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Abstract

Starch based gluten-free bread (formulations containing mixture of corn and potato starch
with hydrocolloids) are deficient in nutrients and do not contain health promoting com-
pounds. Therefore they could be supplemented with raw materials rich in such components,
especially antioxidants. Among them pseudo-cereals, seeds, fruits and vegetables are often
applied to this purpose. Potato pulp produced by processing red fleshed (Magenta Love)
and purple fleshed (Violetta) varieties could become a new innovative substrate for gluten-
free bread enrichment, because of high levels of endogenous polyphenols, namely flavo-
noids, flavonols, phenolic acids and especially anthocyanins with high antioxidant potential,
as well as dietary fiber. Study material consisted of gluten-free bread enriched in the pulp.
Dietary fiber, acrylamide content and antioxidant and antiradical potential of the bread were
determined. Sensory evaluation included crumb elasticity, porosity and other characteris-
tics, taste and smell. Among all analyzed gluten-free breads, the sample containing 7.5%
share of freeze-dried red potato pulp Magenta Love was characterized by high content of
phenolic compounds and dietary fiber, pronounced antioxidant activity, low levels of poten-
tially dangerous acrylamide and good physical and sensory characteristics. Therefore such
an addition (7.5% Magenta Love) could be recommended for industrial production of gluten-
free bread.

Introduction

During laboratory or industrial isolation of potato starch all other components of plant tissue
have to be separated, into dissolved and insoluble fractions, which are called potato-juice and
potato pulp. Potato-juice is one of the main streams of organic by-products from potato-starch
processing. Production of 1 ton of potato starch results in approximately 3.5 tons of extracted
potato-juice as by-product [1]. Potato-juice contains mainly valuable protein, carbohydrates
and minerals. Because of the high quantity of protein, it is mainly used for the production of
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coagulated protein. The preparation usually contains approximately 80% of protein, character-
ized by 90% digestibility, which is mainly used as feed, but could also be used for food process-
ing industry. Additionally potato-juice as an organic by-product reach in protein and
carbohydrates could be used for the production of biogas through anaerobic digestion [2].

Potato pulp, the second by-product formed during the manufacture of potato starch, is also
produced in large quantities, even exceeding the above mentioned numbers for potato-juice.
The quantity of wet potato pulp corresponding to the manufacture of 1 ton of starch is around
4.5-5 tons [3]. Potato pulp contains large quantities of fiber (cellulose and hemicellulose, pec-
tin) and other insoluble components of plant cells. The most prominent uses of potato pulp
involve its application as animal feed and production of dietary fiber on industrial scale in
Europe [4-7]. Moreover potato pulp is used as a medium for bioethanol production, often
accompanied by enzymatic hydrolysis of cellulose. Unfortunately cellulose chains are strongly
recalcitrant to enzymatic treatment, which significantly diminishes the utilization of this by-
product [4, 5]. Another limitation is due to pulp’s microbiological instability caused by high
water content, which can be effectively eliminated by drying, but requires high energy input.
In addition to the above mentioned utilization possibilities, new, additional ways of its use
must be found, that may at least partially omit the above mentioned limitations. Special atten-
tion should be paid to its complex chemical composition. Potato pulp is a heterogeneous mix-
ture of many components, in which fiber is accompanied by proteins, little amount of fat,
minerals and nitrogen-free extract Attention should be given to protein of high biological
value, which contains high levels of essential amino acids, and therefore is complete (similarly
to egg white and animal proteins), and lipids with a significant proportion of polyunsaturated
acids (linoleic and linolenic acids) [8-10]. Nevertheless the largest part of potato pulp is com-
posed of fiber fraction. Although it has already been pointed out that pulp is a source of dietary
fiber [6, 7], this issue has not been associated with polyphenols contained in pulp. It should
then be emphasized that an integral part of the fiber in potato, which consists mainly of cellu-
lose, hemicellulose, lignin and pectin [5] encompasses bioactive compounds from the group of
polyphenols. Considering the above mentioned composition we could regard potato pulp as a
concentrate of pro-health constituents, especially if red and purple potatoes are used for starch
isolation. In the latter case the levels of phenolic compounds are 2 — 3 times higher in compari-
son to light flesh varieties [11, 12], which makes them a rich source of these bioactive com-
pounds. Red and purple potatoes contain large quantities of phenolic acids (chlorogenic,
neochlorogenic and cryptochlorogenic, gallic, ferulic, protocatechic, caffeic, cynnaminic, syna-
pic and p-coumaric acid), flavonoids (catechin, epicatechin, kempferol, naringenin, rutin),
and especially heat stable anthocyanins, acylated with phenolic acids (mainly ferulic and p-
coumaric) [11, 13] and reveal antiinflammatory, antiviral and anticancer properties [14]. This
type of potato pulp isolated from potatoes with red and purple flesh may be considered as a
cheap and valuable concentrate of pro-health compounds, appropriate for food uses as an
alternative to existing additives used in the production of gluten-free bread, such as pseudocer-
eals, linseed, and fiber preparations [15]. The need for such alternatives is obvious in the con-
text of increasing demand for gluten-free products.

