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STUDY OF FOAMS OBTAINED FROM SOLANUM TUBEROSUM
PROTEIN EXTRACT: PROTEIN, GAS AND POLYSACCHARIDE
INTERACTION

Abstract. The protein foams in food industry are often produced by animal protein, with consequent ethical
(vegetarians) and health (allergies) problems,for these reasons proteins of plant origin are considered a new strategy
in the improving of food safety.In this regard, the use of proteins of vegetable origin as the surface active
compounds, specificallyfoaming characteristics were studied. These proteins were obtained fromSolanum tuberosum
(Agria variety), and from an extract of commercial patatin(Laffort). The topic was created by the need to recover the
waste from the processing of potato starch, rich in proteins with interesting nutritional and technological properties
but also cause of environmental issues.The extracts of potato were studied in different conditions of pH and in the
presence of salt in order to better understand the optimal operating conditions for the production of stable foam. The
results showed that the proteins of the potato give polydisperse foams, more or less stable and require the addition of
polysaccharides to improve their performances. By analyzing the image of foam, some parameters regarding the size
of the bubbles could forecast foam stability. For the obtaining a foam by the "sparging" method, with the addition of
gas injected into the solution was used that could improve the characteristics of the foam.The result of this research
confirm the good attitude of potato protein to produce stable foam.

Key words: foam, protein, potato, starch, surface active compounds, hydrocolloids.

Introduction

The proteins of potato tubers are of excellent nutritional quality and are superior to the protein of
cereals and legumes [1]. Potato protein has highLysine content, which is present usually in a lesser
amount in many other crops [2]. In addition, the potato protein digestibility as measured by PER (protein
efficiency ratio) is exceptionally high and is considered very well in terms of biological quality among the
major plant proteins [3]. Potato soluble proteins were identified and classified into 3 categories [4]:
patatin, protease inhibitors and complex proteins at 22 kDa. Patatin is the most abundant fraction of potato
juice and includes up to 30-40% of the protein; patatin is a family of glycoproteins of about 40 kDa
determined by SDS-polyacrylamide electrophoresis (SDS-PAGE) [5]. The patatin fraction is a very
promising foaming agent with foaming and stability similar to albumin powder [6]. Ralet et al. [6] studied
the different foams of the different potato protein parts and found that the foams obtained by the patatin
fraction are very stable, both in the presence and absence of NaCl and in different pH conditions. In
addition, the foams of the potato protein are more stable than egg protein foams, with or without the
addition of NaCl.

Stability is the most important property of a foam contained in a food: once the desired characteristic
for the product has been obtained, the structure must be maintained at least until the product is consumed.
Destabilization processes can be well distinguished when a foam is left to rest [7]: 1) the coalescence of
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gas bubbles; 2) disproportionate gas bubbles (polydispersion); 3) drainage liquid. Drainage involves the
loss of liquid from the foam matrix, resulting in flow between the gas bubbles and the solution [§].

The increase in bubble size can be slowed by increasing the viscosity of the initial solution, before
foaming. Coalescence is determined by the stability and attraction/repulsion forces between the thin liquid
film forming the bubbles [9], while disproportionation (polydispersion) occurs through the diffusion of
gas between bubbles of different sizes. The excess pressure inside the bubble, also known as Laplace
pressure (LP), is inversely proportional to the diameter of the bubble itself. Thus, the concentration of
dissolved gas at the interface of a small bubble will be greater than that at the interface of a large bubble.
This favors the mass transfer and therefore a net loss of gas from the small to the largest bubble (Oswald
ripening). The disproportion rate will depend on Laplace pressure, gas solubility, and other geometric
factors [10].

Foam stability is most commonly monitored following its collapse (foam volume variation: SVS%)
and increased volume of drainage liquids (SLS%). Both of them are macroscopic properties and can be
easily measured, thus allowing a description of foam behavior over time [8].

