition in tharedl whey obtained after the
milk proteins coagulation by plant coagulants, which caused its natural color.

The use of the plant raw materials, both berry and herbal, as a coagulant for thermo acid
coagulation of milk proteins will contribute to the adfafit of organic complex compounds
in whey and the formation of originaénsorycharacteristics in the separation products. This
will exclude the use of artificial coloring agents and flavors in the fugré][

The aim of this work was to determine tha@lyphenol composition and technological
characteristics of coloured whey from various origmbtained by milk proteins coagulation
with traditional berry raw materials and wild herbsaddition,sensorycharacteristicsgry
matters weight ratioincluding protein, and active acidity fsfbm various originhave been
determined.
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Materials and methods
Materials

4ol oured whey, obtained in the protein
coagulatiorof milk proteins with plant coagularitsberry paste and plantain juice. Coloured
whey was obtained in two methods during thermo ac&bulatiorof milk proteins using as
a coagularit cavitation processed blackcurrant pasteRladtago majolL. juice. According
to the first method, a berry coagulant with
mil k at a temperature of (75N1) Au in an ¢
( 2 Nniin)until a clot formed. The combined effect of high tempees and acidic reagents
on milk proteins leads to their maximwubagulation The coagulation process was visually
established by the intensive formation of protein flakes and whey release, that has a natural
violet colour of the coagulant.()].

According to the second method, directly squeezed juice from the ground part of
Plantago majoiL. was used as a coagulant in an amount from 5% to 11% with the following
indicators: dry matters 4 . 55N0. 283 %85K®M. 18. The juice was
coagulation temperature of 550 A Gand held for 4660 min. Then the temperature was
increased to 9®5A Cslightly mixed and held fori minutes until a clot was formed. Then
the clot was pressed foll. 15N2 min to separa

As a result, abduB0% of whey was obtained from volume of milk raw materials in the
protein concentrates manufacture by both methods. Coloured whey has been sent to
determine the content of polyphenol compounds, sensory, physical and chemical indicators.

Determination of the polyphenol composition inthe coloured whey from various
origin

The determination was carried out by higérformance liquid chromatography (HPLC)
using system Prominence EZD Shimadzu (Japan). The substances identification in the
coloured whey extracts was performed by comparing the retention time and spectral
characteristics of the test substances with similar characteristics of the standards according
to the method identification of polyphenols. Chromatography was performed a2%25,

286 and 350 nm2]. For accurate identification of the test substances to specific polyphenols
groups, the following regulatory documents were used: chlorogenic and caffeic acids
(phenolic acids), catechin (catechins), flavonols myricetin, queraetnrutin, flavanones
naringenin, naringin, hesperinidin, and protestin cyanidine (anthocyanins) (8ignizh,
Germany). The identification characteristics of these standards were obtained under the
abovementioned chromatography conditiorfi$3]. The "peak arebdstandard content"
calibration dependences had a linear form with an accuracy of at?lea994.

Determination of colouration and turbidity of the coloured whey from various
origin

Samples of milk whey from various origin have a natural colour and turbidity, therefore,
we used for research an adapted method for determining indicators in soft beverages. This
method is based on optical dense determination and comparison with thepaudieg
standards: coloured solutions fwlourationand suspension for turbidity.

The optical dense determination was carried out by the colorimetric metijod he
value of optical densedahconsists of D due to thelourationcaused by theoloring agents
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and D due to the turbidity caused by the proteins presence that scatter the light flux. When
colourationdetermination, it is necessary to have a total absence of foreign particles with a
radius of 0.40.8 microns or more, which contribute tght scattering. Therefore, to prepare

the samples for analysis, the coloured whey was filtered.

The research was carried out using a Helios Omega spectrophotometer (Thermo
Scientific Spectronic, USA). The spectrophotometer is designed for measure iduadlivi
sections of the wavkength range 31880 nm, which are formed by light filters, transmission
coefficients, optical dense of liquid solutions, and measuring the substances concentration in
solutions after preliminary determination of the calibratibaracteristic. Cuvettes with a test
solution (coloured whey) and control solution (milk whey), in relation to which the
measurements were carried out, were installed in the cuvette compartment. The necessary
light filter and photodetector were installedetsample compartment cover was closed, and
the studies were carried out. On a digital display, values were obtained that correspond to the
optical dense of coloured whey.