Celiac disease is a genetic enteropathy, with an autoimmune basis, which leads to a disap-
pearance of intestinal villi, which in turn impedes absorption of nutrients (fiber, minerals, pro-
tein) from food. The deficiencies caused by malabsorption negatively influence immunological
status, promote the formation of osteoporosis, rickets, anemia, and slow down metal and phys-
ical development [16]. It has been suggested that a close relation exists between gluten and
development of the above mentioned diseases, which requires strict adherence to gluten-free
diet by the people affected by celiac diseases. Disorders induced by gluten proteins also include
gluten ataxia, wheat allergies, and gluten sensitivity [16, 17], which require elimination of
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gluten based products, such as wheat bread. Unfortunately, gluten-free bread is characterized
by much lower nutritional value than wheat bread and lack of health promoting substances,
which contribute to many diseases in people with celiac disease, such as osteoporosis, esoph-
ageal cancer, infertility, etc. [17]. The potato pulp derived from potatoes with red and purple
flesh with a high content of pro-health components may become a perfect innovative addition
to gluten-free products, which will cause a large increase in phenolic compounds and fiber in
this type of products. It may be suggested that the introduction of potato pulp, containing high
levels of fiber, responsible for proper functioning of dietary tract, significant amounts of poly-
phenols with chemopreventive activity, and complete protein together with minerals, which
according to Yang et al. [3] represent 4 and 1.5% of its dry substance, respectively, will result
in an enrichment of gluten-free bread in the above mentioned components. Such enrichment
is important, especially for starch based bread, the recipes of which consist mainly of corn and
potato starch. Such gluten-free breads are very poor in nutrients such as proteins and minerals
compared to breads made from corn and rice flour. These types of breads do not contain any
health promoting substances (fiber and polyphenols) which exert chemopreventive role in
human nutrition. The addition of pulp obtained from red and purple potatoes to gluten-free
breads will also allow to extend the range of gluten-free products and thus show an innovative
way of managing this by-product. It therefore seems fully justified to undertake studies in this
area.

It should also be stressed that in the context of growing consumer awareness of food com-
position, it is equally important to have a high pro-health value and a small amount of harmful
substances, such as acrylamide. Acrylamide is a compound formed from free amino acid,
mainly asparagine and reducing sugars (glucose fructose, maltose) during thermal operations
(baking, frying) and is considered to be a carcinogenic compound [18-20]. That is why it is so
important to consider not only the pro-health value of gluten-free bread with potato pulp but
also the content of acrylamide in it.

Therefore, the aim of the study was to analyze the influence of different levels of freeze-
dried pulp from red and purple potatoes on the content of polyphenols and fiber in gluten-free
breads. Moreover, their antioxidant activity was estimated, as well as the determination of
acrylamide was accomplished in the analyzed gluten-free breads with the above mentioned
potato pulp.

Materials and methods
Materials

Study material consisted of gluten-free bread with a share of 5; 7.5 and 10% freeze-dried potato
pulp obtained after laboratory extraction of starch from potatoes with red (Magenta Love) and
purple (Violetta) flesh.

Potato pulp was obtained as a by-product in laboratory isolation of potato starch, according
to Wischmann et al. [21], subsequently freeze-dried, and included in bread formulations.

Methods

Bread preparation. Control bread was baked according to the following recipe: corn
starch 552g, potato starch 138g, freeze-dried yeast 34.5g, guar gum 11.5g, pectin 11.5g, sucrose
13.8g, salt 13.8g, canola oil 21g, water 655g. In other samples part of potato and corn starch (5,
7.5, 10%) was replaced with appropriate freeze-dried potato pulp. All ingredients were mixed
for 5 minutes (Laboratory Spiral Mixer SP 12, Diosna, Germany). The dough was fermented
for 15 min at 35 “C and relative moisture level 80%. After initial proofing the dough was
divided into 250 g pieces into greased baking pans and fermented for another 20 min under
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the above mentioned conditions. Bread was baked at 230 °C for 30 min. in electric oven
MIWE Condo type CO 2 0608 (MIWE GmbH, Germany). The loaves were removed from
pans and cooled to ambient temperature. Each formulation was baked in two independent
batches, 5 loaves in each batch. The whole loaf, after being cut into 1 cm thick slices and air-
dried, was ground, sifted through a 1 mm® mesh screen. The sample was thoroughly mixed
before being taken for chemical analyses.

The following analyses were performed for sample:

Chemical composition - content of protein, fat, ash - for pulp obtained from red and pur-
ple potatoes was determined according to AOAC 2006 [22]. The measurements were done in
duplicate.

Antioxidant constituents and antiradical activity were determined in the ethanol extracts.
0.6 g of the sample was dissolved in 30 cm” 80% ethanol, shaken in a darkness for 120 minutes
(electric shaker: type WB22, Memmert, Schwabach, Germany), and centrifuged (15 min.,
1050 x g).) in centrifuge (type MPW-350, MPW MED. Instruments, Warsaw, Poland). The
supernatant was decanted and stored at -20°C for further analyses [23].

Determination of total polyphenols content (TPC) was done by two spectrophotometric
methods a) using Folin-Ciocalteu reagent (with F-C reagent), according to Singleton et. al.
[24] and b) without using Folin-Ciocalteu reagent (without F-C reagent), according to Mazza
et. al. [25], with the modification of Oomabh et. al. [26]. The content of phenolic acids was mea-
sured using a spectrophotometrical method, according to Mazza et al. [25], with the modifica-
tion of Oomah et al. [26]. The content of flavonols was measured spectrophotometrically,
according to Mazza et al. [25], with the modification of Oomabh et al. [26]. Determination of
the content of anthocyanins was done spectrophotometrically, according to Mazza et al. [25],
with the modification of Oomah et al. [26]. The content of flavonoids was evaluated using a
spectrophotometrical method, according to El Hariri et. al. [27]. The measurements were
done in four replications.

Additionally antiradical activity was assessed using analytical methods, namely ABTS [28].
Results of antiradical activity were expressed as TEAC (Trolox Equivalent Antioxidant Capac-
ity - mg Trolox/ g dry mass of sample). The measurements were done in duplicate.

Content of non-starch polysaccharides, i.e. total, soluble and insoluble dietary fiber, by the
method 32-07 of AACC [29]. The measurements were done in four replications.

