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biscuits, potato peel powder, This research aimed to replace wheat flour with potato peel powder (PPP) at different levels (3, 5, 7, 10, 30, and
total phenols, antioxidant activity, — 50%). An effect of PPP on physical, chemical, rheological, and antioxidant properties of biscuit samples was in-
organoleptic properties vestigated. The results show that the PPP sample had a significantly higher content of total sugar, protein and

ash, and a lower content of moisture (15.68g/100g dry weight, 15.32 g/100g dry weight, 9.11%, 8.35%, respectively)
compared with the wheat flour sample. Also, a higher total phenolic content and antioxidant activity (71.12 mg
Gallic acid equivalent / 100g dry weight and 68.39%, respectively) was observed in the PPP sample. The highest
percentage of PPP addition (50%) exerted the greatest significant effect on the content of total sugar, protein,
moisture, ash, total phenols, and antioxidant activity compared with the control sample and other biscuit samples
leading to their increase to 50.90 g/100g dry weight, 12.74 g/100g dry weight, 5.56%, 2.39%, 41.71 mg Gallic acid
equivalent / 100g dry weight, 59.72%, respectively. A decrease in the L*, a* b*, C* h and BI values, and an increase
in AE values were observed with replacing wheat flour with PPP. The 3% and 5% replacement rates contributed to
improving most organoleptic characteristics (general acceptability, color, taste) compared to the samples with the
highest studied percentages (30% and 50%). Although the highest percentages of PPP addition led to lower scores
for sensory characteristics, all studied samples were acceptable from the sensory point of view, except the samples
with the 50% replacement rate in terms of their taste and color.
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1. Introduction

The potato (Solanum tuberosum L.) belongs to the Solanaceae
family, originated in South America circa 500 B.C [1], and is the
fourth most widely grown crop in the world [2]. Global potato
production reached 367.75 million tones [3].

On an industrial scale, potato products (e.g., potato fries, po-
tato chips, mashed sweet potatoes) generate between 3 and 5% of
waste (peel) [1]. Arapoglou et al. [4] reported that the losses (%)
caused by potato peeling ranged between 15 and 40%, depend-
ing on the peeling method (i.e., steam peeling, alkali peeling,
or abrasion). Typical potato processing plant generate from 6 to
10% of potato peel waste during the peeling process, and 15% of
waste are caused by defect removal, trimming, and cutting. Pota-
to peels contain fiber between 9.7 and 68% of its total weight [5].
Potato peel has a protein content of 18%, ash content of 6% on a
dry weight basis, and produce 63% of fiber on a dry weight basis
by manual peeling [6]. Additionally, potato peel waste contains
high concentrations of minerals (potassium, calcium, magne-
sium, iron, and zinc), as the potassium content reaches 15.7 g/kg,
calcium 3.05 g/kg, magnesium 1.09 g/kg, iron 388 mg/kg, zinc
18.65 mg/kg, copper 12.05 mg/kg, manganese 14 mg/kg, chro-
mium less than 5 mg/kg, lead less than 5 mg/kg [7].

Potato peels are an excellent source of numerous important
functional components, such as phenolic compounds. For ex-
ample, Sabeena Farvin et al. [8] found that potato peel extracts
are rich in their content of phenolic acids. The ethanolic extract
of potato peel contained gallic acid (0.9 mg/g dry weight), proto-
catechuic acid (7.38 mg/g dry weight), gentisic acid (15.42 mg/g
dry weight), chlorogenic acid (0.43 mg/g dry weight), vanillic acid
(1.10 mg/g dry weight), syringic acid (0.64 mg/g dry weight), caffeic
acid (2.79 mg/g dry weight), salicylic acid (0.11 mg/g dry weight),
p-coumaric acid (0.58 mg/g dry weight). Joly et al. [9] stated that
potato peels contain several important phenolic antioxidants that
can be used as natural antioxidants. The content of polyphenols in
potato peels is around 10 times higher than in flesh [10]. The anti-
oxidant potency of the freeze-dried extract of potato peel was also
found by Singh et al. [11]. Potato peel is an important source of di-
etary fiber, which accounts for about 40-45% of its dry weight [12].

Dietary fiber is an indigestible component that makes up the
plant cell wall. The botanists define fiber as part of the plant or-
gans, consumers as a substance with beneficial effects on human
health, while dietary fiber from a manufacturing point of view
is an object of marketing. Fiber consists of hemicellulose, cel-
lulose, lignin, oligosaccharides, pectins, gums, and waxes. The
diets with a high content of dietary fiber have a positive effect
on human health [13]. Dietary fibers act as a protective agent
against several diseases, including cardiovascular diseases, di-
verticulosis, constipation, irritable colon, colon cancer and di-
abetes [14,15]. It is recommended for healthy adults to intake
20-35 g of dietary fiber per day [16].

