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SUMMARY: Recently, there has been a growing interest in the use of natural antioxidants instead of synthetic ones. The aim of this
work was to determine the effect of ginkgo and ginseng dried extracts as natural antioxidants on the stability of lipids in breadsticks over
55 days of storage at room temperature compared to butylated hydroxytoluene. Ginkgo and ginseng dried extracts were incorporated
individually into breadstick formulae at levels of 0.5 and 1% to enhance its oxidative stability in storage. The increases in peroxide,
p-anisidine and Totox values in the oil phase of the samples during storage were monitored. The changes in hydroperoxide, trans fatty
acid and aldehyde contents were investigated by Fourier transform infrared spectroscopy. The sensory analysis was performed to evaluate
the perceptible changes occurring during storage. The results indicated that the oxidation of oil in breadstick samples can be retarded by
enriching the breadstick formula with dried ginseng extract at a 1% level.
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RESUMEN: Mejora de la estabilidad oxidativa de la barra de pan con extractos secos de ginkgo (Ginkgo biloba) y ginseng (Panax
ginseng). En la actualidad existe un creciente interés por el uso de antioxidantes naturales en lugar de sintéticos. El objetivo de este
trabajo fue determinar el efecto de extractos secos de ginkgo y ginseng como antioxidantes naturales sobre la estabilidad de los lipidos
en barras de pan durante 55 dias de almacenamiento a temperatura ambiente, en comparacion con el butilhidroxitolueno. Los extractos
secos de ginkgo y ginseng se incorporaron individualmente en la formulacién de barra de pan a niveles de 0,5% y 1% para mejorar su
estabilidad oxidativa durante el almacenamiento. Se sigui6 el aumento de los valores de peroxido, p-anisidina y Totox de la fase oleosa de
las muestras durante el almacenamiento. Los cambios en los contenidos de hidroperoxido, acidos grasos trans y aldehidos se investigaron
mediante espectroscopia infrarroja por transformada de Fourier. El analisis sensorial se realizo para evaluar los cambios perceptibles
ocurridos durante el almacenamiento. Los resultados indican que la oxidacion del aceite en las muestras de barra de pan se puede retardar
enriqueciendo la féormula de barra de pan con extracto de ginseng seco al 1%.
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1. INTRODUCTION

A breadstick is a rolled-shaped crispy texture
bakery product with a low moisture content, which
is widely consumed all over the world. Maintaining
the quality of bakery products, stored at room
temperature, for a specific time is important from an
economic point of view (Thanushree et al., 2017).
Lipid oxidation and loss in crunchiness are the main
causes of deterioration of the bakery products with
low moisture and high fat contents, such as cookies
and breadsticks (Calligaris et al., 2008; Caruso et al.,
2017).

Unsaturated vegetable oils are used at different
levels in the production of breadsticks (Difonzo
et al., 2018). Extra virgin olive oil is used at 25%
to prepare breadsticks. The type and level of fat in
breadsticks are responsible for accelerated quality
depletion. Increases in the degrees of fatty acids’
unsaturation accelerates the rate of lipid oxidation.
Antioxidants can be added into the formulae of food
items to retard lipid oxidation and extend their shelf-
life (Alamprese et al., 2017).

Ginkgo (Ginkgo biloba, Family: Ginkgoaceae)
is an ancient plant. Ginkgo leaves have been used
as food and in traditional remedies for centuries
(Wang and Zhang, 2019). The ginkgo leaf extract
contains high amounts of flavonoids (24%) and
terpene lactones (6%) (Wang et al., 2015). The
antioxidant activity of ginkgo extract is attributed
to its phenolic and flavonoid compounds (Sati et
al., 2019). Kobus-Cisowska et al. (2014) inhibited
the lipid oxidation of pork meatballs during 21 days
of refrigerated storage by the addition of ginkgo
lyophilized leaf extract to the meat batter at 500
mg/kg. Dipping silver pomfret (Pampus argenteus)
fillets in ginkgo leaf extract at 2.5 mg/mL extended
its shelf-life from 8 to 15 days during refrigerated
storage in ice at 4 °C by suppressing lipid oxidation
(Lan et al., 2018).

