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Consumers demand products of high quality, healthy, safe, and easy to manage. A freeze-dried fruit snack can
meet this demand, but this kind of product may collapse rapidly, becoming highly sticky. To avoid this, adding
biopolymers can improve their stability. Nevertheless, these biopolymers can negatively affect other quality
characteristics such as the color, texture, and flavor. Therefore, selecting the best biopolymer or combination of
biopolymers is an indispensable task to offer freeze-dried fruit. The aim of this study was to know the impact of
gum Arabic, starch modified with octenyl succinic anhydrous, bamboo fiber and milk protein isolate on the color,
glass transition temperature, and stability of some textural related properties of a freeze-dried mandarin snack.

The study showed the convenience of incorporate mixtures of the considered biopolymers to mandarin puree as
to ensure the crispy character of the snack, associated with its glassy state, without this having a significant
impact on the product color. The best formulation was that obtained with a mix of gum Arabic and bamboo fiber.

1. Introduction

Intake of fruit and vegetables is essential for a healthy diet. Recent
studies recommend a daily intake of 400 g of fruits and vegetables to
prevent noncommunicable diseases, including such as diabetes, heart
disease, stroke and cancer. (WHO, 2020). Plant-derived foods contain
nutrients (carbohydrates, proteins, fats, vitamins, and minerals) and
many non-nutrient substances called phytochemicals, which function as
powerful antioxidants and metabolism regulators to protect against
developing chronic diseases that begin in adulthood. As they are foods
that provide health benefits, they may be considered nutraceuticals
(Pulvirenti and Paterna, 2022). However, the main drawback for con-
sumption of fresh fruits and vegetables is their short shelf life, mainly
due to their high water content. Because consumers are increasingly
demanding for high quality, healthy, safe, and wholesome products easy
to handle, fruits and vegetables are now being processed so they are less
perishable. A good alternative for processing is freeze-drying, as it is a
dehydration method that provides high quality, easy-to-handle, and
non-perishable foods. In this way, freeze-dried fruit and vegetable
“healthy snacks” are gaining great popularity (Ciurzynska et al., 2020;
Karwacka et al., 2022; Martinez-Navarrete et al., 2019; Silva-Espinoza
et al, 2021). Freeze-drying involves freezing the food and then
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sublimating the ice in the drying stage, which is usually carried out at
low pressure and temperature. In this way, water goes from a solid to
gaseous state, without passing through the liquid state, so that the food
preserves its maximum nutritional value and flavor (Silva-Espinoza
et al., 2021). In addition to the fact that the organoleptic properties of
food are preserved, microorganisms (bacteria and molds), which cause
food spoilage, cannot proliferate. Furthermore, the significant loss of
weight and volume that the product undergoes during dehydration
makes it much easier to transport and store.

One drawback of dried fruit is related to structural changes (Telis and
Martinez-Navarrete, 2009). With fruits, their sugars and organic acids
composition causes the structure of their dehydrated form to collapse
rapidly, becoming highly gummy and sticky and suffer a drastic decrease
in porosity, which affects aroma retention and rehydration capacity
(Levi and Karel, 1995). To avoid this, it is advisable to add
high-molecular-weight biopolymers that limit the collapse of the prod-
uct, and, at the same time, some of them act as encapsulating agents
protecting from the possible loss of the compounds responsible for the
nutritional and functional value of the fruits during processing and
storage (Telis and Martinez-Navarrete, 2012). However, these bio-
polymers can negatively affect other quality characteristics such as
color, texture, and flavor. Thus, selecting the best biopolymer or
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A. Salvador et al.

Table 1

Incorporated amount of biopolymer (g Bp/100 g puree) to obtain the different
mandarin snack formulations studied (FDP: mandarin puree, GA: gum Arabic,
OSA: starch modified with octenyl succinic anhydrous, BF: bamboo fiber and
WPL: milk protein isolate).