Thus, many studies aimed to create new applications of potato
peel in a wide range of food products. For example, the addition of
fiber in the bread industry contributed to an increase in the values
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Figure 1. Potato peel powder

of hydration of flour with water. It was also noted that replacing
wheat bran with potato peels led to the superiority of bread in
terms of its content of minerals and total dietary fibers [17]. Also,
the cake prepared using 25% of apple pomace and wheat flour
was of acceptable high quality [18]. Toma et al. [17] reached the
best results when the levels of replacing wheat flour with potato
peel powder ranged between 10 and 15%. The resulting bread
was darker and tougher compared to the control. No significant
sensory changes were observed at the 10% replacement rate com-
pared to the control. Han et al. [19] reported that when wheat flour
was replaced with 10, 15, and 20% of potato peel powder in the
cookies, the glycoalkaloid content was 6.27, 9.40, and 12.54 mg,
respectively. These values are considered safe for the human body
and sufficient for the production of functional cookies according
to USDA guidelines. Replacing wheat flour in the cookie samples
with 10% potato peel powder gave the highest scores in senso-
ry evaluation. Shagufta et al. [1] showed the physical properties
(width, thickness, and spread ratio) of biscuits reinforced with po-
tato peel powder. The mean values ranged from 40.81 to 45.22 for
width, from 9.74 to 10.97 for thickness and from 37.20 to 46.43 for
spread ratio during 90 days of storage.

Therefore, due to the fact that potato peels contain many
components beneficial for health, large amounts of potato peels
produced in the form of waste, and the lack of local studies on the
possibility of converting potato waste (peels) into food products
with added value containing antioxidants, proteins, and dietary
fibers, the research objectives were as follows: 1) studying quality
characteristics of wheat flour and potato peel powder produced,;
2) studying quality characteristics, sensory characteristics, and
color indicators of the resulting biscuit samples; 3) studying an ef-
fect of replacing wheat flour with potato peel powder in different
proportions on the rheological properties of the resulting dough.

2. Materials and Methods
2.1. Materials

Potatoes were purchased from the local market of Damas-
cus, and the peels were obtained by peeling the potatoes of the
Spunta variety (Solanum tuberosum var. spunta). The materials
needed to manufacture the biscuits (wheat flour, butter, sodium
bicarbonate, sodium chloride, sugar) were purchased from the
local market of Damascus.

2.1.1. Preparation of potato peel powder

Potato peel powder was prepared according to the method
described earlier [20]. Potato tubers were washed with plain wa-
ter and peeled manually. The percentage of peels obtained was
on average 13% of the tuber weight. The peels were dried using
a hot air-drying oven (Kottermann, 2717, 2701, Gemini bv, Dutch
company, found in the Faculty of Agriculture Laboratories, De-
partment of Food Sciences at Damascus University) at 60 °C for
12 hours to constant moisture. After drying, the dried peels were
ground using a mill (Moulinex, Y44, Moulinex, France) until fine
(Figure 1), then sieved through a fine sieve (60 mesh) to obtain a
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fine homogeneous powder and stored in opaque sealed contain-
ers in a cool dry place until the time of manufacture and testing.

2.2. Methods
2.2.1. Preparation of biscuits

The control biscuits were prepared from wheat flour according
to the method described by Dhingra et al. [16] and Tyagi et al. [21]
with some modifications. The components of the control biscuits
were as follows: 100 g of wheat flour (72% extraction), 55 g sucrose
sugar, 50 g butter, 0.50 g sodium chloride, 1 g sodium bicarbonate,
1 g baking powder, 8.9 g glucose sugar and 150 ml of water. The
sugar and butter were mixed using a mixer for 3 minutes, then
sodium bicarbonate and sodium chloride were dissolved in water
at room temperature, then they were mixed well for 5-6 minutes
to obtain a homogeneous mixture (Moulinex, QA311127, France).
All ingredients were mixed using a mixer (Moulinex, QA311127,
France) with baking powder and sifted flour for 3 minutes. The
dough was cut into pieces of suitable sizes, shaped using special
molds and baked at 180°C for 11-12 minutes (WattarB9050S,

Wattar, Syria). After baking, the biscuits were cooled to room tem-
perature (28 to 30°C), then the biscuits were packed in airtight
containers until the analyses were carried out.

The other biscuit samples were prepared by replacing wheat
flour with different percentages of potato peel powder (3, 5, 7,
10, 30, 50%) according to the aforementioned method (Figure 2).

2.2.2. Chemical analysis

Moisture was estimated according to the method given in
AACC [22] No. (44-15.02) by drying at 105°C until constant
weight using a hot air oven (Kottermann, model 2701), and ash
content was estimated according to the method mentioned in
AACC [22] No. (08-01) by burning the sample at a tempera-
ture of 550°C until all the organic matter was burned using a
Wise-Therm incinerator. The total protein was determined by
the Kjeldahl method [23]. Total sugars in the samples were es-
timated using the reactions of the reversibility (Fehling’s test),
whereby sucrose is hydrolyzed into monosaccharides (glucose
and fructose) to be measured [23].

30%

50%

Figure 2. Wheat flour with different percentages of potato peel powder (3, 5, 7, 10, 30, 50%)
PuicyHoK 2. IIIreHMYHasg MyKa ¢ pasJiMYHbIMU MIPOLIEHTaMM IOPOIIKA KapTodeabHOoit KOXKypsI (3, 5, 7, 10, 30, 50%)
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2.2.3. Color analysis

Mapping of color indices (L*, a* b*): The color indices (L*, a*,
b*) were measured using the Hunter Lab device (Chroma meter
CR-410, Japanese) according to Bilgicli and Levent [24], where
the symbols denote: L* (Lightness), a* (Redness/Greeness), b*
(yellowness/blueness). The value of the indicators (h and C*) was
calculated according to Wrolstad et al. [25] from the following
two relationships:

Hue angle (h) = tan’! (b*/a*) 1)
=V (@) + () @

The total change in color was calculated according to Sarico-
ban and Yilmaz [26] from the following relationship:

AE* =V (L7-L* + (a] - a*)*+ (b} - b")*

©)

The value of the tan index was calculated according to Mo-
hammadi et al. [27] from the following relationship:

Browning Index (BI) = [100 (X* - 0.31)]/0.17 4)

where:
X*=(a*+1.75L%)/ (5.645 L* + a* - 3.012 b*) (5)
2.2.4. Texture profile analysis (TPA) of biscuits
Hardness, adhesiveness, resilience, and fracturability of bis-
cuits were measured using the Brookfield Texture Analyzer (CT3,
Brookfield, USA) in the Agriculture Research Center, Giza, Egypt
[28].