The roots of ginseng (Panax ginseng, Family:
Araliaceae) are well known for their high contents
in saponins, ginsenosides, phenolic compounds, and
carotenoids (Riaz et al., 2019). Ginseng products
including ginseng extract have been approved for
use as a food or food ingredient, according to the
Codex Standard (321-2015). Supplementing milk
or yogurt with ginseng extract at 2% significantly
increased the DPPH radical scavenging activity of
the product (Park et al., 2018).

There are only a few studies available concerning
the shelf-life of breadsticks (Calligaris et al., 2008;
Alamprese et al., 2017; Barbieri et al., 2018). To date,
no study using ginkgo or ginseng dried extracts as
natural antioxidants to extend the shelf-life of bakery
products has been reported. Thus, the aim of this
study was to investigate the effectiveness of ginkgo
and ginseng dried extracts on the oxidative stability of
breadsticks during storage at room temperature.

2. MATERIALS AND METHODS

2.1. Materials

Refined sunflower oil (without added antioxidants)
was obtained from Ajwa for Food Industries Co.,
Egypt. Ginkgo biloba dried leaf extract powder was
procured from Changsha Huakang Biotechnology
Development Co., LTD (Changsha, Hunan, China).
Asian Panax ginseng, dried root extract was provided
by Dalian Tianshan Industrial Co., LTD (Dalian,
China). Ginsenoside standards (Rbl, Rb2, Rc, Rd,
Re, Rf, and Rgl) were obtained from Extrasynthese
(Lyon, France). Butylated hydroxy toluene (BHT),
Gallic acid and Folin Ciocalteu reagent were procured
from Sigma Aldrich, USA. Wheat flour, type 55 (72%
extraction rate), Five Star Flour Mills Company, Suez,
Egypt, and instant dry yeast (Lesaffre, Egypt) were
purchased from a local market (Cairo, Egypt).

2.2. Preparation of breadsticks

Six breadstick formulae were prepared using 500
g wheat flour, 208.5 mL water, 50 g sugar, 3.5 g salt,
13.5 g yeast and 100 mL sunflower oil. Based on the
wheat flour weight, the investigated formulae were:
(1) without antioxidant (control), (2) BHT (0.02%),
(3) Ginkgo extract (0.5%), (4) Ginkgo extract
(1%), (5) Ginseng extract (0.5%), and (6) Ginseng
extract (1%). Investigated extracts and BHT were
completely dissolved in the oil phase using a vortex
mixer for 5 min. All of the previous ingredients
were mixed at slow speed for 2 min, then at medium
speed for 10 min using a kitchen mixer (Moulinex,
Supermix 150, France). The dough was left to rest
for 10 min. After that, the dough was hand-rolled to
form long cylindrical strips. The fermentation was
performed at 35 °C and 80% relative humidity for 40
min. Baking was carried out at 170 °C for 35 minin a
rotary oven fitted with a fermentation room (SHOF,
Jeddah, Saudi Arabia). The breadstick samples were

Grasas y Aceites 72 (3), July-September 2021, e424. ISSN-L: 0017-3495. https://doi.org/10.3989/gya.0334201


https://doi.org/10.3989/gya.0334201

Improving the oxidative stability of breadsticks with ginkgo (Ginkgo biloba) and ginseng (Panax ginseng) dried extracts ¢ 3

allowed to cool for 2 h. Breadstick samples made
from each formula were packed (200 g each pack) in
plastic bags before storage at 25 °C.

2.3. Extraction of oil from breadstick samples

A breadstick sample (20 g) was ground into a fine
powder using a laboratory blender. The oil fraction
of the ground breadstick sample was extracted using
diethyl ether at a ratio of 1:10 (w/v) with magnetic
stirring for 1 h at room temperature followed by
filtration through filter paper (Whatman No. 1). The
solvent was evaporated under vacuum at 30 °C by
a rotary evaporator. The extracted oil was stored at
5 °C. Analyses were carried out after processing (0,
10 days of storage) and periodically every 15 days.
The experiment was terminated when the peroxide
value of the oil phase of either ginkgo or ginseng
breadstick samples in both concentrations reached or
exceeded 10 meq O, /kg oil (limit of acceptability as
reported by Calligaris ef al., 2008).