The content of drymattersin the coloured whey was investigated by the refractomet
method according to the light refractive indidé$]. First, check the correctness of the
refractometer readings for diACWithlohesodtwowat e r
water drops applied to the prism, the refractometer reading should be zero. The refractometer
prism is wiped off with a paper filter and one or two drops of a test whey sample are applied.
On the right refractometer scale, the conterdrgfmatterswas found, which coincides with
the distribution boundary of the dark and light fields.

The active acidity in the colouredvhey was determined potentiometricall$6] on a
Sartorius PB20 universal pH meter. To determine the pH, 4G ofncoloured whey was
taken into the beaker, the electrodes are immersed in the beaker and-afieseb@nds the
readings of the device are recorded. The electrodes are rinsed with distilled water and wiped
off with filter paper after each measurement.

Statistical analysis

Data were expressed as me ans N standard
Statistical analysis was performed using Microsoft Excel 2D@#rences were considered
to be significant at wvalidity of U=0.95.

Results and discussion

Determination of sensory characteristics and polyphenol composition of the
coloured whey from various origin

The sensorycharacteristics of the coloured whey obtained as a result of the thermo acid
coagulation of milk proteins by plant coagulahtslackcurrant paste arRlantago majoiL..
juice, is given in Table 1.
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Table 1
Sensorycharacteristics of thecoloured wheyfrom various origin
Indicator name Amount of blackcurrant paste during thermo acid
coagulationof milk proteins,%
5 | 8 | 11

Consistency and Homogeneous, flowing liquid, slight sedimenalwed
appearance
Taste and flavor Clean, lactic, without | Slightly acid, with a berry coagulant

foreign tastes and taste and flavor

smells
Colour Light violet, uniform | Violet, uniformin | Intense violet,

in volume volume uniform in

volume

Amount ofPlantago majoiL. juice during thermo acid
coagulatiorof milk proteins,%

5 8 | 11
Consistency and Turbid liquid, with Homogeneous, clear liquid, with a
appearance visible protein small sediment amount

inclusions, which in
the time following

coagulates

Taste and flavor Lactic, with a barely | Slightly bitter, with a pleasant herbal
there herbal flavor smell and taste

Colour Mostly white, with a Green, uniform in| Intense green,
barely there greenish | volume uniform in
cast volume

The obtained whey samples had the corresponding shades, which is duprésémnee
of specific colour substancésflavonoid pigments and chlorophyll in black currant berries
and plantain juicel[7].

In order to determine the transition degree of colouring compounds, it was analyzed the
polyphenol composition in plantoagulantsi cavitation processedblackcurrant paste,
Plantago majorL. juice, proteiiiplant concentrates and coloured whey from various origin.

The total polyphenols content in the studied samples has been determined by summing
up the substances contetiiat were found in the peaks range of flavonoids;ftenonoids,
and phenolic acids on chromatograms.

The flavonoids content in all studied samples was equal to the substances content that
are similar to the flavonoids standards (phenolic acids, cagdlamonoids, flavonones and
flavones), with the exception of catechiilke substances. The polyphenol composition of
whey correlates with the composition of specially processed blackcurrant paBieratado
major L. juice, respectively. The researclsulis have been analyzed in comparison with the
control sample$ plant coagulants. Their transition degree to separation protyetsein
concentrates and whey of various colours has been determined. The research results are
presented in Table 2.
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Table 2
Total composition and polyphenols content in samples of theloured whey from various origin

Polyphenols content, mg/I
Coloured whey
Polyphenols group after milk proteins coagulation by
gavitation Plantago majorL.

blackcurrant paste juice
Phenolic acids 2.13 0.07
Catechins, |.nclud|ng certain 104.13 33.69
substances:

T catechin 2.16 6.82
Catechinlike * - 166.53
Flavonols, |.nclud|ng certain 11.67 1.47
substances:

T glycosides of myricin 1.01

T rutin 3.20

T quercetin 0.23
Flavanones., including certain 11.87 1.04
substances:

T naringin 1.17 0.13

T hesperidin 0.91
Flavones, including certain

. - 0.31
substances:

T glycosides of luteolin 0.31
Anthocyanins, including certain 125 09
substances

1 delphinidin3-O-glucoside 16.87 -

T cyanidin3-O-galactoside 17.09

1 delphinidin3-O-arabinoside 33.70
Unidentified 10.60 120.72
Amount of polyphenols 265.49 324.43

* 1 catechinlike T polyphenols whose peaks are located outside the area chthin peaks,
but with the spectral catechins characteristics

According to the obtained results in Table 2, flavonols are represented by glycosides
myricithin, rutin and quercetin; naringin and hesperidin are found in flavonones [18]. The
flavones idetified in the coloured whey after milk proteins coagulation by Rfentago
major L. juice have the smallest amount and are represented by luteolin and its glycosides.
The content of phenolic acids is fixed at 2.13 mg/l for coloured whey after milk proteins
coagulation by blackcurrant paste and 0.07 mg/l for whey after milk proteagsiledion by
Plantago majorL. juice.

