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Abstract

In this work, shelf life characteristics were evaluated for Composite Gluten-
Free (CGF) cookies enriched with Fermented and unfermented Agaricus
bisporus Polysaccharide (FABP and UABP) flours and stored at 25°C for 4 and 6
months. Incorporation of both FABP flour and UABP flour in CGF flour reduced
a,, moisture content and whiteness, and increased redness and yellowness,
while addition of FABP flour decreased the syneresis. Furthermore, most of
stored CGF cookie formulations had higher a , and moisture content, as well
as lower fracture strength and hardness compared to the control. UABP flour
Formulation (F,) showed additional fat proton with highest relaxation time
(403.70-932.60 ms, T,,), whereas FABP flour F, exhibited strong linked proton
(0.01-1.32 ms), with an increase in T,, (P,) of the other stored CGF cookies.
FTIR spectroscopy showed the presence of C=0 group and glycosidic linkages
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(C-O-C and C-0O-H) in FABP flour and CGF cookies, with different intensities.
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Introduction

Gluten-free products are very important and useful for individuals
suffering from Celiac Disease (CD). CD is caused by ingestion of
gluten proteins, which are encountered in wheat, barley, rye and
their crossbreeds [1]. Recent epidemiological studies have shown
that the prevalence of CD has been significantly underestimated
in many countries, including China [2]. Gluten-free products are
commonly consumed as staple foods in a number of countries, where
CD persist. Gallagher reported that over 90% of people with CD in
the United Kingdom obtained their gluten-free food on prescription.
Furthermore, gluten-free products commercialization has grown at
an annual rate of 28% in the last years [3]. Gluten-free flours, such
as rice, corn, potato and soy with high fat powders produced cookie
dough that was sheetable, and cookies of comparable quality to wheat
cookies. The development of appealing gluten-free products from
composite flour of sweet potatoes will therefore play a major role in
raising a _areness on the potential of the crop.

Cookies have been suggested as a good way to utilize composite
flours as they are ready-to-eat convenient foods, provide a good
source of energy, and are consumed widely throughout the world [4].
The term cookies or biscuits, which are called in many countries in the
world, refer to a baked product generally consist of the three major
ingredients flour, sugar and fat. These ingredients are mixed together
with other minor ones to form dough [5]. In the USA, the cookie and
cracker manufacturing industry includes about 300 companies with
combined annual revenue of about $11 billion [6].

As a health food, edible mushrooms are preferred by people
worldwide because they are low in calories and high in nutrients.
Recently, several studies have shown interest in isolating and

characterizing new functional compounds from mushrooms, such
as polysaccharides, polysaccharide-peptide complexes and proteins
[6,7]. Mushroom polysaccharides are well-known to possess diverse
health benefits for human body. Due to their strong antioxidant
activities and free radical scavenging abilities, many polysaccharides
have been detected for development into safe and effective medicines.
Jeong et al. stated that polysaccharide isolated from Agaricus bisporus
possesses excellent inhibiting action against human breast cancer [8].
Furthermore, Chinese quince seed meal polysaccharides obtained by
different processes had good DPPH and superoxide anion-scavenging
activities [9].

Fermentation is a biotechnological process brought out by
microorganisms, such as bacteria, fungi, yeast, or a combination of
them in anaerobic conditions used by human for long period of time.
The main goal of fermentation was primarily on food preservation and
to extend the shelflife, while safety, nutritional value and organoleptic
quality of the foods are concurrently succeeded [10]. Lactic Acid
Bacteria (LAB) are generally the prominent microorganisms utilized
in food industry. LAB promote the nutritional value, flavor, tastiness
and texture of various types of fermented foods [11]. Therefore, in this
study, Agaricus bisporus Polysaccharide (ABP) flour was fermented
by Lactobacillus plantarum and incorporated in Composite Gluten-
Free (CGF) cookies to improve their shelf life characteristics.

Several studies have been performed on improvement in
quality of bakery products, but researches on extension of shelf life
of these products are lacking. Shelf life of bakery product is mostly
characterized by both sensorial changes and microbial spoilage,
in addition to other factors that affecting the shelf life, such as
rancidity, crystallization, grittiness, syneresis of jellies, chocolate
bloom, structural weakness, fade color and water mobility. Ruan
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and Chen reported that food materials containing higher proteins
and/or carbohydrates could decrease water mobility, while lower
contents could increase the mobility [12]. To extend the shelf life of
the bakery products, the above factors must be controlled by suitable
preservation methods. Preservation in bakery means the retardation
of spoilage including the texture staling. A hygroscopic substance has
the effect of keeping the food material moist. In addition, moisture
content and water mobility of product are key measuring factors in
deciding when a particular product reaches the end of its sensory life.
The relationship between the water activity and the microbial shelf
lives of bakery products is well established with mold growth being
the main limiting factor. The present work aims to study CGF cookies
enriched with Fermented Agaricus bisporus Polysaccharide (FABP)
flour and Unfermented Agaricus bisporus (UABP) flour and to
evaluate their shelflife characteristics, such as water activity, moisture
content, texture and 'H NMR spectroscopy.

