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Abstract: The aim of this study was to compare the sensitivity of two analytical
methods for the prediction of the shelf-life of unpacked and packed gluten-free
rice-buckwheat cookies kept at ambient (23+1 °C) and elevated (40£1 °C)
temperature during storage, namely the static headspace gas chromatographic
method with flame ionisation detection (SHS-GC-FID) for volatile saturated
aldehydes (propanal (C3), pentanal (C5), hexanal (C6), heptanal (C7) and octa-
nal (C8)) and the HPLC method for malondialdehyde (MDA) determination.
Both methods resulted in obtaining the same end-points of cookie shelf-life,
i.e., 3 and 5 months for unpacked and packed cookies kept at elevated tempera-
ture, respectively, and 11 and 14 months for unpacked and packed cookies kept
at ambient temperature, respectively. Two computational approaches, i.e., the
second order polynomial (SOP) and artificial neural network (ANN) models,
were used accordingly. The calculations of the contents of aldehydes and MDA
could be predicted with an overall coefficient of determination of 0.722 using
the ANN model compared to 0.312—0.773 for SOP models. According to sensi-
tivity analysis, it might be suggested that the relevant parameter for the predict-
ion of the end-point of cookie shelf-life is the MDA rather than the C3, CS5, C6,
C7 and C8 content.

Keywords: cookies; shelf-life; aldehydes; malondialdehyde; mathematical
modelling.

INTRODUCTION

Due to a permanent intolerance to the gluten proteins in many common
cereals, celiac patients must be on a strict life-long gluten-free diet, which is
usually poor in some essential nutrients. Therefore, one of the main goals in the
creation of gluten-free products is their fortification to obtain added value pro-
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ducts. Many attempts have been made concerning sweet bakery products, such as
cookies.!—3

Cookies are ready-to-eat food with a long shelf-life, and available at afford-
able prices, which make them popular among consumers. However, they are
often considered as unhealthy food due to their high content of fat (20-30 %
based on the flour weight) of questionable quality®> and sugar. Besides the health
aspect, the high amount of fat in cookie formulations could lead to oxidative
changes during cookie storage.6

The lipid oxidation leads to the development of hydroperoxides from which
more stable secondary products are derived.” These products could be used as
markers of lipid deterioration. Some of them, such as hexanal, heptanal, octanal,
and nonanal from the group of aldehydes, as well as the products from the group
of alkanes, acids, ketones, and alcohols, are responsible for off-flavours.8

Although hexanal is usually measured as the marker of lipid oxidation in
cookies,” their oxidative changes were also determined by quantifying nonanal
and 2-nonenal in biscuits.10 The generation of a particular aldehyde depends on
the fatty acid composition of food. Octanal and nonanal represent the main
oxidation products of oleic acid,!! while linoleic acid oxidation leads to the range
of compounds, such as hexanal, 2-heptenal, 2-octenal, 2-nonenal and 2,4-dec-
adienal.” These volatile aldehydes are measured by static headspace (SHS) or
dynamic headspace (DHS) techniques in combination with solid phase micro-
extraction (SPME) or headspace sorptive extraction (HSSE) coupled to gas chro-
matography/mass spectrometry (GC/MS) or gas chromatography/flame ion-
ization detection (GC/FID).!2 Pasqualone et al.10 used SPME GC/MS to quantify
the volatile compounds of biscuits obtained from wholemeal flour of purple and
conventional wheat, while Mandi¢ ef al.!3 measured off-flavour volatile com-
pounds (5 aldehydes) in gluten-free crackers by the SHS-GC-FID technique. The
same method was applied to gluten-free cookies to determine changes in the total
content of aldehydes in terms of predicting the cookie shelf-life.14

Besides the mentioned volatile aldehydes, one of the possibilities to follow
lipid oxidation is using malondialdehyde (MDA) as a marker of lipid deterior-
ation. MDA is known to be produced in the decomposition of hydroperoxides
derived from the oxidation of both omega-3 and omega-6 polyunsaturated fatty
acids.!?2 The most frequent analytical approach is to measure the thiobarbituric
acid (TBA) value, which corresponds with the content of MDA-TBA complex,
but this method lacks specificity as other carbonyl compounds present or formed
in the food during the process may also react with TBA.!5 Therefore, HPLC tech-
niques are more advisable for measuring MDA as they give more accurate results. !0

In a previous work, the total aldehydes were monitored to predict the end-
-point of the shelf-life of gluten-free rice—buckwheat cookies, but it was con-
cluded that sensory parameters are more relevant for this purpose.!4 Unfortun-
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ately, sensory evaluation is time-consuming, because an experienced and trained
panel is required to assess a range of previously chosen and defined parameters
for a particular type of food. Therefore, in this work two analytical methods
(SHS-GC-FID method for volatile aldehydes and HPLC method for MDA) for
predicting the end-point of cookie shelf-life were compared in terms of their sen-
sitivities. For this purpose, mathematical modelling was applied. Second order
polynomial (SOP) models and an artificial neural network (ANN) model were
used for modelling and controlling the storage process.