2.2.5. Mixolab and Alveograph experiments

Mixolab and Alveograph experiments were conducted in the
Food Science Department, Faculty of Agriculture, Cairo Univer-
sity, Egypt.

Rheological analysis of dough, the mixing behavior of
doughs obtained from wheat flour and blends were studied using
Mixolab (Chopin, Tripette, Renaud, Paris, France). It measures
in real-time the torque (expressed in Nm) produced by the pas-
sage of dough between the two kneading arms, hence allowing
the study of its rheological behavior [29]. For the assays, 50 g of
wheat flour was placed into the Mixolab bowl and mixed with
the amount of water needed to reach the target consistency
(1.1 Nm). When potato peel powder (PPP) was tested, 3, 5, 7, 10%
of wheat flour were replaced by PPP. The specific protocol (Mixo-
lab Standard) used for dough testing consisted of 30 min mix-
ing at 30°C and the mixing speed during the entire assay was
80 rpm. Two batches were made for each sample. Parameters
recorded from the Mixolab curve included: water absorption or
the amount of water required to reach the consistency of 1.1 Nm
(expressed as milliliters per 100g of flour at 14.0% moisture mass
fraction), dough development time or time to reach the maxi-
mum consistency, and stability of the dough during mixing that
indicates the elapsed time, at which dough retained the maxi-
mum consistency.

Rheological properties of wheat flour were determined by a
Chopin MA 82 alveograph (according to ICC Standard 55 30-3).
Each alveograph chart was analyzed for four factors: P — the
maximum overpressure needed to blow the dough bubble — ex-
presses dough elasticity, L. — the average abscissa at bubble rup-
ture — expresses dough elasticity, P/L. — alveograph ratio and
W — the baking strength. The variables represent the average of
five curves from five dough patties [30]. The results of analysis
were expressed by average, minimum, and maximum values and
by the standard deviation in each sample set. Spectra were ac-
quired with a NIRS6500 wavelength scanning instrument (NIR
Systems, Inc., USA) using a small annular cup. The range of
scanning was from 400 to 2500 nm, and wavelength increments
of 2 nm were used. Diffuse reflectance was recorded as log 1/R.
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The average spectra from two scans obtained for each sample
were utilized for calibration.

2.2.6. Determination of the antioxidant activity

The antioxidant activity was measured by estimating the free
radical scavenging activity using the 2,2°-diphenyl 1,1-picryl
hydrazyl (DPPH) radical scavenging assay according to Younis
et al. [31].

2.2.7. Determination of total phenolic compounds

In extracting total phenols, the method of L. Wada and B. Ou
[32] was employed, and the total phenols were estimated using
the Folin Ciocalteu method according to [33, 34].

2.2.8. Functional properties

Water, emulsion, and oil absorption capacities (WAC, EAC,
and OAC) of wheat flour and potato peel powder were deter-
mined using the AACC method 56-20 [35].

2.2.9. Sensory evaluation

Sensory tests were conducted by a group of 15 people (pro-
fessors, students and staff from the Department of Food Science,
University of Damascus) using the hedonic scale, identifying
seven points (color, taste, smell, texture, melting in the mouth,
fracture, and general acceptability) according to Akhtar et al.
[36]. Sensory evaluation scores were given as follows: 1 — poor,
2 — acceptable, 3 — good, 4 — very good, 5 — excellent.

2.2.10. Statistical analysis

Experimental results were analyzed by analysis of variance
(ANOVA) using XLSTAT software version 2014, 5.03 (Addinsoft,
New York, NY, USA) in three replicates and expressed as the
mean * standard error of the mean. Differences between sample
means with a p-value < 0.05 were considered to be significant.

3. Results and Discussion
3.1. Chemical composition of wheat flour and potato peel powder
Table 1 presents the results of some chemical indicators for
the studied samples (wheat flour and potato peel powder). The
results show a lower moisture content in the potato peel powder
sample compared with wheat flour (8.35%, 13.09%), respectively.
These results are in agreement with [16], where the moisture of
potato peel powder was 7.85%, and [37], where wheat flour mois-
ture was 13.90%.

Table 1. Some chemical indicators of wheat flour
and potato peel powder samples

Ta6nuia 1. HekoTopele XuMuJyecKye oKkasaTey o0pasmnos
MIIeHUYHOI MYKM U MOPOIIKa KapTodheTbHO KOKYPbI

Total sugar  Protein (g/100g)

2 O, 0,
Sample  Moisture% (2/100g) dry base dry base Ash%
Wheat flour 13.09%£0.10°  13.09£0.50 11.45%0.89°  0.44+0.05°
Potatopeel ' g 2510300 1568+0.66° 15.32%0.77°  9.11% 0.10°

powder

a and, b: small letters refer to significant differences (p < 0.05) between the
means.