2.4. Determination of total phenolic contents in the
ginkgo and ginseng extracts

The total phenolic contents (TPC) in the ginkgo and
ginseng extracts were determined by Folin Ciocalteu’s
colorimetric method (Arous et al., 2002). An aliquot
of sample (10 pulL) was mixed with 50 uL of Folin-
Ciocalteu reagent and 790 uL of distilled water using
a vortex mixer. The mixture was allowed to stand
for 1 min for reaction. Afterwards, the mixture was
neutralized by 150 pL sodium carbonate (20%) and
left to stand in the dark for 2 h. The absorbance of the
samples was determined using a Shimadzu UV-2450
Spectrophotometer, Japan, at 750 nm. Gallic acid was
used as a standard. Results were expressed as mg
gallic acid equivalents (GAE)/g dry extract.

2.5. Determination of total phenolic content in pre-
pared breadsticks

The determination of TPC in the freshly prepared
breadstick samples was carried out according to
Bhat et al. (2019). Crushed breadsticks (0.5 g)
were suspended in 25 mL of acidified methanol
(HCl/methanol/water, 1:80:10, v/v/v) for 2 h. After
centrifugation at 2000 g for 10 min, 200 pL of the
supernatant were mixed with 1.5 mL of the diluted
(10 fold) Folin-Ciocalteu reagent using a vortex
mixer. The mixture was allowed to equilibrate for 5

min and neutralized with 1.5 mL of sodium carbonate
solution (60 g/L). The samples were incubated for 90
min at room temperature (25 °C). The absorbance
of the samples was determined as above mentioned.

2.6. High performance liquid chromatography
(HPLC) analysis of phenolic compounds in ginkgo
extract and ginsenosides in ginseng extract

The determination of phenolic compounds in the
ginkgo extract was performed by Agilent 1260 series
HPLC (Agilent Technologies Co., CA, USA). The
separation was carried out using an Agilent Zorbax
Eclipse XDB-C18 column (4.6 mm x 250 mm, 5
um particle size). The mobile phase consisted of
water containing 1% acetic acid (A) and acetonitrile
(B) and the flow rate was maintained at 1 mL/min.
The mobile phase was programmed consecutively
in a linear gradient as follows: 0-5 min (80% A);
5-8 min (40% A); 8-12 min (50% A); 12-25 min
(80% A). The detector was monitored at 284 nm.
The injection volume was 10 pL. The column
temperature was maintained at 35 °C. The peaks
were identified by retention time after matching with
authentic standards. The linear calibration curve of
the standards was used for quantification.

The ginsenosides in the ginseng extract were
analyzed using a Shimadzu LC-20 (Prominence)
connected to an ultraviolet detector (Hitachi, Tokyo,
Japan) at 203 nm. The ginseng extract sample was
dissolved in 30% methanol by sonication and filtered
(0.45 um, Acrodisk). The separation was performed
on an Altima HP C ; HL column (150 mm x 4.6 mm
i.d., 3 um). The analysis was carried out with a binary
gradient elution using (A) water and (B) acetonitrile as
the mobile phase, according to the method of Li and
Fitzloff (2002). The gradient elution program was as
follows: 0-33 min, 19-35% B; 33-33.6 min, 35-80%
B; 33.6-37 min, 80-19% B. The flow rate was 1.5 mL/
min. The temperature of the analytical column was 30
°C. The identification of ginsenosides was carried out
using the reference standards. The quantification was
performed according to the area normalization method.

2.7. Quality characteristics of oil samples extracted
from prepared breadsticks

2.7.1. Peroxide value

The peroxide value (PV) of the samples was
determined according to AOCS (2009) methods.
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The results were expressed as the average of three
measurements in meq O,/kg oil. The analysis was
carried out in triplicate. Samples with PV over 10
meq O /kg oil were excluded and not subjected to
further analysis.

