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Influence of Fatty Acids on Foaming Properties of Cider
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Seventy-seven ciders from four consecutive harvests, which were produced at industrial scale by
cider-makers from the region of Asturias (northern Spain), were analyzed to evaluate their foam
capacity. The Bikerman method for the evaluation of foaming characteristics was adapted to ciders.
In foaming, there are two parameters, foam formation and foam stability, which are found to be related
to each other. To determine the relationship between fatty acid content and foaming properties of
cider, the multivariate analysis technique of canonical correlation analysis was applied. Foam stability
is positively related to the content of caprylic acid. Foam height is positively related to linolenic,
pentadecanoic, and palmitic acid and negatively related to stearic and linoleic acid.
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INTRODUCTION fatty acids, such as linoleic and oleic acid, may be involved in
the foam inhibition phenomenoad). Therefore, the relationship

Cider is a popular beverage in Asturias (Spain), as well as in . . . . .
other countries of Europe and North America, and represents.between fatty acids and foaming properties might be of certain

one of the most important economic sources of that region after'nteresj[t.' befcqt(;se I:hese compohunds ctofuld (rjnod|fy thedfoa;m
animal productions such as milk and meat. Therefore, in recentﬁ]mpuet:"'seseod (r::aseerérc?lwi\:\etrﬁévioaﬁ%no rgugrtiggyoif)rsifj;eanntsj’
years abundant research~3) has been addressed to improve P ’ g prop

cider quality and to establish a denomination of origin for its fatty acid proflle._ ! . . .
Asturian cider. The use of fatty acid profiles allowed us to differentiate ciders

As is well-known, consumers judge the sparkling beverages made from apples harvested in the Asturias region from those

not only by their taste and flavor but also by their foaming r_nade from apples haryested out§|de the regﬂg)ne(t the same .

characteristics. In this sense, cider has some sensory foaming}'me' _there are also dlﬁ_erences in apple varieties on the_ba5|s

properties different from those of sparkling wines or beers. In .Of thelr Pr°f"e of fgtty acidsg). Because the level of fatty aglds

fact, excessive and nonconsistent lacing and/or high foam in cider is determlngd by several fagtors such as apple mixture,

stability cause a decrease in sensory assessment. For this reasofiarvest, and the action of yeasts during the fermentation process,

foam behavior is one of the most important quality character- all of these factc_)rs should _be take_“ Into account in order to

istics of cider. Consequently, knowledge of foam active contrpl the foaming properne; of C|de_r. )

substances is important to cider-makers. Thls study rgports the p055|blle relatlopshlp betweep t.he fatty
Studies carried out on fermented beverages such as beer ofCid composition of cider and its foaming characteristics. To

sparkling wines showed a relationship between chemical S Purpose, we have determined the fatty acid profile and

composition and foaming propertied~6). For a long time, fc_)amlng properties of 77_ ciders. The foaml_ng capacity of thes&_e

proteins b, 7, 8) were considered to be the most important foam ciders was measured with a QeV|ce e.speC|aIIy deS|gned for this

active compounds, but some studies have revealed that therd®S€arch. Multivariate analysis technique was applied to deter-

are other compounds such as polysaccharides, iron, and coppefine the relationship between both groups of variables.

which play an important role in the foam behavior in sparkling

wines (9 10), beer (11), or sparkling base wine}. feew papers MATERIALS AND METHODS

report that fatty acids have an influence in foam formation and . .

. - . . . Samples and Chemicals.Seventy-seven samples of cider were
stability depending on their molecular V\_/elght. Mau_jean_et al. fozen (—20°C) and later analyzed. All reagents, standards, and
(12) found a correlation between caprylic and capric acid and gqytions were of analytical grade.
the foaming properties of still wines. Pueyo et &) found a Analytical Procedures. Fatty acids were analyzed by GC according
relationship between the total content of linolenic acid and the (g the method previously developed by the auth@jsysing a column
foam stability in wines and between the total content of palmitic of acidified polyethylene glycol and a flame ionization detector.
acid and foam height in sparkling wines. Moreover, the higher Concentrations of fatty acid were calculated by the internal standard
method and expressed in milligrams per liter referred to cider.