Moreover the content of acrylamide (AA) has been determined. For sample preparation
according to Surma et. al. [30] modified QUEChERS method was applied. AA qualitative and
quantitative analysis were done using HPLC-UV/Vis (according to methods Matrconi et al.,
[31]). The measurements were done in four replications.

Sensory analysis of bread. The panel of 15 trained persons assessed the bread according
to the Polish Standard (PN-A-74108:1996) [32] in terms of external appearance (maximum 5
points), crust color (maximum 3 points), crust thickness (maximum 4 points) and other char-
acteristics (maximum 4 points), crumb elasticity (maximum 4 points), crumb porosity (maxi-
mum 3 points) and other characteristics (maximum 3 points) as well as taste and smell
(maximum 6 points). The number of points in the evaluation of each trait reflected its weight
and influence on the quality of bread, and the evaluation was made by comparing the individ-
ual traits with their description in the evaluation table included in the standard.

Statistical analysis

The experimental data were subjected to analysis of variance (Duncan’s test), at the confidence
level of 0.05, by the use of software Statistica v. 8.0 (Statsoft, Inc., Tulsa, OK., USA). The Pear-
son correlation coefficients between selected parameters were also calculated.
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Results and discussion
Characteristics of potato pulp obtained from red and purple potatoes

Potato pulp obtained from red and purple potatoes contained protein and ash at 6.44 (g-100g
'd.m.) and 2.37 (g-100g d.m.) (pp ML) and 5.98 (g-100g 1d.m.) and 2.05 (g-100g Tdm.)
(pp V) respectively. In contrast, in the study on potato pulp from yellow fleshed potatoes the
amount of proteins was at the level of 5.1-6.5 (g-100g ' d.m.) and ash 2.7-3.3 (g-100g ' d.m.),
crude fiber was 20.5 (g-100g 1d.m.) [7, 33, 34]. Thus, it can be concluded that in terms of the
amount of protein the pulp from potato red/purple compared to yellow potato pulp did not
differ. In the case of ash, its amount in pulp from yellow potatoes was 30% higher than that of
red or purple.

As mentioned earlier, potato pulp is a heterogenous mixture of many components, mainly
classified as dietary fiber and less other components such as protein, ash, fat and nitrogen-free
extract. Taking into account the fact that polyphenols are an integral part of fiber and that the
content of polyphenols in red/purple potatoes is 2-3 times higher than in yellow ones [11, 12],
the same trend in polyphenol content in the pulps of these two types of potatoes can be sug-
gested. It is therefore important to analyze the pulp of red/purple potatoes as a source of poly-
phenols due to the lack of research on the subject. At the same time, it should be mentioned
that there are no studies on the analysis of polyphenols in the pulp of yellow potatoes. This
proves the innovativeness of the conducted research, as until now scientists have only dealt
with potato pulp as a source of fiber, completely ignoring the fact that polyphenols are an inte-
gral part of this fiber. Therefore, the potato pulp obtained from red and purple potatoes is dis-
cussed below as a source of both fiber and polyphenols.

Table 1 represents total dietary fiber and its soluble and insoluble fractions, total polyphe-
nols, flavonoids, flavonols, anthocyanins and phenolic acids, together with antiradical activity
of freeze-dried samples of potato pulp obtained from potatoes with red flesh (Magenta Love)
and purple flesh (Violetta).

It could be observed that the pulp left after isolation of starch from red potatoes (Magenta
Love) contained 23% more insoluble fiber and 17% less soluble fiber in comparison to the pulp
from purple potatoes (Violetta). Total dietary fiber content was larger in the case of Magenta
Love (14% more than in Violetta). Taking into account that total dietary fiber in freeze-dried
red and purple potatoes ranged between 7 and 8.76 g/100 g, its soluble fraction varied between
1.87 - 2.74 and insoluble fraction 3.9 - 6 g/100 g [35] it could be concluded that the pulp is
much more abundant in fiber (Table 1) than respective freeze-dried tubers [35]. In the case of
total dietary fiber (TDF) the content in pulp is twice as high as in freeze-dried potato tissue, in

Table 1. Characteristics of potato pulp obtained from red and purple potatoes.

Kind of Insoluble dietary fiber Soluble dietary fiber | Total dietary fiber | TPC (with F-C reagent) (mg | TEAC (mg Trolox- g™ d.m.)
potato pulp (9-100g™" d.m) (g-100g™" d.m) (g9-100g™" d.m) catechin -100g ' d.m.)

ppML 16.47+0.21"° 3.03%0.06 19.5+0.05 ° 359 +0.1° 64.97+2.8°

ppV 13.4+0.11° 3.65+0.13° 17.05+0.12* 33540 ° 54.65+1.38 *

Kind of TPC (without F-C reagent) Phenolic acids (mg | Flavonoids (mg rutin- | Flavonols (mg qercetin-100 g"' | Anthocyanins (mg cyanidin-
potato pulp (mg catechin -100g ' d.m.) | ferulic acid-100g™ d.m.) 100 g d.m.) d.m.) 3-glucoside-100 g' d.m.)
ppML 345.03+0.34° 66+1° 134+1.7° 39.73+2.9° 104.03+0°

ppV 313.4140° 5242 114+2.42° 29.87+0 2 97.05+1.65 *

ppMl - potato pulp obtained from red potatoes variety Magenta Love
ppV - potato pulp obtained from purple potatoes variety Violetta

