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Abstract Inthis paper, a triticale-based edible film coating
on muffins is presented and its potential use in retarding the
staling process has been studied. Edible film effects were
established by measuring weight, height, volume, density,
color, texture and image analysis of control and coated
muffins during storage. A discriminative sensory test was
also carried out. Triticale coating diminished the hardness
values of the muffins during storage. The kinetics of staling
was faster for control muffins than for coated ones.
Descriptive parameters of shape and size in the crumb‘s
structure shown that storage time increased significantly the
percent of small pores and decrease solidity values of pores
of control muffins, while no significant difference was found
in coated muffins. Our results indicate that the triticale film
coating is able to compensate the staling and preserves an
appearance associated with freshness in muffins.

Keywords Triticale-based edible coating - Muffins -
Texture - Color - Image analysis - Storage

Introduction

The appearance of baked products is an important quality

attribute that influences the visual perceptions of con-
sumers and hence, the potential purchase of the product.
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Characteristics of bakery products have been studied [1-3].
The industry has been trying to solve problems and defects
with innovations in the manufacturing process in attempt to
maintain market value.

In recent years, food packaging research has focused
more on biodegradable films, including films made from
plant sources. The use of edible films cannot replace the
use of traditional packaging materials, but it is necessary to
take into account their functional characteristics and the
possible advantages in certain applications [4]. An edible
coating or film has been defined as a thin, continuous layer
of biopolymer that can be consumed and is usually applied
onto a surface of a food product by spraying, dipping or
brushing [5]. Spraying is a technique that offers uniform
coating and the possibility of successive applications which
does not contaminate the coating solution. The perfor-
mances of edible coatings not only depend on the methods
employed, but also the properties of the coating materials.
Many natural materials have the potential to make well
performing edible coatings, including proteins, polysac-
charides, and lipids [6]. Triticale (x Triticosecale Witt-
mack) is the hybrid between wheat (Triticum ssp) and rye
(Secale ssp). This cereal may be suitable for grain pro-
duction, forage, energy, bioethanol production [7-9] and
film formation [10-12].

Muffins are sweet, baked products which are highly
appreciated by consumers due to their good taste and soft
texture. This product is characterized by a typical porous
structure and high specific volume, which confers a spongy
texture [13]. Muffins are widely used as snacks among
consumers, so that bakery and snack food industries con-
tinuously compete to be first in the market by improving
quality and merchandising factors such as the cost, pack-
aging and shelf life of the products [3].
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Staling is one of the most important attributes in bakery
products quality. Staling is a complex process that includes
changes in mouth texture, loss of tenderness, humidity
redistribution and partial dryness. All these changes con-
tribute to reduce consumer acceptability [14]. The stability
during storage or shelf life can be defined as the mainte-
nance of the physical and sensorial characteristics associ-
ated with freshness, such as tenderness, compressibility and
humidity and the minimization of the alterations associated
with staling [15]. Several works have analyzed how to
minimize the textural changes in cakes and muffins during
storage with edible films that cover the product [16, 17].

In the coating process, one or more liquid layers are
deposited on a solid substrate and subsequently dried to
form solid films, which possess specific functions. Appli-
cation of edible coatings to bakery products requires the
formation of films directly on food surfaces. Spraying was
chosen as the most suitable technique for our purpose
because it produces uniform coating. Deposition by
spraying requires droplet—droplet contact and aggregation,
which is a critical step for homogeneous film structure. The
application of spraying to real products could be an
attractive option as the technique offers the major advan-
tage (over dipping) of a more uniform coating, especially
on non-regular surfaces [18].

The objectives of this work were to coat muffins with
edible films of triticale flour produced by spraying and
evaluate the ability of this coating to retard staling and to
increase the shelf life of a bakery product.

Materials and methods
Materials

Wheat flour, fresh whole eggs, sunflower oil, sugar, powder
milk and whole milk were purchased in the local market.
Triticale (variety Buck TK 205) flour (moisture content,
13.25 £ 0.02 g 100 g~', protein content, 8.88 + 0.02 g
100 g, ash content, 0.61 & 0.02 g 100 g™, particle size:
pass through a US Standard Sieve No 100) was donated by
Campeloni Semillas S.A. (Coérdoba, Argentina). All
chemical reagents used in this research were purchased
from Sigma-Aldrich Chemie Gmbh (Munich, Germany)
and were of analytical grade.

