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Abstract

The aim of this study is to evaluate the effect of storage on
antioxidant, color and sensory properties of bread, containing
sourdough and potato puree, baked in stone oven in
Afyonkarahisar which is city of Turkey. Sourdough was used as
yeast for the production of bread. Potato puree was added to
the formulation at the ratio of 30%. Breads were stored in sealed
polyethylene bag at room temperature (20°C) for 1, 5 and 10
days. Bread characterization, color, B-carotene, phenolics,
minerals were analyzed and a sensory evaluation was
performed. Decrease in bread mass, height, width, crust
thickness, total volume and specific volume were observed. -
carotene and phenolic compounds quantity of breads decreased
with increasing of storage time. Storage caused a change in the
crumb color of breads. Storage statistically didn’t affect the crust
color values of breads. According to the panelist scores, it can
be concluded that all breads stored 1, 5 and 10 days had a
desired crust color, crumb texture, porosity, aroma and overall
acceptance.
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Oz

Bu galismanin amaci, Turkiye'nin Afyonkarahisar ilinde eksi
hamur ve patates plresi iceren tas firinda pisirilen ekmegin
antioksidan, renk ve duyusal ozelliklerine depolamanin etkisini
degerlendirmektir. Eksi hamur, ekmek yapiminda maya olarak
kullaniimistir.  Formilasyona %30 oraninda patates plresi
eklenmistir. Ekmekler oda sicakliginda (20°C) 1, 5 ve 10 gin
siireyle polietilen poset icinde depolanmistir. Ekmek
karakterizasyonu, renk, B-karoten, fenolikler, mineraller analiz
edilmis ve duyusal degerlendirme yapilmistir. Ekmegin kitlesi,
boyu, genisligi, kabuk kalinhgi, toplam hacmi ve 6zgul hacminde
azalma gozlenmistir. Ekmeklerin B-karoten ve fenolik bilesenleri
miktari depolama siresinin artmasiyla azalmistir. Depolama,
ekmeklerin i¢ renginde degisiklige neden olmustur. Depolama
istatistiksel olarak ekmeklerin kabuk rengi degerlerini
etkilememistir. Panelist puanlarina gore 1, 5 ve 10 giin
depolanan tim ekmeklerin istenilen kabuk rengine, i¢ dokuya,
gbzeneklilige, aromaya ve genel kabule sahip oldugu sonucuna
varilabilir.

Anahtar Kelimeler: Patates; 8-karoten; Ekmek; Eksi hamur; Depolama

1. Introduction

Afyonkarahisar is a city located in the west of Turkey.
Potato
Afyonkarahisar. Afyonkarahisar potato sourdough bread

sourdough bread is local product in
is made by villagers in the countryside or by housewifes in
neighborhood bakeries in the city center. Although it is
usually made with the same methods, small recipe or
process differences have led to the emergence of various
flavors and forms. In this sense, Afyonkarahisar's potato
sourdough bread is the closest type of bread to the
concept of village bread. Homemade breads are made
with completely natural sourdough. While preparing
bread in Afyonkarahisar, boiled potatoes are added to
increase its flavor and nutritional value and to delay
staling. It is cooked in stone-based ovens. Its difference
from other traditional breads is that its sour flavor and
pore structure are richer. The potatoes of the region add

a different texture to the bread. It has a non-intense

sourness and a confident, modest aroma. It is a type of
traditional bread that is very popular with its 10-day shelf
life and has a higher nutritional value than normal breads
(Gurman, 2018).

Carotenoids are effective antioxidants with health
promoting functions like provitamin A activity, reduction
of cardiovascular disease, cancer, age related
degeneration diseases and prevention of skin disorders
(Schieber and Carle, 2005). Sweet potatoes (lpomoea
batatas L.) have high amounts of dietary fibre, minerals,
vitamins and antioxidants which are phenolic acids,
anthocyanins, tocopherol and B-carotene (Woolife,
1992). These compounds are obtained from yellow sweet
potatoes. Sweet potato flour contains high levels of B-
carotene, dietary fiber, carbohydrate and protein (Kamal
et al., 2013). B-carotene, found as 25-30% of the total
carotenoids in plants, is the highest bioconversibility in
the human

body and prevents development of
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tumorigenesis in skin, lung, liver and colon (de Carvalho
et al., 2018). It increases basal dermal defense against UV
irradiation and provides longer term protection (Stahl and
2012).
alternative as natural dye and source of B-carotene in