Formulation OSA BF WPI

FDP

F(GA:BF)
F(GA:WPI)
F(OSA:BF)
F(OSA:WPI)
F(GA)

F(OSA)
F(GA:0SA:WPI)

[ BN |
—
-

9]

Table 2

Mean values of water activity (a,,) of the newly freeze-dried samples after 45 and
70 min maintained in an environment of 45% RH and 25 °C (FDP: mandarin
puree, GA: gum Arabic, OSA: starch modified with octenyl succinic anhydrous,
BF: bamboo fiber and WPI: milk protein isolate).

Time (min)

Samples 0 45 70

FDP 0.265°4 (0.005) 0.349 % (0.003) 0.387 € (0.003)
F(GA:BF) 0.244° (0.005) 0.311 8 (0.004) 0.319 € (0.002)
F(GA:WPI) 0.224% (0.005) 0.309 #8 (0.005) 0.336 °C (0.004)
F(OSA:BF) 0.260 <A (0.005) 0.332 P8 (0.006) 0.363 %€ (0.002)
F(OSA:WPI) 0.283 A (0.006) 0.328 PP (0.003) 0.335 "B (0.004)
F(GA) 0.307 ™ (0.003) 0.339 % (0.004) 0.351 € (0.002)
F(OSA) 0.269 * (0.005) 0.352 4 (0.003) 0.378 € (0.002)

F(GA:0SA:WPI) 0.271 4 (0.002) 0.308 8 (0.003) 0.322 %€ (0.002)

Values in parentheses represent the standard deviation.

3 b, ¢ d € Mean values with different letters in the same column indicate the
existence of significant differences (p < 0.05) between formulations at a given
time according to Tukey’s test.

A B, C Mean values with different letters in the same row indicate the existence of
significant differences (p < 0.05) for each formulation as a function of time
according to Tukey’s test..

Table 3

CIEL*a*b color coordinates of the newly freeze-dried products and AE between
each formulation and the sample without Bp at time 0 (FDP: mandarin puree,
GA: gum Arabic, OSA: octenyl succinic anhydrous modified starch, BF: bamboo
fiber and WPI: milk protein isolate).

L* c* h AE*
FDP 65% (3) 56.3 % (1.8) 72.6 9(0.9) -
F(GA:BF) 70.2 € (0.7) 52.12° (1.7) 77.12(0.8) 7.7
F(GA:WPI) 71 ¢ (3) 444 (2) 77.7 2 (0.3) 13.9
F(OSA:BF) 742 (3) 44 <4 (5) 77.5° (1.0) 14.8
F(OSA:WPI) 71.12%¢ (0.9) 44.6 °4 (0.3) 77.1%(1.1) 13.7
F(GA) 69.8 © (1.5) 46 4 (6) 74.2 % (1.7) 11.2
F(OSA) 69.8 © (1.3) 49 (3) 72.9 9(0.6) 8.7
F(GA:0SA:WPI) 73.12°(0.8) 439 (9) 77.8 <4 (0.6) 14.4

a b ¢ d Mean values with different letters in the same column indicate the ex-
istence of significant differences (p < 0.05) between formulations according to
Tukey’s test.

biopolymer combination for each product is an essential task to offer
freeze-dried fruit products. Although the most commonly used materials
for the encapsulation of food products are high-molecular-weight car-
bohydrates, these must be used in very high quantities and the films they
form are easily moistened, which, although necessary to ensure a good
rehydration of the product, makes them less stable. Therefore, the
amphiphilic character of proteins can offer better properties to the film
formed around the particles due to their preferential migration to the
surface of the particles, which reduces the adhesive character between
particles, avoiding their coalescence (Adhikari et al., 2007; Gharsallaoui
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Fig. 1. Example of the force-time curves of the newly freeze-dried mandarin
formulations. (FDP: mandarin puree, GA: gum Arabic, OSA: octenyl succinic
anhydrous modified starch, BF: bamboo fiber and WPI: milk protein isolate).
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Fig. 2. Example of the texture (dashed lines) and sound (continuous lines)
profiles of the newly freeze-dried mandarin puree. (black) and mandarin puree
formulated with gum Arabic and bamboo fiber (blue). (For interpretation of the
references to color in this figure legend, the reader is referred to the Web
version of this article.)

et al., 2007; Fang and Bhandari, 2012; Bhusari et al., 2014).