Preparation of muffins

The muffins were prepared using the following formula
based on flour weight: 6.7 % baking powder, 2.2 % salt,
49 % sugar, 106 % milk, 27 % liquid whole eggs and 38 %
butter. A single-bowl mixing procedure was used. After
baking of 40.0 £ 0.3 g batter in paper cups for 30 min at

180 °C in a convection oven (Pauna, Buenos Aires,
Argentina) the muffins were allowed to cool at room
temperature. Muffins were prepared on three different days
using the same materials and equipment. Each day repre-
sents a true replicate (n = 3).

Film-forming solution preparation

Triticale flour was used as film-forming component. Edible
film-forming solutions were obtained by dispersion of
triticale flour (4 % w/v) in water for 15 min (pH 10.7).
Glycerol (30/100 g flour) was added and the resulting
dispersion was then magnetically stirred for 15 at 75 °C.
The film-forming solution was then allowed to cool at
room temperature. This concentration was chosen based on
previous studies [19], where it was found that an adequate
plasticizing effect cannot be obtained below this critical
concentration.

Coating application

Coated muffins (CM) were obtained by spraying the film-
forming solution over muffins at a pressure of 2 bar and at
room temperature. An in-house spray facility developed at
the University of Coérdoba with a hydraulic spray nozzle
was used. Spray conditions (film-forming solution volume,
distance between the nozzle and the muffins) were stan-
dardized. The application of 4 mL of film-forming solution
per muffin was at a fixed distance between the nozzle and
muffin of 40 cm. The upper surface of the muffins was
coated and dried at 40 °C for 40 min. Uncoated muffins
were used as control.

Storage of muffins and shelf-life analysis

All the samples (uncoated control and coated muffins) were
stored at room temperature for 7 days for evaluation (the
limiting hardness value was obtained from muffins stored
for 10 days). The storage duration was selected according
other investigations [16, 20] and standard requirements for
fresh bakery products. An analysis of muffin quality and
properties was carried out. All tests were conducted in
triplicate unless noted otherwise.

Muffins evaluation

Muffin weight was determined with the aid of a precision
scale (Mettler Instrument, Switzerland). Muffin height was
measured with a calliper from the highest point of the
muffin to the bottom of the paper. Volume of muffins was
determined by rape-seed displacement test. Density of
muffins was calculated by dividing weight by volume.
Measurements were made in triplicate.
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Color measurement

A Konica Minolta 508d spectrocolorimeter was used to
measure the color of the muffins. Results were expressed in
accordance with the CIELAB system. The color of the
crust and crumb of three muffins from each batch was
measured five times at random sites on each of three dif-
ferent muffins.

Texture of the muffins

Muffins crumb texture was evaluated using a TA-XT2
texture analyzer (Stable Microsystems, Surrey, U.K.).
Measurements were performed on the central crumb slices
(20 mm thick) from two muffins in each batch, recording
the mean of the six measurements. A texture profile anal-
ysis (TPA) was performed using the software “Texture
Expert” and the probe P/25 (25 mm diameter Aluminum
cylinder). The TPA (double compression test) used a
compression of 50 % of the initial height, a speed of 1 mm/
s, and a 10 s waiting time between the two cycles. The
parameters obtained from the curves were hardness (the
peak force during the first compression cycle), springiness
(the height that the food recovered between the end of
the first compression and the start of the second compres-
sion) and resilience (area during the withdrawal of the first
compression divided by the area of the first compression).

Avrami model

Hardness was fitted to the Avrami equation:
0= (Hs —H,)/(H & — Hp) = exp (—kt") (1)

where 0 is the fraction of total change in the crumb hard-
ness at time t, Hy, H; and H,, are experimental values of
hardness at time zero, t (0, 3, 5 and 7 days), and infinity (or
limiting value at 10 days of storage), k is the rate constant
and n is the Avrami exponent. The reciprocal of the rate
constant (1/k) is termed time constant. All the parameters
were obtaining to Kim and D’ Appolonia [21].

Scanning of muffins and image analysis

Muffins were cut vertically and placed over the glass of a
scanner (HP Scanjet G3010). Scanning was performed with
a resolution of 300 dpi. The scanned images were analyzed
with the software Image J (http://rsbweb.nih.gov/ij/) [22]
that uses the contrast between two phases (pores and solid
part) of the image. The scanned color image was first
converted to gray scale. Using bars of known lengths, pixel
values were converted into distance units. A rectangular
cross-section of the images was cropped. The area of these
cropped images, on which this analysis was performed, was
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2 x 2 cm for each image. Shape descriptors (circularity,
aspect ratio, roundness and solidity), Feret diameter, min-
imum Feret diameter and pore area distribution were cal-
culated (Table 1).