Sies, Potato also provides reducing sugar,
breads. So it can generate economic gains for agribusiness
and benefits for human with vitamin A deficiency
(Nogueria et al.,, 2018). Van Jaarsveld et al. (2006)
investigated B-carotene of orange-fleshed sweet potato
(Resisto) and reported that B-carotene of Resisto ranged
between 132-194 mg/g and after boiling of Resisto, 70-
80% of B-carotene was retained. Kotikova et al. (2016)
investigated the retention of carotenoids in potatoes
after thermal processing and reported that boiling and
baking caused a decrease in total carotenoids (92% and
88%, (2016)
carotenoid content of purple potatoes after cooking and
reported that reduction ranged from 20.15 to 76.16%.
Bonsi et al. (2016) investigated B-carotene amount in

respectively). Tian et al. investigated

bread including wheat flour and potato puree (2.5/1)
compared to wheat bread and reported that B-carotene
amount in bread with potato puree was approximately 6-
fold higher. Oluwalana et al. (2012) investigated the
quality of breads made with sweet potato flour (Nigeria)
and wheat flour in the percentage proportion of 0:100,
5:95, 10:90, 15:85 and 100:0. According to this study,
protein, fat and carbohydrate content of breads are
10.15-12.44%, 4.36-4.68% and  80.44-105.97%,
respectively. Sodium, calcium and potassium contents of
breads are 46.88-73.74 mg/100g, 3.58-4.64 mg/100g and
162.81-358.75 mg/100g, respectively. It was reported
that potato flour can be added to formulation up to 15%
level. Roudrigez-Sandoval et al. (2012) investigated the
effects of potato flour on bread properties. Substitution
levels of potato flour were 10% and 20%. It was reported
that mass, height and width of bread including 10%
potato flour are similar to those of wheat bread. Trejo-
Gonzdlez et al. (2014) replaced wheat flour with 5-20%
sweet potato flour (Mexican cultivar cv Nylon) in bread
formulation and reported that all breads with sweet
potato flour were different from control bread in
porosity. lancu (2015) reported that resistant starch
content of bread was increased with addition of potato-
paste (30%). Wanjuu et al. (2018) investigated the
physicochemical properties and shelf life of composite
bread with sweet potato puree (30%) and wheat flour
(70%) and compared with standard wheat bread (100%
wheat flour). Breads were stored at 7, 20, 25 and 30°C. B-
carotene content decreased with increasing storage
temperature and time. Breads containing sweet potato
puree (6 days) had longer shelf life than wheat bread (4

days). Dako et al. (2016) reported that sensory properties
such as appearance, aroma, taste, moutfeel and overall
acceptability showed that bread including 15% sweet
potato flour scored above 6 (like slightly) range and
acceptable by panelists. Ma et al. (2022) reported that
potato steamed bread including a-amylase (20 mg/kg)
and lipase (40 mg/kg) showed the lowest hardness,
volume, L* and overall
(LAB)
lactobacillus species is most dominating microorganism in

increasing the specific

acceptability. Lactic acid bacteria especially
sourdough. Other bacterial species are Leuconostoc,
Lactococcus, Enterococcus Weissella, Pediococcus and
Streptococcus (Liu et al., 2018). LAB gives flavors to
sourdough bread. Fermentation with LAB produces
flavors in crumb and crust of bread (Hansen and
2005).

healthier than the others which are produced with normal

Schieberle, Sourdough-based products are
dough. In which, lactobacillus neutralize the phytic acid,
thus, making products easier to digest (Hayta and Hendek
Ertop, 2017). Degradation of phytates and antinutritional
agents enhances the mineral availability (Kariluoto et al.,
2004). Sourdough, which has industrial benefits like high
shelf life owing to antifungal and antibacterial properties,
is a potential tool to increase bread quality without the
use of additives and lowers addition of chemicals such as
anti-staling and anti-fungal (Sakandar et al., 2019). Barber
et al. (1993) investigated the effect of spontaneous
sourdough on the characteristics and shelf-life of white
bread and reported that spontaneous sourdough gave
the bread with the high volume, good crumb grain and the
low rate of staling during storage.