Among the carbohydrates used as encapsulating materials, gum
Arabic (E—414) has been widely used for its good thickening, stabiliz-
ing, and emulsifying properties. In addition, its incorporation provides
benefits such as increased glass transition temperature (Tg), reduced
hygroscopicity, low viscosity contribution to the product, and anti-
caking properties (Cozic et al., 2009; Telis and Martinez-Navarrete,
2009; Ghosal et al., 2010). However, due to the high price and the
heterogeneity of the properties, given its origin, it seems appropriate to
explore this line of research to test other suitable biopolymers (Da Silva
et al., 2013). Modified starches are becoming increasingly important for
their low cost and their many industrial applications (Sweedman et al.,
2013; Altuna et al., 2018). However, proteins show good encapsulation
properties, and include sodium caseinate, soy protein isolate, and whey
protein isolates and concentrates (Gharsallaoui et al., 2007; Mur-
tia-Pagola et al., 2009; Minj and Anand, 2020).

The objective of this study was to develop different formulations of
mandarin puree with different stabilizing biopolymers and to analyze
their physical properties and crispness to select the snack with the
highest quality and stability.
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Table 4

Values of the area under the curve (AUC), number of fracture peaks (FP),
number of sound peaks (SP), and maximum sound pressure (SPL) of the newly
freeze-dried samples (0 min) after 45 and 70 min storage at 25 °C and 45% RH
(FDP: mandarin puree, GA: Gum Arabic, OSA: octenyl succinic anhydrous
modified starch, BF: bamboo fiber and WPI: milk protein isolate).

Time AUC (N FP SP SPLumax10
(min) mm) (dB)
FDP 0 5112(71)  45°(22)  29%(27) 66°(7)
45 406 P 11.8*(3) 0.25° 18° (4)
a7) (€9)]
70 385°(88) 8°(3) 6*°(1) 58%(1)
F(GA:BF) 0 3932(77) 245 (16) 48°(26) 79°(4)
45 491° 210°(20) 28®P(5) 787 (1)
(113)
70 541°(60) 184°(10) 15°(8) 75°(2)
F(GA:WPI) 0 2612(46)  258%(29) 59°(35) 80°(4)
45 3712(58) 271° 42%(16) 79°%(2)
(78)
70 4262 274%(8) 47°(6) 80°(1)
(149)
F(OSA:BF) 0 911° 1222 762(23) 70°(2)
(128) 16)
45 669°(46) 1437 (7) 16°(7) 77°(d)
70 16942 25°(19) 26°(14) 69°(4)
(150)
F(OSA:WPI) 0 3992 2402 552(31) 81°%(4)
113) a7
45 4962 199 21%(9) 77°(4)
136) (20)
70 610° 175" 31%(12)  77%(2)
(109) (26)
F(GA) 0 485°(63) 222° 184 % 76 2 (1)
(15) (26)
45 516 ° 2252 41%09) 792
(152) 14)
70 11792 66°(23) 45°(21) 71°(™)
(103)
F(OSA) 0 565" (98)  191° 1772 76 2 (4)
an 31
45 457°(61) 179% 17°a1 75 @2)
12)
70 15392 46°(22) 35°(5) 71%(3)
(124)
F(GA:0SA: 0 606°(70) 1782 1482 73 (3)
WPI) 23) (25)
45 486°(21) 2142 26°(10) 787 (1)
24)
70 1295 2 83%(17) 36°(12) 68°(5)
(149)

Values in parentheses represent the standard deviation.

2 b. ¢ Mean values with different letters in the same column indicate the existence
of significant differences (p < 0.05) with storage time for each formulation
according to Tukey’s test.