2.7.2. p-Anisidine value

The p-anisidine value (p-AnV) was determined
according to the AOCS (2009) method using a
Shimadzu UV-2450 Spectrophotometer, Japan at
350 nm against a blank of isooctane. p-AnV was
calculated by the following formula:

p —AnV =25(1.24s-Ab)/m

where: Ab is the absorbance for sample dissolved
in isooctane, As is the absorbance for the oil solution
after reaction with p-AnV, and m is the mass of oil in
25 mL isooctane. The analysis was done in triplicate.

2.7.3. Totox value

The level of total oxidation was calculated from
the following equation according to AOCS (2009)
method:

Totox = 2PV + p — AnV

2.8. Spectral characteristics of oil extracted from
breadsticks

2.8.1. IR spectroscopy

Infrared absorption spectra were recorded in
the mid IR region of 4000-400 cm™ for potassium
bromide (KBr) disks of oil extracted from breadstick
samples (~2 pL) to monitor changes related to
the oxidative process with an FTIR spectrometer
(JASCO 6100, Japan). The spectrometer was
connected to a computer using Windows XP
Professional software to manipulate the spectra.

2.9. Sensory evaluation

The sensory assessment was carried out on
breadstick samples prepared with and without
different levels of ginkgo leaf or ginseng root
extracts compared to those formulated with BHT.
Ten staff members of the Food Science Department
(six females and four males), aged between 25 and

35 years, were selected for sensory evaluation. The
sensory attributes (odor, taste and texture) were
evaluated. The scores for each parameter ranged
from one to a maximum of nine, where one indicated
poor quality, and nine represented the best quality.

2.10. Statistical analyses

The chemical and sensory analyses were carried out
in triplicate and the results presented are the average
of the obtained values + standard deviation. The data
were submitted to analysis of variance (ANOVA)
and the Tukey’s test. A bivariate analysis of the data
was carried out by Pearson’s correlation test. A value
of P < 0.05 was considered statistically significant.
Analyses were performed using XLSTAT software.

3. RESULTS AND DISCUSSION

3.1. Chemical composition of ginkgo and ginseng
extracts

The total polyphenol content of the dried ginkgo
ethanol extract was 92.3 + 0.3 mg GAE/g. Pereira
et al. (2013) reported that the phenolic contents of
aqueous and methanol extracts of the G. biloba dry
leaves were 61.58 and 129.5 mg GAE/g, respectively.
The HPLC profile of the dried ginkgo extract (Figure
l1a) contained ellagic acid (490.46 pg/g), gallic acid
(223.31 pg/g), resveratrol (181.24 pg/g), p-hydroxy
benzoic acid (112.56 pg/g) followed by myricetin
(58.74 ng/g), quercetin (27.55 pg/g) and o-coumaric
acid (23.99 ug/g). The other components were quinol
(15.71 pg/g), kampherol (12.14 pg/g), syringic acid
(8.2 pg/g) and vanillic acid (7.13 pg/g).

According to HPLC analysis, Re (38.03%), Rd
(23.12%) and Rgl (10.69%) represented the major
identified ginsenosides of the investigated ginseng
extract (Figure 1b). The other identified ginsenosides
were Rbl (9.47%), Rb2 (6.90%), Rf (6.43%) and
Rc (5.37%). Ginsenosides are considered the main
active components of Panax ginseng extract (Chen et
al., 2017). A quantitative analysis was carried out on
45 Asian and American ginseng samples by HPLC.
The aim was to correlate ginsenoside contents with
morphological features of the ginseng plant roots to
provide a scientific basis for evaluating the quality of
Asian and American ginsengs through morphological
features. The analysis indicated that many of the
Asian ginseng samples contained ginsenoside profiles
similar to the one found in this study.
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FiGure 1. HPLC chromatograms of polyphenols of gingko extract (a) and ginsenosides of ginseng extract (b). The values refer to a single
determination

