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Abstract

Wheat flour-based batter containing 0% to 20% trehalose was deep-fried, dried and held
in various water activity (aw) conditions. The effects of trehalose content and aw on oil
content, water sorption, isothermal mechanical relaxation, and fracture properties were
investigated. For comparison, the fracture properties of freeze-dried porous waxy corn
starch solids were also investigated. The 10% trehalose sample had the lowest oil content,
water content, and aw. A force-reduction value (AF) of the samples was evaluated as a
typical mechanical relaxation parameter. AF gradually increased with increasing aw and
sharply increased above a specific aw presumed to be associated with the glass to rubber
transition. Compared to AF values among the glassy samples, 10% and 20% trehalose
samples had higher AF values (were more rigid) than 0% and 5% trehalose samples. From
the fracture measurements of the glassy samples, the first fracture force increased linearly
and the number of fracture peaks decreased linearly with increasing aw. At each aw, 10%
trehalose had the lowest first fracture force and the highest the number of fracture peaks.
Freeze-dried porous waxy corn starch solids showed similar fracture properties to deep-
fried samples. These findings suggest that around 10% trehalose content is optimal for

producing deep-fried foods with a brittle texture.

Key words: Trehalose, Glass to rubber transition, Water activity, Fracture property,

Texture, Deep-frying
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INTRODUCTION

Dry food products are commonly supplied in an amorphous state, and as such, they are
in a glassy state below the glass transition temperature (Tg) and in a rubbery state
above.D? A glass to rubber transition also occurs due to water sorption, even at a constant
temperature, because the Tq of hydrophilic amorphous materials decreases with an
increase in water content or water activity (aw). When the T4 of glassy food products
decreases below room temperature (typically 25 °C) by water sorption, the food products
become rubbery. Glassy food products are characterized as having a brittle texture that
changes to a ductile texture due to a glass to rubber transition:®%.Thus, the effect of
water content or aw on Tgq is an important factor in controlling the texture of dry food
products.®"®

Deep-fried foods are one type of dry food products. In the case of “tempura”, various
physical changes, such as starch gelatinization, dehydration, and oil uptake occur as
competing or synergistic effects in the batter phase during the deep-fry process,?01912)
to produce the fry coating that covers food products. After cooking, tempura is allowed
to cool at room temperature, and the fry coating is thought to become glassy, at least on
the outer part, producing a fry coating with a favorable brittle texture. When the hold time
at room temperature is prolonged, the fry coating changes to a ductile texture because
glass:to rubber transition occurs through water sorption originating from the atmosphere
and/or-from the coated food products. Practically, it is important to maintain the favorable
brittle texture of the fry coating for as long as possible.

In our previous study,® the effects of corn starch and trehalose on glass to rubber
transition and texture properties were investigated in a deep-fried food model (deep-fried

wheat flour particles). From these results, the 10% trehalose-added sample had a higher
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Ty and more brittle fracture properties than samples with no added trehalose or with the
addition of corn starch. Although trehalose has been suggested to be an effective texture
modifier for deep-fried foods, the optimal content to produce a maximally brittle texture
has not been clarified. The purpose of this study, thus, was to understand the effect of
trehalose content on the fracture properties of deep-fried wheat flour particles as a
function of aw. For comparison, fracture properties of freeze-dried porous waxy corn
starch solids were also investigated. Waxy corn starch is a simple. component
(amylopectin) in comparison to wheat flour (mixture of amylopectin, amylose, and wheat
protein). In addition, freeze-drying is non-thermal processing, and thus chemical

reactions and thermal degradation will be greatly limited.

MATERIALS AND METHODS
Materials

Wheat flour containing 8% protein and less than 1.7% lipid as reported in product
information (Nisshin Flour 'Milling Inc., Nagoya, Japan), trehalose dihydrate
(Hayashibara Co., Ltd., Okayama, Japan), and waxy corn starch (Sigma-Aldrich Co., St.

Louis, MO, USA), and canola oil (J-Oil Mills, Inc., Tokyo, Japan) were used.