2. Materials and methods
2.1. Raw materials

Mandarin (Citrus reticulata) of the hybrid variety Ortanique was used
in this study (Anecoop S. Cooperativa, Valencia). The biopolymers (Bp)
gum Arabic (GA, Scharlab S.L. Sentmenat, Spain), starch modified with
octenyl succinic anhydrous (OSA, Roquette, Benifai6, Spain), bamboo
fiber (BF, J. Rettenamaier & Sohne, Rosenberg, Germany), and milk
protein isolate (WPI, Arla Foods Ingredients Group, Denmark) were used
for the different formulations studied. These biopolymers were selected
to avoid structural collapse of the dehydrated product. GA and OSA for
its ability to increase Tg and BF and WPI because of its steric role
avoiding the formation of interparticle bridges (Silva-Espinoza et al.,
2020).
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Fig. 3. Example of the texture and sound profiles of the formulations at
different storage time. (A: FDP; B: F(GA:BF); C: F(GA)).

2.2. Sample preparation

Following the conditions described by Silva-Espinoza et al. (2020), a
puree was prepared from the previously washed and peeled mandarins,
using a food processor (Thermomix TM21, Vorwek, Spain) to which the
different biopolymers (Bp) were incorporated in different proportions to
obtain eight snack formulations (Table 1). The ratio of biopolymers was
selected based on previous studies where the color, mechanical prop-
erties, hygroscopicity, solubility, total phenols, flavonoids, vitamin C,
and antioxidant activity of the obtained powder were optimized (Agu-
delo et al., 2017). The mixture obtained from each formulation was
distributed on aluminum trays (82 x 109 mm) with a thickness of 20
mm. The samples were frozen in a chest freezer (Liebherr Mediline 7083
207-00) for 48 h, at —47 °C. After, the samples were freeze-dried
(Telstar Lioalfa-6) at 0.020 Pa pressure and at —49.5 °C in the
condenser for 72 h and 25 °C in the shelves. The obtained samples were
placed in airtight glass containers at 4 °C until further analysis.

To study sample stability, part of the samples was carefully cut with a
sharp conventional knife (25 x 25 mm) and placed in a desiccator,
containing a saturated solution of K;COg3 (relative humidity, RH = 45%)
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Fig. 4. Principal component analysis of the eight formulations with storage time. A: Sample representation. B: Texture instrumental parameters representation. (FDP:
mandarin puree, GA: gum Arabic, OSA: octenyl succinic anhydrous modified starch, BF: bamboo fiber and WPI: milk protein isolate).

at 25 °C, simulating environmental conditions for 45 and 70 min.

2.3. Analysis of soluble solids

To determine soluble solids (°Brix), a portable digital refractometer

(Refracto 30PX, Mettler Toledo, Barcelona, Spain) was

used. The °Brix of

the eight formulations were measured in triplicate after the biopolymers

were added to the mixture, before being freeze-dried.

2.4. Water activity (ay,)

The water activity (ay) of the freeze-dried samples, at the three
storage times, was measured in triplicate using an AquaLab Model Series
3 dew-point hygrometer (Decagon Devices, Inc, Pullman, WA, USA).

2.5. Color

The color of the snacks was studied considering the colorimetric
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Table 5

Glass transition temperature of newly freeze-dried samples (FDP: mandarin
puree, GA: gum Arabic, OSA: octenyl succinic anhydrous modified starch, BF:
bamboo fiber and WPIL: milk protein isolate).

Tg® Tg™ Tg®
FDP 0.09 4.02 10.14
F(GA:BF) 12.08 18.24 24.85
F(GA:WPI) 16.12 23.00 38.42
F(OSA:BF) 9.02 16.11 23.79
F(OSA:WPI) 9.39 15.35 23.02
F(GA) 20.53 27.78 40.42
F(OSA) 5.61 13.46 19.95
F(GA:OSA:WPI) 6.45 12.96 21.28

coordinates of the CIEL*a*b* space, where L* is the lightness (with
values between 0 and 100), a* the deviation toward red (+) and green
(—) and b* the deviation toward yellow (+) and blue (—). A spec-
trocolorimeter (Minolta, CM 3600D, Japan) was used, taking the 10°
observer and D65 illuminant as the reference. The readings were taken
at room temperature (22 + 1 °C) directly on the surface of cylindrical
samples of 10 mm height x 20 mm diameter, with three repetitions
made for each sample. From the coordinates a* and b*, the psycho-
physical magnitudes chroma or color purity (C*), hue (h), and color
difference (AE*) were calculated using equations (1)—(3).