Materials and Methods

Materials

Sweet potato roots (white variety) and glutinous rice flour (13.37
¢/100 g moisture, 8.03 g/100 g protein, 1.06 g/100 g ash, and 1.03
g/100 g fat) were purchased from local supermarket. Freeze-dried
button mushroom powder (8.47 g/100 g moisture, 27.91 g/100 g
protein, 7.29 g/100 g ash and 2.22 g/100 g fat) was obtained from
Longhai Union Food Co., Ltd. (Zhangzhou, China), and xanthan
gum manufactured by Danisco Co., Denmark. In addition, De Man
Rogosa Sharpe (MRS) broth medium was obtained from Sinopharm
Chemical Reagent Co. Ltd. (Shanghai, China). All baking ingredients
(baking powder, sodium bicarbonate, sugar, margarine and skim
milk powder) were purchased from local supermarkets.

Preparation of sweet potato flour

Sweet potato flour was prepared according to the method
described by Sulieman et al. [13]. Briefly, the roots after peeling,
washing and slicing, the slices were blanched, and then dried at 60°C
for 10 h in convection oven (Dasol Scientific Co. Ltd., Seoul, Korea).
The dried slices were milled into flour using a laboratory-scale mill
(Tianjin Taisite Instrument Co., Ltd., Tianjin, China), sieved through
an 80-mesh sieve, packed, and sealed in high-density polyethylene
bags for further use.

Extraction of Agaricus Bisporus Polysaccharide (ABP)
flour

Using the procedure described by Fan et al, with some
modifications, freeze-dried button mushroom powder (200 g) was
boiled with 4 L distilled water in a vessel for 4 h with stirred regularly
[14]. The solid residue was filtered through a 200-mesh nylon cloth,
and the residue was re-extracted twice with 2 L distilled water to
obtain the polysaccharide fraction. All extracted liquid fractions were
combined and concentrated at 50°C using a rotary evaporator under
reduced pressure (Wuxi Shenke Instrument, Wuxi, China). The
concentrated fraction was precipitated overnight with four portions
of 70% ethanol at room temperature and centrifuged at 2080xg for
10 min. The resulting pellet was freeze-dried (Free Zone, Labconco
Co., Ltd., Kansas, USA) at -55°C and 0.123 mbar (pressure) for 96 h to
obtain ABP flakes, which were then ground in a coffee grinder (Baijie,
Wouxi, China). Finally, the ABP flour was stored in sealed bags at 4'C

until further use.

Fermentation of ABP flour

MRS broth medium was prepared and dispensed (100 mL)
in conical flask (250 mL), sterilized in an autoclave at 121°C (200
kPa) for 15 min, and then cooled to room temperature (24+1°C).
Lactobacillus plantarum was grown in MRS at 37°C for 24 h. The
cells were harvested and re-suspended in sterilized tryptone (2%) and
adjusted to 10° CFU/mL. The cells were then used as an inoculum for
ABP flour fermentation.

The extracted ABP flour (200 g, wet weight basis) was put
tightly into screw-capped plastic vessel and inoculated with 2 mL
L. plantarum suspension (10° CFU/mL), without mixing. The
fermentation process was carried out at 37°C for 72 h. The final pH
of the fermented product was 3.6. The product was freeze-dried
and ground as described above for ABP flour, to obtain Fermented
Agaricus bisporus Polysaccharide (FABP) flour and stored in sealed
bags at 4°C for further analyzes.

Preparation of Composite Gluten-Free (CGF) flours and
cookies

Three blends were prepared as follows: Sweet Potato Flour (SPF)
was blended with a constant level of Glutinous Rice Flour (GRF), and
then it was fortified with different percentages of FABP flour, and
UABP flour (86.5/10/3, 83.5/10/6, and 80.5/10/9). These blends were
referred to the formulations (F1> E, and E, for both FABP flour and
UABP flour). Control sample was composed of SPF (89.5%) and GRF
(10%), as well as xanthan gum was added to all flour blends at 0.5%
by the total weight. The CGF flours were kept in sealed bags at 4'C
for analyzes.