Studies examining quality of bread containing potato
flour have been investigated (Trejo- Gonzalez, 2014;
Nogueria et al., 2018; Rodrigues-Sandoval et al., 2012).
However, no research has been seen in literature about
the quality of bread containing both sourdough and
potato puree. Therefore, investigation into the effect of
storage on quality of local bread with long shelf life (10
days) should be worthwhile. In this present study, the
effect of storage (1 day, 5 days, 10 days) on quality of local
bread was investigated. Sourdough was used as yeast in
local bread production. Potato puree was used for
increasing the nutritional value of local bread. The
difference from other breads, local bread shows higher
shelf life due to containing sourdough.

2. Materials and Methods
2.1. Materials

Hard wheat flour, salt and vyellow potatoes were
purchased at a local market in Turkey.
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2.2. Methods

Yellow potatoes were covered with water and open-pot-
boiled for 30 minutes and peeled. Then those were
pressed and cooled. Potato puree was obtained.
Moisture, ash and protein contents were determined in
hard wheat flour and potato puree according to AACC
International Approved Methods 44-01.01, 08-01.01 and
46-13.01, respectively (AACC, 2010).

Colors of hard wheat flour and potato puree were
determined according to the L*, a* and b* parameters,
using a spectrophotometer (Konica Minolta, Cr-400/410).
B-carotene, phenolics and minerals of hard wheat flour
and potato puree were determined according to the
methods reported by Akpan et al. (2006); Ulusoy et al.
(2009); Caponio et al. (1999) and Gopalani (2007),
respectively.

Extensograph properties of hard wheat flour were
determined according to the International Association for
Cereal Science and Technology with standard method
number 114/1 (ICC, 1992)
(Brabender, Duisburg, Germany). Dough (150 g) was

using an extensograph

passed through the balling unit of extensograph. After 45
min resting in the fermentation cabinet, the dough was
stretched. The dough was tested again after 45 min. The
test was repeated after 45 min. The maximum resistance,
the extensibility, the energy (area under the curve) and
maximum resistance to extensibility ratio (R/E) were
obtained from the extensograph graphic.

2.2.1. Bread production

The production of bread containing sourdough and
potato puree was carried out according to Official
Geographical Sign and Traditional Product Name Bulletin
(Number: 14, Anonymous, September 26, 2017) with
some modification. Dough pieces were separated from
the previous bread dough and stored in sealed
polyethylene bag at room temperature for ten days.
During that, the dough was soured. This sourdough was
used as yeast in bread production. 10 kg flour, 1 kg
sourdough, 3 kg potato puree, 0.15 kg salt and 6 kg water
were used. Photographs of breads are shown in Figure 1.
The "pre-dough", called yeast, was prepared the night
before. Sourdough taken from the previously made bread
dough is dissolved with warm water. Flour, salt and
melted sourdough were mixed together and the dough
was kneaded until it becomes not sticky to the hand by
adding enough hot water to withstand the hand. A little
flour was sprinkled on the dough, covered with a thick
cloth and left at room temperature until the next day (12

hours). In this way, the first fermentation was completed.
Since Afyonkarahisar potato sourdough bread does not
contain any additives in its composition and is fermented
with sourdough, the fermentation process takes many
times longer than other types of bread. Then hot water,
salt and potato puree were added to dough and mixed for
one hour. Dough (1.8kg) was left for one and a half hours
to complete the second fermentation. Thereafter, the
doughs were brought to a circular shape and left for
another hour for the last fermentation. 160°C was applied
to the dough in the stone oven for 45 minutes (ldeal,
AiM167, Turkey). Breads were left for cooling another 15
minutes. After cooling, breads were stored at room
temperature (20°C) in the presence of oxygen and light
for 1, 5 and 10 days. Production was made in triplicate.

Figure 1. Photograph of local bread

2.2.2. Analysis of breads

2.2.2.1. Moisture, ash and protein content of breads

Moisture, ash and protein content of breads were
determined according to AACC International Approved
Methods 44-01.01, 08-01.01 and 46-13.01, respectively
(AACC, 2010).

2.2.2.2. Bread technological characterization

Weight of breads was determined by using a balance.
Height and width were determined by using ruler. Crust
thickness was determined by using caliper.