Sensory evaluation

In order to evaluate the sensory changes of the muffins with
film coating, students and staff at University of Cérdoba,
Argentina, performed sensory analysis. During test ses-
sions twenty-five panelists worked in individual booths
evaluating the muffins (control and film-coated). A dis-
criminative triangle test was performed [23]. The judges
were requested to evaluate two attributes: outer surface
color and overall impression (aroma and flavor, freshness
in mouth, softness). Muffins were identified by a three digit
random number and offered to the judges on a dish.
Panelists were given room-temperature water to cleanse the
palate before presentation of samples. Paper ballots were
used. Comments about the samples were allowed. Roessler
table was used in determining significance in triangle (one-
tailed) tests.

Statistical analysis of the results

Analysis of variance (ANOVA) was carried out to test
mean differences (p < 0.05). Once differences were
detected, a Tukey’s multiple comparison test was used to
find out which means were statistically and significantly
different (p < 0.05). The InfoStat Statistical Software
(version 2013e) was used for statistical analysis [24].

Results and discussion
Muffin properties: Weight, height and density

Weight, height and density values of muffins (control and
coated) throughout storage time are shown in Table 2. The
weight of control muffins decreased significantly during
storage time. Nevertheless, storage time did not signifi-
cantly influence the weight of triticale film coated muffins.
The water losses produced during storage in these muffins
was negligible in relation to the total weight of the muffins,
and consequently this parameter did not change. The
density of control muffins increased at day 7. Besbes et al.
[25] explained similar results in bread by the redistribution
of water at the molecular scale between protein and starch,
to possible changes in volume or may be because of crumb
contraction. This contraction is probably a result of the
reorganization of the biopolymers contained in the crumb,
which undergo biochemical and physical changes.
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Table 1 Features measured by image analysis

Feature Definition

Circularity 4 (area/perimeter)>

Aspect ratio (AR) Major axis/minor axis

Roundness 4 area/(m major axisz)

Solidity Area/convex area

Feret’s diameter The longest distance between any two points along the ROI boundary, also known as maximum caliper
MinFeret Minimum caliper diameter

ROI region of interest

Table 2 Characteristics of control and film-coated muffins initially and at 7 days of storage

Muffin Weight (g) Height (cm) Density (g mL™") Colour parameters

Crust Crumb

L# b* L b*
Control (initially) 29.69a 3.76¢ 0.64d 44.50a 30.67a 72.03% 23.72a
Control (7 days of storage) 27.62b 3.71c 0.70e 43.60a 30.28a 66.49b 28.71b
Film-coated (initially) 30.77a 3.84c 0.64d 42.30a 28.13a 70.73% 24.81a
Film-coated (7 days of storage) 29.24a 3.68c 0.65d 47.15b 30.83a 69.76a 25.96a

Values are presented as average from at least triplicate determinations.

(p < 0.05). L*and b*are colour parameters of the CIELab system

However, there was no significant difference in density for
CM during storage.

Color measurement

Color is one of the most important appearance character-
istic because it affects directly consumer preference for the
food product. Color in baked goods could come from dif-
ferent sources: intrinsic color imparted by individual
ingredients [26], developed color resulting from the inter-
action of ingredients [27], like Maillard or caramelization
reactions, besides processing changes associated to chem-
ical or enzymatic reactions. During storage, moisture is
lower, affecting the crust color, which becomes more flat
color. A discoloration occurs during the storage period and
often the consumers recognized this as a sign of poor
quality of the muffins. The colors attributes obtained for
each kind of muffins are presented in Table 2. The light-
ness values L* of the crust of uncoated muffins remained
fairly constant during storage. CM shown the highest val-
ues of L* after storage indicating a significantly brighter
color than in control muffins.

All the muffins crust were, as expected, darker than the
muffin crumbs. It was observed a decrease in the lightness
(L*) and an increase in the yellowness (b*) values of the

Different letters in the same column indicate significant differences

crumb of uncoated muffins during storage. That is to say,
the crumb of control muffins acquired a more saturated
yellowish color. No significant differences were observed
in the L* and b* values of the crumb of coated muffins.

Textural properties

The efficiency of triticale flour edible coating in controlling
the staling of muffins can be evaluated by texture param-
eters. Texture is one of the main characteristics of bakery
products. A loss of the desired texture results in shorter
shelf-life. According to Gomez et al. [28] the study of
texture of cakes could be reduced to the study of hardness,
resilience and springiness.