It can be seen from Table 1 that the content of total sugars,
ash, and protein in the sample of potato peel powder was 15.68
g/ 100 g dry weight, 9.11%, and 15.32 g / 100 g dry weight, re-
spectively. These results are in agreement with those in other
studies. For example, the ash content was 9.03% in potato peel
powder [7] and 0.46% in wheat flour [37], the percentage of pro-
tein was 15.71% on a dry weight basis in potato peel powder [38]
and 11.32% in wheat flour [37]. Shagufta et al. [1] reported that
the proximate composition of wheat flour and potato peel pow-
der was as follows: 3.58 and 11.99% moisture, 6.92 and 0.52%
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ash, 2.25 and 1.06% fat, 68.73 and 0.54% fiber, 12.16 and 10.81%
protein, 4.97 and 86.06% carbohydrates, respectively. Leo et al.
[39] showed that potato peel contained 10.76% protein, 10.56%
ash, 4.98% fat, 4.97% carbohydrates, and 68.53% fiber. Sharoba
et al. [14] found that wheat flour had 11.98% moisture, 11.85%
protein, 1.05% fat, 0.51% ash, 0.54% fiber, 86.04% carbohydrates,
while potato peel powder had 3.57% moisture, 6.91% ash, 2.25%
fat, 12.17% protein, 73.25% fiber.

3.2. Effect of replacing wheat flour with potato peel powder

on chemical indicators of biscuit samples

The results shown in Table 2 indicate that there was a sig-
nificant effect of replacing wheat flour with potato peel powder
at the replacement rate of 3% to 50% on percentages of pro-
tein, moisture, ash, and total sugars. The 50% replacement led
to the highest content of total sugars, protein, moisture and
ash (50.90 g/100 g dry weight, 12.74 g/100 g dry weight, 5.56%,
2.39%, respectively) in the biscuit samples fortified with potato
peel powder compared to their content in the control samples
(40.62 g/100g dry weight, 7.42 g/100g dry weight, 4.76%, 0.70%,
respectively).

Table 2. Effect of replacing wheat flour with potato peel
powder on chemical indicators of biscuit samples

Ta6nuia 2. BaMssHue 3aMeHbI MIIEHUYHO MYKM Ha IIOPOIIOK
KaprodenbHOM KOXKYPHI HAa XMMMIYecKye II0Ka3aTeay 06pas3iioB eYeHbst

Total sugar  Protein
Samples Moisture%  (g/100g) (g/100g) Ash%
dry base dry base
Control 4.76+0.50¢ 40.62+0.238 7.42+0.10¢' 0.70+0.10¢
Biscuits fortified . . .
with 3% PPP 4.84+0.38% 41.42+0.55¢" 7.50+0.25¢ 0.75+0.17¢
Biscuits fortified . .
with 5% PPP 4.90%0.12¢ 41.95%0.66° 7.80+0.06° 0.79+0.28¢
Biscuits fortified c c
with 7% PPP 4.98+0.52¢ 42.48+0.55¢ 8.10%0.14¢ 0.84*0.18
Biscuits fortified be . . .
with 10% PPP 5.03+0.46> 43.28+0.55¢ 8.60%0.14° 0.89+0.12
Biscuits fortified
with 30% PPP 5.28+0.17° 47.59+0.55° 10.16%0.14* 1.59%0.06°
Biscuits fortified 5 5093 509040550 12.74%0.140 2.3940.10¢
with 50% PPP : : : . : : : :

The same letters within the same column indicate that there are no
significant differences between the means at the confidence level (p < 0.05).
PPP — potato peel powder

This may be due to the high content of proteins, sugars,
ash, and fiber in potato peel powder compared with wheat flour.
An increase in the moisture content in biscuits with a higher
percentage of potato peel powder was attributed to the high
water-holding capacity of potato peel as the fiber has a strong
water absorption capacity [1] and the corresponding large con-
tent of fiber in the biscuit samples with potato peel powder [40].
The high ash percentage is also due to the high fiber content in
the samples with a high replacement rate [41].

3.3. Total phenol content and antioxidant activity

of biscuit samples

Wheat flour is a good source of calories and various nutri-
ents on its own, but its antioxidant capacity is low because it is
refined during processing [42]. Biscuits made with refined wheat
flour and other ingredients lack phytochemicals and dietary fi-
ber, so wheat flour must be combined with potato peel powder to
increase its antioxidant capacity.

Table 3 demonstrates the effect of replacing wheat flour with
different percentages of potato peel powder on the content of
total phenols and the antioxidant activity of the studied biscuit
samples estimated using the free radical DPPH. The content of
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the total phenols and the antioxidant activity were 71.12 mg Gal-
lic acid equivalent /100g dry weight and 68.39%, respectively, in
the potato peel powder samples and 3.28 mg Gallic acid equiva-
lent /100g dry weight and 13.37%, respectively, in the samples
of wheat flour.