The baking loss of the breads was determined as below:

(dough mass—bread mass)x100

Baking loss (%) = (1)

dough mass

Bread total volume was assessed by rapeseed
displacement method 10-05.01 (AACC, 2000). The
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specific volume of the bread was calculated using the
equation: the volume (cm3)/ mass (g) ratio, after 3 h of
cooling. Analysis was made in duplicate.

2.2.2.3. Color values of breads

Colors of bread crumb and crust were determined
according to the L*, a* and b* parameters using
Minolta, Cr-400/410).

spectrophotometer (Konica

Analysis was made in duplicate.
2.2.2.4. 8-carotene content of breads

B-carotene of breads was extracted according to the
method reported by Akpan et al. (2006) and analyzed
according to the method reported by Ulusoy et. al. (2009).
HPLC (Shimadzu Prominence, Japan), equipped with
diode array detector (SPD-M20A) and ODS 2 column (100
x 4.6 mm, 5 1) were used for determination of B-carotene
in breads. Analysis was made in duplicate.

2.2.2.5. Phenolic compounds of breads

Phenolic compounds of breads were analyzed according
to the method of Caponio et al. (1999) with some
modifications by using HPLC (Shimadzu Prominence,
Japan) equipped with diode array detector (SPD-M20A)
and Zorbax Eclipse C18 column (250 x 4.6 mm, 5 p).
Analysis was made in duplicate.

2.2.2.6. Mineral content of breads

Potassium, calcium, magnesium, phosphorus and zinc of
breads were determined according to the method
reported by Gopalani et al. (2007) by using Perkin Elmer
ICPOES Optima 8000 (USA). 1 g sample was added to 65%
HNO3 (8 mL) and 30% H202 (2 mL) and heated to 110°C in
15 min and then waited at these conditions for 15 min at
start D, Italy). The
wavelengths of potassium, magnesium, calcium,
phosphorus and zinc were 766.49 nm, 279.07 nm, 315.88
nm, 214.91 nm and 213.85 nm, respectively. Analysis was

microwave oven (Milestone

made in duplicate.

2.2.2.7. Sensory analysis

Sensory analysis was applied to breads after 1 day, 5 days
and 10 days. The sensory panel contained 20 trained
people (10 males and 10 females, age range: 18-59
years). The hedonic test with 7 point scale ranged
between 1 (extremely dislike) and 7 (extremely like)
described by Yuliana et al. (2018). The breads were

evaluated for crust color, crumb texture, porosity, aroma
and overall acceptance. Score of crust color: 7 (pale
brown), 3 (brown), 1 (dark brown). Score of crumb
texture: 7 (very soft), 1 (very hard). Score of porosity: 7
(very uniform), 1 (extremely not uniform). Score of
aroma: 7 (extremely not acidic), 1 (very acidic). Score of
overall acceptance: 7 (extremely like), 1 (extremely
disliked).

2.2.2.8. Statistical analysis

Data related to height, width, crust thickness, total
volume, specific volume, color values, B-carotene and
phenolic compounds of the breads were statistically
evaluated in duplicate by one-way analysis of variance
procedure. The Duncan test was applied to compare
mean values.

3. Results and Discussions

3.1. Characterization of raw materials

Moisture contents of hard wheat flour and potato puree
were 13.5% and 79.2%, respectively. Ash content of hard
wheat flour was 0.74% dry matter (d.m.) which was higher
than ash content (0.58%) of wheat flour reported by
Nogueira et al. (2018). Ash content of potato puree was
4.86% (d.m.). Protein content of hard wheat flour was
13.93% (d.m.). Ktenioudaki et al. (2010) reported that
protein content of eight wheat varieties from various
geographical regions ranged between 8.2% and 13.4%
which were lower than protein content of hard wheat
flour. Protein content of potato puree was 8.06% (d.m.).
L*, a* and b* color values of hard wheat flour were 88.04,
-1.065, and 15.60, respectively. Nogueira et al. (2018)
reported that L*, a* and b* color values of wheat flour
were 97.00, 0.71 and 10.36, respectively. The color of
wheat flour comes from carotenoids, fibers and protein
content. L*, a* and b* color values of potato puree were
70.77, -7.56 and 24.53, respectively. The color of potato
puree was sustained from carotenoids, anthocyanins and
phenolic compounds. L* and a* color values of hard
wheat flour were higher than that of potato puree, while
b* color value of hard wheat flour was lower than that of
potato puree.