C' =Va?+b? (@)

h=arctg —; 2
a

AE" = AL )Ad")Ab")(Ab")(Ab")*)' 3)

2.6. Mechanical and acoustic properties

To analyze the texture of the snacks (25 x 25 mm cubes), a TA.XT-
Plus texturometer (Stable Micro Systems, Godalming, UK) was used,
performing a penetration test with a cylindrical probe of 10 mm diam-
eter, 80% deformation, and a speed of 1 mm/s. The acoustic properties
of the samples during fracture were analyzed in the same test using an
acoustic detector coupled to the texturometer (Acoustic Envelope De-
tector, AED). The sound detector used was an 8 mm diameter Bruel and
Kjaer free-field microphone, which was calibrated using an acoustic
calibrator type 4231 (94 dB and 114 dB SPL-1000 Hz) and placed at a
distance of 4 cm at an angle of 45° regarding the sample. This test was
performed on all samples previously stored in airtight glass containers at
a temperature of 25 °C and a relative humidity of 45%. Six repetitions
were conducted for each sample. The area under the curve (AUC) and
the number of force peaks (peaks greater than 0.049 N) were calculated
from the force-time curves. From the sound curves, the number of sound
peaks (peaks greater than 2.5 dB) and the sound pressure level SPL
(mean of the 10 largest peaks, SPLyax10) Were calculated.

2.7. Glass transition temperature (Tg)

A differential scanning calorimeter (DSC) was used to analyze the Tg
(Q2000, TA-Instruments Crawley, UK), coupled to a refrigeration system
(RCS 90). Before measurements, indium calibration for temperature and
enthalpy was followed (Topget = 155.74 °C and AH = 28.69 J/g). Trip-
licates of about 10 mg of each sample were placed in hermetic DSC pans
with an empty pan used for a reference. The heating rate was 5 °C/min,
and temperature ranged between —60 °C and 60 °C. The onset,
midpoint, and endpoint of the Tg was analyzed (Tg° Tg™, and Tg®,
respectively). This analysis was conducted only to the newly freeze-
dried samples.
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2.8. Statistical analysis

To establish the differences between the samples analyzed, a one-
factor analysis of variance (ANOVA) was performed for a significance
level a = 0.05 using Tukey’s test. In addition, principal component
analysis (PCA) was performed to evaluate the relationships among
instrumental variables of texture, storage time, and formulations. Sta-
tistical analysis was performed using XLSTAT statistical software
(2010.5.02, Addinsoft, Barcelona, Spain).

3. Results and discussion
3.1. Soluble solids and water activity

The mandarin puree used as a raw material gave 14.1 + 0.3 °Brix.
The incorporation of biopolymers significantly increased this value to
17.6-17.8 for the formulations F(GA:BF); F(OSA:BF); F(GA); and F
(OSA), to 18.2 for F(GA:WPI) and F(OSA:WPI), and to 19.7 for F(GA:
OSA:WPI) (p < 0.05). This is due to the different composition of the
formulations studied as related to the different amount and solubility of
the Bp used. It should be considered that BF is an insoluble fiber whereas
the rest of the biopolymers are water soluble. In addition, F(GA:OSA:
WPI) has a higher amount of Bp than the rest.