In total, 12 flavonoid class compounds were identified in the coloured whey obtained
after the milk proteins coagulatidry Plantago majorl_. juice, which are 10 less than their
content in the plantain juice. This isgbably due to the fact that a significant amount of
polyphenol compounds from juice was transferred to 4militein concentrate during
denaturation.
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The content of polyphenol compounds in coloured whey after the milk proteins
coagulatiorby Plantago majolL. juice and cavitatioprocessethlackcurrant paste is 324.43
and 265.49 mg/l, respectively. As a comparison, according to literature data, the polyphenols
content in plantain juice was within 1411.13 mg/l, and in blackcurrant p&&e mg/l [19].

The transition degree of polyphenol compounds into coloured whey after the milk
proteins coagulatioby Plantago majorL. juice is 23% of their total amount, about 77% of
polyphenols, including 74% of flavonoids, remain in prdatpiant concentrates. Probably,
this effect is likely due to the polyphenols interaction with proteins and their attachment to
the globule surface at the unfolding time of the polypeptide chain due to the formation of a
hydrogen bond between the polyphenol hydroxyl group and the cadyomyp of the protein
molecule [5].

Similarly, the transition degree of polyphenol compounds into coloured whey after the
milk proteins coagulatiofy cavitation processed blackcurrant paste has been calculated,
which was fixed at 42%. About 53% of polgnol compounds, including anthocyanins,
remain in concentrates, which is due to the weight loss correlation of the concentrate during
technological operations, such as pressing and forming.

By their chemical nature, anthocyanins are representatives afahaiolyphenol
compounds of the flavanoids class with antimicrobial activ&9, [21. Therefore, their
content in the coloured whey was additionally analyzed.

Coloured whey contains all known anthocyanins: delphirBdd-galactoside,
delphinidin3-O-glucoside, cyanidirB-O-galactoside, delphinidiB-O-arabinoside,
cyanidin3-O-glucoside, petunidir3-O-galactoside, peonidiB-O-glucoside, malvidifB-O-
arabinoside, etc. and complete, respectively, 47% of the total polyphenols content in the
samples.

Determination of optical dense for colouration and turbidity of the coloured whey
from various origin

Optical dense indices for characterizing the turbidity eoldurationof the coloured
whey from various origin are important for determining the using viaysechnological
purposes. The optical dense, which characterizes the turbidippfmdationof the coloured
whey is given in Table 3.

Table 3
Optical dense which characterizes the turbidity anccolouration of the coloured whey
(n=3, pO0. 05)

Amount of plant Coloured whey after milk proteins coagulation by
coagulant during gavitation ¢ Plantago majorL. juice
thermo acid blackcurrant paste
coagulation of Dy, cond. unit | D, cond. unit | D¢, cond. unit | D, cond. unit
milk proteins,%
5 1.877N[ 1.065N|1.953Nqd1.127N(
8 1.515N[ 1.169N|1.625Nqd1.233N(
11 1.466N] 1.259N|1.547Nd1.295N(
Controlsamples*| 1. 511N 1. 204N|1. 605Nd1. 255N(
*Coloured whey beverages "Aktual" (with watermelmelon and neon moijito flavor)
produced by LLC ¢Danone Dniproe
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The optical denskz of the coloured whey
coagulatiorby blackcurrant paste during determination théitlity andcolourationof the
whey ranged from 1.46 to 1.88 cond. units and 11085 cond. units, respectively. Optical
dense indices before and after filtration for coloured whey obtained as a result of milk
coagulationby Plantago majorL. juice is fixed at the level of 1.53.95 cond. units and
1.13'1.29 cond. Units

According to the results in Table 3, with an increase in the amount of plant coagulant for
thermo acictoagulatiorof milk proteins from 5 to 11%, the optical dense valudddidity
(Dy) of coloured whey from various origin decreases by 0.40 and 0.41 cond. units for coloured
whey after milk proteingoagulationwith Plantago majorL. juice and blackcurrant paste,
respectively. This effect is due to the mechanism of thertidcoagulatiorof milk proteins
and an increase in the casein transition degree and the maximum amount of whey proteins
into proteinplant concentratep).