Preparation of deep-fried wheat flour particles

Deep-fried wheat flour particles were prepared as reported previously with minor
modifications.” A sufficient amount of the canola oil was placed in the chamber of a
digital oil bath (EOS-200RD; AS ONE Co., Osaka, Japan), and the temperature was set
to 180°C with agitation at 250 rpm by a magnetic stir bar (diameter, § mm and

length, 30 mm). Batter was prepared by mixing wheat flour and chilled water at a weight
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ratio of 1.0 : 1.6. For trehalose-added samples, 5%, 10%, and 20% trehalose (anhydrous
trehalose weight per dry wheat flour weight) was added into the mixture, which was held
in an ice water bath. Batter (approximately 4 ml) was dropped by pipette over a period of
30 to 40 s into the oil from a hole (5 mm). The batter was deep-fried at 180 °C for 4 min.
The deep-fried samples were scattered on a stainless-steel tray with mesh (7 mm x 7. mm),
and allowed to cool at room temperature for approximately 4 min. Then, the samples were

put into a bag until analysis.

Oil content of deep-fried samples

Oil content of the deep-fried samples was evaluated by the Soxhlet extraction
method.*® The samples were manually ground,.and vacuum dried at 110 °C (stage
temperature) for 8 h. The fully dried samples (1 g) were extracted with diethyl ether at 60
°C for 12 h. All samples were prepared and assayed in triplicate, and the results were

averaged.

Water sorption isotherm

Deep-fried samples were vacuum dried at 110 °C (stage temperature) for 8 h. The fully
dried samples.were equilibrated at 25 °C for at least 2 weeks in a desiccator with various
saturated salt solutions: LiCl (aw=0.113), CH3COOK (aw=0.225), MgCl, (aw= 0.328),
K2CQ3 (aw=0.432), Mg(NOs)2 (aw=0.529), NaBr (aw=0.576), KI (aw= 0.689), and
NaCl (aw=0.755). Equilibrium water content (g/100 g-dry matter, DM) of the samples
was determined gravimetrically by vacuum drying at 110 °C (stage temperature) for 8 h.

For comparison, water content of the deep-fried samples for which aw was not adjusted
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(unadjusted) was also determined. All measurements were performed in triplicate and the
results were averaged.
The water sorption isotherm was analyzed by fitting experimental data to the

Guggenheim-Anderson-de Boer (GAB) model (Eqg. 1),

Wi C- K- ay

W K e G C- 1 K o)

(Ea. 1)

where W and W are the equilibrium water content (g/100 g-DM) and the monolayer
water content (g/100 g-DM), respectively. C and K are correction factors for the sorption
properties of the first layer with respect to the bulk liquid and for the properties of the
multilayer with respect to the bulk liquid, respectively.* Fitting analysis was carried out

using KaleidaGraph software (version 3.6, Hulinks Inc., Tokyo, Japan).

Isothermal mechanical relaxation

Isothermal mechanical relaxation behavior of the deep-fried samples was investigated
using a texture analyzer (CR-150; Sun Scientific Corp., Ltd., Tokyo, Japan) as described
previously.”’® The samples (14-16 particles) were set into the sample cup holder
(diameter, 31.90 mm and height, 9.95 mm) and then placed on the stage (25 °C) of the
texture meter. The samples were compressed at 80 N with a plate plunger (diameter, 30
mm) and held in the compressed condition for 3 min. From the force-time curve, the
force-drop (AF) between the initial force and the force after 3 min was evaluated as the
degree of isothermal mechanical relaxation for a given condition.”’® The measurements

were performed in triplicate and the results were averaged.

Sample preparation of freeze-dried porous waxy corn starch solid

Freeze-dried waxy corn starch solids were prepared by the method of Sogabe et al. with
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modification.®) Waxy starch (5 g, dry basis) was placed in a vial, and distilled water was
added to produce 90% water content. For the trehalose-added samples, 5%, 10%, and
20% trehalose (as anhydrous trehalose weight per dry waxy corn starch weight) was
added. A magnetic stir bar was placed into each vial, and the vials were covered by
wrapping with film. The vials were placed in a boiling water bath (approximately 98 °C)
and heated for 10 min with magnetic stirring to prevent the sedimentation of starch
granules at the initial stage of the heating. The samples were then cooled to room
temperature and put into cylindrical holes (diameter, 20 mm and height, 20 mm) in a mold
and frozen at -25 °C for 16 h. The frozen samples were placed.on a pre-cooled stage (-35
°C) in a freeze-dryer and freeze-dried at approximately 11 Pa with an increase in
temperature from -35 °C to 5 °C over 34 h. The freeze-dried solids with numerous pores
formed by ice sublimation were removed from the mold and vacuum-dried at 110 °C
(stage temperature) for 8 h. The fully dried samples were equilibrated at 25 °C for at least

two weeks in a desiccator under aw =0.113, 0.225, and 0.328 as described above.