EXPERIMENTAL
Cookie formulation, production, packaging and storage

Cookie formulation and production were presented by Saka¢ et al.,2 while packaging and
storage conditions were performed according to the procedure described by Sakaé et al.!* All
relevant details are presented in Fig. 1.

* Rice flour (Hemija Komerc, Novi Sad, Serbia) 240 g \
+ Light buckwheat flour (Hemija Komerc, Novi Sad, Serbia) 60 g

+ Vegetable fat (Puratos NV, Groot-Bijgaarden, Belgium) 85 g

+ Diacetyl tartaric acid esters of monoglycerides (DATEM) (InCoPa GmbH, Munich, Germany) 9.0 g

Cookie + Carboxymethyl cellulose sodium salt (Alfa Aesar GmbH, Karlsruhe, Germany) 4.5 g

. s + Sodium hydrogen carbonate (Carl Roth GmbH, Karlsruhe, Germany) 9.0 g

+ Granulated sugar 70 g

+ Gradulated salt2.1 g

* Honey45g

+ Deionized water 75.0 g /

formulation

Rice-buckwheat flour mixture was put into Farinograph mixing bowl (Brabender, Germany) tempered at 30 °C.
Other dry ingredients and vegetable fat were added and mixed for 2 minutes.

Honey dissolved in deionised water was added and resulting dough was mixed for 25 minutes at 30 °C.

The dough was left to rest at 8 °C for 24 h.

The dough was tempered at room temperature (30 min) and sheeted to a thickness of 4 mm using a sheeter (Mignon,
Ttaly).

The dough was cut using a stainless mould (60 x 55 mm).

Baking was performed at 170 °C for 12 minutes in a laboratory oven (MIWE gusto® CS, Germany).

The obtained cookies were cooled for 2 h at room temperature.

<

Production

.

The cookies were placed in 40 pm polypropylene/polypropylene (OPP/OPP) bags under atmospheric conditions using a\
laboratory vacuum sealer (AudionElektro, Swissvac (GB) Ltd, Slough, Great Britain) with teflonized heating areas
(vacuum pump was not used).

Each cookie was packed separately.

(<

Packaging

Both packed and unpacked cookies were stored in a climate chamber (Binder. Tuttlingen, Germany) at ambient and
eleveted temperature (23+1 °C and 40+1 °C).
Relative humidity: 40%.
Storage period:Nine months for cookies kept at eleveted temperature.
Sixteen months for cookies kept at ambient temperature.

&

Storage

<

Fig. 1. Cookie formulation, production, packaging and storage.

Headspace analysis of aldehydes

Static headspace gas chromatography with flame ionisation detection (SHS-GC-FID)
was applied to quantify the content of 5 aldehydes (C3, C5, C6, C7 and C8) in gluten-free
cookies.!3
Malondialdehyde (MDA) analysis

Preparation of MDA standard curve. A 10-mL volume of 1,1,3,3-tetracthoxypropane
(TEP) was diluted to 10 mL with 0.1 mol L™ HCI in a screw-capped test tube, placed in a boil-
ing water bath for 5 min and rapidly cooled under tap water to produce hydrolyzed acetal. A
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stock solution of MDA was prepared by pippeting 1 mL of the hydrolyzed acetal into a 100
mL flask followed by dilution with distilled water to achieve 2.92 pg MDA mL"'. Standard
solutions were prepared daily by diluting the stock solution, which were used to construct a
calibration curve.

Sample preparation. The sample preparation was performed following the procedure
described by Tsaknis et al.!” Two grams of cookie powder were measured into a 250 mL
flask, 90 mL of distilled water was added and the pH was adjusted to 1.5-1.8 with 2 mol L-!
of HCI. The flask was connected to a standard micro-Kjeldahl unit and the content was dis-
tilled. The distillation was conducted as rapidly as possible and terminated when 250 mL of
distillate had been collected in a 250 mL calibrated flask. The sample was then ready for
HPLC-DAD analysis.

HPLC-DAD analysis. The chromatographic separation and quantification of MDA was
performed using the HPLC method described by Karatas et al.!® with some modifications.