Table 3. Effect of replacing wheat flour with different
percentages of potato peel powder on the content
of total phenols and the antioxidant activity
of the studied biscuit samples
Tabnuua 3. BausHue 3aMeHbI MIIEHNYHO MYKV PasindHbIMMU
IIPOLI€HTAaMM ITOPOIIKa KapTod)eanoﬁ KOJXXYPBbI Ha comep>kaHue
061X (GeHOoIOB ¥ AHTMOKCUJAHTHYIO aKTMBHOCTD
MCCIIeJ0OBaHHBIX oﬁpasuon IeYeHbs

Samples TPC . Antioxida‘l)nt activity
(mg/100g dry weight) (%)
Wheat flour 3.28+0.60 13.37£0.52
PPP 71.12+0.87 68.39+0.26
Control biscuits 5.86%0.23¢ 20.06+0.35¢
Biscuits with 3% PPP 7.43 £0.75¢ 21.27+0.40f
Biscuits with 5% PPP 10.26+0.42¢ 25.23+0.65¢
Biscuits with 7% PPP 13.86+0.16¢ 40.43+0.17¢
Biscuits with 10% PPP 17.05%0.68¢ 42.85+0.33¢
Biscuits with 30% PPP 33.28+0.64° 54.71+0.44°
Biscuits with 50% PPP 41.71+0.58° 59.72 £0.61*

The same letters within the same column indicate that there are no significant
differences between the means at a confidence level (p < 0.05). TPC — total
phenol content, PPP — potato peel powder

The high antioxidant activity in biscuits fortified with potato
peel powder is due to a higher antioxidant content of potato
peel powder in comparison with wheat flour. The Maillard reac-
tion is responsible for the development of the brown pigments
melanoidins during the baking process. Melanoidins possess the
antioxidant properties. So the antioxidant activity of the potato
peel biscuits may be enhanced by the Maillard reaction. Abdel-
Aal and Rabalski [43] pointed out that free phenolic acids in-
creased after baking, while bound phenolic acids decreased in
bread and slightly changed in muffins and cookies. Whole grain
products should be considered good sources of phenolic antioxi-
dants, despite the fact that the effect of baking seems to depend
on a type of baked product, type of phenolic, recipe, and baking
conditions [43]. The dissociation of the bound phenolic moiety,
which is followed by polymerization and oxidation reactions, as
well as the formation of new phenolic compounds that were not
present prior to thermal processing, can be the cause of an in-
crease in the content of free phenolics during the process [44, 45,
46, 47]. The development of Maillard reaction products (MRPs)
can also be responsible for an increase in the content of phenolic
compounds [47]. It is necessary to note that certain products of
the Maillard reaction have the reductone structures and the for-
mation of MRPs can contribute to an increase in the total phe-
nolic compounds in the Folin-Ciocalteu assay [48]. Bressa et al.
[49] found that MRPs produced within the first 20 to 30 minutes
of cooking had the high antioxidant capacity. An improvement
in the antioxidant properties of naturally occurring compounds
and formation of Maillard reaction products are probably res-
ponsible for an increase in the antioxidant capacity [47].

The results obtained are consistent with what was indicated
by Rowayshed et al. [7] as the content of total phenols and the
antioxidant activity of ethanolic extracts of potato peels were
75.67 mg Gallic acid equivalent /100g dry weight and 67.65%,
respectively. Also, Almasri et al. [50] indicated that potato peels
contain a high concentration of antioxidants such as phenolic
acids (potato peel extracts had a phenolic content of 96.66 mg of
Gallic acid per 100 g), so they have a high nutritional value. The
potato peel fractions are considered a value-added ingredient in
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other foodstuffs to increase antioxidant intake by humans and
have the potential to be used as antioxidant supplements in the
pharmaceutical industry.

The addition of potato peel powder in different proportions
(3-50%) contributed to a significant increase of 26.79%-611.77%
in the total phenolic content and an increase of 6.03%-197.71%
in the antioxidant activity compared with the control samples.
Higher concentrations of potato peel powder in biscuits led to
a higher total phenolic content and a higher antioxidant activ-
ity in the studied samples. For example, the addition of 3%, 5%,
7%, 10% and 30% of potato peel powder resulted in an increase
of 26.79%, 75.09%, 136.52%, 190.96% and 467.92%, respective-
ly, in total phenols and an increase of 6.03%, 25.77%, 101.55%,
113.61% and 172.73%, respectively, in the antioxidant activity.
Biscuit samples fortified with potato peel powder at a 50% re-
placement rate showed a marked increase of 611.77% in the to-
tal phenolic content (41.71 mg Gallic acid equivalent /100g dry
weight) and an increase of 197.71% in the antioxidant activity
(59.72%) compared with the control biscuit samples (5.86 mg
Gallic acid equivalent /100g dry weight and 20,06%, respectively).

3.4. Color indicators of the studied biscuit samples

Table 4. Effect of replacing wheat flour with different
percentages of potato peel powder on the color indicators
of the studied biscuit samples

Tab6nuiia 4. BaussHue 3aMeHbI MIIEHNYHO! MYKU PasIMYHbIMU IIPOLEHTAMM
nopouika KaproderbHO KOKYpbI Ha IIOKAa3aTe Iy IBeTa VICCIeAOBaHHBIX
06pasnoB MeYeHbs

b*
14.49
13.25
34.83°
27.96¢

28.33°

26.784
18.44¢

a*
-1.82
3.03
6.36°
4.68°
3.68¢
5.044
5.88¢

L*
93.91
51.56
67.01°
66.91°
63.07°
62.054
53.46°

c*
14.61
13.59
35.414
28.35¢
28.57°
27.25¢
19.35¢

BI
14.90
33.48
77.63
57.884

62.16°
61.01°
49.64¢

h
-82.84
77.12
79.65%
80.50°
82.60¢
79.344
72.31¢

Samples AE*
Wheat flour

PPP

Control biscuits
Biscuits with 3% PPP
Biscuits with 5% PPP
Biscuits with 7% PPP
Biscuits with 10% PPP
Biscuits with 30% PPP 46.56" 4.947 14.19" 15.03* 43.557 70.80f 29.09°
Biscuits with 50% PPP 43.25¢ 4.718 11.64¢ 12.56° 38.85¢ 67.978 33.24°