* Presented data are mean values + standard deviation (values signed the same letters in particular columns are not significant at 0.05 level of confidence

https://doi.org/10.1371/journal.pone.0229841.t001
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the case of insoluble dietary fiber (IDF) and soluble dietary fiber (SDF) the increase is 3-4-fold
and 1.5-fold, respectively. The increase in fiber concentration is very important because of
physiological role of fiber fraction on human organism. Insoluble dietary fiber is especially
needed for prevention and treatment of malfunctions in large bowel (habitual constipation,
irritable bowel syndrome, hemorrhoids and colorectal diverticulosis). On the other hand the
soluble fraction of dietary fiber has hypocholesterolemic, hypoglycemic and anti-cancerogenic
effects [36, 37]. Potato pulp is a natural concentrate of endogenous substances of dietary fiber,
containing non starch polysaccharides of potato cell walls, mainly hemicellulose, lignin and
pectin. These polysaccharides are bound via hydrogen and ionic bonds, as well as hydrophobic
interactions with phenolic compounds present in potatoes. Especially important seem to be
the interactions between anthocyanins and pectins, although their mechanism is still unclear
[38]. It could be stated that polyphenols are an integral part of fiber present in potato pulp,
which has not yet been generally recognized by food scientists and producers. Considering
potato pulp as a natural concentrate of endogenous phenolic compounds bound in fiber frac-
tion may offer a new innovative possibility of using this by-product. The total content of poly-
phenols was significant in the analyzed samples (Table 1), while the content of polyphenols
was higher in the samples originated from red potatoes Magenta Love (Table 1), than purple
ones Violetta, irrespective of the applied determination method (with or without Folin-Ciocal-
teau (F-C) reagent). It should be remembered that Folin-Ciocalteau reagent gives a positive
result not only with polyphenols but also amino acids, proteins, saccharides, therefore apart
from popular method of Singleton ef al. [24] based on the above mentioned reagent, another
assessment was applied without the use of Folin-Ciocalteau reagent (Mazza et al., [25] with
modification of Oomah et al., [26]). In the case of other phenolic compounds, namely flavo-
noids, flavonols, phenolic acids and anthocyanins, their elevated quantities were also measured
in the pulp from Magenta Love potatoes, in comparison to Violetta: by 17%, 33%, 27% and
6.6%, respectively. It was observed that higher amount of phenolic compounds in the pulp
from Magenta Love potatoes cause higher their antiradical activity than activity of pulp from
Violetta potatoes (Table 1). Confirmed high levels of fiber and phenolic compounds in the
analyzed samples of potato pulp, provides opportunity to use them as a natural concentrate of
endogenous substances with pro-health activity for the production of food, such as gluten-free
bread.

The influence of potato pulp obtained from red and purple potatoes on the
content of pro-health constituents in gluten-free bread

Gluten-free bread as already mentioned is poor in nutrients and above all health promoting
constituents, therefore the introduction of pulp from red and purple potatoes, which is a
source of health promoting compounds (polyphenols and fiber) is highly justified. In the case
of dietary fiber and its soluble/insoluble fractions the content of these constituents were larger
in the case of gluten-free breads with a share of freeze-dried pulp derived from red and purple
potatoes by 24, 19 and 28% in comparison to control. It was observed that the rise of these
compounds was proportional to the addition of pulp, irrespective of its origin. The influence
of potato variety in this case was not statistically significant (Table 2).

Taking into account total polyphenol content (TPC) it could be observed that the introduc-
tion of 5 to 10% share of freeze-dried pulp originating from red and purple potatoes caused
the increase in comparison to control between 7.7 to 197%, when Folin-Ciocalteau reagent
was used, and 4 to 7 times if the method without this reagent was applied (Tables 2 and 3). It
could be noticed, that irrespective of the addition level the application of the pulp Magenta
Love in gluten-free bread formulation was more efficient than the use of pulp Violetta, due to
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Table 2. Dietary fiber and Total Phenolic Content (TPC) and antioxidant activity of gluten- free breads with potato pulp obtained from red and purple potatoes.

Kind of Insoluble dietary fiber Soluble dietary fiber Total dietary fiber TPC (with F-C reagent) (mg TEAC (mg
breads (9-100g " d.m) (g-100g ' d.m) (g-100g™ d.m) catechin-100g ' d.m.) Trolox-g™ d.m.)
Control 2.740.1 % 2.03£0° 4.73+0.32° 13+£2° 3.08+1.22°
GFB 3.2640.02° 2.1640.1° 5.42+0.13° 18.4+1.14"° 11.740.7 €
+5ppML

GFB +5ppV 3.17+0.07° 2.16+0° 5.33+0.18 ° 14.01+4.02° 9.5+0.55°
GFB 3.3420.03 2.65+0,09 © 5.99+0.07 ¢ 27.8+0 ¢ 19.83+1.67°
+7.5ppML

GFB 3.48+0.1°¢ 2.4620.11 ¢ 5.94+0.02 ¢ 23.9+0.87 13.4420 9
+7.5ppV

GFB 3.54:0.07 2.60+0.12 6.14 +0.15 ¢ 38.71£1.05 39.4+1.79 8
+10ppML

GFB +10ppV 3.91+0.41¢ 2.51+0.18 ¢ 6.41+0.18 ¢ 27.47+1¢ 33.0240.91 F

Control - control gluten-free bread, GFB +5ppML - gluten-free bread with 5% share of pulp potatoes obtained from red potatoes variety Magenta Love, GFB +5ppV -
gluten-free bread with a 5% share of pulp potatoes obtained from purple potatoes variety Violetta, analogical the other abbreviations
* Presented data are mean values + standard deviation (values signed the same letters in particular columns are not significant at 0.05 level of confidence)

https://doi.org/10.1371/journal.pone.0229841.t002

much higher content of the bioactive compounds in respective pulp potato varieties (Tables 1-
3). In the case of phenolic acids, their presence in both types of pulp potato (Table 1), was not
accompanied by their detection in respective bread (Table 3). It is in agreement with earlier
findings of Maillard and Bersett [39] who noticed thermal decarboxylation of these com-
pounds e.g to 4-vinyloguaiacol. On the other hand significant changes could be observed for
the next group of phenolic compounds - flavonoids. Their increase in gluten-free bread after
introduction of potato pulp was significant and ranged between 15 and 28.5 times in the case
of Magenta Love and 13 - 22 times in the case of Violetta, as compared to control. It was also
found that the increase in flavonoids was proportional to the amounts of the applied pulp
(Table 3). In the case of two subgroups of flavonoids - flavonols and anthocyanins, their

Table 3. Phenolic compounds in gluten-free breads with potato pulp obtained from red and purple potatoes.