A liquid chromatograph (Agilent 1200 series, Agilent Technologies, Santa Clara, CA,
USA), equipped with a DAD detector and an Agilent Eclipse XDB-C18, 1.8 pm, 4.6 mmx50
mm column was used for the quantification of MDA in the obtained distillates. Separation of
the analyte was achieved at a column temperature of 30 °C and using a sample injection
volume of 20 pL. The mobile phase consisted of two eluents, 30 mmol L' KH,PO,4 (A) and
methanol (B), delivered at a flow rate of 0.6 mL min'!. The isocratic elution was performed
with the ratio A:B (90:10 volume ratio). The DAD wavelength was set at 260 nm. The total
run time of the analysis was 8 min.

Statistical analysis

The comparison of sample means according to the experimental results was studied
using the post hoc Tukey’s HSD test. Principal component analysis (PCA) was used to sep-
arate the observed samples into distinctive groups and to determine possible correlations
among the variables.

Six mathematical models for the prediction of C3, C5, C6, C7, C8 and MDA content
in the form of SOP models were developed, while the effects of the independent variables
(t — storage time, T — storage temperature and P — packaging condition) on the shelf-life of
gluten-free cookies were tested using analysis of variance (ANOVA).

A multi-layer perception model (MLP) generally used for approximation of nonlinear
functions was used for ANN modelling.!®

Before the calculation both input and output data were normalized. Broyden—Fletcher—
—Goldfarb—Shanno algorithm was used. The experimental database was randomly divided into
three data sets: training, cross-validation and testing data set (with 60, 20 and 20 % of experi-
mental data, respectively). The learning cycle was repeated several times to obtain the best fit
to experimental data.20

ANN model can perform an approximation to a partially noisy and imprecise data, and,
therefore, sensitivity analysis is necessary to check if the ANN could behave erroneously.!8
Sensitivity analysis was also used to define the influence of input variables on the observed
outputs evaluated at specific centile points for each input variable.?!

All data were processed using Statistica 10.0.22
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RESULTS AND DISCUSSION
Aldehyde contents

Secondary lipid oxidation products, some of which are aldehydes, are respon-
sible for the appearance of off-flavours during food storage. To monitor the pro-
gress of lipid oxidation during cookie storage, volatile saturated aldehydes (C3, C5,
C6, C7, and C8) in unpacked and packed cookies stored at ambient and elevated
temperature (23+1 and 40+1 °C) were detected. For the same purpose, the content
of MDA was also measured. The obtained results are shown in Tables [-IV.

TABLE 1. Propanal (C3), pentanal (C5), hexanal (C6), heptanal (C7), octanal (C8) and
malondialdehyde (MDA) content (mg kg™! dry matter (d.m.)) of unpacked (P = 0) gluten-free
rice-buckwheat cookies during storage at 7 = 23+1 °C; values are means of three determin-
ations + standard deviation; values in the same column with the different superscript lower-
case letters are statistically different (p < 0.05)

t / month Compound
C3 C5 C6 Cc7 C8 MDA

0 0.232+0.048" 1.788+0.121% 0.011+0.001° 0.387+0.042¢ 0.772+0.021° 1.425+0.006"
1 0.339+0.019° 2.060+0.232¢" 0.010+0.000° 0.250+0.008° 0.804+0.031* 1.528+0.017"
2 0.241+0.025% 1.559+0.032° 0.009+0.002° 0.163+0.006™ 0.571+0.040° 1.514+0.011°
3 0.097+0.004* 1.548+0.022° 0.012+0.002° 0.209+0.010% 0.479+0.003" 1.593+0.022°
4 0.110+£0.017* 1.324+0.021* 0.012+0.002° 0.110+0.024™ 0.497+0.013" 1.682+0.013¢
5 0.196:0.026™ 1.366+0.186" 0.053£0.008" 0.068+0.002" 0.610+0.064* 1.866+0.022°
6 0.213£0.015" 1.363+0.042" 0.500£0.017° 0.550+0.017%" 0.620+0.020° 1.892:0.028"
7 0.303+0.025° 1.470+0.026*° 0.513+0.015° 0.537+£0.023° 0.597+0.035* 1.901:0.023°
8 0.567£0.006° 0.447+0.015° 0.490+0.010° 0.720+0.026% 0.810+0.020° 1.910+0.013°f
9 0.660+0.010  0.333+£0.006° 0.510+0.010° 0.453+0.006d° 0.820+0.050* 1.948+0.009"
10 0.747£0.021°  0.493+0.042° 0.5570.006° 0.563+0.021% 0.407+0.051* 2.194+0.031°
11 6.570+0.106' 3.860+0.161" 2.970+0.154" 0.603+0.015® 1.240+0.221" 2.330:0.036"
12 2330£0.167" 3.503+0.225% 2.593+0.168° 1.363+0.107 7.403+1.167° 2.652+0.017
13 1.433+0.021" 1.780+0.020% 1.377+0.021¢ 0.883+0.023" 3.627+0.035" 2.754+0.029
14 1.133£0.057°  1.127+0.031° 0.797+0.006° 1.907+0.031 3.293+0.379" 2.782:+0.025’
15 1.190+0.040° 1.287+0.050" 0.943+0.021° 1.213+0.103' 5.643+0.675° 3.166+0.023"
16 1.867+0.065% 2.200+0.075" 1.473+0.038" 0.957+0.050" 2.933+0.100° 3.228+0.010"