In addition, the TPC of the dried ginseng extract Results indicated that the polyphenol content of
was found to be 0.225 = 0.01 mg GAE/g. Hwang et  ginkgo 1% breadstick samples (0.412 + 0.018 mg
al. (2014) found that the TPC of the ginseng root GAE/g)was significantly (P <0.05) higher than other
extract was 0.43 mg GAE/g. samples. Ginkgo 0.5%, ginseng 1% and ginseng 0.5%
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breadstick samples contained 0.351 £0.019, 0.338 =
0.02 and 0.316 £ 0.02 mg GAE/g, respectively. They
were not significantly (P > 0.05) different from each
other. The lowest TPC was recorded for the control
(0.288 £ 0.007 mg GAE/g) and BHT (0.291 £ 0.018
mg GAE/g) breadstick samples. No significant (P
> (.05) difference was observed between the TPC
of the control, BHT and ginseng 0.5% breadstick
samples. Reis and Abu-Ghannam (2014) found
that TPC of breadsticks (control sample) was about
0.1 mg GAE/g. On the other hand, the TPC of
“crostini” reached 2.3 mg GAE/g. This type of dried
bakery food was prepared with extra virgin olive
oil at a level of 10% (Niccolai et al., 2019). The
effect of baking on the TPC of the baked products
is dependent on the type of phenolic compounds
and baking conditions (Abdel-Aal and Rabalski,
2013). They reported that baking caused an apparent
increase in free phenolic acids in bread due to the
degradation of conjugated polyphenolic compounds.

3.2. Evaluation of the chemical oxidation indices of
oil extracted from breadstick

The peroxide value (PV) was used as an indicator
to follow up the oxidation state of the oil in prepared
breadsticks. Calligaris et al., (2008) reported that
peroxide value is a good index of the quality decay
of breadsticks during their shelf-life. Figure 2 shows
the PV of the oil extracted from the breadsticks after
baking and during storage.

Immediately after baking, the investigated
samples showed a PV of between 4.07 £ 0.23
and 7.37 £ 0.15 meq O,/kg oil. The samples with
ginseng extract at a 1% level or BHT showed the
lowest content of peroxides at zero storage time.
The baking process initiated the oxidation process,
which was very fast in the control sample. After 25
days of storage at room temperature (25 °C), the PV
exceeded 10 meq O, /kg oil in the control sample
(14.93 meq O,/kg oil), and in the sample prepared
with 0.5% ginkgo extract (11.9 meq O,/kg oil).

Breadstick samples with ginseng extract at the 1%
level, showed PV lower than the BHT ones throughout
the storage period. The incorporation of ginkgo or
ginseng extracts at 1% extended the shelf-life of the
breadsticks from <25 days to 55 days. This indicated
the protective effect of ginkgo and ginseng extracts
against oil oxidation in breadsticks. Alamprese et al.,
(2017) found that the PV of the breadstick samples
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F1GURE 2. Progression of oil oxidation during the storage of the
breadstick samples at 25 °C. Peroxide value (a), p-anisidine value (b)
and Totox value (c). Values are expressed as means =+ standard devia-
tion (n = 3). Data were analyzed using one-way analysis of variance

(ANOVA) and Tukey’s test. Samples with peroxide values higher
than 10 meq O,/Kg were rejected and excluded from analysis
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prepared with only 3.2% olive oil exceeded 10 meq
O,/kg oil after 60 days of storage at 27 °C. Calligaris
et al., (2008) found that the consumer acceptability
of the breadsticks progressively decreased with the
increase in PV value to higher than 10 meq O,/kg oil.
Hydroperoxides decomposed to secondary oxidation
products that could be detected by the p-anisidine
test (Barbieri ef al., 2018).

Peroxide and p-AnV values help to assess the
oxidative degradation of lipids in lipid-containing
food (Koztowska et al., 2019). Mustac et al. (2020)
reported that a product is considered acceptable if the
p-AnV value is less than 10. The p-Anisidine value
of the control and 0.5% ginkgo breadstick samples
reached high levels (> 4) after 25 days of storage
at room temperature. On the other hand, the p-AnV
value of breadstick samples prepared with ginkgo or
ginseng extracts at 1% or 0.02% BHT did not exceed
2.5 at the end of storage. Caruso et al. (2017) reported
that the p-AnV value of freshly prepared breadstick
samples with 13.3% olive oil was 5.89.