The work purposeis to study the foaming properties of a potato proteins extract, Solanum
tuberosum(Agria variety) [17], and compare them to those of a commercial potato extract. In particular,
the presence of polysaccharides affects the viscoelastic properties of the solution and the foam with
consequences on stability and expansion. For this reason, the two protein extracts will be studied in the
presence of k-carrageenin, pectin and Arabic gum at different pHs. The "sparging" method, by adding gas
to the bulk solution, can modify the foam characteristics. We propose to study the expansion of the foams
obtained with CO, and N, from the two extracts at different pHs.

Materials and methods

Agria (0.5 Kg) tubers were shaken in presence of 100 ml of water mQ, 5 g of PVPP and 50 mM of
DTT. After centrifugation, the supernatant was dialysed with 1 kDa membrane and lyophilized.

Foam production for "sparging'" gas method

For the measurement of the foam by sparging gas, an instrument with a graduated cylindrical glass
column in centimeters with a porous septum and faucet was used, connected to a CO, or N, at one
atmosphere (Fig.1).

Figure 1 - Sparging column model:

1) CO, or N, cylinder,

2) Pressure regulating valve,

3) Gas injection hose,

4) Gas tap opening and closing valve,

5) Cylindrical glass column in centimeters with porous septum.

Samples were previously prepared in falcon: 20 ml of buffer (at different pHs, Mcllveine buffer: pH
3 to 7) and 5 mg/ml of potato protein extract. Subsequently, falcons were mixed by vortex to allow the
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solubilization of the potato powder inside the buffer without foam formation. The sample were placed
inside the cylinder and the tap was opened to allow the gas to be released (a CO, test was then followed
by N,) for a minute to be able to observe the foam expansion. The prepared samples were:

* 5 mg / ml of potato protein extract Agria variety + 20 ml of pH buffer 3 to 7,

* 5 mg / ml of Patatin Protein Extract + 20 ml of pH buffer 3 to 7.

Subsequently samples were prepared by adding 1% NaCl to observe the stability of the foam due to
the ionic strength responsible for the interactions between proteins present in the foam film. The prepared
samples were:

* 5 mg / ml of potato protein extract Agria + 200mg of NaCl + 20 ml of pH buffer 3 to 7,

* 5 mg / ml of Patatine Protein Extract + 200mg of NaCl +20 ml of pH buffer 3 to 7.

The following parameters were studied:

o  %FE = (ml foam volume)/(ml initial liquid volume)x100

. Sauter coefficient or ds,

Sautercoefficient was calculated on the diameters of the bubbles analysed by stereo microscope
SteREO ZEISS LUMAR software.

Images were also studied by optic microscope and electronic microscope SEM.

Polysaccharides

Prior to the foaming, polysaccharides were added at a concentration of 5 mg/ml to the buffered
solutions in which the protein extract of Patatina and Agria was added. Polysaccharides are k-carrageenin,
pectin and arabic gum (Sigma).

All experiments were carried out in triplicate.

Results and Discussion

The ionic strength, pH and the nature of the protein extract can affect the size of bubbles [11]. An
image study on Agria foam was performed using a 60-magnification optical microscope, (Fig 2A) and the
electronic microscope (Fig.2B) and a processing software allows the measurement of foam bubbles
diameters.

e———————
D2,2 x600 100 um

B

Figure 2. Potato protein foam observed at optic microscope (A) and electronic SEM microscope (B)

As shown in Table 2, the ds; is particularly high at pH 5 and 6, and this is due to the presence of high-
density bubbles and low foam stability. In contrast in pH 7, the ds, has the lowest value, followed by the
pH 3 and 4.

Fig. 3 reports descriptive data analysis in the form of box plot. As shown in the figure, at pH 4 there
is a low variability, in fact, excluding the outlier values, the interquartile rank is lower than the others. The
VC coefficient, as in all other cases, is quite high and equal to 48.4% (Table 1), while the median is close
to the mean value of 101.85 pum (average diameter of the bubbles). On the contrary, the distribution with
greater variability is at pH 5; in fact, as shown in Fig. 3, the interquartile rank is particularly wide.
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Figure 3 - Box Plot statistical analysis of the diameters of the foam bubbles, obtained at different pH

Observing the VC (Table 1), we notice that this parameter is greater than 40%, up to 54% at pH 7. By
this analysis it could be stated that there is variability (polydispersion) expressed in terms of bubbles size,
more or less accentuated depending on the pH of the solutions.