The quantification of the volatile saturated aldehydes in the examined
cookies revealed that the most abundant aldehyde was octanal followed by
hexanal and pentanal (Tables [-IV). This finding is related to fatty acid com-
position of vegetable fat used in the cookie formulation, which consisted of pal-
mitic (43.2 %), oleic (42.5 %), linoleic (9.50 %) and linolenic (1.0 %) acid.!4
Oleic acid oxidation led to the established octanal generation,!! while linoleic
acid oxidation resulted in hexanal, together with some other secondary lipid oxid-
ation products,” which we were not be able to detect. Since linoleic acid was
found as the dominant representative of PUFAs in the vegetable fat, it could be
assumed that MDA was mainly generated from hydroperoxides obtained from
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linoleic acid,!? i.e., via the secondary oxidation of primary carbonyl compounds
(non-3-enal) obtained from linoleic acid.23

The appearance of all volatile saturated aldehydes during cookie storage
showed increasing trend to a maximum, followed by a decrease, as noted in our
previously published paper.!4 This finding is due to their oxidative changes and
interaction with proteins leading to products arising from non-enzymatic brown-
ing reactions.24 The peak of aldehyde content can be addressed to the end-point
of cookie shelf-life. The peaks obtained using SHS-GC-FID method developed
by Mandi¢ et al.!3 for measuring 5 aldehydes in gluten-free rice-buckwheat
cookies, expressed as total aldehydes content, corresponded with 3 and 4 months
for the unpacked and packed cookies stored at elevated temperature, respectively,
as well as with 11 and 14 months for the unpacked and packed cookies stored at
ambient temperature, respectively.!4 The same conclusions can be derived based
on the generation and decomposition of each of the measured aldehydes with the
exception of C7 and C8 in the unpacked cookies kept at ambient temperature,
which extremely increased in 12" month (Tables I and II). Also, 5 months might
be chosen as the end-point of cookie shelf-life rather than 4 months for the
packed cookies kept at elevated temperature (Table IV).

TABLE II. Propanal (C3), pentanal (CS5), hexanal (C6), heptanal (C7), octanal (C8) and
malondialdehyde (MDA) content (mg kg'! dry matter (d.m.)) of packed (P = 1) gluten-free
rice-buckwheat cookies during storage at 7'= 23+1 °C; values are means of three determinations
+ standard deviation. Values in the same column with the different superscript lowercase letters are
statistically different (p < 0.05)

Compound

C3 C5 C6 C7 C8 MDA
0.23240.048% 1.788+0.121%%4  0.011+£0.0012  0.387+0.042¢ 0.772+0.0212bd 1.425+0.006"
0.325+0.013%  1.970+0.009°¢  0.011+£0.0012 0.178+0.0052>°d 0.870+0.012b4¢ 1.153+0.019?
0.277+0.004%  2.349+0.1379  0.018+0.005 0.249+0.077°9¢ 1.042+0.1539% 1.189+0.017°
0.247+0.034*  2.211+0.041°¢  0.013+0.003% 0.267+0.025% 0.937+0.012°% 1.364+0.031°
0.218+0.005° 2.157+0.031¢¢  0.017+£0.006* 0.075+0.0173>¢ 1.23040.094°  1.582+0.032¢
0.245+0.006°  2.553+0.303°  0.043+0.004 0.043+£0.015%® 1.035+0.0319¢ 2.026+0.029%
0.643+0.031  1.207+0.0212%¢  0.463+0.015%  0.023+£0.006* 0.793+0.1802Pd 2.107+0.033%
0.627+0.021%  1.223+0.025%¢  0.537+£0.035%  0.043+0.0062® 0.893+0.070% 2.069+0.027¢F
0.650+0.010° 1.160+0.046%*¢  0.480+0.000® 0.050+0.026°® 0.840+0.053%de 2 145+0.0418"
0.593+0.012  0.853+0.021?  0.523+0.021% 0.110+0.0102P4 (.543+0.0212%¢ 2.153+0.0278"
10 0.680+0.010°  0.517+0.015%  0.477+0.012% 0.227+0.025%°% (.543+0.055%¢ 2.194+0.011"
0.71040.010°  0.540+0.020°  0.483+0.015* 0.217+0.021%°% 0.403+0.015® 2.170+0.0198"
12 0.710+0.010°  0.550+0.020°  0.490+0.000* 0.223+0.015"°% (.460+0.010°® 1.959+0.0219
13 0.713+0.038%  0.563+0.047*  0.507+£0.0212  0.270+0.026% 0.763+0.0312b%4 2.002:£0.019%
14 8.173+0.389  24.977+0.382f 9.300+0.142¢  1.610+0.085¢ 3.673+0.325¢ 2.198+0.031h
15 14.903+0.765¢ 25.417+1.242F 7.880+0.789¢ 1.637+0.212¢  4.193+0.370"  2.196+0.028"
16 7.947+0.371¢  10.850+0.497° 4.747+0.156°  0.807+0.0157  1.953+0.067° 2.196+0.028"