Texture properties

The fracture properties of the deep-fried and freeze-dried samples were evaluated at 25
°C using a-texture meter (CR-500DX; Sun Scientific Corp., Ltd., Tokyo, Japan). Each
deep-fried sample was put on the sample stage and then compressed with a plate plunger
(diameter, 30 mm) at 0.5 mm/s. Each freeze-dried sample was put on the sample stage
and then compressed with a plunger (diameter, 5 mm) at 0.5 mm/s. In the force-
deformation curve, the fracture force was evaluated from the first fracture point. In

addition, the total number of fracture peaks was counted in the deformation range of 2.5
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mm.?> For each deep-fried and freeze-dried sample, measurements were performed five

times, and the results were averaged.

Statistical analysis
Analysis of variance (ANOVA) with Turkey’s HSD test (p < 0.05) was performed

using KaleidaGraph software (version 3.6, Hulinks Inc.)

RESULTS AND DISCUSSION
Oil content of deep-fried samples

The effect of trehalose content on oil content for deep-fried samples (unadjusted aw) is
shown in Table 1. Oil content of 0% and 10% trehalose samples obtained in this study
was in good agreement with values obtained in our previous study (53% for no added
trehalose sample and 42% for 10% trehalose sample).> The oil content significantly
decreased and then increased slightly with an increase in trehalose content. Trehalose is
a water-soluble disaccharide and thus prevents oil uptake in deep-fried foods. Tavera-
Quiroz et al. (2012)* reported that water-soluble materials (methylcellulose-glycerol-
sorbitol mixtures) reduce oil uptake during the frying process. Similar behavior was
observed in corn-gum, wheat gum mixtures,'®) wheat-cellulose derivatives, and wheat-
sorbitol mixtures.’” Lee and Inglett*® demonstrated that oat bran, which has a high water
holding capacity, contributed to the reduction of oil content of deep-fried samples.

Among samples, the 10% trehalose sample had the lowest oil content. A major
component of wheat flour is amylopectin. Since amylopectin is a large polymer having
many branched segments, oil uptake is facilitated by the many gap spaces of the segments

in the dehydrated state. Trehalose is thought to be located in the internal and interfacial
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parts of amylopectin. Since internal trehalose can fill the gap spaces of amylopectin, oil
uptake is reduced. In the case of 20 % trehalose sample, it is thought that the amount of
interfacial trehalose increased essentially and generated further gap spaces among the
trehalose molecules; oil-uptake was promoted slightly. The internal and interfacial

trehalose concept is discussed along with other experimental results below.

Water sorption isotherm of deep-fried samples
Water sorption isotherms (equilibrium water content versus aw) at 25°C for deep-fried
samples are shown in Fig. 1. The samples show a sigmoidal pattern.for water sorption,
similar to that for other amorphous starchy foods.*®?%/The water sorption isotherms were
obtained by fitting experimental data to the GAB.model (Eq. 1), and GAB parameters
(Wm, C, and K) are summarized in Table 1. The W values (2.48-2.71 g/100 g-DM) were
in good agreement with values for no added trehalose (2.69 g/100 g-DM) and 10% added
trehalose samples (2.44 g/100 g-DM) reported in our previous study.®) The C and K values,
on the other hand, were slightly higher and lower, respectively, than those of the previous
study. It should be noted that the GAB parameters are sensitive to differences in
experimental values, ‘and even a small difference in experimental values may result in
amplified differences in GAB parameters.?Y?? As well known, chemical, physical, and
biological properties of food are controlled not by water content, but by aw?¥?4. Thus,
GAB parameters were used to transform water content determined experimentally to aw.
The effect of the trehalose content on the water content of deep-fried samples
(unadjusted aw) is shown in Table 1. The water content of 10% and 20% trehalose samples
was significantly lower than that of 0% and 5% trehalose samples. From the water

sorption isotherm with GAB parameters (Fig. 1), aw of the samples was estimated (Table
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1). Similar to the trend for water content, 10% and 20% trehalose samples had
significantly lower aw than 0% and 5% trehalose samples, indicating that a higher
trehalose content in the batter promoted water evaporation during deep-frying. During
deep-frying of batter, wheat starch gelatinizes at around 60 °C,?%5) and water evaporation
subsequently occurs at around 100 °C. When wheat starch gelatinizes in the presence of
trehalose, the trehalose is partially incorporated into the gelatinized wheat starch due to
hydrophobic interaction induced by oil, and the trehalose acts as internal trehalose, as
suggested earlier. Since water molecules are excluded from gelatinized wheat starch by

internal trehalose molecules, evaporation of water is promoted by the addition of trehalose.