Once freeze-dried, the samples presented a,, values between 0.224
and 0.307, with significant differences between them (p < 0.05)
(Table 2). Different interactions were observed between the Bp studied
and water. The sample formulated only with GA, gum characterized by
its high hygroscopicity, presented the highest a,. A similar result was
reported by Tonon et al., 2009, which relate this difference in water
adsorption to the number of hydrophilic groups present in the structure
of each biopolymer. In this respect, gum Arabic has a high number of
ramifications with hydroxyl groups, so it can more easily adsorb water
from the ambient air. When the sample F(GA) was mixed with BF or
WPI], the a,, decreases because both Bp also interact with water, which
decreases the water availability. The fact that OSA showed stronger
interaction with water than GA, as can be deduced from the lower a,,
value of sample F(OSA) than that of sample F(GA), may be related to the
chemical modification carried out precisely in order to improve, among
others, the interaction of starch with water (Sweedman et al., 2013).
Nevertheless, when the other Bp are present, OSA interacts with them
more strongly than with water (Sweedman et al., 2013), so that part of
the water that was bound to OSA becomes available and therefore a,, of
samples F(GA:BF) and F(GA:WPI) decreases with respect to that of F
(OSA:BF) and F(OSA:WPI). This effect is much more pronounced in the
case of WPI, so much so that even a,, of F(OSA:WPI) increases with
respect to that of F(OSA). After 45 and 70 min stored at 25 °C and 45%
RH, the a,, significantly increased in almost all the samples, the one
without Bp, the most at the end of the storage time (p < 0.05) (Table 2).
The samples that presented greater stability in terms of a,, was F(GA:BF),
showing lower a,, values at all times.

3.2. Color

Table 3 shows the values obtained for the CIEL*a*b* coordinates that
instrumentally characterize the color of the different newly freeze-dried
samples. Although some significant differences in color parameters were
found, all formulations presented similar optical properties. Lightness
(L*) ranged from 65 to 74, color purity (C*) ranged from 43 to 56.3 and
hue (h) ranged from 72.6 to 77.8, indicating a yellow-orange color in all
samples. In all cases, the presence of Bp increases the lightness, de-
creases the chroma, and slightly masks the orange hue typical of man-
darin. The smallest color difference between the formulations and the
samples without Bp corresponded to formulation F(GA:BF) (Table 3).
Despite the color of the samples was also measured after 45 min and 70
min of storage at 25 °C and 45% RH, no significant differences were
found with storage time in the formulations (p > 0.05) (data not shown).
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3.3. Mechanical and acoustic properties

To evaluate the crispness of the samples, the force-time and sound
curves of each of the newly freeze-dried samples and after 45 and 70 min
stored at 25 °C and 45% RH were analyzed. Fig. 1 shows, as an example,
the texture curves of one of the replicates of each of the eight newly
freeze-dried formulations and Fig. 2 shows an example of the texture
curves and sound profiles of two of them.

Both the FDP (without added Bp) and the F(OSA:BF) formulations
showed curves different from the other six. The FDP formulation did not
present fracture peaks, and the profile represents a rubbery sample, with
almost no sound peaks, indicating its non-crisp character. F(OSA:BF)
showed fracture peaks at the beginning of the test, although it showed
an increase in strength toward the end, related to a rubberier behavior in
the sample interior, like with the sound curve, where sound peaks were
appreciated only at the beginning of the penetration (graph not shown).
The other formulations remained crisp during the whole test, behavior
that can be related to the large number of force and sound peaks shown
during the whole penetration test. Notably, formulation F(GA:WPI)
presented the least resistance to penetration, i.e., the most brittle sample
(Fig. 1).

However, to better determine the differences between the samples,
Table 4 presents the parameters calculated from the force-time and
sound-time curves obtained in each formulation. First, the area under
the force-time curve may be associated to the resistance of the sample to
be penetrated, related to its firmness (Benkadri et al., 2018). The newly
freeze-dried formulations F(GA:BF), F(GA:WPI), and F(OSA:WPI) pre-
sented the lowest area values, corresponding to samples that break at
lower applied stresses. Great area values could correspond both to a
rubbery sample that doesn’t breaks but mostly is deformed (sample
FDP), or to samples being more resistant to be fractured as they are F
(GA), F(OSA), F(GA:OSA:WPI), and F(OSA:BF); with F(OSA:BF) showing
the highest area value. However, the number of force and sound peaks
are also related to the crispness of the samples (Salvador et al., 2009;
Dias-Faceto et al., 2020). The formulations F(GA:BF), F(GA:WPI), F
(OSA:WPI), and F(GA) presented higher number of fracture and sound
peaks which, together with the lower firmness described above, in-
dicates they are the crunchiest samples. The sound pressure level (SPL)
values were very similar in the eight formulations, with FDP presenting
the lowest value and F(OSA:WPI) the highest.