CGF cookies were produced using the method described by
Sai Manohar and Haridas Rao, with modifications [15]. The dough
was prepared in a laboratory dough mixer. The margarine (120 g)
and ground sugar (130 g) were creamed in a Hobart mixer (model
SM-5D, Sinmag Machine Co. Ltd., Wuxi, China) with a flat beater
for 2 min at 61 rpm and to the cream, water (60 mL) containing
sodium bicarbonate (3 g), baking powder (3 g) and sodium chloride
(3 g) was added and mixed more for 5 min at 125 rpm to obtain a
homogeneous cream. The CGF flour (300 g) and skim milk powder
(15 g) were added to the cream and mixed continuously to form the
final dough and then sheeted to a thickness 5.0 mm with a rolling pin
and using aluminium platform and frame. The cookies were shaped
with a cutter (diameter 55 mm), and baked on aluminium trays at
200°C for 12 min, cooled for 30 min and stored in air-tight containers
for further analyzes.

Water activity, moisture content and color of CGF flour

Water activity (a, ) of CGF flour was determined using a Novasina
Thermo-constanter model Lab swift-a  (Lucerne, Switzerland)
according to the manufacturer’s instructions. The moisture content
of the CGF flour was measured according to the method of AOAC
[16]. The color of the CGF flour was determined using a chromameter
(CR-400, Konica Minolta, Japan), which calibrated with a white
standard plate. The values were L*, a*, and b*; The L* values (white
100/ black 0), the a* values (red positive/ green negative), and the b*
values (yellow positive/blue negative)
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Figure 1: Textural characteristics of Composite Gluten-Free (CGF) cookies
fortified with fermented and unfermented Agaricus Bisporus Polysaccharide
(FABP and UABP) flours and stored at 25°C for 4 months (a) and 6 months
(b).

Syneresis of CGF flour

Retrogradation of flour starch measured by syneresis was carried
out according to the method described by Kuar et al., with minor
modifications [17]. Flour suspension (6% flour in water, w/w) was
heated at 85°C for 30 min in a temperature controlled water bath, and
then cooled to room temperature in an ice water bath for 5 min. The
cooled samples were stored at 4°C for 1-6 days. The ratio of the weight
of liquid separated from the sample to the total weight of the sample
before centrifugation at 2149xg for 15 min, and multiplied by 100 was
calculated as the percentage of syneresis of stored sample.

Texture characteristics of stored CGF cookies

Fracture strength and hardness of stored CGF cookies were
measured using a texture analyzer TA-XT2i (Stable Micro Systems,
London, England). The distance between the two beams was 50 mm.
Another identical beam was brought down from above at a pre-
test speed of 10 mm/s, test speed of 1 mm/s, post-test speed of 10
mm/s and distance of 5 mm to contact the cookie. The downward
movement was continued till the cookie breaks. The peak force (g)
was reported as fracture strength [18].

H NMR spectroscopy of stored CGF cookies

Spin-Spin Relaxation Time (T,) was analyzed using NMR
(MesoMR-23-060V-1, Shanghai Niumag Company Ltd., Shanghai,

China) operated at 25°C and a frequency of 21 MHz for 'H, with a dead
time of 18 ps to observe the water mobility in polysaccharide flours
and fresh and stored CGF cookies at 25'C for 4 months. Transverse
relaxation (T,) was measured using the Carr-Purcell- Meiboom-Gill
(CPMGQG) pulse sequence [19,20]. The sample (1.5 g) was weighted
in a small sealed tube and placed inside a 25 mm NMR tube. The
parameters of the CPMG test are as follows: the pulse widths of the
90" and the 180" pulse were 7.52 and 15 ps, respectively, the number
of points selected to measure the sample was 2000, the number of
echoes was 1000, the number of scans was 4 and the relaxation decay
time was 3s. The CPMG data were fitted with analysis software from
Niumag Instruments. (Shanghai, China). All analyzes were performed
in triplicate and variation coefficients less than 10%.

FT-IR spectroscopy of CGF cookies

FT-IR spectroscopy was performed using alkali metal halide
pellets according to the method described by Jouraiphy et al. [21].
Powdered CGF cookie (2 mg) was mixed with anhydrous potassium
bromide (200 mg) in a small crucible to generate a homogenous
mixture. The mixtures were compressed using a hydraulic press
to form a transparent pellet, which was then measured by FT-IR
(Spectrum 400, Perkin Elmer, USA) from wavenumbers of 4000 to
500 cm™ at 0.2 cm/s.