Table 1 - Statistical analysis carried out on the diameter of foam bubbles,obtained at different pH

Medium Diversion standard Coeff. of variation Min. Max. Range
pH 3 119,362 49,7126 41,6486% 37,18 233,11 195,93
pH 4 101,854 49,3063 48,4091% 45,36 310,41 265,05
pHS5 | 208,445 96,6788 46,381% 57,19 395,63 338,44
pH 6 162,122 69,27 42,727% 65,37 310,87 245,5
pH7 97,8807 53,7626 54,9267% 24,78 195,2 170,42

Fig. 3 shows also the expansion of foams obtained by Agriaproteins and commercial patatin at
different pHs and generated by N, by the sparging method. As shown in Fig. 3, the expansion of the
potato foam seems to show values of the same order of magnitude of those obtained with CO,. Even in
this case there is a certain expansion at pH 5. The presence of salt, in the foam obtained with N, tends to
reduce the FE% value with the exception of the foam at pH 7 which remains unchanged with respect to
the sample without NaCl. Agria has an expansion of between 300% and 400% (as in the case of CO,) and
seems to be significantly affected by the presence of salt. Indeed, NaCl achieves in many cases 400%
expansion (FE%).

Table 2 - ds,of diameters of the foam bubbles

pH ds)
3 154,19
4 156,5982
5 282,2808
6 216,8933
7 144,8264
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Expansion and stability of foam in presence of k-carrageenin, Arabic gum and pectin.

Generally, proteins alone are unable to form stable foams without the addition of other stabilizing
agents, including, most commonly used polysaccharides. These are the most widely used in the food
industry because they give texture characteristics as thickeners and gelling agents. Food macromolecules,
such as proteins and polysaccharides, play a very important role in foam stabilization [12].

L] Sm .
Patatina CO, Agria CO,
700
800 600
500
600
o & 400
i 400 300 1
200 200 -
100
[] 0 n T T
pH3 ~ pH4  pH5>  pH6  pH/ pH3  pH4  pHS  pHe  pH7
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Figure 4 - Foam expansion (FE%) of the foams obtained at different pH, and in presence of CO,, N,, and NaCl

They act by delaying the drainage of the liquid and producing a viscoelastic film on the surface of the
bubbles which protects them from breakage; all this prevents or delays the phenomenon that goes under
the name of "Ostwald ripening" (larger bubbles grow at the expense of smaller ones).
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Figure 5 - Foam expansion (FE%) and stability over time of the foams obtained at different pH
and in presence of k-carragenin, Arabic gum and pectin

While proteins contribute to foam formation due to hydrophobicity and possible conformational
rearrangement that allows quick adsorption to the air-water interface and leads to the formation of a
coherent viscoelastic film [8], many hydrophilic polysaccharides do not adsorbe themselves to the
interface. However, they can improve the stability of the protein foam by gelling the aqueous solution
[13].

We analysed the behavior of the foam obtained from the proteins of Agria and the Patatin protein
extract at different pHs and in the presence of k-carrageenin, Arabic gum and pectin. As shown in Fig. 4,
10
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the presence of polysaccharides such as k-carrageenine, Arabic gum and pectin decreases foam expansion
as a result of the viscosity of the bulk solution.

As shown in Fig.5, the FE% parameter, monitored within 60 min does not undergo major variations.
It seems that the presence of polysaccharides prevents the collapse of the foam. The presence of k-
carrageenin results in an expanded foam, from 12 to 25% when present in pH 7, 5, 4 and 3 buffer. At pH 6
there is an expansion of 39% followed by a reduction (reaches 25%). In the presence of k-carrageenan,
Agria's foam behaves differently from that of commercial patatin. In fact, 46% of initial FE% of foam is
achieved in the presence of pH 4, 5 and 7. At pH 7 and 3, the FE% value is 29 and 30%, respectively, and,
as in the case of patatin (Fig. 4), represents the lowest values. The presence of k-carrageenin in the protein
solution can alter the behavior of proteins in the formation of foam. In fact, it has been reported that k-
carrageenin-protein systems show a synergistic effect between the two polymers on gelling properties
when the pH is above the pl of proteins [14].