B-carotene of hard wheat flour was 275.88 mg/kg (d.m.),

while that of potato puree was 510.18 mg/kg (d.m.). B-
carotene content of potato puree was higher than B-
carotene of potato pulp which was reported by Takahata
et al. (1993). Takahata et al. (1993) reported that the
carotenoid amount in orange or yellow-white potato pulp
ranged between 0.65 and 265 pg/g.
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Gallic acid, chlorogenic acid, syringic acid, vanilic acid, p-
coumaric acid, ferulic acid and cinamic acid of hard wheat
flour were 22.46, 93.26,37.94,31.10,0.01, 12.44 and 0.34
mg/kg (d.m.), while those of potato puree were 1315.95,
896.58, 882.97, 121.77, 0.13, 6.75 and 36.88 mg/kg
(d.m.), respectively. The results of potato puree were
lower than the results reported by Tian et al (2016).
Authors demonstrated that chlorogenic acid, caffeic acid,
p-coumaric acid and ferulic acid of raw potatoes were
463.72, 47.31, 22.37 and 24.36 mg/100g (d.m.). After
boiling, those were 370.59, 30.84, 21.45 and 15.61
mg/100g (d.m.), respectively. After baking, those were
285.11, 11.10, 18.95 and 10.46 mg/100g (d.m.),
respectively. Chlorogenic acid content was notably
decreased by all cooking methods (boiling, baking,
steaming, microwave, frying). Baking and frying were
highly effective on chlorogenic acid. Caffeic acid was
significantly affected by cooking methods, especially
baking and frying. P-coumaric acid content after baking
and steaming decreased a little. Ferulic acid didn’t notably
altered by boiling. Cooking has a negative impact on
phenolic acids. Destruction of caffeic acid was more than
that of chlorogenic acid.

Potassium, calcium, magnesium, phosphorus and zinc
contents of hard wheat flour and potato puree were
574464, 151254, 155446, 619238 and 1570 mg/kg (d.m.)
and 48761.02, 3687.38, 3262.00, 8306.50 and 15.21
mg/kg (d.m.), respectively.

Maximum resistance (670 BU) for hard wheat flour was
higher compared to wheat flour samples, reported by
Ktenioudaki et al. (2010) which were Cordiale (Ireland),
Raffles (Ireland), Hereward (UK), Malacca (UK), Caphorn
(France), Tzeneroso (Greece), Tzemele (Greece) and the
Canadian blend, while extensibility (127mm) for hard
wheat flour was lower.

3.2. Bread properties
3.2.1. Moisture, ash and protein content

Moisture content of local breads stored 1 day, 5 days and
10 days were 33.50, 29.80 and 26.40 %, respectively. Ash
content of local breads ranged between 1.79 and 1.92%
(d.m.). Protein content of local breads ranged between
9.55 and 10.76% (d.m.), which are similar to protein
results reported by Oluwalana et al. (2012). Oluwalana et
al. (2012) investigated the quality of breads made with
sweet-potato flour (Nigeria) and wheat flour in the
percentage proportion of 0:100, 5:95, 10:90, 15:85 and
100:0 and found protein contents in breads between
10.15 and 12.44%.

3.2.2. Characterization of breads

The decrease in mass of local breads containing
sourdough and potato puree with storage is shown in
Figure 2. During storage, the decrease in local bread mass
was polinomial so the reaction kinetic followed second
order (r?= 0.9986). The mass loss of local bread during 10
days storage was found as 10.26%. According to Tontul
and Babaoglu (2019), mass loss of white bread during 6
days storage was 14.91%. This indicated that local bread
has longer shelf life compared to white bread. Local bread
height, width, crust thickness, total volume and specific
volume are given in Table 1. The higher baking loss
(10.80%) was measured in local bread than that of bread
including lentil, dextran and sourdough (7.74%) by Perri
et al. (2021). Total volume of local bread was higher
(7350cm3) compared to that of bread including lentil,
dextran and sourdough (1533 cm?3). Local bread led to
lower specific volume (4.71 cm3/g) than that of bread
including lentil, dextran and sourdough (3.3 cm3/g).
Specific volume of local bread was higher (4.71 cm3/g)
compared to that of bread containing potato flour at the
level of 3-9% (3.74-3.47 cm?3/g) reported by Nogueira et
al. (2018) and that of orange-fleshed sweet potato bread
(3.86-3.99 cm?3/g) reported by Wanjuu et al. (2018).
Because local bread contains sourdough. The bread
weight, height, width, crust thickness, total volume and
specific volume of local breads decreased with increasing
of storage time due to staling. Ayo Omogie (2021)
reported that specific volume of potato bread including
25% sweet potato flour and 75% wheat flour was 2.08

cm?/g.