t / month

O 00 1O bW~ O

—_
—
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Contrary to the generation and decomposition of volatile saturated alde-
hydes, the MDA content tended to increase during the storage period to a max-
imum after which it became constant (Tables I-IV). The measured content of
MDA (1.425-5.017 mg kg~! d.m.) during the investigated storage period con-
forms with previously determined data obtained by Papastergiadis et al.25 who
found that cookie samples contained more than 1.3 mgkg! MDA (between
1.344 and 4.175 mg kg-! MDA). The obtained pattern of MDA generation was
not similar to that observed by Botosoa et al.2® who investigated the TBARS
value of sponge cookies stored at 20 °C and found an increasing trend (up to 20
days of storage) followed by further reduction (200 days of storage), which could
be explained by the reaction of MDA with a wide range of compounds (amines,
amino acids, proteins) or its polymerization resulting in formation of dimers or
trimers.2” The same observation was obtained in the experiment conducted by
Papastergiadis et al.,28 in which the MDA content in cookies stored up to 92 days
became lower after reaching a maximum, suggesting the mentioned reactivity of
MDA with proteins.

TABLE III. Propanal (C3), pentanal (CS5), hexanal (C6), heptanal (C7), octanal (C8) and
malondialdehyde (MDA) contents (mg kg™! dry matter (d.m.)) of unpacked (P = 0) gluten-free
rice—buckwheat cookies during storage at 7= 40+1 °C; values are means of three determinations
+ standard deviation. Values in the same column with the different superscript lowercase letters are
statistically different (p < 0.05)

Compound
C3 C5 C6 C7 C8 MDA
0.232+0.048%  1.788+0.121>  0.011+0.001*  0.387+0.042°  0.772+0.021*  1.425+0.006"
0.203+£0.037%  2.046+0.004*¢  0.013+0.003* 0.280+0.009%®  0.823+0.020*°  1.496+0.013"
0.534+0.044>  2.617+0.204¢  0.077£0.009%  0.195+0.036*  1.006+0.026°  1.518+0.065°
2.316+0.140°  3.224+0.054%  2.618+0.044¢  0.915+0.0499  3.745+0.041°  3.256+0.038¢
3.602+0.262F  5.64240.235°  5.032+0.237°  4.184+0.061% 16.976+0.322° 4.689:0.040°
3.81040.062F  5.79240.264¢  5.287+0.0157  4.635+0.051" 19.753+0.332F  4.622:+0.029°
2.043+0.107°  2.380+0.177°¢  1.507+0.068° 2.213+0.1377  9.217+0.850¢  5.009+0.0292
1.710+£0.046¢  0.977+0.071F  0.670+£0.020°  1.237+0.042°  4.207+0.143°  5.006+0.031°
1.600+0.046°9  0.453+0.035*  0.510+0.000  0.707+0.031°¢  2.250+0.082°  5.010+0.0232
1.353+0.050°  0.463+0.060°  0.453+0.057° 0.800+0.020°¢ 1.550+0.056%" 5.017+0.043%

t / month

O 0 N N L AW~ O

According to high MDA content, cookies could be positioned in the food
category that significantly contributes to the daily intake of MDA. Consumption
of foods characterized by high MDA contents are known to be dangerous for
biological systems due to its potential toxicity to humans, which is attributed to
its high reactivity with proteins and DNA.29

There were significant increases in the MDA content of unpacked and
packed gluten-free cookies stored at elevated temperature for 3 and 4 months
(Tables I-1V), respectively, and the increases could be used to position the end-
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points of cookie shelf-life. Each end-point obtained using MDA estimation cor-
responds with the one obtained using SHS-GC-FID method. Ke et al.30 cited that
TBA values higher than 1.5 mg kg! refers to food rancidity and unacceptability,
but according to the results, MDA contents in cookies lower than 2 mg kg~ may
be considered as not rancid, especially if the results of Papastergiadis et al.25 are
taken into consideration.