* Author to whom correspondence should be addressed (telephone 34 Foaming Characteristics. Analytical grade C@ from a cylinder
985 10 3490; fax 34 985 10 3125; e-mail dbg@sauron.quimica.uniovi.es). passed through a glass frit (1on pore size) fitted in the bottom of a
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Table 1. Mean Values and RSD of Fatty Acid Content in Cider (n = 12
Y =0.189 X + 1.497
77) 10| R=072(m=77) @ .
---- 95 % Interval of confidence P
fatty acid mean, mg/L £ RSD 7 8 -
caproic (C6:0) 33+17 & 6
caprylic (C8:0) 32+19 §
capric (C10:0) 35+15 4
lauric (C12:0) 05+0.2
myristic (C14:0) 03202 2
pentadecanoic (C15:0) 0.04 £0.03 0
palmitic (C16:0) 1406 0 10 20 20 40
palmitoleic (C16:1) 0.12£0.09 FS ()
stearic (C18:0) 03+0.2
oleic (C18:1) 0.2+0.2 Figure 1. Relationship between foam height and foam stability of all ciders
linoleic (C18:2) 03+0.3 (n=77).
linolenic (C18:3) 0.12+0.08

Table 2. Correlation Coefficients and Significance Levels between
Foam Parameters and Fatty Acids

graduated glass tube (0.985 cm i.d.). A flow rate of 30 mL/min was
selected. Two parameters were measured: MH, the maximum height HM TS
reached by the foam after carbon dioxide injection through the glass
frit, expressed in millimeters, representing the ability of cider to foam; :
and FS, the time of foam stability, until all bubbles collapse, when  Caproic 0.242 0.034 0.413 0.0002

fatty acid r p r p

carbon dioxide injection is interrupted, expressed in seconds. Samples ggp:iycllc —8%(7)3 8'832 _8"2?[31 8'8221
were analyzed in triplicate. Ten milliliters of sample, previously Iaupric ~0196 0.087 ~0.154 0181
degassed and filtered, was poured into the tube, and all measurements  prigiic —0.125 0.278 —0.207 0.071
were carried out at room temperature. Before each measurement, the pentadecanoic -0.330 0.003 —-0.503 0.0001
column was washed with 95% ethanol, Milli-Q water, and the sample  palmitic -0.241 0.035 -0.408 0.0001
to be analyzed, and air was passed through the fritted plate. palmitoleic -0.376 0.001 -0.528 0.0001
Statistical Analysis. Statgraphics Plus 4.0 was used to carry out ~ Stearc —0.315 0.005 —0431 0.0001
the statistical data analysis. Correlation analysis was performed between I‘.)Ie'c . 0316 0.005 0440 0.0001
. inoleic -0.030 0.797 -0.163 0.156

the two foam parameters (MH and FS) of the 77 ciders and between linolenic 0.222 0.053 0.276 0.015

the parameters MH and FS and the 11 fatty acids analyzed. One-way
ANOVA considering as qualitative independent variable harvest and

as quantitative dependent variables MH and FS was carried out.
Canonical correlation analysis was used to establish the linear relation-
ship between fatty acid composition and foaming characteristics.

Correlation Analysis. This analysis provides a preliminary
view of the relationships between the fatty acid composition
and foaming characteristics. Correlation ranges frointo +1
and measures the strength of the linear relationship between
RESULTS AND DISCUSSION variables. A positive correlation suggests that two variables
fluctuate in the same direction, whereas a negative correlation
suggests that two variables fluctuate in the opposite direction;
p values below 0.05 indicate a statistically significant correlation
at the 95% confidence level.