Optical dense indicators, which characterize dburation on the contrary, increase
with anincrease in the amount of coagulant from 5% to 11% during therma@aigilation
by 0.170.19 cond. units for coloured whey after milk proteamagulationby Plantago
major L. juice and blackcurrant paste, respectively. This is, probably, due to aasedre
the transition degree of specific coloured substangeslyphenolic compounds, including
flavanoids and anthocyanins, of plant raw materials into a protein clot and @8y |
However, almost all of these values have variance from the controlesimygieybeverages
of the corresponding colour up to 5%.

Determination of the dry matters weight ratio and active acidity in the whey from
various origin

Whey contains 50% of the dry matters of whole milk, almost all milk sugar and about
30% of milkproteins. The change in the dry matters weight iatomloured whey depending
n the amount and type of plant coagulant is shown in Figure 1.

[N
[EEN

[ee]

Coagulant amount during
thermo acid coagulation of

&)

0 2 4 6 8 10
Dry matters weight ratio in coloured whey,%

®\Whey after milk proteins coagulation by Plantago major L. Juice
OWhey after milk proteins coagulation by blackcurrant paste

Figure 1. Dry matters weight ratio in coloured whey depending on the amount and type of
plant coagulant
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Dry matters weight ratiin coloured whey ranges from 6.80 to 8.55%, including0.96
1.33% of protein and depends on the amount of plant coagulant during thermo acid
coagulationof milk proteins. Thus, the protein content in coloured whey was in average at
1.83NO. 04% af t ecpagutativeusing &% plani cdagulant, . 0 1 NQ .8% 3 %
coagulant, an® . 9 6 N QvithGthé #ddition of 11% plant raw materials. This indicates a
more completeoagulatiorand transition of milk proteins into a protgitant clot pP4).

The control sample obtained as a result of the milk protzagulatiorby whey with
titrated acidity not |l ess than 160 UT had a
sample, coloured whey obtained after thermo aoiggulationof milk proteins with plant
coagulant in the amount of 8% and 11% had a lower protein content iYRB38%. This
confirms the complex casein and whey proteimagulatiorby organic acids of blackcurrant
paste and an active complex of plantain juice.

Dependence ofhe active acidity in coloured whey on the amount and type of plant
coagulant during thermo actmbagulatiorof milk proteins is shown in Figure 2.

[EEY
[EEY

(&)

Coagulant amount during thermo
acid coagulation of milk proteins,%

o
N
SN
»

Active acidity, tg

mWhey after milk proteins coagulation by Plantago major L. juice
OWhey after milk proteins coagulation by blackcurrant paste

Figure 2. Dependence of the active acidity in coloured whey on the amount and type of plant
coagulant

The histogram shows the pH value in the whey samples decreases in proportion to the
increase in the amount of plant coagulant for thermo ecédjulationof milk proteins. At
this stage, it can be observed, the amount and type of plant coagulantbéectsve acidity,
changing it to the acidic side by 0.55 and 0.70 pH when using 11% milk protein coagulant in
the form ofPlantago majorL. juice and blackcurrant paste, respectively.

The value decrease of active acidity occurred slowly during storaded pgf whey
samples at a temperature of (4N2) Aw for 72
active acidity in the control sample decreased by 0.32 pH compared to the initial value of
5.91 pH, in coloured whey after protegoagulationby Plantago major L. juice and
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cavitationcavitationblackcurrant paste by an average of 0.20 and 0.25 pH, respectively. An
active decrease was observed in the samples obtained after the milk prodgaktiorby
blackcurrant paste in an amount of 11%, thaf7®hours of storage period was at 4.65 pH.
Coloured whey from various origin retained sensorycharacteristics, including the colour
intensity, at all stages ofAC2Lorage period
Scope of whey applicability is usually litad due to high acidity, deficienciessansory
characteristics (salty and sour taste, pronounced wilbegr). In practice, for the whey
deoxidation, which has a 4.88.00 pH, various chemical substances are used (solutions of
ammonia, sodium hydroxidetc.) R6]. Soda solution (sodium bicarbonate) is chemically
safe, available and traditionally used in the food industry to neutralize (deoxidize) whey.
Coloured whey obtained after the milk proteins coagulation by cavitatiocessed
blackcurrant pastand Plantago majorL. juice can be used with or without additional
processing (filtration, deoxidation) as a base and prescription component fobevieesges,
suchas pasteurized whey, pasteurized whey with sugar, and etc. This makes it possible to
comgetely exclude the use #dod coloring agents and flavoring matter of artificial origin
their composition. These technologies are classical and do not require additional parameters
specification.