Kind of TPC (without F-C reagent) Phenolic acids (mg Flavonoids (mg Flavonols (mg Anthocy-anins (mg cyanidin-

breads (mg catechin-100g "' d.m.) | ferulic acid-100g™' d. | rutin-100g™"d.m.) | gercetin-100g"d.m.) |  3-glucoside-100 g™ d.m.)
m.)

Control 1.8+0.12 ** nd 1.93+0.87 ° nd nd

GFB 10.14+0.23 ¢ nd 28.74+1.02 2.31+0.28° 7.88+0.27 °

+5ppML

GFB +5ppV 8.92+0° nd 25+1.15° 1.8640.25 % 5.78+0.23 °

GFB 11.43+0.77 ¢ nd 43.61+0 ¢ 3.43+0.2 € 8.65+0.34 ¢

+7.5ppML

GFB 9.7540 nd 30.03+1.13 2.75+0° 7.21%0.53°

+7.5ppV

GFB 15.37+0.95 ¢ nd 55.6+0.3 5.71+0.23 ¢ 9.23+0¢

+10ppML

GFB 11.29+0.23 ¢ nd 41.82+0 ¢ 3.67+0.17 € 8.34+0.13 €

+10ppV

nd - not destinated
Control- control gluten-free bread, GFB +5ppML - gluten-free bread with 5% share of pulp potatoes obtained from red potatoes variety Magenta Love, GFB +5ppV -
gluten-free bread with a 5% share of pulp potatoes obtained from purple potatoes variety Violetta, analogical the other abbreviations

* Presented data are mean values + standard deviation (values signed the same letters in particular columns are not significant at 0.05 level of confidence)

https://doi.org/10.1371/journal.pone.0229841.t1003
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presence in control was not detected, but significant quantities could be found after incorpo-
ration of potato pulp. Pulp from Magenta Love has contributed to a much higher content of
flavonoids, flavonols and anthocyanins in gluten-free breads than Violetta pulp. This should
be explained by the fact that the higher content of these, mentioned above, pro-health ingredi-
ents was in the pulp itself (Tables 1 and 3).

Despite many authors [15, 40] state, that baking causes a decrease in polyphenols (approx
60%) because of their thermal, enzymatic and oxidative degradation, and some other processes
involving oxidation, isomerization and complex formation with some other food constituents,
including polysaccharides [41] the applied addition of potato pulp isolated from red and pur-
ple potatoes resulted in the presence of large quantities of bioactive compounds from polyphe-
nol group in gluten-free bread. This seems to be highly important from dietetic point of view.
High efficiency of red and purple potatoes in enrichment of bioactive compounds is evident if
we compare the absence of anthocyanins in control gluten-free bread with significant level of
these components after the introduction of freeze-dried potato pulp. It is especially important
taking into account anti-inflammatory, anti-viral and anti-bacterial properties of anthocyanins
[14]. Moreover their presence in the diet reduces the risk of carcinogenic and coronary dis-
eases and protects against Alzheimer’s disease and diabetes [11, 42].

Analyzing antiradical activity it could be observed that gluten-free bread with freeze-dried
red potato pulp Magenta Love revealed 4 to 13 times higher antioxidant activity than control.
Analogical increase in the case of purple potato pulp Violetta ranged from 3 to 11 times. High
antiradical activity of gluten-free bread produced with a share of pulp originating from color
potatoes corresponds strictly to the presence of TPC, flavonoids and anthocyanins, which
could be seen in highly positive correlations between ABTS on one hand and TPC, flavonoids
and anthocyanins on the other, which equaled: 0.92; 0.89 and 0.72, respectively.

Concluding - the presence of freeze-dried red potato pulp Magenta Love at the level 10% in
gluten-free bread was the most beneficial, as it supplied the highest amounts of all analyzed
phenolic compounds and provided high antioxidant potential to the product, which was addi-
tionally accompanied by significant amounts of dietary fiber and its soluble and insoluble frac-
tions (Tables 2 and 3).

Acrylamide content

In the case of 5% share of freeze-dried red potato pulp Magenta Love in gluten-free bread no sta-
tistically significant decrease of acrylamide could be observed in comparison to control sample
(gluten-free bread baked without the addition of potato pulp) (Table 4). When the level of addi-
tion was 7.5% or 10% a decrease in acrylamide was statistically significant and represented 13 and
8% of the initial value, respectively — though the differences between 7.5% and 10% share of the
pulp was not statistically significant. In the case of pulp derived from purple potato variety Vio-
letta, the application of 5% and 10% addition in gluten-free bread formulation caused a statistically
significant decrease in acrylamide level as compared to control, while no statistically significant
difference in comparison to control could be seen when 7.5% share of the pulp was applied
(Table 4). A decrease in acrylamide level could be due to the presence of substantial amounts of
flavonoids, which exhibit antioxidant potential and were recently found to hamper Maillard reac-
tion due to the carbonyl-trapping capacity of these compounds [43]. The differences in observed
tendencies of acrylamide formation between pulp derived from red and purple potatoes are prob-
ably due to the changes in composition of individual anthocyanins.

However, there is no limits for acrylamide in food, according to Commission Regulation
(EU) 2017/2158 [44] benchmark levels for the presence of acrylamide in foodstuffs have been
established. Food was classified in 10 categories, one of which is fresh bread. We can
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Table 4. Acrylamide content in gluten-free breads with potato pulp obtained from red and purple potatoes.