Isothermal mechanical relaxation behavior of deep-fried samples

Representative isothermal mechanical relaxation measurements at 25 °C are shown in
Fig. 2. The force of the samples decreased with increasing hold time due to mechanical
relaxation. Mechanical relaxation nearly reached equilibrium during the measurement.
The 0% trehalose sample with ay = 0.113 showed very little mechanical relaxation,
suggesting that it is in a glassy state (high elasticity). In contrast, the 0% trehalose sample
with aw = 0.529 showed high mechanical relaxation, suggesting that it is in a rubbery state
(low elasticity). The 10% trehalose samples had much lower mechanical relaxation than
the 0% trehalose samples at each aw. As a typical parameter, AF (the force difference
between initial compression and compression after 3 min) was evaluated from the
isothermal mechanical relaxation curves as described in previous studies.®?")28)

The effect of aw on AF of deep-fried samples is shown in Fig. 3. The AF increased
linearly with increasing aw, but became much greater above a characteristic aw that

depended on trehalose content. The glass to rubber transition occurs at the aw due to water



Trinh Ngoc Dang Le et al.: Effect of trehalose content on the texture of deep-fried wheat flour particles

plasticizing. Commonly, the aw for which the glass to rubber transition occurs at 25 °C
has been described as the critical water activity (awc).?® The awc of 0% and 10% trehalose
samples is reported to be 0.509 and 0.649, respectively.® It should be noted that the awc
values are within the turning range of the aw-dependency of AF.

In a comparison of the AF values for glassy samples (open symbols in Fig. 3), 10% and
20% trehalose samples had much lower AF values than 0% and 5% trehalose samples,
suggesting that these samples were of a more rigid, glassy material than 0% and 5%
trehalose samples. Taking the suggestion that internal trehalose fills the gap spaces in
amylopectin, molecular structure of the amylopectin is thought'to be physically
strengthened. This is also the reason why 10% and 20% trehalose samples can maintain
their glassy state up to a higher aw than 0% and 5% trehalose samples can.

After deep-frying, the deep-fried samples.are in-a non-steady state with a graduated
water content and temperature distribution between the inner and outer parts, depending
on hold time. Although the relationship between location in the sample and hold time
impacts the physical state of samples in ways that were not understood in this study, 0%
and 5% trehalose samples.were roughly in the rubbery state, while 10% and 20% trehalose
samples were in the glassy state, based on the aw of samples (unadjusted aw). The addition
of 10% and 20% trehalose is expected to improve the brittle texture of the fry coating.

For abetter understanding, the effect of aw on the fracture properties is discussed below.

Fracture properties of deep-fried and freeze-dried samples
For quantitative interpretation, the first fracture force (arrow) and the number of
fracture peaks were evaluated from the force-distance curves. Typical force-deformation

curves for 0% and 10% trehalose samples with aw=0.113 and aw=0.529 are shown in

11
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Fig. 4. The 10% trehalose sample with aw=0.113 showed numerous and small fracture
peaks, suggesting a brittle texture (Fig. 4-a).” This is supported by the suggestion that the
sample was in the glassy state under this condition (Fig. 3). The 0% trehalose sample with
aw=0.113, on the other hand, showed a larger peak with a smaller number of fractures
than the 10% trehalose sample. The 10% trehalose sample showed a larger peak and
smaller number of fractures for aw increased to 0.529 (Fig. 4-b); the sample is expected
to be in a glassy state (Fig. 3). The 0% trehalose sample, on the other hand, showed a
much larger fracture peak, suggesting ductile texture®; in fact, the sample was suggested
to be in a rubbery state (Fig. 3).