In solution, the synergistic effect between the two polymers seems to be thermodynamically
incompatible. At low pH values polysaccharides, characterized by the presence of S group, and the
proteins interact by forming bonds. By increasing the pH beyond the proteins pl, the electrical charge of
these proteins becomes negative. Consequently, repulsive electrostatic forces between protein molecules
and polysaccharides increase. This leads to a mutual concentration of both polymers (polysaccharide and
protein) in separate microfibers and promotes the gelatinization of polysaccharide [15]. In addition, the
presence of a polysaccharide in the protein solution can modify the protein's foamy properties and impart
desired product characteristics (eg puddings and mousse). Indeed, if the continuous phase of the proteins
that form the foam gelates, interesting foam and texture stability features may emerge. It has been
observed that adding k-carrageenin of soy proteins decreases foam expansion since the incorporation of
the air is limited by the increased viscosity of the solution (gelating foam).

In this experiment, low concentrations of protein extract and k-carrageenin (5 mg k-carrageenine/ml
solution) do not favor gel formation (in fact, the foam and liquid phase maintain a fluid consistency, data
not shown). The presence of arabic gum (Fig. 5) determines: a FE% value (about 20%) at pH 5 very
similar in Potatin and Agria and a value of 50% for both Patatin and Agria at pH 3. Both in the case of
patatin and Agria the expansion (FE%) tends to decrease to pH 6 reaching about 30% after 60 min. At pH
7, the expansion of the Patatin foam is particularly low (equal to 10%) and tends to decrease as in the case
of k-carrageenin. In the case of Agria, however, the expansion stands at 30% and remains constant.

The presence of pectin (Fig. 5) determines an expansion of 60% potatin foam at pH 6, and at pH 4
reaches 50% and then decreases to 38% after 30 minutes. On the contrary, FE% (50%) of Agria's foam at
pH 4 remains constant over time. At pH 3, 5 and 7, the initial expansion of Patatin foam reaches 25-35%
although the value decreases to stabilize around 23-25%. Agria foam at pH 5, 6 and 7, while achieving an
initial FE% of 48, 38 and 32%, tends to stabilize at values close to 30%. In this case, at pH 3, Agria
displays a FE% of 55% and stabilizes at 50%.

Goff et al. (2006) [16] proposed several mechanisms that describe the role of polysaccharides in
controlling protein absorption at the gas-water interface. In the first case, only "free" proteins are available
in the adsorption phenomenon at the gas-water interface and surface tension lowering. In the second case,
adsorption to the interface involves the combination of protein-polysaccharide complex and free protein in
the continuous phase. The rate of diffusion of newly formed complexes may be lower than that of free
proteins and this results in a slower migration from the bulk solution to the interface.

This phenomenon involves an additional mechanism for association-dissociation of proteins from the
complex with polysaccharide. This theory suggests that complexes close to the gas-water interface may
undergo partial protein dissociation from the original complex and this depends on the strength of
interactions with the biopolymer and the solvent conditions. The pH value thus becomes crucial in
creating or not protein-polysaccharide complexion phenomena and affecting the viscosity of the bulk
solution and the properties of the foam.

Conclusion

By the results obtained from this research it is possible to state that proteins extracted from Agria and
Patatin form foams with stability and expansion characteristics that depend on the protein's nature of the
sample, pH, presence of NaCl and polysaccharides. The image analysis of the bubbles, though only
performed on the patatin sample, allowed to characterize the foams and to study the dimensions of the
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structures by linking them to the pH of the bulk solutions. By analysiing the bubbles and studying the
frequency distributions, it can be deduced that the system is "polydispersed" and characterized by a
certain heterogeneity in the dimensions due to pH.