Conclusion

1. Coloured whey obtained after milk proteins coagulatioRlayntago majoi. juice and
cavitation processed blackcurrant paste is characterized by polyphenol compounds
content at the level of 324.43 and 265.49 mg/l, respectively, which has a positive effect
on its nutritional value angensorycharacteristics. Whey had, respectively, green and
violet colour, which is characteristic for raw materials that contain flavonoids and
anthocyanins.

2. Optical dense which characterizes the turbidity @sldurationfor samples of coloured
whey obtained after milk proteins coagulation by cavitation processed blackcurrant
paste ranged within 1.46.88 cond. units and 1.06.26 cond. units, and for the
coloured whey obtained as a result of milk coagulatioRlaptago majoiL. juice was
fixed at the level of 1.551.95 cond. units and 1.18.29 cond. units, respectively.

3. The obtained results on the dry matters content at the leveli 858%6), including
protein (0.961.33%) and active acidity (4.88.90 pH), indicate the pecticability of
using in beverage formulatiofiscoloured whey obtained as a result of thermo acid
coagulation of milk proteins by plant coagulant in an amount of 8% without additional
processing. When using whey obtained after coagulation by a coaguthetamount
of 11%1 expose it to deoxidation, and in the amount ofi5& filtration.
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Abstract

Introduction. The aim of this study was to highlight tt
physical and physiological changes of different types of legu
and the variation of their mineral amount during the germina
process, in order to establish the optimal germination perioc
their use in consumption.

Materials and methods Legumes types such as chickpt
bean, lentil, lupine, and soybean were germinateglare growth
chamberBinder KBW/KBWF 240. To highlight the physical ar
physiological changes of legumes during the germination prot
a Motic SMZ140 Stereomicros@e was used. In order t
highlight the variation of the amount of mineral substances du
the germination process, a Shimadzu E@00HS was used.

Results and discussionThe protein content of the analyze
legumes varied between 19.40 and 40.34%hilyaest amount
being for soy and the lowest one for chickpea sample. All
samples presented good viability for germination, the highest
being for lentil of 90% for which was also recorded the higt
germination energy value. The image obtainedrflehowed the
development of the component parts of the germs: the radicle
the plumule which increases during the germination process, \
the seed began to synthesize chlorophyll and when the root t
to develop. According to their development themaximum
germination time were of 10 days for lentil and lupin and of 9 @
for chickpea, bean and soybe#&towever,for their use in food
consumption, the optimum germination period was establishe
4 days for all the analyzed legumes samples for which excef.
bean sample the radicle was much higher than the legume
size. In general, the availability of calm and sulf was improvec
for all the samples in the four day of germination. The calc
increases most for chickpeas with almost six times and for |
with three times. Reported to the ungerminated seeds the pho
and iron increases for lentil k=in the four day of germination
whereas for the rest of legumes decreases. Regarding pota:
magnesium and zinc elements, in general, their values decr
with the increase time of germination period.

Conclusions.By highlighting the physicahnd physiological
changes of legumes during germination, it is easier to deter
when the germination process should be stopped. The amot
many nutrients increases as a result of the germination pro
and this process can have various applicafiotise food industry.
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Introduction

Seed germination is a complex physiological process that has as its starting point the
absorption of water by seeds, and as a final point, the appearance of the root, a component
part of the future plant [1]. It can be said that the seenhigation is the first phase of the
plant development cycle [2].