This study reflects the textural changes in the samples
(control and coated muffins) that took place during storage.
Changes in the textural parameter values with storage time
are shown in Figs. 1 and 2. The firmness or hardness of the
final product is most often measured because of the strong
correlation between crumb firmness and consumer per-
ception of bread freshness [29]. The hardness values of
control muffins increased during the storage time (Fig. 1),
possibly because of water loss from the surface. These
results are in accordance with previous studies [20]. Trit-
icale film coating proved effective for obtaining softer
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muffins than the control samples during storage. As can be
observed in Fig. 1, triticale coating diminished the hard-
ening of the muffins during storage. However, Fig. 2 shows
that there were no statistically significant differences for
springiness during storage. Similar results were obtained
by Grigelmo-Miguel et al. [20]. The same tendency was
shown by the resilience (Fig. 2). Baixauli et al. [30] also
found the same for the springiness parameter.

The rate of firming or hardness of muffins (control and
coated) could be quantitatively analyzed by the Avrami
equation. Hardness data were modeled using the Avrami
equation and the parameters are shown in Table 3. The
Avrami exponent (n) values obtained in this study for
control and CM (1.51 and 1.70 respectively) reflected
similar morphology of the process of staling. Analysis of
Avrami equations from different formulations [31] showed
that an increment in n indicate small increments in crumb
firmness in the first storage period (0-3 days). Higher
n values were often associated with lower k values. The
estimated Avrami coefficient k for crumb hardness of CM

d e
(o} a
3.5 ba
254 23
2_
1.5 -
1' T T T
0 3 5 7

storage time (days)

Hardness (N)
w

T 1

10

Fig. 1 Hardness values of control (black square) and triticale film-
coated (white square) muffins. Bars represent the standard deviation
from six determinations. Same [etfer indicates not significant
differences (Turkey’s adjusted analysis of variance p < 0.05)

1.0 a R a a

) n

0.0 T 1
0 7

storage time (days)

springiness

Fig. 2 Springiness and resilience values of control (black square)
and triticale film-coated muffins (white square) initially (0) and at
7 days of storage (7). Bars represent the standard deviation of six
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decreased by 24 % compared to the control. According to
Armero et al. [31], a decrease in k value led to slower
crumb firming kinetics. The time constant is the time for
any given fraction of material to be converted into the stale
form [21]. The higher time constant is, the slower the
staling kinetics is. The time constant value obtained for
CM was higher (31 %) than the control. Crumb firming
kinetics depend on changes in material resistance with time
and also on material distribution, the later mostly deter-
mining crumb hardness kinetics [31]. Triticale film coating
was effective in retarding the staling process and this
resulted in softer fresh muffins.

Image analysis of muffins

Image analysis is a technology that allows measurements
from digitalized images. These measurements provide
objective evaluations of the morpho-colorimetric features of
samples. This method is more quantitative and less biased
than the common method of visual perception, which is
prone to variation due to the personal opinions of inspectors
[32]. Many studies have demonstrated the utility of image
analysis for the study of morphometric characteristics in
fruits and vegetables [33] and bakery products [3, 34]. In this
study, some of the descriptive parameters of shape and size in
the structure of crumbs were measured as this quantitative
analysis can be related to the stage of ageing of the muffins.
Figure 3a shows the sample graph of a crumb image. The
binarised image that was obtained by the Image J software

Table 3 Avrami parameters for crumb hardness kinetics of muffins
(control and coated)

Muffin Hy, H, k N Time constant
Control 2.26 5.14 0.3157 1.51 3.1676
Coated 2.23 4.70 0.2407 1.70 4.1545

Hy and H,, are values of hardness at time zero and infinity (or lim-
iting value), k is a rate constant, n is the Avrami exponent and time
constant is 1/k

0.5 4
0.4
0.3 ~ a a a a

0.2 A

resilience

0.1 A

0.0 A T 1
0 7

storage time (days)

determinations. Same letter indicates not significant differences
(Turkey’s adjusted analysis of variance p < 0.05)
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Fig. 3 a Scanned image of
muffin crumb. b Binarised
image of this muffin

can be seen in Fig. 3b. Binarised images were used for
quantitative analysis of pores. Pore area distribution of
crumb muffins is shown in Fig. 4. According to our results,
storage time increased significantly the percentage of pores
of area 0.1-0.99 mm? and increased the percent of pores of
area 5-9.9 mm? in control muffins. Meanwhile, in triticale
film coated muffins, storage time only affected the percent of
pores of area 5-9.9 mm? but not the percent of pores of area
0.1-0.99 mm”.