This polydispersion is particularly evident at pH 5, close to pH of the potato protein. However, the
presence of other proteins in the Agria extract, characterized by different pHs, makes complex
understanding the foaming behavior of the sample. The presence of salt decreases the expansion of
Agria's foam, while it increases that of Patatin. In all cases, stable foams are obtained over time, and this
confirms the good foaming potentials of potato protein. The addition of polysaccharides limits foam
expansion in all cases as a result of higher viscosity of the bulk solutions. However, protein-
polysaccharide complexes or interactions give high foam stability, especially when the protein extract is
represented by Agria. The polysaccharide that gives greater foam stability (expressed in SVS%) is pectin,
both in the presence of Agria and Patatin. The sparging method allows to obtain very expanded foams
than the mechanical stirring method, especially when CO, is used. The phenomenon is accentuated in the
presence of NaCl. Even the N, allows a considerable expansion of the foam even if the "salt" effect is
much lower.
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SOLANUM TUBEROSUM MMPOTENH 3KCTPAKTIHIH KOBIT'IH 3EPTTEY:
AKYBbI3, I'A3 ’)KOHE NIOJIMCAXAPUATEP OPEKETTECY

Annoranus. Tamak eHepkociOiHAeri akybl3 keOiri kebiHece s>kaHyapiap OelOKTapbIHAH JKacajalubl, COJaH
KeWiH JITHKaNbIK (BereTapHaHINbUIap YIOiH) mpoOiieManap MEH ACHCAYJBIK IMpodieManapbl (auieprusiap) OCHI
cebenrepre OailTaHBICTHI OCIMIIK OCIOKTAPBIHBIH a3BIK-TYNIK KAyiNCI3AITiH JKaKCapTyObIH aHa CTPATETHsCHl 00-
nein caHananael. OchiFaH GaiIaHBICTBI OCIMIIK IPOTEHHAEPIH OETTiK-0eNceH Al 3aTTap, acipece KoOIKTEHIIpeTiH Ka-
CHeTTepiH KoygaHy 3eprrenai. byn akysi3map Solanum tuberosum (Agria ChIHBIIN) jXOHE KOMMEPLHMSUIBIK MATATHH
ceirbiHpbIchbHAH (Laffort) anpiaran. By 3epTTey KbI3bIKTH TAMAKTaHY J)KOHE TEXHOJIOTHSIIBIK KacHeTTepi 0ap aKybi3-
Japra 0ail KapToI KpaxMabl KaJIbIKTaPbIH OHJIEY, COHIai-aK 3KOJIOTHUSIIBIK MPOOIeMalIap Ibl MICITy KaXEeTTUTIrHE
OaiinanbicThl Oomyibl. TypakThl KOOIK ajy YIIIH OHTaMIIbl KYMBIC JKaFJaiIapblH JKaKChl TYCiHy YuIiH aprtypii pH
JKaF/IaiibIHIIa JKoHE Ty3 OOJIFaH Ke3lle KapToll CHIFBIHIBUIAPEI 3epTTenreH. HoTmkenep KapTONnThH aKybI3Aaphl Kem
HeMece a3 TYPAKThl OOJBIN TaOBUIATHIH ITOJIMANCIIEPCTI KOOIK Ty3e[l *oHE OJap/blH CHUIaTTaMallapblH KaKcapTy
YIIiH monucaxapuarepli Kocynasl Tanan ereai. KeOik KeckiHAepiH Tanjay Ke3iHJe KeIipLIKTepIiH MeJIepiHe
KaTBICTBI KeiOip mapameTpriep KeOiK TYpaKTBUIBIFBIH Ooipkayra MyMKiHIIK Oepeni. KebOik amy ymiH ke0ik
CUTaTTaMaJlapblH JKaKcapTa alaThlH epITIHAITe eHTI3UIreH ra3apl KOCY apKbUIBI «OYpIIaKIeH» dIici KOJIMAaHBUIIBL.
OcBI 3epTTeYIiH HOTIKEC] TYpaKTHI KOOIK aly YIIiH KapTONTHIH aKybI3bIHBIH KAKCHI JKaFIaiibIH pacTaiibl.