The effect of aw on the first fracture force of the deep-fried samples is shown in Fig. 5-
a for samples expected to be in both the glassy (open symbols) and rubbery (closed
symbols) states based on data shown in Fig. 3. The first fracture force increased linearly
with increasing aw in the glassy state. At each aw in the range for which all the samples
are in the glassy state (0.113-0.432), the 10% trehalose sample showed a significantly
lower value than the others, except at aw = 0.225 and 0.432 for the 10% versus 20%
trehalose samples. There were no significant differences between 0% and 5% trehalose
samples. At the rubbery state near the glassy state, the first fracture force showed a
maximum value because of large deformation for the ductile fracture. At higher aw, the
first fracture force markedly decreased with an increase in aw as a result of softening in
the rubbery state. There were no clear differences in values among the rubbery samples
with various trehalose contents.

The effect of aw on the number of fracture peaks for deep-fried samples in the glassy
(open symbols) and rubbery (closed symbols) states based on data shown in Fig. 3 is

shown in Fig. 5-b. The number of fracture peaks decreased linearly with increasing aw in
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the glassy state. At each aw in the range for which all the samples are in the glassy state
(0.113-0.432), the 10% and 20% trehalose samples had significantly higher values than
the 0% and 5% samples (except at aw = 0.225 for 5%, 10%, and 20% trehalose samples).
There was no significant difference between 10% and 20% trehalose samples. In the
rubbery state, the differences among samples with various trehalose levels were
negligible.

For comparison, fracture properties of freeze-dried porous waxy corn‘starch solids with
varying trehalose levels were investigated in the low aw range between 0.113 and 0.328.
The effect of aw on the first fracture force of the freeze-dried samples-is shown in Fig. 6-
a. The first fracture peak increased with increasing /‘aw. At.each aw, the 0% trehalose
sample had a significantly higher value than the others. The 10% trehalose sample, on the
other hand, had a significantly lower value than the others (except for 10% versus 20%
trehalose at aw = 0.113). There was no significant difference between 5% and 20%
trehalose samples. The effect of aw.on the number of fracture peaks of the freeze-dried
samples is shown in Fig. 6-b. The humber of fracture peaks decreased with an increase in
aw. At each aw, the 10% trehalose sample had a significantly larger value than the others
(except for 0% versus 10% trehalose at aw = 0.113). There were no significant differences
among the 0%, 5%, and 20% trehalose samples (except for 0% and 20% versus 5% at aw

=0.225), and these showed an almost equivalent behavior to those of deep-fried samples.

General discussion of fracture properties
From the fracture studies, deep-fried samples containing 10% trehalose were shown to
have the lowest first fracture force and the highest number of fracture peaks, suggesting

that the 10% trehalose sample had a more brittle texture than the others. A similar effect

13
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of 10% trehalose addition was also confirmed in freeze-dried samples. It is essentially
impossible to compare the fracture properties between deep-fried wheat flour particles
and freeze-dried waxy corn starch solids, because they are largely different gluten,
amylose, and fat contents and thermal history. However, the fact that there were similar
effects of trehalose on the fracture properties between deep-fried wheat flour particles
and freeze-dried waxy corn starch solids suggests that molecular interaction between
trehalsoe and amylopectin is a major factor for the texture modification. These are
discussed using model drawings (Fig. 7) as follows.

As discussed above, internal and interfacial trehalose molecules are thought to mainly
exist in amylopectin (Fig. 7-a). Internal trehalose fills the gap spaces in amylopectin, and
amylopectin is thus physically strengthened. Interfacial trehalose, on the other hand,
separates amylopectin molecules with intermolecular hydrogen bonding. Intermolecular
interactions between interfacial trehalose and amylopectin, however, largely do not
develop due to steric hindrance. Since fractures basically occur at the physically weak
points in the structure, the interactions between interfacial trehalose and amylopectin act
as fracture points. Thus, the first fracture force was decreased and the number of fracture
peaks was increased by the addition of trehalose. When excess trehalose is added in the
system, the amount of interfacial trehalose increases, and the interaction between
interfacial trehalose and amylopectin causes physical strengthening. These results suggest
that addition of around 10% trehalose is an optimum level to improve the brittle texture
of fry coating.