Lately, there has been a lot of interest in the germination process,
regarding the food field. This is explained by several considerations. First, researchers are
studying the germination pcess because in some industries it is desirable to combat this
process because it makes food unfit for consumption. In this sense, the use of gamma
radiation to inhibit the germination of nuts [3] or wheat [4] can be exemplified as the results
of various tudies. Secondly, the study of the germination process is of interest due to the fact
that recently there has been an increase in the consumption of germs of different seeds. This
is desirable due to the positive effects of germination on the grains abjechis process.
Different studies show that germination leads to increase bioavailability of minerals in seeds
[5, 6, 7, 8], the amount of phenolic compounds [9, 10], flavonoids [11, 12], the amount of
amino acids (Gamma Aminobutyric Acid and essémtino acids) [13, 14, 15], vitamins
[16, 17, 18]. It has also been shown that germination contributes to the activation of
hydrolytic enzymes, which result in improved digestion of certain compounds, such as
proteins and starch [19, 20, 21]. This is affular interest to people who are suffering of
with various diseases of the digestive system [22]. At the same time, germination is seen as
a desirable process because it has the role of decreasing the amount of antinutrients in the
grain (for eg. phyt acid, which combines with various minerals and result phytates) [23, 24,
25]. Also, the interest for seed germs today is great due to the fact that they can be
incorporated into the recipe of manufacturing various foods, in order to improve their
nutritional profile or sensory and quality characteristics [22]. In this sense, can be list: bakery
products [26, 27, 28], yogurt [29, 30, 31], biscuits [32, 33, 34], cakes [35, 36, 37] and so on.

Regardless of the purpose pursued, it is necessary to carefulljomtbe parameters
of the germination process (temperature, humidity, aeration, lighting), so that the germs
obtained to be of a superior quality, to contain an optimal amount of nutrients (in this regard,
it is recommended that the germination time $thawt be prolonged too much, so that the
grains not to be depleted in nutrients) [9, 10, 16], the sensory characteristics (color,
appearance, smell, taste) should not be adversely affected and the microbial load should not
exceed that indicated by standain force [26, 28], so that the health of consumers not to be
jeopardized by any microorganisms that have developed or by toxins that have been released
along the way [22, 23].

Depending on the field of use of the germs obtained, the germination persumeist
be chosen in such a way that what is desired to be obtained (optimal enzymatic activity or
inhibition of antinutritive factors, for example) to be successful [37]. In this sense, it is
necessary to carefully study the literature that indicalesr suggestions in this regard.
Highlighting the physical and physiological changes of different types of vegetables during
the germination process is desirable so that the germination process can be optimally
conducted, so that the germs obtained tdfseerior quality and thus can serve with success
for the purpose for which it is intended to be used [20, 22].

According to our acknowledgment, no comparative study has been made on so many
types of legumes seeds during the entire germination periodh&n physical and
physiological changes on modern device such as Stereomicroscope one. Also, no other study
has been made on a comparative analysis of minerals availability during the 0, 2 and 4
germination days between chickpea, bean, lentil, lupinesaylokean type.
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The aim of this study was to highlight the physical and physiological changes of
different types of legumes during the germination process, changes that are correlated with
the determination of the size of the developed parts during geromrfptumule and radicle)
and to highlight the variation of mineral content during the germination process, of which
amount was compared to those of the ungerminated seeds. Thus, will be highlighted the
optimal germination time, so that the germs to preseperior quality for consumption.

Materials and methods
Materials

The grain legumes seeds used were: chick@éze( arietinium L), bean Phaseolus
vulgarig), lentil (Lens culinaris Mer), lupine Cupinus albusand soybean3lycine max L).
All the grain legumes seeds were cultivated in Romania and were not genetically modified.

Grain legumes seeds analysis

The grain legumes seeds were analyzed for its physieahical properties according
to the International standard methods asofed: the hectoliter weight was determined
according to the ISO 7971:2009, the moisture content of legumes seeds were determined
according to 1ISO 770Q:2008, the seeds viability was determined by usual inspection of cut
seeds through tetrazolium stainif$g], the seeds germination capacity was determined
according to ISTA (2006) standard [39], and the protein content was determined according
to EN ISO 20483:2006.

Grain legumes seeds germination process

For legumes seeds germination, a Binder KBW/KByéFmination chamber was used.
The germination process was carried out to a maximum germination period of 9 days for
soybeans, beans and chickpeas and for 10 days for lupine and lentils in accordance with the
conditions provided by the ISTA (2006) standf8€]. The germination was made on dark
conditions to a temperature which varied between 20 anl @Hid to a constant humidity
value of 80%. The germination layer used was the filter paper.