The same letters within the same column indicate that there are no significant
differences between the means at a confidence level (p < 0.05). L*: Lightness;
a*: Redness; b*: Yellowness; C*: Color Intensity; h: Hue Angle; BI: Browning
Index; AE*: total change in color. PPP — potato peel powder

7.07°

8.06¢

9.554
21.27¢

Table 4 shows an effect of replacing wheat flour with differ-
ent percentages (3—-50%) of potato peel powder on the color in-
dicators of the studied biscuit samples. Adding potato peel pow-
der led to significant changes in all studied color indicators for
manufactured biscuit samples compared to the control sample.
L% a* b* C* h and BI values decreased and AE* rose with an
increase in the proportions of replacing wheat flour with potato
peel powder, and this gave the biscuits a darker color compared
to the control biscuits, while the control samples had higher L*,
a* b* and C* values. Additionally, the yellowness and brightness
of the biscuits decreased due to the enzymatic browning. Brown
pigments that occur during the browning and caramelization re-
action, as well as temperature and cooking time, influence the
color of biscuits.

The potato peel powder sample was characterized by higher
values of a’, BI and h and lower values of b* L* and C* com-
pared with the wheat flour sample. Rowayshed et al. [7] reported
that the L*, a* and b* values in the control biscuit samples were
63.58, 14.04 and 25.41, respectively. The addition of potato peel
extract to the biscuits with concentrations ranging from 0.5%
to 3% led to a reduction in the values of color indices compared
to the control biscuits. The L* a* and b* values were 62.96, 8.99
and 24.7, respectively, in biscuits enriched with the potato peel
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extract in a concentration of 0.5% and 53.33, 10.31 and 21.98,
respectively, in biscuits enriched with the potato peel extract in
a concentration of 3%. A decrease in the values of yellowness
(b*) and brightness (L*) was due to browning [51]. Han et al. [19]
indicated that replacement of wheat flour with potato peel in
different proportions led to higher brightness (L*) values (90.97,
89.24 and 90.04) and lower a* (4.69, 5.13 and 3.85) and b* val-
ues (-9.49,—7.68 and —10.66) in the biscuit samples with the
10%, 15% and 20% replacement ratio, respectively, compared to
the corresponding values of color indices in the control biscuits
(83.88,8.92 and 1.25, respectively).

3.5. Sensory properties of the studied biscuit samples

The results of studying the effect of replacing wheat flour
with different percentages (3—50%) of potato peel powder on the
sensory characteristics of the studied biscuit samples are pre-
sented in Table 5. As can be seen from the table, there was a
significant effect of replacing wheat flour with potato peel pow-
der on the sensory characteristics of the studied biscuit samples.
The biscuit samples enriched with potato peel powder in differ-
ent proportions were acceptable to the assessors from the sen-
sory point of view as the sensory evaluation scores for all studied
traits ranged between 2.1 and 4.7, excluding the samples with
the 50% replacement, which were unacceptable for the panelists
in terms of color and taste.

The samples with the 3% and 5% replacement rates had
better sensory characteristics (general acceptance, color, taste)
compared to the samples with the highest studied percentages
(30% and 50%), which had poor sensory characteristics as the
taste was unpalatable, the color was dark and unacceptable, and
the solubility in the mouth was poor in the samples with higher
percentages of potato peel powder compared to the control bis-
cuit sample. The reason for a decrease in the color tone in the
biscuit samples with the high percentage of potato peel pow-
der maybe the brown color of potato peels, which became dark
brown with the high temperature during baking. Similar results
were obtained by Srivastava et al. [52], who found that the ad-
dition of sweet potato flour imparted the dark brown color to
biscuits. Raymundo et al. [53] reported that the biscuits became
darker with an increase in the level of added fiber, and this effect
can be explained by the non-enzymatic browning when wheat
flour was replaced with fiber.

The scores for taste or flavor of the product decreased signifi-
cantly, especially in the samples with the 30% and 50% replace-
ment rate, probably due to the high content of glycol alkaloids
(alpha- chaconine and alpha- solanin) at higher percentages
of fortification with potato peels. The biscuits that contained a
high amount of potato peel powder showed contradictory results
regarding texture. A decrease in the general acceptance of bis-
cuits with an increase in the level of potato peel powder is due to
the total effect on taste, color and texture because they are the
basic qualities that influence consumer acceptance. Han et al.
[19] reported that replacement of wheat flour with potato peels
in different proportions (10%, 15% and 20%) led to a decrease
in a degree of biscuit hardness in all studies samples. Cohesive-
ness, springiness and brittleness increased in the samples with
the 10% replacement rate and decreased is all other samples
compared to the control. Sensory evaluation showed that the
highest scores for flavor, taste, appearance, texture and overall
acceptability were in the biscuits with 10% of potato peel powder
compared to the control and other samples. The scores for color
were the same in the samples with the 10% replacement rate and
the control. Rowayshed et al. [7] showed that an increase in the
proportion of potato peel extracts in biscuits from 0.5% to 3%
led to a decrease in the sensory scores for color, odor, taste, tex-
ture and overall quality compared to the control samples.
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Table 5. Effect of replacing wheat flour with different percentages of potato peel powder on the sensory
properties of the studied biscuit samples
Ta6nuiia 5. BaussHue 3aMeHbl MIIEeHNYHO! MYKU Pa3JIMYHbIMU MPOLEHTAaMM ITOPOIIKA KapTodeabHOi KOXKYPBI
Ha CEHCOpPHbIE CBOJICTBa HUccIegoBaHHBIX 06pa3u01; IIeYeHbs