Volatile compounds of CGF cookies

Extraction of volatile compounds was achieved using the method
proposed in Aponte et al., with some modifications [22]. In brief,
powdered CGF cookie (2 g) was transferred to a 20 mL headspace vial,
and 200 pL of an aqueous toluene solution (250 mL/L) was added.
The vial was placed in a thermostatic block at 40°C with continuous
agitation and the fiber was inserted and maintained in the sample
head space for 30 min; the fiber was then removed and immediately
inserted into a Gas Chromatography-Mass Spectroscopy (GC-MS)
injector for compound desorption. Volatile compounds from the
samples were isolated using Solid-Phase Micro-Extraction (SPME)
and separated on a CP-Sil-8CB (Varian, Walnut Creek, CA, USA)
fused silica capillary column. Aroma compounds were identified by
comparison of mass spectra and retention time of MS database.

Results and Discussion

Water activity, moisture content and color of CGF flour

Water activity (a ), moisture content and color parameters of
UABP flour, FABP flour and CGF flour are presented in Table 1.
Significant differences were observed in a , moisture content and
color values among all the samples. Addition of both UABP flour
and FABP flour decreased a,, moisture content and whiteness (L*
values), and increased redness (a* values), yellowness (b* values)
and A E values of CGF flour. Moreover, FABP flour formulations
had higher a_, moisture content and whiteness, and lower redness,
yellowness and A E values than UABP flour formulations. The
lowest a_, moisture content and lightness, and highest redness and
yellowness of FABP flour and UABP flour added, as well as higher
their nutritional value may reduce a_, moisture content and whiteness
of CGF flour. In addition, incorporation of UABP flour and FABP
flour could increase the particle size and reduce whiteness of CGF
flour, due to reduction of surface area that permits more reflection of
light. Sulieman et al. explained that the decrease in whiteness may be
attributed to an increase of dietary fibers, protein and some colored
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Figure 2: Relaxation T, distribution of Sweet Potato Flour (SPF), UABP
flour, FABP flour and CGF cookies fortified with FABP flour and UABP
flour (a =flours, b=fresh CGF cookies and c=stored CGF cookies at 25°C
for 4 months; T,=Spin-spin relaxation time, and P,, P, and P,=CPMG proton
populations).

pigments that present in the UABP flour and FABP flour added, in
addition to some changes in color that happened in the FABP flour
during the fermentation process [23]. The reduction in lightness with
increase protein and fiber contents was also observed in a research
study by Tharise et al. for composite gluten-free flour [24].

Syneresis

Syneresis or loss of water is a retrogradation of flour starch
gel during cold storage and negatively affects the quality of baked
products. Figure la,b (Supplementary Data) presents the syneresis
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Figure 3: FTIR spectra of Fermented Agaricus Bisporus Polysaccharide
(FABP) flour (a) and Composite Gluten-Free (CGF) cookies (b).

percentages of UABP flour, FABP flour and CGF flour formulation
gels stored at 4°C for 1 to 6 days. UABP flour exhibited lower
syneresis values (ranging from 64.17 to 67.93%) than FABP flour
(ranging from 68.99 to 71.43%) on all days of storage (except in 6™
day of storage) (Supplementary Data, Figure 1a), probably due to the
strong and stable water absorption and holding capacity of the UABP
flour gel system, as well as the release of water soluble nutrients,
such as Soluble Dietary Fibers (SDFs) and organic acids from FABP
flour during the refrigerated storage time. High intracellular and
intermolecular hydrogen bonding and the ability of the gel to hold
water reduce syneresis during storage. [25]. Conversely, SPF had the
highest syneresis percentage on the 2" and 3 days of storage, which
may have been due to its higher amylose content (data not shown).
For the CGF flour gels (Supplementary Data, Figure 1b), the control
(4.16 to 10.57%), UABP flour F, (5.26 to 10.70%) and UABP flour F,
(6.76 to 10.75%) gels had higher syneresis percentages compared to
FABP flour formulation gels, especially on the 2™, 3" and 4% days
of storage. Moreover, among the FABP flour formulation gels, the
FABP flour F, showed the lowest syneresis percentage, which ranged
from 1.34% to 7.87% on all storage days (Supplementary Data,
Figure 1b). We observed that the syneresis percentage of the gels
was lower when FABP flour was added to the CGF flour, whereas
incorporation of UABP flour led to more syneresis on some storage
days; most of the samples exhibited the highest syneresis percentage
on the 3rd and 4™ days of storage. A possible explanation for this
observation is that a lower starch and higher protein and Insoluble
Dietary Fiber (IDF) content was present when UABP flour was
added, and more SDFs and organic acids was contributed by FABP
flour. In addition, incorporation of FABP flour led to the formation
of a strong and stable gel during the refrigerated storage time, a result
of interaction between glutinous rice flour starch and FABP flour
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Table 1: Water activity (a,), moisture content and color of fermented and unfermented Agaricus bisporus polysaccharide flours, and composite gluten-free flours

fortified with fermented and unfermented polysaccharide flours.