Fig. 3 shows an example of the change in texture of the samples with
storage time at 45% RH and 25 °C. The 3 graphs shown reflect the 3
types of behavior shown by the samples. The absence of fracture peaks in
FDP formulation, at any time (Fig. 3A), indicates its rubbery character
from the beginning. The formulations F(GA:BF), F(GA:WPI), and F(OSA:
WPI) behaved similarly as shown in Fig. 3B, maintaining crispness
throughout the study time. The other formulations, although they seem
to maintain the crisp character, show a certain rubbery behavior, as
appreciated by the texture curves, because they do not present many
peaks of strength but a plateau (Fig. 3C). The parameters evaluated for
all samples, both force-time and sound pressure-time curves, can be seen
in Table 4. In the formulations F(OSA:BF), F(GA), F(OSA) and F(GA:
OSA:WPI) an increase in the AUC and a decrease in both force and SP
were observed, especially at 70 min of storage. However samples F(GA:
BF) (Fig. 3B), F(GA:WPI), and F(OSA:WPI) showed less increase in area
and less decrease in the number of both force and SP, which indicates
these samples maintain their crisp character longer.

To evaluate the correlation among the different instrumental pa-
rameters and the studied samples, a PCA was carried out. The rotation
method used was Varimax with Kaiser Normalisation. The first two
components that explained together 98.68% of the variance are repre-
sented in Fig. 4. In Fig. 4A and B the samples distribution and the
instrumental texture parameters distribution, respectively, were shown.
The first component explained 96.02% of the variance and showed a
positive correlation with the instrumental parameter “number of force
peaks’” and a negative correlation with AUC (area under the texture
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curve). On the other hand, the second component showed a positive
correlation with the instrumental parameters ‘“number of sound peaks’’
and “SPLmax10“(Fig. 4B). PCA showed that all the samples except FDP
and F(OSA:BF) were related to the instrumental parameters indicating
crispness; however, only sample F(GA:WPI) maintains the crispness
character with the storage time studied although samples F(GA:BF), F
(OSA:WPI), F(GA), F(OSA), and F(GA:OSA:WPI) maintain the crispness
character, but only up to 45 min, losing this character at the end of
storage.

3.4. Glass transition temperature

Table 5 shows the onset, midpoint, and endpoint of the glass tran-
sition for the different newly freeze-dried products. The amplitude of the
glass transition was of the order of 15 °C, which is a usual value for
foodstuffs (Roos, 1995; Silva-Espinoza et al., 2020; Telis and Marti-
nez-Navarrete, 2010). The sample with no biopolymers added showed a
Tg™ of 4 °C, similar to other freeze-dried fruits, the sugar and organic
acid composition of fruits being responsible for their low Tg value (Telis
and Martinez-Navarrete, 2010). Table 5 shows that FDP sample is in a
complete glassy state at temperatures below 0 °C while rubbery at
temperatures above 10 °C. The glassy state means a higher stability of
the product and is related to a crispier character. In the rubbery state,
the rate of the deterioration reactions increases and the crispness is lost.
In this way, the more the temperature of the sample exceeds the value of
its Tg, the more pronounced the loss of crispness. (Martinez-Navarrete
et al., 2004; Silva-Espinoza et al., 2020). In this study the texture test
done on this sample, which was conducted at 25 °C, indicates its rubbery
character (section 3.3).

Table 5 shows the addition of the biopolymers caused an increase in
Tg, which was higher for GA than for OSA. The increase in Tg due to the
effect of biopolymers also correlates with the crispness observed in these
samples, although no clear differences in texture are observed due to the
effect of the use of the GA or OSA biopolymer (section 3.3).

4. Conclusions

This study showed that the addition of biopolymers into a mandarin
puree is necessary to ensure the crispness of a freeze-dried snack, asso-
ciated with its glassy state. The low influence of the biopolymers studied
on the water activity and color of the snack justifies their use. Although
there seems to be no major differences in the studied properties, the
formulation of the mandarin puree with GA and FB, remaining crisp
throughout, showed the greater stability as related to its lower ay,.
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