Samples Taste Color Smell
Control biscuits 4.6+0.60° 4.7%0.33° 4.4%0.24°
Biscuits with 3% PPP 3.7+0.30° 4.4+042° 4.1£0.34°
Biscuits with 5% PPP 3.3+0.14° 4+0.59 4.1+0.54°
Biscuits with 7% PPP 3.1+0.21° 3.3+0.21° 3.6+0.52°
Biscuits with 10% PPP 3+0.63" 3.1£0.33¢ 3.5+0.24°
Biscuits with 30% PPP 2.1%£0.47¢ 2.3%0.30¢ 3%0.62¢
Biscuits with 50% PPP 1.8+0.54¢ 1.5+0.55¢ 2.1 £0.624

Texture i hemonh  FRCW iy
4.3%0.50° 4.3 £0.31° 4.5%0.22° 4.5%0.41°
4.1%0.17* 4.1+0.16* 4+0.34° 4.1%0.21°
4%0.26° 3.8+0.61" 4+0.30° 3.8+0.23
3.7£0.51° 3.7%0.64" 3.7£0.46" 3.5£0.64°
3.7 £0.23" 3.1%0.120 3.5+0.21° 3.3+0.25
3.3 £0.36" 2.3+0.46¢ 3+0.42% 2.740.32¢
2.3 £0.42¢ 2.2%0.24¢ 2.5+0.15¢ 2.1£0.20%

The same letters within the same column indicate that there are no significant differences between the means at a confidence level (p < 0.05). PPP — potato

peel powder.

3.6. Functional properties of potato peel powder and wheat flour

Table 6. Functional properties of potato peel powder
and wheat flour

Tab6nuiia 6. ®yHKIMOHAIbHbBIE CBOCTBA MOPOIIKA
KapTodeTbHOM KOKYPBI M MIIEHNYHO! MYKMU

Studied indicators Wheat flour Potato peel powder
Water absorption capacity, g/g 0.97 2.58
Oil absorption capacity, g/g 1.14 1.24
Emulsion absorption capacity, g/g 1.24 3.16

The results referred to in Table 6 show that potato peel pow-
der had better water absorption capacity (WAC), oil absorption
capacity (OAC) and emulsion absorption capacity (EAC). The
WAC, OAC and EAC values were 165.98%, 8.77% and 154.84%
higher, respectively, in potato peel powder than in wheat flour.
The results obtained are close to what was found by Ben Jeddou
et al. [38], who reported that the ability to bind water in potato
peel powder of the cultivar Spunta was 3.37 g/g and the ability to
bind fat was 2.07 g/g.

3.7. Texture profile analysis

Texture analysis is primarily concerned with the measure-
ment of the mechanical properties of a product, often a food
product, as they relate to its sensory properties evaluated by a
human. Texture analysis is performed by applying controlled
forces to the product and recording its response in the form of
force, deformation, and time [54]. Texture measurements are
useful for quality control, process optimization, and product de-
velopment with desirable features.

Data in Table 7 present the textural parameters assessed
from the texture profile analysis (TPA) test of the biscuits sam-
ples (control, 3%, 5%, 7% and 10%).

As can be seen from the table, hardness of biscuits increased
with increasing potato peel powder levels from 3% to 10%. The
highest value of hardness was in the sample with the 10% re-
placement rate. A similar trend was observed for fracturability
with its highest value in the samples with the biggest propor-
tion of potato peel powder. The increment in hardness and frac-
turability may be due to the addition of potato peel powder. On
the contrary, a decreasing trend was observed for adhesiveness,
which represents the work necessary to pull the compressing
plunger away from the sample [55,56], and resilience, which
shows how well a product ‘fights’ to regain its original position
[57]. The results in Table 7 show that the biscuit sample with
10% replacement had the lowest values (0.10 mj and 0.00, re-
spectively) of these parameters compared to the control sample
(0.30 mj and 0.08, respectively). The increased fiber content con-
tributes to hardness of biscuits influencing gluten network op-
timal formation and resulting in a solid compact structure [58].
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Table 7. Texture properties of biscuits samples
Ta6nuia 7. TeKCTypHbIE CBOJICTBA 00Pa3Ii0B MeYeHbs

Sample Hardness Adhesi\{eness Resilience Fracturability
) (mj) )
Control 11.95 0.30 0.08 11.95
3% 15.68 0.30 0.08 14.86
5% 28.08 0.20 0.01 28.08
7% 30.70 0.10 0.00 30.70
10% 41.96 0.10 0.00 41.96

Ben Jeddou et al. [38] stated that when potato powder was
utilized in place of wheat flour at replacement rates of 2-10%,
the cake cohesion and hardness significantly decreased. Dhingra
et al. [16] observed that when the fiber content increased from 5
to 15%, the biscuits’ breaking strength increased from 1.96 kg to
3.83 kg. The water-binding properties of potato peel fiber influ-
enced the biscuits’ hardness leading to its increase. So the dough
did not spread well resulting in greater breaking strength, thick
and small biscuits.