1580

1560
1540
1520 y=0,678x2-24,731x+1586,5
1500 R?=0,9986
& 1480
a
g 1460
= 1440
T 1420
4
0 1400
1380
0 2 4 6 8 10 12

Storage (day)

Figure 2. The decrease in local breads weight with storage
3.2.3. Colors of bread crumb and crust

No significant difference among L* crumb color values of
local breads containing sourdough and potato puree was
observed (Table 2.). Storage time affected a* and b*
crumb color of breads, significantly. b* crumb color values
increased with increasing of storage time. There is no
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significant difference between a* crumb color values of
breads stored 5 days and 10 days. Storage didn’t
significantly affect L*, a* and b* crust color values of
breads. Yellowness of local bread crumb increased with
storage due to B-carotene loss. Because the change in
redness (a*) and yellowness (b*) of the bread associate
with the carotenoid content. The degradation of
carotenoids caused a change in color (Limbo et al., 2007).
The present results about crumb color (a* and b*)
corroborate with findings of Nogueria et al. (2018) who
found that storage caused an increase in a* and b* crumb
color values.

3.2.4. B-carotene of breads

Storage negatively affected B-carotene content of local
bread containing sourdough and potato puree. B-
carotene amount of local bread decreased with increasing
of storage time (Table 2). Because B-carotene shows low
stability to light, oxygen and temperature (Fonseca et al.
2008). According to Wanjuu et al. (2018), storage of
orange-fleshed sweet potato bread at temperatures of
20, 25 and 30°C resulted in loss of B-carotene. Nogueira
et al. (2018) reported that B-carotene losses on day 5 was
25%, while on day 10 was 56%, which were higher than B-
carotene losses (20%) after 9 day storage of breads.

3.2.5. Phenolic compounds of breads

The effect of storage on phenolic compounds of local
breads is shown in Table 3. Storage affected phenolic
compounds content of local bread containing sourdough
and potato puree. Phenolic compounds (gallic acid,
chlorogenic acid, syringic acid, vanillic acid, p-coumaric
acid, ferulic acid, cinnamic acid) decreased significantly
with the increase of storage time from 1 day to 10 days.
Phenolic compounds have effects as antioxidants. So
storage at room temperature caused the reduction in
phenolic compounds of local breads containing
sourdough and potato puree. Stabilities of phenolic
compounds to light and oxygen were ranged like this;
Ferulic acid > p-coumaric acid > chlorogenic acid >

cinnamic acid > gallic acid > syringic acid > vanillic acid.

3.2.6. Minerals of breads

Potassium, calcium, magnesium, phosphorus and zinc
amounts of local breads containing sourdough and potato
puree were 769617, 165848, 165202, 605945 and 13.87
mg/kg (d.m), respectively. Potassium content of potatoes
caused an increase in potassium of local breads.
Potassium content in local bread containing sourdough
and potato puree was higher compared to that in bread
containing potato flour reported by Oluwalana et al.
(2012). Oluwalana et al. (2012) reported that sodium,
calcium and potassium contents of breads with potato
flour were 46.88-73.74 mg/100g, 35.3-4.64 mg/100g and
162.83-38.75 mg/100g, respectively. Helou et al. (2016)
reported that potassium, calcium, magnesium,
phosphorus and zinc contents of white breads ranged
between 189- 207, 25.10-28.70, 33.4-37.8, 146-158 and
1.01-1.25 mg/100 g (d.m.), respectively. Bibiana et al.
(2014) reported that B-carotene and calcium increased