Table 2 shows the correlation coefficients of the variables
corresponding to foaming characteristics, MH and FS, and those
corresponding to the fatty acid composition of the ciders studied
together with the significance leveb). It can be observed that
foam height and stability are significantly related to most of
the fatty acids. Positive coefficients were found for caproic,
caprylic, and linolenic acid. That is to say, ciders with a greater
amount of these compounds should have higher and more stable

. ) . foam. On the other hand, high levels of pentadecanoic, palmitic,
FS), which were determined three times for each bottle, had palmitoleic, stearic, and oleic acid in cider should indicate the

average relativ_e stand_arq deviation$4 and 9%, respectively. lowest values of MH and FS. It is important to note that these
~ There was high variation between the values of MH and FS ¢qefficients show only the sign of the correlation between fatty
in cider. The values of the foam height ranged from 30.2 t0 5:ids and foam properties.
137.8 mm, whereas FS ranged from 8.0 to 35.0 s. Canonical Correlation Analysis (CCA). The purpose of
A positive linear correlationr(= 0.72, p< 0.01) (Figure 1) CCA is to summarize or explain the relationship between two
was observed between foam height and foam stability at the sets of variables by isolating a small number of linear combina-
99% confidence level, which indicates a moderately significant tions from each set of variables that have the highest possible
strong relationship between variables. It had also been observedorrelation between the sets.
in sparkling wines by Andrés-Lacueva et al. (6). Therefore,  Table 3 shows the results of the application of canonical
ciders with high MH would have a persistent collar, and they correlation to the data of fatty acid composition and foaming
are stable over time. properties. Two canonical variables were calculated in each
On the other hand, significant differencgs< 0.05) between group. The first canonical variable relates mostly to caprylic
the foam heightg = 0.001) and the foam stabilitp & 0.0001) acid (0.706) for the first group and to foam stability in the other
values due to harvest factor were observed when one-waygroup. The second canonical variable relates best to linolenic
analysis of variance (ANOVA) was applied. (0.835), pentadecanoic (0.798), palmitic (0.754), stearfc{40),

Fatty Acid Composition. Fatty acids were identified and
quantified as methyl esters. Quantitative information was
obtained using the internal standard method. An individual
internal standard curve was generated for each fatty acid due
to differences in response factors. Two internal standards were
used: nonanoic (C9:0) and heptadecanoic acid (C17:0). The
major fatty acids found were caproic, caprylic, capric, and
palmitic. Saturated acids predominate over unsaturated ones
The statistics of method were described by the authors in a
previous paper (2)Table 1 reports the mean values of fatty
acids for 77 ciders from four consecutive harvests.

Foaming Characteristics. The foam parameters (MH and
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Table 3. Correlations of the Two Canonical Variables (VC1 and VC2)
with the Original Variables

VC1l VC2
Fatty Acids
caprylic 0.706 -0.384
pentadecanoic -0.415 0.798
palmitic -0.525 0.754
stearic 0.401 -0.740
linoleic -0.273 -0.703
linolenic 0.233 0.835
Foaming Properties
MH —0.401 1.073
FS 1.030 0.360

and linoleic acid 0.703) in the first group and to foam height
in the second group. Caprylic acid has a positive correlation
with foam stability, whereas linolenic, pentadecanoic, and
palmitic acid are the fatty acids that best define the foam height.
Pueyo et al.§) found the same relationship between palmitic
acid and foam height in sparkling wines. Stearic and linoleic
acid have a negative relationship with foam formation. Studies
carried out in other beveragek3j showed that fatty acids such
as linoleic and oleic acid can inhibit the foam formation at
concentrations>0.1 ug/mL, probably as a consequence of a
spreading effect that causes a local thinning of the film and
finally its breakage.

Conclusions.The MH and FS parameters in cider are related
to each other. We found a linear relationship between foam
height and foam stability. Foaming properties were affected by
harvest.

We have found that caprylic acid best defines the foam
stability in cider. The relationship between both variables is
positive. That is to say, ciders with this fatty acid in the lipidic
fraction will form more stable foam than ciders with lower

concentration of the same acid. The fatty acids that best define

the foam height were linolenic, pentadecanoic, palmitic, stearic,
and linoleic acid; the relationship between them is positive in
the case of linolenic, pentadecanoic, and palmitic acid but
negative in the case of stearic and linoleic acid.

In this research we study the relationship between fatty acids

Cabrales et al.
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