Sample a, Moisture (g/100 g) L* a* b* AE

UABP flour 0.09 + 0.00* 3.58+0.112 65.68 + 0.132 2.30 + 0.06° 8.68 + 0.09* 28.14 £ 0.10°
FABP flour 0.05 + 0.00* 2.23 +0.05° 52.37 +0.11° 2.54 +0.03* 6.35+ 0.07° 43.04 £ 0.14°
Control 0.57 + 0.022 11.85 £ 0.042 95.83 +0.122 0.29 + 0.01¢ 3.86 + 0.02¢ 2.86 +0.119
UABP flour F, 0.53+0.01%® 11.42 +0.03° 85.81+0.61° 0.96 + 0.04® 5.98+0.13° 7.94 +0.61¢°
F, 0.51 £0.01° 11.33 £ 0.01¢ 81.78 £ 0.42¢ 1.26 £ 0.02° 7.06 + 0.03° 12.09 + 0.41°
F, 0.50 £ 0.03° 11.09 + 0.04¢ 79.22 + 0.10° 1.44 +0.032 7.56 +0.172 14.68 + 0.082
FABP flour F, 0.54 +0.01%® 11.65 £ 0.03° 87.16 + 0.35° 0.83 + 0.03 4.57 £ 0.14' 6.30 + 0.34
F, 0.53 £ 0.02* 11.37 +0.03% 82.89 + 0.20¢ 1.13+ 0.02¢ 5.21+ 0.08° 10.58 + 0.21¢
F, 0.50 + 0.02° 11.04 £ 0.08° 79.80 + 0.26" 1.33+0.01° 5.70 + 0.06¢ 13.70 £ 0.26°

Mean % standard deviation (n=3). Mean values within a column followed by a different letter are significantly different (p <0.05). UABP flour=Unfermented Agaricus
bisporus Polysaccharide flour; FABP flour=Fermented Agaricus bisporus Polysaccharide flour.

constituents, whereas the opposite trend was seen with incorporation
of UABP flour. Akesowan and Taweesakulvatchara reported that
hydrocolloids and proteins in the flour starch gel could interact with
water molecules and reduce the syneresis [26].

Water activity and moisture content of stored CGF cookies

Water activity (a ) and moisture content are the most important
determinants of food products shelf-life, and water activity below
0.6 with lower moisture content and temperature prevent microbial
growth [27,28]. Effect of storage for 4 and 6 months at 25°C on a_
and moisture content of CGF cookies is provided in Table 2. During
the storage period, both a  and moisture content increased, and
both CGF cookie formulations had higher values of a_ and moisture
compared to the control, but within permissible limits. In addition,
a, and moisture content of CGF cookies increased with increasing
levels of UABP flour and FABP flour added (Table 2). The increase
in a  and moisture could be due to hygroscopic nature of the dried
sample, storage environment and type of packaging material.
Furthermore, the presence of fibers in the product can lead to an
increase in moisture absorption during the storage. These results are
in agreement with a previous study by Jan et al., who confirmed that
a, and moisture content of gluten-free cookies stored for 4 months
at room temperature in laminated pouches and metalized polyester
polyethylene increased, but in safe limits [27]. Moreover, Jensen and
Risbo stated that within the range of 0.30-0.60 a , lipids are most
stable to oxidation, and under 0.75 a, is considered acceptable in
preventing microbial growth [29]. Overall, the a  less than 0.50 and
low moisture content could not get to microbial growth, suggesting
the potential safety of the cookies during storage time.

Texture characteristics of stored CGF cookies

Texture characteristics of CGF cookies stored for 4 and 6 months
at 25°C are shown in Figure la and b. All CGF cookie formulations
had higher fracture strength and hardness compared to the control
during 4 months of storage (Figure 1a). In addition, UABP flour F,
and FABP flour F, revealed the highest fracture strength and hardness
among CGF cookie formulations, but FABP flour formulations had
soft texture than UABP flour formulations (Figure la). During 6
months of storage (Figure 1b), all CGF cookie formulations showed
lower fracture strength and hardness compared to the control,
except FABP flour F . Moreover, UABP flour F, and FABP flour F,

Table 2: Water activity and moisture content of composite gluten-free cookies
fortified with fermented and unfermented Agaricus bisporus polysaccharide

flours and stored at 25°C for 4 and 6 months.