3.8. Dough rheological properties

Figure 3 and Table 8 illustrate the data recorded during
mixing in the Mixolab. The inclusion of potato peel powder up
to 10% affected the rheological behavior of the dough during
mixing. While the level of water absorption was the same in
the sample with the 3% replacement rate and the control, it
increased in the samples containing 5%, 7% and 10% of potato
peel powder by 1.24%, 2.83% and 2.83%, respectively. Similarly,
an increase of 25.25%, 246.21%, 288.28% and 510.35% was ob-
served in dough development time in the samples with the 3%,
5%, 7% and 10% replacement rate, respectively, but stability
decreased in these samples by 3.76%, 5.70%, 4.09% and 5.05%,
respectively, compared to the control containing only wheat
flour. Dough development time and stability value indicate
the flour strength. Higher values of these parameters suggest
stronger doughs [59].

Table 8. Mixolab values of the control sample
and the samples with different replacement levels
(3,5,7,10%)

Ta6nuua 8. YpoBuu Mixolab KoHTpobHOro 06pasia u 06pasinoB
C pasIMYHBIMM YPOBHSIMU 3aMeHsI (3, 5, 7, 10%)

Sample Water aEsorption Dougl_1 devel(_)pment Stab_ility
(%) time (min) (min)
Control 56.5 1.45 9.30
3% 56.5 1.82 8.95
5% 57.2 5.02 8.77
7% 58.1 5.63 8.92
10% 58.1 8.85 8.83
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Figure 3. Mixolab curve of the control sample and the samples with different replacement levels
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The results obtained from alveographic measurements of
dough are shown in Table 9. An increase in the proportion of
potato peel powder up to 10% resulted in an increase in P (dough
elasticity) compared with the control containing only wheat
flour. The P values were 53.68, 54.74, 75.79, and 85.26% higher,
respectively, in the samples with 3%, 5%, 7%, and 10% potato

Table 9. Alveographic measurement of doughs with different
proportions of potato peel powder

Tabnuia 9. AnbBeorpaduyecKkye M3MepeHNsI TeCTa ¢ pasIMIHbIMMU
MPONIOPLYSIMA ITOPOLIKA KapTO(eTbHOM KOKYPBI

Parameter Control 3% 5% 7% 10%
P (mm)* 95 146 147 167 176
L (mm)* 117 52 48 35 42
pP/L* 0.81 2.81 3.06 4.77 4.19
W(10*])* 350 301 286 256 167
Le%* 56.6 52.6 51.2 37.7 14.6

*P: dough tenacity (aptitude to resist deformation), L: dough extensibility
(maximum volume of air that the bubble is able to contain), P/L: configura-
tion of the curve, W: dough baking strength (surface under the curve), Le:
Flexibility index.

peel powder than in the control. The alveograph ratio (P/L) also
increased (by 246.91, 277.78, 488.89, and 417.28%, respectively)
in the dough samples with the 3%, 5%, 7%, and 10% replacement
rate compared to the control. A decrease in L (dough extensibil-
ity), W (baking strength) and Le (flexibility index) was observed
with an increase in the level of potato peel addition. The L value
decreased by 55.56, 58.97, 70.09, 64.10%, W value by 14, 18.29,
26.86, 52.29% and Le value by 7.07, 9.54, 33.39, 74.20%, respec-
tively, in the samples with the 3%, 5%, 7%, and 10% replacement
rate compared to the control.

Ben Jeddou et al. [38] indicated that the potato peel powder
significantly improved the Alveograph profile and texture of
dough, and technologically, the addition of potato peel powder
at a concentration of 5% boosts the dough strength and elas-
ticity-to-extensibility ratio (P/L). Iskander et al. [58] studied an
effect of addition of alcohol insoluble residue from potato pro-
cessing by-product (AIR-PPB) in wheat flour bread at different
particle sizes. As the particle size increased, the results revealed
an improvement in the AIR-PPB functional properties in terms
of water holding capacity (WHC), swelling capacity (SC), and wa-
ter solubility index (WSI). The total dietary fiber content, water
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absorption (WA), and dough development time (DDT) also in-
creased with an increase in the percentage of AIR-PPB and par-
ticle size. Higher particle size gave more stability to the dough
structure, but the opposite effect was exerted on dough weaken-
ing (DW) [58].

4. Conclusion

Potato peels of the Spunta variety are an important and rich
source of phenolic compounds and natural antioxidants, as well
as an important cheap source of protein and dietary fiber, which

are important components of a healthy diet. Replacing wheat
flour with different percentages of potato peel powder has con-
tributed to making functional biscuits, reducing the economic
cost and raising the nutritional value of the biscuits. Therefore,
we recommend taking advantage of the secondary wastes result-
ing from the potato manufacturing process to obtain compounds
useful in nutritional aspects instead of industrial materials, and
it is proposed to develop this work in the future to obtain phe-
nols, proteins and fibers as commercial preparations that can be
used in many food industries.
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