Grain legumes seeds analysis during the germination process

In order to highlight the physical and physiological legumes seeds changes during the
germination process was measured every day the size of the radicle and plumule of legumes
seeds by using a Modelcraft Vernier Calliper of 125 M@]. Also, it was captd the
physical and physiological changes that occur in legumes seeds during the germination
process by using a Motic SMP40 Stereomicroscope devige ]. This allowed us to obtain
detailed images that highlight the essential changes: increasing theevofuhe grain due
to the water absorption, degradation of the protective coating of the grain, the development
of the component parts of the germs, etc.
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Statistical analysis

Data were expressed assfontipicate deférmisibrandar d
Statistical analysis was performed using XLSTAT statistical packirge trial version,
Addinsoft, Inc. Brooklyn, NY, USA) at a significance level of p < 0.05 [42].

Results and discussion
Physicalchemical characteristics of the ungerminatedegumes seeds

The data for the physicghemical analysis are shown in Table 1. As it may be seen,
the soybean presented the highest protein content value, whereas the chickpea the lowest one.
From the hectolitre point of view this value varied betwee® &hd 84.5 kg/hl with the
highest value for lentil and the lowest one for lupine seeds. The humidity value for the seeds
sample was not higher than 10.9% whereas the legumes seeds capacity to germinate
determined through viability and germination enenggicated the fact that lentil presented
the highest capacity to germinate whereas the lupine and chickpea the lowest one.

Table 1
Physicalchemical characteristics of legumes seeds
Legumes seeds Hsv(:%lg,[e HU[T/(') ?'ty Viaobility Germinatgon Proteirol

[kg/hi] [9%6] energy [%] | content[%]
Soy 70.50.03 9.8°0.01 | 77°0.47 74°0.81 40.340.01
Lupine 70.000.02 7.77°0.02 | 52°0.81 51°0.47 39.900.03
Chickpea 73.50.01 | 10.30.01 | 50°0.81 52°0.47 19.400.04
Bean 70.80.04 | 10.90.01 | 73047 70°0.81 22.600.02
Lentil 84.50.02 7.6°0.01 | 90°0.47 88°0.81 28.690.03

Physical, physiological and minerals changes during the germination process of
different types of legumes seeds

The physical and physiological changes of different types of legumes were presented
below, during every day of germination process (from day 1 to 9, respectively to 10 days of
germination process depending on the legumes type). For 0, 2 and 4 days oftiemmi
process it was determined the amount of mineral elements such as calcium, iron, phosphorus,
sulfur, zinc, manganese, and potassium from the legumes seeds by using a spectrometer
Shimadzu EDX900HS (Shimadzu Corporation, Kyoto, Japan) device. Itestablished the
variation of legumes types during the 4 days of germination due to the fact that according to
the physical changes during the germination process was the optimum day for their use in
food consumption. Also different studies has been regdhat at this time of germination
process the enzymatic activity of legumes are in a high amounts [43, 44, 45] and if the
germination period exceeded too much the amount of nutrients begin to decreases which is
not a desirable fact [8, 46, 47, 48].
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Physical and physiological changes of the lentil during germination

Figure 1 shows the changes that occur during germination process in the lentil seeds,
during the 10 days of germination. At the same time, it can be seen the variation of the size
of thecomponent parts (radicle and plumule) during the ten days of germination. Thus, on
the first day of germination there is an increase in the volume of the lentil seed, as a result of
the absorption of water needed in the subsequent germination procabsatption of water
being done through free pores and capillaries. Water absorption is done to hydrate the grain,
in order to stop the grain dormancy [49]. In the literature, it is considered that the optimum
moisture content for germination isT@D g ofwater per 100 g of dry matter [50]. During
the other 9 days of germination, it can be seen the changes that occur: on the second day the
radicle begins to develop, and from the third day, it can be seen the plumule. The dimensions
of these components ina®e from day to day.

Day 1 Day 2 Day 3 Day 4 Day 5
- b o
Lo - —

o

Increase in grain Radicle: 2.5 mm  Radicle: 4 mm Radicle: 6 mm  Radicle: 7 mm

size (water Plumule: 3mm  Plumule: 5 mm  Plumule: 19 mm
absortion)
Day 6 Day 7 Day 8 Day 9 Day 10
<
: o - M
N 4
‘ .\s<‘ ~ 2 '

Radicle: 14 mm Radicle: 15 mm Radicle: 29 mm Radicle: 32 mm Radicle: 52 mm
Plumule: 23 Plumule: 29 mm Plumule: 41 mm Plumule: 45 mm Plumule: 70 mm

Figure 1. Physical and physiological changes of the lentil seeds during the germination process