Sample a, Moisture (g/100 g)
4 months 6 monthsv 4 months 6 months

Control 0.37+0.00° = 0.40+0.00° = 4.85+0.11" | 5.17 £0.01¢
UABP flour F, 0.39+0.01¢  0.41+0.00® | 5.51+0.01¢ | 5.75+0.04¢
F, 0.40 £0.01° | 0.42+0.00° @ 6.03+0.02° | 6.10 +0.02°
F, 0.39+0.00¢ | 0.39+0.00¢  5.90+0.02° @ 5.91+0.03°
FABP flour F, 0.41+£0.00° | 0.41+0.00° 5.73+0.07¢ | 5.86+0.26°
F, 0.40 £0.00° | 0.41+0.01° 5.92+0.01° | 6.06+0.01°
F, 0.42+0.00* | 0.42+0.00* | 6.16 +0.02* @ 6.17 +0.01*

Mean + standard deviation (n=3). Mean values within a column followed by a
different letter are significantly different (p < 0.05). UABP flour=Unfermented
Agaricus bisporus polysaccharide flour; FABP flour=Fermented Agaricus
bisporus polysaccharide flour. a =Water activity.

were the lowest fracture strength and hardness among all the CGF
cookie samples, which is due to more gaining in moisture content.
After 4 months of storage, the a  and moisture content increased,
and break force decreased in both CGF cookie formulations. Nagi
et al. reported that the hardness of cookies decreased by moisture
absorption during 3 months of storage period. Prolonged exposure
of the cookies to ambient storage conditions led to water absorption
from the atmosphere into the product’ matrix and changed the
textural characteristics [30,31]. On the other hand, some stored CGF
cookies had higher fracture strength and hardness than fresh CGF
cookies (data not shown), especially UABP flour F, FABP flour F,
and FABP flour F..

H NMR spectroscopy of stored CGF cookies

Amount and state of water play an important role in the fresh
and stored baked product properties; and understanding of water
dynamics and molecular interactions between water and food
components can be studied by the application of a Nuclear Magnetic
Resonance (NMR), such as a CPMG pulse sequence. Therefore, in
this study, CPMG pulse sequence was used to determine the water
mobility of SPF, UABP flour, FABP flour, and fresh and stored CGF
cookies at 25°C for 4 months. A longer T, relaxation time represents
a higher degree of molecular freedom. As shown in Figure 2a-c, in all
samples (except stored UABP flour F,), T, relaxation time distribution
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Table 3: Volatile compounds of Fermented Agaricus bisporus Polysaccharide (FABP) flour and composite gluten-free cookies fortified with FABP flour and UABP flour.

Peak area (%)
Volatile compounds RT (min)
FABP flour Control UABP flour FABP flour
F, F, F, F, F, F,
Aldehydes
Hexanal* 7.39 2.98 11.28 14.74 9.49 21.16 19.83 13.32 13.26
Heptanal 10.23 nd 0.37 0.61 0.59 1.34 0.57 0.72 nd
Octanal 13.17 nd 0.17 0.4 0.35 0.45 0.34 0.31 0.22
Nonanal* 15.53 0.37 2.08 3.39 2.89 3.62 2.65 1.84 1.86
Benzaldehyde 17.74 0.3 0.14 0.33 0.44 1.05 0.55 0.65 nd
Alcohols
1-Methoxy-2-Propanol* 8.63 nd 1.69 2.32 2.83 1.53 2.25 1.8 1.03
2- Ethyl- 1- Hexanol 17.25 1.78 0.11 nd nd nd nd nd nd
1- Pentanol 12.21 0.24 nd nd nd nd nd 0.53 0.69
1- Octen- 3- ol 16.85 0.57 nd nd nd nd nd nd nd
2- Furanmethanol* 19.64 nd 14.16 9.78 8.4 4.79 7.81 6.12 3.07
Benzyl alcohol 22.27 0.52 nd nd nd 0.88 nd nd nd
Ketones
3-Hydroxy-2-butanone 13.27 1.61 nd nd nd nd nd nd nd
6-Methyl-5-hepten-2-one 14.33 nd nd 0.21 0.27 0.3 nd nd nd
Dihydro-2(3H) Furanone 19.28 nd 3.51 1.84 1.18 0.69 1.43 0.90 0.51
2(5H)- Furanone* 20.88 nd 1.93 2.66 2.70 1.98 2.99 1.45 0.96
Furans
2- Pentylfuran 11.95 1.96 nd nd nd nd nd nd nd
2-Furancarboxaldehyde 16.76 nd 1.24 0.66 0.64 0.64 0.38 0.51 0.41
Acids
Acetic acid 16.53 nd 1.00 0.46 0.51 0.97 0.80 4.84 9.01
Hexanoic acid 21.88 nd 0.22 0.10 0.08 0.23 0.41 0.91 0.37
Alkanes
2,2,4,6,6-pentamethyl- Heptane 4.84 5.30 2.46 2.52 2.28 7.76 13.6 7.29 4.19
Decane* 5.75 17.52 10.17 11.46 10.96 4.55 4.08 2.65 2.86
Undecane*® 8.51 25.72 23.68 26.08 26.18 13.18 12.01 7.96 10.18
Dodecane* 10.78 nd 2.32 2.76 2.28 33 2.74 1.69 nd
Tetradecane 11.18 2.62 nd nd nd nd nd nd nd