Kind of breads Acrylamide content (ug-kg™)
Control 849.5+34.8 *

GFB +5ppML 838.6+ 20.6 >

GFB +5ppV 787.0+ 22.5°

GFB +7.5ppML 743.6+8.7*°

GFB +7.5ppV 820.0 + 46.1 >

GFB +10ppML 782.4 +35.1°

GFB +10ppV 785.6 +14.3 %

Control- control gluten-free bread, GFB +5ppML - gluten-free bread with 5% share of pulp potatoes obtained from
red potatoes variety Magenta Love, GFB +5ppV - gluten-free bread with a 5% share of pulp potatoes obtained from
purple potatoes variety Violetta, analogical the other abbreviations

* Presented data are mean values + standard deviation (values signed the same letters in particular columns are not

significant at 0.05 level of confidence)

https://doi.org/10.1371/journal.pone.0229841.t1004

distinguish two subcategories in it: wheat based bread and soft bread other than wheat based
bread for which benchmark level for the presence of acrylamide have been set at 50 and 100
ug-kg™, respectively. Taking into account the content of acrylamide in the studied bread with
or without potato pulp, the detected levels of this component were larger than benchmark
level. Such a high content of acrylamide may be due to the elevated levels of reducing sugar,
which according to Brathen and Knutsen [45] are more important for acrylamide formation
than the level of asparagine. Reducing sugars could be formed by microbial or thermal degra-
dation of corn and potato starch which are included in bread formulations. Also in the study
of Crawford et. al. [46] concerning gluten-free commercial flatbreads based on tapioca starch
and potato starch the levels of acrylamide were high, reaching 1880-2070 pg kg-1. It should be
stressed however, that the introduction of freeze-dried red and purple potato pulp into bread
formulations resulted in a decrease of acrylamide in final products, which also seems an
important result of this study.

Sensory assessment of bread

Crust and crumb color was significantly affected by the choice of applied pulp, and received
lower scores in the case of purple variety Violetta in comparison to red one Magenta Love,
irrespective of the applied level. On the other hand the changes between control and samples
(GFB+5ppML GFB+7.5ppML) were not statistically significant. Smaller variation between
scores received by gluten-free bread containing similar levels of potato pulp were observed for
crust thickness and other properties.

Crumb elasticity was negatively affected by the addition of both applied pulp sources only
at the highest applied level in comparison to control. In the case of crumb porosity all the
loaves containing potato pulp derived from purple potatoes Violetta and the bread containing
10% of red potato pulp Magenta Love were scored significantly lower in comparison to con-
trol. Similar trend could be seen for other crumb characteristics, smell and taste, as well as
overall appearance (Fig 1A-1C).

In general, sensory assessment of gluten-free bread supplemented with freeze-dried red
potato pulp Magenta Love were better evaluated in comparison to those containing purple
potato pulp Violetta. Additionally, together with an increasing share of added freeze-dried
pulp the sensory scores were decreasing. The lowest values were obtained by bread containing
10% addition of potato pulp, irrespective of its origin.
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Fig 1. Sensory analysis of crust (A), crumb (B), smell, taste and appearance (C) properties of gluten free bread
enriched with potato pulp.

https://doi.org/10.1371/journal.pone.0229841.9001

Conclusions

It was confirmed that pulp isolated from color flesh potatoes is a rich source of pro-health
compounds, namely fiber and polyphenols. It was also found that it could be effectively used
to enrich gluten-free bread in phenolic compounds and fiber, not deteriorating their physical
properties and sensory scores, with the exception of the maximum applied level - 10%.

Among all analyzed gluten-free breads, the samples containing 7.5% share of freeze-dried
red potato pulp Magenta Love was characterized by high content of phenolic compounds and
dietary fiber, pronounced antioxidant activity, low levels of potentially dangerous acrylamide
and good physical and sensory characteristics. Therefore such an addition (7.5% Magenta
Love) could be recommended for industrial production of gluten-free bread.

Author Contributions

Conceptualization: Dorota Gumul.

Formal analysis: Dorota Gumul, Jarostaw Korus, Magdalena Surma, Rafal Ziobro.
Investigation: Dorota Gumul.

Supervision: Dorota Gumul.

Writing - review & editing: Dorota Gumul.

References
1. AKK-Karup, Karup Kartoffelmelfabrik, from potato to starch, 2009.

2. FangCh, Boe K, Angelidaki I. Biogas production from potato-juice, a by-product from potato-starch pro-
cessing, in up flow anaerobic sludge blanket (UASB) and expanded granular sludge bed (EGSB) reac-
tors. Bioresc. Technol. 2011; 10, 5734-5741.

3. YangJl, Mu TH, Ma MM. Extraction, structure, and emulsifying properties of pectin from potato pulp.
Food Chem. 2018; 244, 197-205. https://doi.org/10.1016/j.foodchem.2017.10.059 PMID: 29120771

4. RedCornR, Fatemi S, Engelberth AE. Comparing end — use potential for industrial food-waste sources.
Engineering.2018; 4, 371-380.

5. ChenglL, HuX, GuZ,Hong, LiZ, Li C. Characterization of physicochemical properties of cellulose
from potato pulp and their effects on enzymatic hydrolysis by cellulase. Int. J. Biol. Macromol. 2019; 13,
564-571.

6. LiseV, ThomassenK, Vigsnzes R, Licht D, Mikkelsen A, Meyer S. Maximal release of highly bifidogenic
soluble dietary fibers from industrial potato pulp by minimal enzymatic treatment. Appl Microbiol Bio-
technol. 2011; 90, 873-884. https://doi.org/10.1007/s00253-011-3092-y PMID: 21253720

7. Pastuszewska B, Antushevich H, Tu$nio A, Taciak M. Potato dietary fibre — preliminary characterization
of the properties and nutritional effects — a review Pol. J. Food Nutr. Sci. 2009; 59, 3, 205-210.