with increasing levels of sweet potato in bread.
3.2.7. Sensory scores of breads

Sensory profile of local breads containing sourdough and
potato puree stored for 1 day, 5 days and 10 days is shown
in Figure 3. Score of crust color for local bread stored 1
day was similar to that for those stored 5 days and 10
days. Score of crumb texture for those stored 1 day was
higher than that for those stored 5 days and 10 days.
Score of porosity for those stored 1 day was similar to that
for those stored 5 days and 10 days. Score of aroma for
bread stored 1 day was higher compared to that for those
stored 5 days and 10 days. Overall acceptance score was
higher for bread stored 1 day than that for those stored 5
days and 10 days. All scores of those stored 1 day, 5 days
and 10 days were found to be higher than 4. Depending
on the higher scores (> 4), it can be stated that all local
breads stored 1 day, 5 days and 10 days had the desired
crust color, crumb texture, porosity, aroma and overall
acceptance. According to Lu et al. (2021), potato based
bread was chewy when it was fresh and it became floury
and crumbly after just one day of storage at room
temperature.

Table 1. Characterization of local breads stored for 1 day, 5 days, 10 days

Sample Height (cm) Width (cm) Crust thickness (mm) Total volume (cm?3) Spicific volume (cm3/g)
Bread 1. day 13.9+0.42 3210.72 4.5+0.12 73501912 4.71+0.12
Bread 5. day 13.2+0.2b 30+0.3P 4.0+0.1b 6900+89b 4.67+0.12
Bread 10. day 12.8+0.2¢ 28+0.2°¢ 3.5+0.1¢ 6500+75¢ 4.61+0.12

Mean values in the same column are significantly different (p<0.05).
Mean * Standard deviation
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Table 2. L*, a*, b* crust and crumb color values, B-carotene of local breads stored for 1 day, 5 days, 10 days

Sample L* a* b* L* a* b* B-carotene
crust crust crust crumb crumb crumb (V)

Bread 1. day 42.06+1.742 16.55+0.792 26.60+1.682 71.46+2.40° -3.5040.18P 21.42+0.11¢ 339.9649.792

Bread 5. day 42.41+1.342 17.36+0.362 27.61+0.40° 78.45+0.812 -2.53%0.112 24.61+0.29b 253.41+2.09°

Bread 10. day 43.65+0.742 17.88+0.192 27.72+0.092 77.85+5.862 -2.53+0.352 26.80+0.452 150.97+3.28¢

Mean values in the same column are significantly different (p<0.05).
Mean * Standard deviation.

Table 3. Phenolic compounds of local breads stored for 1 day, 5 days, 10 days

Gallic acid Chlorogenic Syringic acid  Vanillicacid p-Coumaricacid Ferulicacid  Cinnamic
Samples (mg/kg) acid (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) acid
(mg/kg)
Bread 1. day 378.60+2.822 37.81+1.062 275.58+3.11* 41.35+3.132  0.09+0.022 4.10+0.582 0.98+0.062
Bread 5. day 326.89+3.78> 27.63+1.65P 251.34+3.45> 32.02+6.33> 0.07+0.07 1.82+0.18b 0.89+0.11°
Bread 10. day 224.44+1.88¢ 15.47+1.22¢ 193.50+£3.67¢ 29.06%£1.96¢ 0.02+0.01¢ 0.059+0.01¢ 0.57+0.02¢

Mean values in the same column are significantly different (p<0.05).
Mean * Standard deviation

Crust color

Overall

A" Crumb texture S
— 5. day
——10. day

Aroma ~ Porosity

Figure 3. Sensory profile of local breads stored for 1 day, 5 days
and 10 days

4. Conclusions

Bread weight, height, width, crust thickness, total

volume, specific volume, B-carotene content and
phenolic compounds were affected statistically from
storage. Local bread is nutritionally beneficial, as it
includes high amounts of B-carotene that persisted for 10
days. Local breads had an acceptable sensory properties,
because avarage mean score of overall acceptance of
local bread stored 10 days is above 4. By visual
observation, local bread did not show spoilage until the
tenth day. The local bread is hence more shelf stable.
From this result, it can be concluded that local bread
containing sourdough and potato puree had long shelf life
(10 days). Consequently, bread waste can be prevented
and this contributes to the World economy because local
bread containing sourdough and potato puree lasts
longer than other breads. Longer shelf life would also be
positive for distribution logistics and therefore also

reduce costs.
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