Peak area values represent the average of two determinations; *Major volatile compounds (peak area > 1.50 %); RT=Retention Time; nd =not detected.

curves showed three CPMG proton populations as follows: P, is
denoted as bound water (intra-starch granule water), P, as mobilized
water (water interaction with starch, protein and sucrose) and P,
with a long T, relaxation time as margarine (a polar phase). These
are in consistent with previous studies of Hao et al. and Serial et
al. for biscuits and biscuit doughs fortified with fibers, respectively
[32,33]. For flour samples (Figure 2a), FABP flour was wider in all
proton populations (P, P, and P,) than that of UABP flour and SPF.
Furthermore, P, and P, of UABP flour and FABP flour overlapped
and all flour samples showed higher water immobility and lower
water mobility. This could be attributed to higher connection and
interaction between macromolecules (e.g. protein and carbohydrate)
and water in flour samples. In fresh CGF cookies (Figure 2b), all
samples contained P, (T, =0.01-1.75 ms), P, (T,,=2.01-10.72 ms) and

P, (T,,=10.72-533.67 ms) with different T, relaxation time, except
the control and UABP flour F, exhibited P, (T,,=0.33-7.05 ms) and
P, (T,,=14.17- 403.70 ms). It is clear that the protons shifted to the
lower relaxation time with increasing addition of FABP flour and
UABP flour to CGF cookies, possibly due to increased in protein
and dietary fiber contents. Furthermore, UABP flour F,, UABP flour
E, and FABP flour F, were the highest fat protons, a result of their
longest T, relaxation time. According to Ruan and Chen, higher
protein and carbohydrate levels in foods decreased water mobility,
whereas lower levels of these macromolecules increased the mobility
[12]. With regard to stored CGF cookies (Figure 2c), UABP flour
F, showed additional fat proton (P,) with highest relaxation time of
403.70-932.60 ms (T,,), while FABP flour F, exhibited strong linked
proton (P]) at 0.01-1.32 ms. Moreover, there was an increase in T,
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(P,) of the other stored CGF cookie samples, possibly due to some
protons migrating to more mobile domains. On the other hand,
during 4 months of storage, CGF cookies might be absorbed some
water, which affects their textural characteristics (e.g hardness and
fracture strength). Therefore, Nagi et al. reported that the hardness of
cookies decreased by moisture absorption during 3 months of storage
period. In this study, an increase in T, was ascribed to the weakening
of the starch and protein network due to a hygroscopic nature of
dried sample [30]. Changes occurring in abundances of P, P, and
P, may be related to molecular dynamics of water interacting with
biopolymers of baked sample [34]. Cookie is a complex product and
difficult to interpret the NMR relaxation signal due to of its multi-
exponential behavior, and attribute the relaxation components to
solid phase, water phase and fat phase. But, in this study, the later
phase (e.g. P,) was more intensity and visible in most of CGF cookie
samples.

FT-IR spectroscopy of CGF cookies

To identify the FABP flour, UABP flour (Supplementary Data,
Figure 2) and CGF cookies fractions and functional groups, the
characteristic absorption of the samples was determined by FTIR in
the range of 4000-500 cm™. As presented in Figure 3a and b, the broad
stretching bands at 3420.02 cm™ (Figure 3a) and 3416.32 cm (Figure
3b) were attributed to O-H groups with stretching vibration. The
weak absorption peaks at 2938.12 cm™ (FABP flour, a) and 2925.57
cm’! (FABP flour F, and FABP flour E, b), and asymmetrical peaks
at 2925.57 and 2854.25 cm™ (other CGF cookies, b) were indicative
of the presence of C-H stretching vibration; the band at 1417.19 cm'!
(Figure 4a) and 1417.36 cm™ (Figure 3b) corresponds to C-H bending
vibration. The existence of a 2854.25 cm™! peak in the control, UABP
flour formulations and FABP flour F, (Figure 3b) was attributed to
the amylose-lipid complex that forms during the baking process, and
the lower intensity of this peak in UABP flour formulations result of
proteins combined with starch molecules. According to Lian et al,,
the presence of a peak at ~2852 cm™ in starch could be indicated to
the protein or lipid bound to the starch component. In addition, two
absorption peaks at 1745.98 in all CGF cookie samples except FABP
flour F and FABP flour F, and at 1643.60-1651.58 cm™ in FABP flour
(Figure 3a) and all CGF cookies (Figure 3b) were characteristic of
C=0 (carbonyl) stretching vibration [35]. A strong peak at ~1651.58
cm! ascribed to amide I, which can be assigned to protein structure
in FABP flour added to the CGF cookies, as mentioned by Radzki
et al. in the previous study for polysaccharide extracted from oyster
mushroom [36]. Adebiyi et al. explained that the fermentation
and malting processes reduced the carbonyl bands, associating
with a decrease in the total lipids that present in the samples [37].
Furthermore, three bands at ~1156.11, ~1049.88 and 927.37 cm
were found in FABP flour and CGF cookies (Figure 3a and b), which
are assigned to glycosidic linkages of polysaccharides. These bands
are interpreted as follows: ~1156.11 cm™ for C-O-C bond stretching,
and ~1049.88 and 927.37 cm™” for C-O-H bending of B-glucan.
These values are in agreement with a previous result by Shah et al.
for structural characteristics of -glucan from barley and oat [38].
In general, UABP flour formulations and FABP flour formulations
were distinguishable in some peaks and intensities, but both of them
composed of glycosidic linkages of -glucans.