TABLE IV. Propanal (C3), pentanal (C5), hexanal (C6), heptanal (C7), octanal (C8) and
malondialdehyde (MDA) content (mg kg'! dry matter (d.m.)) of packed (p = 1) gluten-free
rice-buckwheat cookies during storage at 7 = 40+1 °C; values are means of three
determinations + standard deviation. Values in the same column with the different superscript
lowercase letters are statistically different (p < 0.05)

Compound
C3 C5 C6 C7 C8 MDA
0 0.232+0.048%  1.788+0.1212  0.011£0.001*  0.387+0.042%  0.772+0.021*  1.425+0.006°
1 0.162+0.0172 1.783+0.0272 0.011£0.0012 0.229+0.014% 1.268+0.0182 1.384+0.085°
2 0.202+0.009°  1.792+0.057*  0.029+0.001*  0.265+0.012*  1.205+0.017*°  1.632+0.016°
3 0.048+0.010*  1.770+0.034* 0.172+0.016*>  0.208+0.007*°  1.397+0.065*  1.700:+0.011¢
4 0.134+0.008*  1.751+£0.043%  0.489+0.010°  0.425+0.016° 2.269+0.017°  2.359+0.0159
5 6.507£0.105¢  25.993+0.399°> 21.078+0.241F  2.790+0.037°  8.963+0.0439  2.703+0.042°
6
7
8
9

t / month

13.280+0.855° 30.350+1.5119  7.133+0.327°  4.603+0.246° 12.493+0.519®  2.863+0.028f
9.213+0.277° 26.253+0.313Y 5.890+0.082¢  5.223+0.042¢ 14.843+0.706° 3.039+0.023?
8.670+0.062° 25.863+0.366° 5.663+0.118°  4.873+0.021° 13.907+0.263% 3.063+0.019?
3.260+0.035° 10.340+0.203¢ 1.597+0.047¢  5.890+0.183° 13.697+1.610" 3.073+0.025%

According to the present measurements, the contents of C3, C5, C6, C7 and
C8 were positively correlated with each other (p < 0.01), while the content of
MDA was only positively correlated with the C7 and C8 contents (Table V).

TABLE V. Correlation matrix for the contents of aldehyde (propanal (C3), pentanal (C5),
hexanal (C6), heptanal (C7) and octanal (C8)) and malondialdehyde (MDA); *: correlation
significant at the p < 0.01 level

C5 Cé C7 C8 MDA
C3 0.927* 0.722* 0.657* 0.571* -
Cs 0.802% 0.699" 0.597* -
Cé 0.568" 0.552* -
C7 0.951* 0.395%
C8 0.475%

Principal component analysis of the aldehydes contents

PCA was utilized to describe the differences among the observed cookie
samples (Fig. 2). The PCA of the presented data clarified that the first two
principal components represented 86.27 % of the total variance (66.15 and 20.12 %,
respectively) with the respect to six variables (C3, C5, C6, C7, C8 and MDA).

Available on line at www.shd.org.rs/JSCS/

(CC) 2017 SCS.



SHELF-LIFE PREDICTION OF COOKIES 1 3 5 1

A good discrimination among samples could be observed in the graphical
presentation of the PCA (Fig. 2). The starting sample (0) is positioned at the left
side of the plot, while the samples with gradually increasing aldehydes and MDA
content are located at the right side of the plot. Based on PCA analysis, it was
concluded that the MDA content could be considered as a more accurate indi-
cator of lipid deterioration of cookie samples compared to aldehydes content due
to its correlation to temperature (7) and packaging (P), Fig. 2.

—_

PC2:20.12 %
! o

PC1: 66.15 %
— — I=23°C,P=0 ——— T=23°C,P=1
—— T=40 °C, P=0 T=40 °C, P=1
Fig. 2. Principal component analysis (PCA) ordination of the aldehyde (propanal (C3),
pentanal (C5), hexanal (C6), heptanal (C7) and octanal (C8)) and malondialdehyde (MDA)
content; 7 — storage temperature; ¢ — storage time; P — logical constant regarding the
packaging condition of cookies (packed (P = 1) or unpacked (P = 0)).