The combination of PV with p-AnV indicates the
oxidation state (total oxidation value, Totox value)
of oils. The Totox value must be equal or below
19.5 meq/kg (Esfarjani et al., 2019). The totox value
of the investigated samples showed the same trend as
those of the PV and p-AnV values. The Totox value of
the control and 0.5% ginkgo breadstick samples was
the highest (~20 meqg/kg) after 10 days of storage.

Among all the investigated breadstick samples,
1% ginseng and 0.02% BHT samples had the lowest
Totox value (< 17 meq/kg) after 55 days of storage
at room temperature.

The progressive increase in PV in the stored
breadstick samples due to lipid oxidation is associated
with the development of an increase in p-AnV and
Totox values. From the results, the ginseng extract at
a concentration of 1% has a greater antioxidant effect
than that of 0.02% BHT. Phenolics are responsible
for the antioxidant activity of ginkgo extract (Pereira
et al.,2013) while the antioxidant activity of ginseng
extract is attributed to the identified ginsenosides
(Rb1, Rgl, Rc, Rb2, and Rd) as reported by Chien
etal., (2016).

3.3. Evaluation of the FTIR spectrum of breadstick oil

The FTIR spectra of the oil extracted from the fresh
and stored breadstick samples were recorded in the
range of 4000400 cm ™! and illustrated in Figure 3.
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FIGURE 3. Time-course spectra of sunflower oil in breadsticks
during storage on IR, illustrating the development of
hydroperoxides (3470 cm™), aldehydes (1164 cm™) and trans
double bonds (968 cm™) over time (0, 25 and 55 days, correspond
to labels a, b and c, respectively). Samples with peroxide values
higher than 10 meq O,/Kg were rejected and excluded from
analysis. The values refer to a single determination

These spectra appear to be similar and show
the typical characteristic of absorption peaks for
triglycerides (wave number 1746 cm ™! represented the
ester functional group of the triglycerides) as shown
by Klaypradit et al. (2011). In terms of oxidation
analysis, the IR spectral bands of the functional
groups hydroperoxide (3470 cm™), carbonyl group
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(1164 cm™) and trans double bond (968 cm™) were
used to assess the quality of the oil as reported by
Daoud et al., (2019). The absorption peak at 3470
cm™! increased progressively in the control samples
and in the samples prepared with ginkgo or ginseng
extracts at 0.5% during the first 25 days of storage at
room temperature. The addition of ginkgo or ginseng
extracts at 1% or 0.02% BHT in the formula of the
breadsticks kept the band at 3470 cm™ after 55 days,
which is similar to the pattern of the control sample
at zero storage time.

As the oxidation processes proceed, the formation
of the aldehyde functional group is represented by an
increase of the absorbance at 1164 cm™ according to
Daoud et al., (2019). The control sample recorded the
highest absorbance at 1164 cm™" at the beginning of
storage. The level of aldehydes in samples prepared
with ginkgo or ginseng extracts at the 0.5% level
was similar at zero time storage and progressively
increased after 25 days of storage. The lowest
absorbance at this wavenumber was recorded for the
samples containing 1% ginseng during storage.

The absorbance at the wavenumber 968 cm'
appears as a weak band. An increase in the absorbance
at this band is associated with the formation of trans
double bonds that arose in the course of oxidation
as reported by Daoud et al. (2019). At zero storage
time, the highest absorbance at this wavenumber
was observed for the control sample. The oil in the
breadstick sample prepared with ginseng extract at
1% recorded the lowest peak intensity at this band
compared to other samples throughout the storage
period.

The oil in the breadsticks prepared with 1%
ginseng showed the lowest absorbance in all the
investigated spectral bands in comparison to all
other samples throughout the storage period.

3.4. Sensory characteristics of breadsticks

The shelf-life of a food item depends mainly
on its sensory characteristics and marketability
(Alamprese et al., 2017). Lipid oxidation exerts
rancidity and deteriorative changes in its odor and
taste. Figure 4 shows the results of the sensory
analysis of the tested samples.