Images captured and presented in Figure 2 witliMbgc SMZ140 stereomicroscope
showed the grain in a dorsal, facial, transverse, and-sexs®nal position. In the literature,
the stereomicroscope has been used successfully to study the germinatiotyymd [51].
From these images, it can be seen that the development of the root begins from day one. The
chlorophyll is found in cellular organs called chloroplasts and has an important role in the
process of photosynthesis. It helps to capture the figetled in the photolysis of water
molecules, in order to assimilate carbon in the other stages of photosynthesis [52, 53]. In the
other stages, on days1D, it is observed that the root of the future plant grows more and
more, so that the plant can bepaeed for the absorption of nutrients and water from the soil,
a process in which the root has an essential role [54, 55].
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Day 1 Day 2 Day 3

Figure 2. Physical and physiological changes of the lentil,
captured with the Motic SMZ-140 Stereomicroscope

Physical and physiological changes of the bean, during germination

Figures 3 and 4 showed the changes that occur during germination process in the bean
seed, during the 9 days of germination.

Day 1 Day 2 Day 3 Day 4 Day 5
>
: !
Bl -
Increase in grain  Radicle: 3.5 mm; Radicle: 7 mm Radiclel3 mm Radicle: 27 mm

size (water
absortion)

£

S

Radicle: 68 mm Radicle: 153 mm Radicle: 167 mm Radicle: 178 mm

Figure 3. Physical and physiological changes of the bean seeds during the germination process
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It can be seen that on dapflgermination, as in the case of lentils, the grain increased
in volume due to the absorption of water needed for the next steps. Water plays an important
role in the germination process. During germination, it is very important to keep the humidity
constant because a water deficit will cause the degradation of the germ membrane and their
integrity [62]. As studies suggested, the presence of water is necessary to initiate the
germination process [63]. In the next stages of germination, dayth2 develpment of the
radicle is observed. Starting with the sixth day, the appearance of the root of the future plant
is observed. It is also observed, starting with the fifth day, the synthesis of chlorophyll, a
pigment of significant importance in the subsequeeatess of photosynthesis, a process that
ensures the correct development of the plant.

Figure 4 highlights in more detail the physical and physiological changes that occurred
during the germination process. Images captured usirgdatie SMZ140stereoncroscope
showed the grain in a dorsal, facial, transverse, and-sexd®nal position.

Day 1 Day 2 Day 3 Day 4 Day 5
™

£

[ e | _, - E ﬂ

Figure 4. Physical and physiological changes of the beans, captured
with the Motic SMZ-140 Stereomicroscope

Physical and physiological changes of lupine during germination

Figures 5 and 6 showed the changes that occur during germination in thegkgime
during the 10 days of germination period. In the case of lupine, it can be seen that on days 2,
3 and 4 takes place the development of the radicle, up to a size of 11 mm. From the 5th day
onwards, chlorophyll is synthesized. From the 8th day, theaappce of the root of the future
plant is observed.
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Day 1
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Figure 5. Physical and physiological changes of the lupine seeds during the germination process

Day 5

Figure 6. Physical and physiological changes of the lupine, captured with the Motic SMZ0
Stereomicroscope

Physical and physiological changes of chickpeas during germination

The changes that occur during germination in ¢hickpea, during the 9 days of
germination, can be seen in Figures 7 and in Figures 8. Thus, the development of the radicle
in the case of chickpea begins on the second day. Starting with the sixth day, the appearance
and development of the plumule ané gynthesis of chlorophyll are observed. On the ninth
day, the radicle has a length of 130 mm and the plumule, 58 mm. The images from figure 8
captured to the dorsal, facial and transverse seed position, facilities the observing in detail
the developmentfdhe leaves and the root (dayis9§.
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Figure 7. Physical and physiological changes of the chickpeas seeds during the germination
process
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Figure 8. Physical and physiological changes of the chickpea, captured with the Mo8&1Z-140
Stereomicroscope

Physical and physiological changes of the soybean during germination

Figures 9and 10 show how the soybean evolvddring the 9 days of germination.
Thus, it can be seen that the radicle has reached the size of 24 mm at the end of the fourth
day of germination. Starting with the fourth day, the seed began to synthesize chlorophyll,
and the root began to be more promoed starting with the eighth day.
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Figure 9. Physical and physiological changes of the soybean seeds during the germination

process
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Figure 10. Physical andohysiological changes of the soybean, captured with the Motic SMZ40
Stereomicroscope
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