Tyiiin ce3aep: xke0iK, aKybI3, KapToII, Kpaxmall, OETTiK OeNICeHIi 3aTTap, THAPOXOJUIOUATED.
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UCCJIEJOBAHME MEHBI, IOJIYYEHHOM U3 SKCTPAKTA MPOTEUMHA SOLANUM TUBEROSUM:
B3AUMOJIEMCTBUEBEJIKA, F'A3A U HIOJIMCAXAPUJIOB

AnHotanusi. [TpoTeMHOBBIE NEHBI B MUIIEBON POMBIIIJICHHOCTH Yallle BCEr0 BhIPa0AThIBAIOTCS U3 JKUBOTHOTO
Oenka C MOCJCAYIOMIMMHU 3THUYCCKUMH (U1 BereTapHaHIeB) mpodiieMaMu W mpodiieMaMH CO 3I0pOBbeM (ayuiep-
THSMH), TI0 3TUM ITIPUYMHAM OEJIKK PACTHTEIBHOTO NMPOMCXOXKICHUS CUMTAIOTCS HOBOWM CTpaTerueil yiyulieHus
0€30I1acCHOCTH THIIEBBIX NPOJIYKTOB. B cBsizu ¢ atuM B pabore OBUIO M3Yy4YEHO HCIIOJIb30BaHHE OEIKOBpACTH-
TEJIFHOTO IIPOMCXOXJICHHUS B KAuyeCTBE MNOBEPXHOCTHO-aKTHBHBIX COCIMHEHHH, B YaCTHOCTH, BCIIEHUBAIOLINX
CBOHCTB. OTH IpOTEWHBI ObUIM MONXydeHbl W3 Solanumtuberosum (copT Agria) M M3 SKCTpaKTa KOMMEPYECKOTo
naratuHa (Laffort). Hacrosimee ucciieoBanyie ObUIO BHI3BAHO HEOOXOIMMOCTBIO IIEPEPA0OTKH OTXOH0B KapTo(eb-
HOTO Kpaxmaia, 00raTbIX NPOTEHHAMH C MHTEPECHBIMH MMUTATEIbHBIMU U TEXHOJIIOTMYECKUMH CBOMCTBAMH, a TAKXKE
BCJICAICTBHEPELICHHUS YKOJIOTHYECKUX MPOOIeM. DKCTpakThl KapTodens U3ydaauch B pa3Hbix ycioBusx pH u B
MPUCYTCTBUH COJIH, YTOOBI JIYYIIE MOHATH ONTHMAIbHBIE paboUKe yCIOBHS ISl POU3BOJICTBA CTAOMIIBHON MEHBI.
PesynbraTel mokaszanm, 9to Oenku KapToders AalT MONWAMCIEPCHBIE TEHBI, Oojiee MM MEHee CTaOMIbHBIE U
TpeOyIOT M00aBleHUs] MOJNMCAXAPUIOB Ul YIYYIICHUS MX XapaKTepUCTHUK. AHAIU3UPYsl HM300pa)KeHHs IEHBbI,
HEKOTOPbIC MapaMeTphl, KacalolIHecs] pa3MepoB IMY3bIPbKOB, MOXKHO MPOTHO3UPOBATh CTAOMJIBHOCTH MeHbl. J[is
MOJTy4eHHs TIeHBI ObLJI MCIOJIb30BaH METO «0apOoTHpOBaHus» C A00aBIEHHEM ra3a, BOPbICKUBAEMOTO B PacTBOD,
YTO MOIJIO OBl YJIYYIIHTh XapaKTEepUCTUKH MeHbl. Pe3ynbTar 3TOro mccieqoBaHMs MOATBEPXKIAET XOpolIee MOJIo-
JKeHHe Oerka KapTodesst It NOIyYeHUS CTa0MIbHOM MEHBI.

Ki1roueBble ci10Ba: reHa, 06emok, kaprogelb, Kpaxmai, HTOBEpXHOCTHO-aKTHBHBIE BELIECTBA, THAPOKOIIIONIBI.
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