8. Desborough SL. Potato proteins. In: Li PH, editor, Potato physiology. Orlando, FL, USA: Academic
Press, 1985.

9. Eppendorfer WH, Eggum BO. Effects of sulphur, nitrogen, phosphorus, potassium, and water stress on
dietary fibre fractions, starch, amino acids and on the biological value of potato protein. Plant Food Hum
Nutr., 1994; 4,299-313.

10. PeksaA, Kita A, Kutakowska K, Aniofowska M, Hamouz K, Nems A. The quality of protein of coloured
fleshed potatoes. Food Chem. 2013; 141, 2960-2966. https://doi.org/10.1016/j.foodchem.2013.05.125
PMID: 23871046

11. Brown CR, Culley O, Yang CP, Durst R, Wrolstad R. Variation of anthocyanin and carotenoids contents
and associated antioxidant values. J. Am. Soc. Hortic. Sci. 2005; 130, 174-180.

12. Ezekiel R, Singh N, Sharma S, Kaur A. Beneficial phytochemicals in potato - a review. Food Res. Int.
2013; https://doi.org/10.1016/j.foodres.2013.08.024 PMID: 24235784

PLOS ONE | https://doi.org/10.1371/journal.pone.0229841 September 18, 2020 11/13


https://doi.org/10.1016/j.foodchem.2017.10.059
http://www.ncbi.nlm.nih.gov/pubmed/29120771
https://doi.org/10.1007/s00253-011-3092-y
http://www.ncbi.nlm.nih.gov/pubmed/21253720
https://doi.org/10.1016/j.foodchem.2013.05.125
http://www.ncbi.nlm.nih.gov/pubmed/23871046
https://doi.org/10.1016/j.foodres.2013.08.024
http://www.ncbi.nlm.nih.gov/pubmed/24235784
https://doi.org/10.1371/journal.pone.0229841.g001
https://doi.org/10.1371/journal.pone.0229841

PLOS ONE

Gluten-free bread with potato pulp

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Lachman J, Hamouz K, Sulc M, Orsak M, Pivec V, Hejtmankova et al. Cultivar differences of total antho-
cyanins and anthocyanidins in red and purple-fleshed potatoes and their relation to antioxidant activity.
Food Chem. 2009; 114, 836-843

Burgos G, Amoros W, Munoa L, Sosa P, Cayhualla E, Sanchez C, et al. Total phenolic, total anthocya-
nin and phenolic acid concentrations and antioxidant activity of purple- fleshed potatoes as affected by
boiling. J. Food Comp. Anal. 2013; 30, 6-12.

Alvarez-Jubete L, Arendt EK, Gallagher E. Nutritive value of pseudocereals and their increasing use as
functional gluten-free ingredients. Trends Food Sci. Technol. 2010; 21, 106—113.

Husby S, Koletzko S, Korponay-Szabo IR, Mearin ML, Philips A, Shamir R, et al. European society for
pediatric gastroenterology, hepatology and nutrition guidelines for the diagnosis of coeliac disease. J.
Pediatr. Gastroenterol. Nutr. 2012; 54, 137—-160.

Hopper AD, Hadjivassiliou M, Butt S, Sanders DS. Adult coeliac disease. Br. Med. J. 2007; 15, 558—
562.

Svensson K, Abramsson L, Becker W, Glynn A, Hellenas KE, Lind Y, et al. Dietary intake of acrylamide
in Sweden. J. Food Chem. Toxicol. 2003; 41, 1581-1586.

Surdyk N, Rosén J, Andersson R, Aman, P. Effects of asparagine, fructose and baking conditions on
acrylamide content in yeast-leavened wheat bread. J. Agric. Food Chem. 2004; 52, 2047—2051. https:/
doi.org/10.1021/jf034999w PMID: 15053550

Toérqvist M. Acrylamide in food: The discovery and its implications. In Friedman M. & Mottram D. (Eds.),
Chemistry and safety of acrylamide in food (pp. 1-19). New York: Springer Science +Business Media
Inc.2005.

Wischmann B, Ahmt T, Bandsholm O, Blennow A, Young N, Jeppesen L, et al. Testing properties of
potato starch from different scales of isolations — A ringtest. J. Food Eng. 2007; 79, 970-978.

AOAC Official methods of analysis ( 18th ed.). Gainthersburg, MD: Association of Official Analytical
Chemists International. 2006.

Gumul D, Areczuk A, Ziobro R, Ivanisova E, Zieba T. The influence of freeze-died red and purple pota-
toes on content of bioactive polyphenolic compounds and quality properties of extruded maize snacks.
Qual. Assur. Saf. Crop. 2018; 10, 51-60.

Singleton V, Orthofer R, Lamuela-Raventos R. Analysis of total phenols and other oxidation substrates
and antioxidants by means of Folin-Ciocalteu reagent. Method Enzymol. 1999; 299, 152—178.

Mazza G, Fukumoto L, Delaquis P, Girard B, Ewert B. Anthocyanins, phenolics, and color of Cabernet
Franc, Merlot, and Pinot Noir wines from British Columbia. J. Agric. Food Chem. 1999; 47, 4009-4017.
https://doi.org/10.1021/jf990449f PMID: 10552758

Oomah B, Cardador-Martinez A, Loarca-Pifia, G Phenolics and antioxidative activities in common
beans (Phaseolus vulgaris L). J. Agric. Food Chem.2005; 85, 935-942.