Volatile compounds of CGF cookies

The volatile profile determined by SPME-GC/MS (Table 3)
revealed 13 and 24 compounds in FABP flour and CGF cookies,
respectively: 5 aldehydes, 6 alcohols, 4 ketones, 2 furans, 2 acids,
and 5 alkanes, mainly ascribed to fermentation and fortification
processes, as well as thermal reactions. Hexanal and Nonanal were
the most abundant aldehydes in FABP flour and CGF cookies, and
higher in CGF cookie formulations than the control. Among the
alcohol compounds, 2-furanmethanol and 1-methoxy-2-propanol
had the highest percentages peak area in CGF cookies, but these
alcohols were absent in FABP flour and UABP flour (data not
shown). Pasqualone et al. stated that several lipid oxidation-derived
saturated and unsaturated aldehydes and alcohols, such as hexanal,
nonanal and 1-hexanol were found at higher levels in purple cookies
[39]. The amount of furan and furan derivatives of CGF cookies,
such as 2-furanmethanol and 2-furancarboxaldehyde (furfural)
generation occur in the Maillard reaction during the baking process.
The presence of skim milk powder with fructose and other sugars
in cookies dough formulation contributes in the formation of some
pyranones with a pleasant sweet aroma in the final product. In
addition, 3-hydroxy-2-butanone, 2-pentyl furan, and tetradecane
were detected in FABP flour (Table 3) and UABP flour (data not
shown). Release of phenolic compounds from FABP flour, as well as
intensive acidification that occurred during fermentation process led
to an increase in flavor compounds. High levels of 2(5H)-furanone,
dihydro-2(3H)-furanone and acetic acid, and low levels of hexanoic
acid were observed in CGF cookies. According to Mildner-Szkudlarz
et al,, 2-furanmethanol, furfural and dihydro-2(3H)-furanone are
aroma compounds of baking process identified in fresh cookies [40].
Furthermore, alkanes exhibited the highest percentages peak area in
both FABP flour and CGF cookies among all volatile compounds, but
the control had higher decane, undecane and dodecane than FABP
flour formulations (Table 3). In the study of volatile compounds
for gluten-free breads, decane and undecane showed the highest
percentages peak area in Agaricus Bisporus Polysaccharide (ABP)
flour and inulin Formulation (F,) and inulin Formulation (F,) [41,42].
Overall, aroma of heat-treated food is mainly related to the added
ingredients and the Maillard reaction, besides interaction between
the Maillard reaction and lipid degradation components.

Composite Gluten-Free (CGF) cookies were prepared using
Sweet Potato Flour (SPF)/Glutinous Rice Flour (GRF) enriched with
FABP flour and UABP flour and stored at 25°C for 4 and 6 months.
Addition of both mushroom polysaccharide flours to CGF cookies
exhibited good physicochemical properties. In addition, texture, a ,
moisture, '"H NMR spectroscopy, FTIR spectroscopy and volatile
compounds of CGF cookies were influenced by incorporation levels
of FABP flour and UABP flour, besides storage time. The stored
CGF cookie formulations (for 6 months) had higher a  and moisture
content (within permissible limits), and lower fracture strength
and hardness, with water migration to more mobile domains (for
4 months) compared to the control, using CPMG pulse sequence
analysis. CGF cookies were ascribed to the relaxation components of
solid phase, water phase and fat phase; and the later phase was more
intensity and visible in the present study.
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