Analysis of variance and SOP model

Linear terms of packaging condition and storage time were important for the
calculation of the C3 content; statistically significant at p < 0.01 level (Table VI).
The nonlinear term of #xP was also influential in the SOP model for the calcul-
ation of C3, as well as the linear term of temperature (p < 0.01). The contents of
C5 and C6 were more influenced by linear terms of packaging condition and
temperature, but an influence of storage time was also observed. The influence of
non-linear terms (#xP and T7%P) in the SOP model for calculation of C5 was evi-
dent (p < 0.01). The C7 and C8 contents were mostly dependent on linear terms
of temperature and storage time (p < 0.01). The nonlinear terms (<P and TxP)
also influenced the calculation of C7, statistically significant at the p < 0.01 level.
The linear terms of temperature and packaging condition, as well as the storage
time were the most influential in the SOP model for the prediction of the MDA
content, while non-linear terms (the quadratic term of storage time and <P and
TxP terms) showed a minor impact on MDA calculation (p < 0.01 level). The
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obtained coefficient of determination for the content of MDA was higher than
those for other aldehydes (Table VI) suggesting MDA evaluation being a more
appropriate model.

TABLE VI. ANOVA table of the evaluation (sum of squares) of the propanal (C3), pentanal
(C5), hexanal (C6), heptanal (C7), octanal (C8) and malondialdehyde (MDA) contents; *:
significant at the p < 0.01 level. *: significant at the p < 0.05 level. ~": significant at the p < 0.10
level Error terms were found statistically not significant. df — degrees of freedom; T — storage
temperature; ¢ — storage time; P — packaging condition

df C3 C5 C6 C7 C8 MDA
t 1 135.076" 596.612% 33.410%* 29.974* 174.808" 7.205%
£ 1 20.447 148.375%* 0.588 1.026 5.527 4.279%
T 1 88.338% 613.293* 44.541* 48.599" 388.179" 17.761%
P 1 115.699" 1209.189" 73.649* 4.936* 8.019 10.340%
txT 1 15.732 141.024** 0.378 12.4407" 63.310%* 3.474%
txP 1 98.173% 588.087" 40.511** 4.631** 14.678 0.669
TxP 1 25.590** 370.506" 27.529 7.001% 13.316 5.341%
Error 43  333.749 1835.236 461.239 51.936 667.702 15.234
r2 0.545 0.568 0.312 0.582 0.456 0.773
ANN model

According to the ANN performance, it was noticed that the optimal number
of neurons in the hidden layer for the calculation of the aldehyde contents was 3
(network MLP 3-3-6) to obtain high values of 72 (0.722 for ANN during the
training period, compared to 0.312-0.773 for the SOP models). The results
obtained by the ANN model were better than those obtained by the SOP models
due to the high nonlinearity of the ANN model.3!

Sensitivity analysis

The variations of the outputs caused by infinitesimal changes in the input
variables at a certain position in the input space are presented in Fig. 3.

The contents of C3, C5 and C6 were mostly affected by infinitesimal
changes in storage time at the maximum values of the input space, while the
influence of temperature was more expressed at the centre of the input space. The
contents of C7 and C8 were mainly influenced by the changes in storage time and
temperature close to the upper limit of the input range. The influence of tempe-
rature was more expressed at the centre of the input space for the calculation of
C3, C5 and C6 contents, while the influence of infinitesimal changes in tempe-
rature are more observable for higher values in the input space for C7 and C8
contents.

The influences of storage time and of temperature on the evaluation of the
MDA content were almost the same at the centre of the input space. The inf-
luence of packaging condition was negligible for the calculation of C7 and C8,
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while it was very important in the case of the C3, C5 and C6 content (Fig. 3). The
MDA content was negatively correlated with packaging condition throughout the
input space range.

Sensitivity [x109], a. u. Sensitivity [x10°], a. u.

Sensitivity [x10°], a. u.

3{C3 Z3]cs
- t
2 4 82
X
1 > 14
TPl E T P
0 1 =04
1]
8
iy — n-14—
min max min max
Input space Input space
3] C6 Z3lar I~
2 r &2 )
%
=
0= £ 0, L
5
-1 @» -1
max max
Input space Input space
3/ C8 = 3/ MDA
2 | £2
v t
1 21
p|
0 =
2" P
Al A1l
min max min max

Input space

Input space

Fig. 3. Sensitivity analysis — the influence of the input over the output variables; C3 — pro-
panal; C5 — pentanal; C6 — hexanal; C7 — heptanal; C8 — octanal; MDA — malondialdehyde;
T — storage temperature; ¢ — storage time; P — logical constant regarding the packaging

condition of cookies (packed or unpacked).

CONCLUSIONS

Significant changes in the volatile saturated aldehydes content (C3, C5, C6,
C7 and C8) of unpacked and packed gluten-free rice-buckwheat cookies stored
at ambient and an elevated temperature were determined and the obtained peaks
were addressed to the end-points of cookie shelf-life. For the same purpose, the
MDA content was monitored. Based on the data obtained using the investigated
methods, the end-points of cookie shelf-life were determined — 3 and 5 months
for unpacked and packed cookies kept at elevated temperature, respectively, and
11 and 14 months for unpacked and packed cookies kept at ambient temperature,
respectively. The PCA indicated a high order of correlation between the aldehyde
contents (C3, C5, C6, C7 and C8), statistically significant at the p < 0.01 level,
while the correlations between MDA and C7 and C8 were also statistically

Available on line at www.shd.org.rs/JSCS/

(CC) 2017 SCS.