Water is thought to intrinsically act similar to trehalose in amylopectin. However, the
first fracture force increased linearly and the number of fracture peaks decreased linearly

with increasing aw, even in the glassy state. In addition, AF decreased with the addition
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of trehalose but increased linearly with increasing aw. These contrary effects of water on
trehalose can be explained by differences in the dynamics of amylopectin. As is well-
known, water has a much lower molecular size and much higher molecular mobility than
trenalose. Water molecules within the glassy polymer are mobile at ambient
temperature3?®? and small enough to pass through the polymeric network. Thus, in the
case of water, there will be an unclear distinction between internal and interfacial
molecules in glassy amylopectin. Water molecules can fill gap spaces in the internal and
interfacial part of amylopectin that trehalose cannot sufficiently fill (Fig. 7-b). Since
fracture points attributed to interactions between interfacial trehalose and amylopectin
can be physically strengthened by water, the first fracture force increased linearly and the
number of fracture peaks decreased linearly with increasing aw, even in the glassy state.
In addition, amylopectin has branched segments with varying chain lengths, and water
will enhance the flexibility of the chains from short chain segments to long chain
segments with increasing aw as a local plasticizer. Thus, AF increases with increasing aw
under the glassy state. When all chains become flexible by increasing aw, a glass to rubber
transition occurs, and the dependence of aw on AF becomes more apparent. Trehalose, on
the other hand, isimmabile in the glassy matrix because the large molecules cannot pass
through the pelymeric network unless the polymer matrix becomes mostly flexible (i.e.,

rubbery state).

CONCLUSION
The effect of trehalose content on the fracture properties of deep-fried samples was
investigated as a function of aw. The first fracture peak decreased and the number of

fracture peaks increased with increasing trehalose content. In addition, around 10%

15
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trehalose was an optimum concentration to improve brittle texture. On the other hand, the
first fracture peak increased and the number of fracture peaks decreased with increasing
aw. These results were discussed in the context of structure (internal and interfacial
molecules) and dynamics (mobile and immobile molecules) in amylopectin. These results
suggest that other types of sugar and sugar alcohols may also be effective for improving
the brittle texture of fry coating. Although deep-fried wheat flour particles were employed
as the fry coating model in this study, fry coating actually coats the food products, and
water migration from the food stuff to the fry coating occurs quickly. In addition, deep-
fried food products are in non-steady state, and thus there is a gradation (distribution) of
water content and temperature between inner and outer parts depending on the hold time.
Thus, it is important to understand the kinetic fracture properties of fry coating. These

subjects will be taken up in further studies.
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Figure Legends
Fig. 1. Water sorption isotherms of the deep-fried samples with varying trehalose content.

Values are expressed as mean = SD (n = 3).

Fig. 2. Representative isothermal mechanical relaxation curves for deep-fried samples.

Fig. 3. Effect of aw on the AF of the deep-fried samples with varying trehalose content.
Values are expressed as mean £ SD (n = 3). Open and closed symbols indicate that the

samples are in the glassy state and rubbery state, respectively.

Fig. 4. Typical force-distance curves for deep-fried samples at (a) aw = 0.113 and (b) aw

=0.529.

Fig. 5. Effect of aw on (a) first fracture force and (b) number of fracture peaks for deep-
fried samples with varying trehalose content. Values are expressed as mean + SD (n = 5).
Open and closed symbols.indicate that samples are in the glassy state and rubbery state,

respectively.

Fig. 6. Effect of aw on (a) first fracture force and (b) the number of fracture peaks of
freeze-dried waxy starch samples with varying trehalose content. Values are expressed as

mean + SD (n =5).

Fig. 7. Model drawings of (a) trehalose-added sample with low aw under glassy state and

(b) trehalose-added samples with high aw under glassy state.
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Table 1. Oil content, water content, aw, and GAB parameters of the deep-fried samples

trehalose  oilcontent  water content a, W, c K =2
% g/100 g-DM  ¢/100 g-DM 9/100 g-DM

0 541+05" 5.76+0.33* 0.59+0.03" 2.71 10.8 0.95 0.9¢

52.9+0.5°  5.54+0.58% 0.57+0.05° 2.71 125 0.94 0.9¢

10 44.6+0.7°  3.17+0.40° 0.28+0.07" 2.48 41.0 1.00 0.9¢

20 47.8+0.6" 3.41+0.38° 0.32+0.06° 257 244 0.95 0.9¢

The values are expressed as mean =+ SD (n = 3).
Different letters indicates significant difference (p <0.05).
GAB parameters (W_, C, and K) are fitting values.

The values of a, are estimated from the water content by GAB parameters.
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