No significant differences (P>0.05) were found
in the sensory attributes of the breadstick samples
at zero storage time (Figure 4a). The addition of
ginkgo or ginseng extracts at the 1% level did not

significantly (P> 0.05) affect the perception of baked
odor or taste and texture attributes. The odor, taste
and texture scores for the samples prepared with
ginkgo or ginseng extracts at the 1% level and stored
for 10 and 25 days were not significantly different
(P > 0.05) from those of the BHT samples (Figure
4b and 4c). The perceived odor and taste of the
samples prepared with a low level (0.5%) of ginkgo,
ginseng or extracts were recognized as significantly
less desirable (P < 0.05) than those prepared with the
same extract at a higher level (1%) after 25 days of
storage (Figure 4¢). The same trend was also noticed
in the ginseng samples stored for 40 and 55 days.
The sensory characteristics of the control and 0.5%
ginkgo samples were not significantly different (P
> (0.05) after 25 days of storage. Moreover, both
samples recorded significantly (P<0.05) the lowest
scores compared to those of the other samples (Figure
4 ¢). On the other hand, the odor and taste sensory
attributes of the 1% ginseng and BHT samples were
not significantly different (P > 0.05) after 40 and 55
days of storage (Figure 4d and 4e). Meanwhile, the
odor and taste scores for both breadstick samples
were significantly higher (P < 0.05) than those of the
1% ginkgo and 0.5% ginseng samples.

The crispiness of the breadstick samples prepared
with ginseng extract at 0.5% or 1% of either ginkgo
or ginseng extracts was not significantly different (P
> 0.05) from that of the BHT sample after 40 and
55 days of storage (Figure 4d and 4e). It could be
noticed that the preparation of breadsticks with 1%
ginseng extract extended their shelf-life to 55 days at
room temperature.

The correlation between oxidative indices and
the sensory attributes (odor, taste and texture) using
Pearson’s correlation is shown in Table 1.

The results in Table 1 show an inverse correlation
(r<-0.74, P <0.01) between the oxidative chemical
indices and the good odor, taste and texture scores.
Loss in crispness is negatively correlated with the
oxidation products in the oil phase of the breadstick
samples. This result is consistent with that reported
by Caruso et al. (2017). The results revealed
significant (P < 0.01) positive (r > 0.89) correlations
among the oxidative chemical indices. The same
statistical trend (r > 0.93) was found between odor
and taste sensory attributes.

In addition, it has previously been shown by
Barbieri et al. (2018) that the secondary products
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TaBLE 1. Pearson’s correlation analyses between oxidation indices, taste, odor and texture of breadstick samples

Correlation coefficient (r)

Variables
Taste Odor Texture Peroxide value  p-Anisidine value Totox

Taste 1 0.9352%* 0.7804** -0.9504** -0.8403** -0.9443**
Odor 0.9352%* 1 0.6246** -0.8950%* -0.7893%* -0.8904**
Texture 0.7804** 0.6246** 1 -0.7741%* -0.7432%* -0.7761**
Peroxide value -0.9504** -0.8950%** -0.7741%* 1 0.8945%* 0.9967**
p-Anisidine value -0.8403** -0.7893** -0.7432%* 0.8945%* 1 0.9253%*
Totox value -0.9443** -0.8904** -0.7761** 0.9967** 0.9253%x* 1

**Values are different from 0 with a significance level alpha (P=0.01). The number of replicates performed to determine the values of

each variable was 3 (n=3)

of lipid oxidation which are responsible for the
rancid odor and taste of the Italian Taralli (ring-
shape, breadsticks contained 20% vegetable oil)
are the same products that are evaluated with the
p-anisidine test.

4. CONCLUSIONS

Ginseng extract significantly increased the
oxidative stability of breadsticks up to 55 days at
room temperature. Breadstick samples prepared
with 1% ginseng extract were significantly well
accepted (P <0.05) in terms of odor, taste and texture
compared to BHT samples.
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