Circularity is a measure of the particle’s shape relative
to a perfect circle. A perfect circle has a circularity of 1,
while an irregular object has a circularity value closer to 0.
Storage time produced a significant decrease of circularity
of pores in crumb of control muffins, while no significant
difference was found in terms of circularity for CM

100 -
b
90 - |
B control O
80 . . @
70 - control 7

60 -
50 A
40 4
30 A
20 4
10 -
0 - :

[ coated O
Ed coated 7

1-4.99

5-9.9
Range of pore area (mm3)

10-64.9

Fig. 4 Pore area distribution of crumb muffins (control and film-
coated), initially (0) and at 7 days of storage (7). Bars represent the
standard deviation from triplicate determinations. Different letters (a—
h) indicate significant differences (Turkey’s adjusted analysis of
variance p < 0.05)

(Fig. 5). AR (elongation) is the aspect ratio of the particle’s
fitted ellipse. The AR values of pores of crumb are shown
in Fig. 5. No significant difference between control and
CM was found during the storage time. The roundness
factor describes the degree of deformation of the sample.
The roundness values of the pores of crumb are shown in
Fig. 5. No significant differences between control and CM
were found during the storage time. The roundness values
in this study were found between 0.53 and 0.59. A value
greater than 0.6 indicates high roundness, between 0.4 and
0.6 indicates medium roundness, and less than 0.4, low
roundness. Solidity (convexity) is the ratio of area of the
2-dimensional projection of the aggregate particle to the
convex area. The convex area can be defined as the area
enclosed by an imaginary “string” wrapped around the
object. Solidity has values in the range 0—1. A low solidity
towards O indicates a rough particle edge. A high solidity
of 1 indicates a smooth particle edge. Storage time pro-
duced a significant decrease of solidity of pores in crumb of
control muffins, while no significant difference was found
in terms of solidity for CM (Fig. 5). Feret diameter is not a
diameter in its actual sense but the common basis of a
group of diameters derived from the distance of two tan-
gents to the contour of the particle in a well-defined ori-
entation. Feret’s diameter is the greatest distance between
any two points along the boundary of the object. The
minimum caliper diameter is MinFeret. The results of Feret
diameters are shown in Fig. 5. No statistically significant
differences in Feret Diameter and MinFeret between con-
trol and CM were found during the storage time. If a par-
ticle has an irregular shape, the Feret diameter usually
varies much more than with regularly shaped particles. The
examination of internal pore structure changes can be
related to hardness values. Muffins with the higher hard-
ness values possessed the higher percent of small air pores
and lower solidity values.
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Fig. 5 Effect of triticale film
coating on circularity (a), aspect
ratio (b), roundness (c), solidity
(d) and Feret and MinFeret
values (e) of pores of crumb of
control and triticale film-coated
muffins, initially (0) and at

7 days of storage (7). Bars
represent the standard deviation
from triplicate determinations.
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Sensory evaluation

In order to know the acceptability of the muffins, a sensory
analysis was carried out. The statistical interpretation of the
test is based on the binomial law with p = 1/3 (null
hypothesis: no differences between the two tested products;
alternative hypothesis: samples have significant differences
between each other). When the number of correct answers
of a triangle test equals or exceeds the critical value
compatible at a given probability level with a binomial
distribution with parameter 1/3 (52 %, p < 0.05), the null
hypothesis is rejected and significant differences between
samples are concluded [35]. Our results showed that the
triticale film coating did not change significantly the visual
aspect of the muffins (48 % of panelists gave correct
answers). Overall impression (aroma and flavor, freshness
in mouth, softness) of CM came out significantly different
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(72 % of panelists gave the correct answers) from the
control muffins (p < 0.05).

Conclusions

During a storage period of 10 days the muffins coated with
triticale flour edible film remained softer than uncoated
control samples. After the process of spraying, the particles
of film-forming solution impact the surface of muffin and
form bonds with it, resulting in a coating with high bonding
strength. Storage time did not significantly influence the
weight, but triticale film coating diminished the hardening
of the muffins during storage and was effective in retarding
the staling process due to a decrease in k value and slower
crumb firming kinetics. Also, the time constant value
obtained for CM was higher (31 %) than the control.
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Storage produced a significant decrease of circularity of
pores in crumb of control muffins, while no significant
difference was found for coated muffins. Triticale film
coating was effective in retarding staling process and this
resulted in softer fresh muffins.
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