1354 SAKAC et al.

significant at the p < 0.01 level. The aldehydes and MDA contents calculation
could be predicted with an overall coefficient of determination of 0.722 using an
ANN model compared to 0.312-0.773 for the SOP models. These findings coin-
cide with those of PCA and ANOVA analysis. Based on the results obtained in
this study, it might be suggested that the relevant parameter for predicting the
end-point of cookie shelf-life is the MDA content rather than C3, C5, C6, C7 and
C8 content.

Acknowledgement. This work was financially supported by the Ministry of Education,
Science and Technological Development of the Republic of Serbia (Project No. TR-31029).

U3BOJ
I[MPUMEHA SHS-GC-FID METOJE 3A OJPEHUBAILE UCITAPJBUBUX 3ACUREHUX
AJINJEXUIA U HPLC-DAD METOJE 3A OOPEBUBAILE CAIPXKAJA
MAJIOHOUAJIOEXUIA 3A TTIPEJBUBAE POKA TPAJAA BE3IVIYTEHCKOI KEKCA

MAPHJAHA CAKAY', JIATO IE30?, [IABJIE JOBAHOB!, HATAIIIA HEJIEJBKOBHR!,
AHAMAPUJA MAHIIUR', MJIATEHKA [TECTOPUR! u AJIEKCAHIPA MUIIIAH®

"Hayunu unciauiayi 3a ipexpamdene wexnonoiuje y Hosom Cagy, Ynusepsuitiem y Hosom Cagy, Bynesap
yapa Jlazapa 1, Hosu Cag u ZI/IHCWMWym 3a otiwiny u Gusuuxy xemujy, Ynueepsutiein y Beoipagy,
Cygenticku wipi 12/V, Beoipag

Y oBoM pany je BpiueHo nopeheme 0CeT/bHBOCTH IBe aHATUTUUKE METoie 3a mpeaBuhame
poka Tpajama HeynaKkoBaHOT U YIIaKOBaHOT De3rIyTeHCKOr Kekca 0Jf MUPUHYAHOT U Xe/bIUHOT
OpamiHa, koju je ckiaapumTeH Ha codHoj (2311 °C) u nosuueHoj temmnepatypu (40%1 °C) —
craTnuke ,headspace” metoze racHe xpomatorpaduje ca I1aMeH0-jOHU3YjyhUM IeTeKTOpoM
(SHS-GC-FID) 3a onpehuBame ncnappuBux 3acuheHux anpgexupa (nponasan (C3), neHtaHan
(C5), xexcanai (C6), xenrranan (C7) u oktaHan (C8)) u MeTone TeuHe xpomarorpaduje BHCO-
kux nepdopmancu (HPLC) 3a ompehusawe manonHpuanzexuma (MDA). Ilpumenom ode
MeToze NOoOHjeHH Cy UCTH Pe3y/lTaTH KOjuMa Cy YCTAaHOBJbEHH POKOBH Tpajama Kekca — 3 Me-
celja ¥ 5 Meceny 3a HeynakoBaHH M YyIaKOBaHU KEKC CKIafMIUTEH Ha [OBULIEHOj TEMIIEPATYPH,
u 11 meceuu, ogHOCHO 14 MecelH 3a HEYNMaKOBaHU U YNIaKOBAHH KEKC CKJIAAUIITEH Ha COOHOj
Temneparypu. [JBa MaTeMaTHuka MoZesa, MOJUHOM Apyror pena (SOP) u mMopen Belutauke
HeypoHcke mpexe (ANN), kopuurhena cy 3a nopehewe merona. Kopumrhewem ANN Mopnerna
3a npensubame cagpkaja angexuna u MDA podujeHa je BpemHocT koedHLHjeHTa AeTEPMHU-
Hanuje 0,722, a ynotpedbom SOP mogpena nobujenu cy koeduurjeHTH nerepmuHanuje 0,312—
—0,773. TIpemMa aHanMU3u OCET/HUBOCTH, MOTJIO DU Ce 3aK/byYUTH Jia je pesieBaHTaH IapameTap
3a mpepBubame poka Tpajamwa kekca cagpaj MDA npe Hero cagpxaju C3, C5, C6, C7 u C8.

(ITpumsmpeno 21. anpusna, peBuaupaHo 8. jyHa, mpuxsaheHno 9. jyHa 2017)
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