El Hariri B, Sallé G, Andary C. Involvement of flavonoids in the resistance of two poplar cultivars to mis-
tletoe (Viscum album L.). Protoplasm. 1991; 162: 20-26.

Re R, Pellegrin N, Proteggente A, Pannala A, Yang M, Rice-Evans C. Antioxidant activity applying an
improved ABTS radical cation decolorization assay. Free Radic. Biol. Med. 1999; 26(9-10),1231-1237.
https://doi.org/10.1016/s0891-5849(98)00315-3 PMID: 10381194

AACC American Association of Cereal Chemists. Approved methods of the AACC. The Association.
St. Paul, MN, USA.2000.

Surma M, Sadowska-Rociek A, Cieslik E, Sznajder-Katarzynska K. Optimization of QUEChERS sample
preparation method for acrylamide level determination in coffee and coffee substitutes, Microchem. J.
2017; 131 98-102.

Matrconi O, Bravi E, Perretti G, Martini R, Montanari R, Fantozzi P. Acrylamide risk in food products:
The shortbread case study. Anal. Methods. 2010; 2, 1686—1691, https://doi.org/10.1039/cOay00191k.

PN-A-74108:1996 Pieczywo — Metody badan. Polski Komitet Normalizacyjny Polish Comittee for Stan-
darization, PKN, Warszawa 1996.

Antuszewicz A. Nutritional value and physiological activity of dietary fibre preparations from fruits and
vegetables — studies on rats and piglets. PhD Thesis, Agricultural University in Warsaw — SGGW, 2006,
Warsaw, 115 (in Polish).

Jakob S, Mosenthin R, Sauer WC, Carbohydrates and exocrine pancreatic secretion in pigs. 1999, in:
Biology of the Pancreas in Growing Animals (eds. Pierzynowski S.G., Zabielski R.). Elsevier, Amster-
dam, Lausanne, New York, Oxford, Shannon, Singapore, Tokyo, 361-370. 20.

Gumul D, Korus A, Ziobro R, Harangozo L, Tokar M. Physical characteristics and nutritional composi-
tion of gluten-free bread with share of freeze-dried red potatoes. CyTA - Journal of Food, 2017; 15(4),
629-638.

PLOS ONE | https://doi.org/10.1371/journal.pone.0229841 September 18, 2020 12/13


https://doi.org/10.1021/jf034999w
https://doi.org/10.1021/jf034999w
http://www.ncbi.nlm.nih.gov/pubmed/15053550
https://doi.org/10.1021/jf990449f
http://www.ncbi.nlm.nih.gov/pubmed/10552758
https://doi.org/10.1016/s0891-5849%2898%2900315-3
http://www.ncbi.nlm.nih.gov/pubmed/10381194
https://doi.org/10.1039/c0ay00191k.
https://doi.org/10.1371/journal.pone.0229841

PLOS ONE

Gluten-free bread with potato pulp

36.

37.

38.

39.

40.

M,

42,

43.

44,

45.

46.

Ragaee S, Abdel-Aal E- SM, Noaman M. Antioxidant activity and nutrient composition of selected cere-
als for food use. Food Chem. 2006; 98, 32—38. https://doi.org/10.1016/j.foodchem.2005.04.03

Robin F, Schuchmann HP, Palzer S. Dietary fiber in extruded cereals: Limitations and opportunities.
Trends Food Sci. Technol. 2012; 28, 23-32. https://doi.org/10.1016/}.tifs.2012.06.008

Gomez-Mascaraque L, Dhital S, Lopez - Rubio A, Gidley M.J. Dietary polyphenols bind to potato cells
and cellular components. J. Funct. Foods. 2017; 37, 283—-292.

Maillard MN, Bersett TC. Evaluation of antioxidant activity during kilning; role of insoluble bound pheno-
lic acids of barley and malt. J. Agric. Food Chem. 1995; 43, 1789-1793.

Zielinski H, Michalska A, Amigo-Benavent M, Castillo M, Piskula M. Changes in protein quality and anti-
oxidant properties of buckwheat seeds and groats induced by roasting. J. Agric. Food Chem. 2009; 57,
4771-4776. https://doi.org/10.1021/jf900313e PMID: 19415894

Sivam AS. Sun-Waterhouse D, Quek S, Perera CO. Properties of bread dough with added fiber poly-
saccharides and phenolic antioxidants: a review. J. Food Sci. 2010; 163-174.

Teow CC, Truong V, McFeeters RF, Thompson RL, Pecota KV, Yencho GC. Antioxidant activities, phe-
nolic and B-carotene contents of sweet potato genotypes with varying flesh colours. Food Chem. 2007;
103(3): 829-838.

Keramat J, LeBai A, Prost C, Jafari M. Acrylamide in Baking Products: A Review Article. Food Biopro-
cess Tech. 2011; 4, 530-543 https://doi.org/10.1007/s11947-010-0495

Commission Regulation (EU) 2017/2158. (20 of November 2017).Establishing mitigation measures and
benchmark levels for the reduction of the presence of acrylamide in food

Brathen E, Knutsen SH. Effect of temperature and time on the formation of acrylamide in starch-based
and cereal model systems, flat breads and bread. Food Chem. 2005; 92, 693-700.

Crawford LM, Kaglon TS, Chiu MCh, Wang SC, Friedman M. Acrylamide content of experimental and
commercial flatbreads. J. F. Sci, 2019; 3, 659-666.

PLOS ONE | https://doi.org/10.1371/journal.pone.0229841 September 18, 2020 13/13


https://doi.org/10.1016/j.foodchem.2005.04.03
https://doi.org/10.1016/j.tifs.2012.06.008
https://doi.org/10.1021/jf900313e
http://www.ncbi.nlm.nih.gov/pubmed/19415894
https://doi.org/10.1007/s11947-010-0495
https://doi.org/10.1371/journal.pone.0229841

