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Abstract

Potatoes (Solanum tuberosum L.) are globally grown and consumed crop and contains many vitally important elements benefiting
human diet that makes them actual subject from scientific and food market standpoint. Potatoes naturally contain active element
combination named phenolic compounds that are secondary metabolites and enrich potatoes with antioxidant, anticarcinogenic,
antibacterial, etc. qualities. The aim of current study was to evaluate changes of biologically active compound level in potatoes
during storage under fluorescent light. In present research potatoes of four varieties (‘Imanta’, ‘Magdalena’, *Blue Congo’, and
‘Lenora’) were tested. For the experiment samples were kept under fluorescent light of 1000 lux for 3 and 7 days in climate chamber
with controlled temperature of 20 °C and relative humidity of 40% that way imitating real shop shelf conditions. Total phenolic
content, antioxidant activity (DPPH" and ABTS assays), moisture and firmness was determined in potatoes. It was established that
during all storage period potato firmness did not change significantly, while moisture decreased in some cases. Phenolic compounds

and antioxidant activity showed variety dependent variations.
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Introduction

Currently, we are experiencing a growing interest in
antioxidant rich products and additives (Huang, 2018).
Potato (Solanum tuberosum L.) is in the first line of
world’s popular crops, and being rich in antioxidants, it
is a great addition to the consumer diet (Leo et al.,
2008).

One of the most important bioactive compound group
is phenolics that are also present in potatoes, showing
highly  beneficial impact on human health
(Velioglu et al., 1998; Espin et al., 2000; Manach et al.,
2004). Potatoes are ranged as a third consumed crop in
terms of phenolic compound source (Chunetal.,
2005).

Numerous studies show that phenolic compounds
present antioxidant, antibacterial, anticarcinogenic,
anti-inflammatory,  antiglycemic, antiviral  and
vasodilatory features (Mattila, Hellstrom, 2006;
Leo etal., 2008; Berghe, 2012; Kazeem et al., 2012;
Konaté et al., 2012). Studies also show that human
longevity, eyes and mental health as well as
cardiovascular system are positively impacted by
potato phenolic compounds (Parr, Bolwell, 2000;
Manach et al., 2004; Scalbert et al., 2005).

Correlation between potato phenolics and total
antioxidant capacity has been established, and that
means that higher phenolics level provides higher
antioxidant capacity (Andre et al.,, 2007). Potato
analyses show that phenolics can be found in whole
tuber, although the skin presents highest phenolics
level (Lewis et al., 1999; Nara et al., 2006).

Speaking of variety dependent phenolics level, studies
show that all potatoes regardless of variety contain
phenolics, but the highest level (almost twice as much)
can be found in purple-fleshed (also red-fleshed)
varieties in contrast to white-fleshed and yellow-
fleshed ones (Ezekiel et al., 2013) and it may be
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explained with high level of anthocyanins that are
pigments in such varieties (Im et al., 2008; Al-
Weshahy, Rao, 2009; Zarins et al., 2018).
Environmental stress is the factor that might force
phenolics to accumulate in potatoes tubers and other
parts of potato plant as natural protection
reaction (Chalker-Scott, 1999; Percival et al., 2000;
Sakihama et al., 2000; Grace et al., 2014). Studies
presents that artificial light may negatively influence
quality of potatoes accelerating formation of
glycoalkaloids but also it may have positive effect
triggering raise of phenolic compound level
and antioxidant activity (Arezki et al., 2001,
Izquierdo et al., 2011; Nascimento et al.,, 2013;
Ballester, Lafuente, 2017).

The aim of the current study was to evaluate changes
of biologically active compound level in potatoes
during storage under fluorescent light.

Materials and Methods
Raw materials

Potatoes were planted in May and harvested in
September 2018. The soil type in the field was
sod-podzolic (PVv), sandy loam, pH KCI 5.3, organic
matter 1.8%, contained P,Os 120 mg kgt KO
143 mg kg. Harvested tubers were kept in the storage
facility at air temperature of 4 °C and relative humidity
of 80+5%. In the experiment, four potato (Solanum
tuberosum L.) cultivars with white, yellow and purple
coloured flesh were evaluated, namely ‘Lenora’,
‘Imanta’, ‘Blue Congo’, ‘Magdalena’. A total of two
kilograms of table potato tubers per cultivar were used.

Treatment conditions

Potatoes were exposed to conditions that are based on
mean data obtained from 30 shops during winter
period: light — 1000 lux, relative air humidity — 40%
and air temperature — +20 °C. In those conditions, on
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shop shelf, potatoes are stored shortly (during
approximately one-week period) before they are
purchased by consumer. During all short storage period
on the shop shelf, potatoes are exposed to constant
light during all working hours of the shop, increased
(room) temperature and decreased air humidity. In the
current study imitation of real retail shelf conditions
were achieved by using climate chamber ICH110
(Memmert GmbH + Co. KG, Germany) with constant
and even pre-set humidity and temperature.
Luminescent lamp Vagner SDH Circular (32 W) was
used as artificial light source.

Firmness measurement

The changes of potato firmness were determined using
TA.HD Plus Texture Analyser (Stable Micro Systems
Ltd, United Kingdom) measuring force (Newton) that
is needed to penetrate potato skin and flesh. Potato skin
and flesh penetration parameters were as follows —
probe: cylinder, 2 mm diameter, type P/2; contact area:
3.00 mm?; test mode: compression; pre-test speed:
1.00 mm s%; test speed: 1.00 mm s; post-test speed:
10.00 mm s?; distance (penetration depth): 5 mm;
trigger type: force; trigger force: 0.049 N.

Chemical analysis

For extraction of phenolic compounds from potatoes
the homogenized potato samples were mixed with
ethanol (80/20 v/v) in a conical flask with a magnetic
stirrer at room temperature as described in previous
experiments (Kampuse et al., 2016). The extraction
process was done in triplicate. Determination of total
phenolic content (TPC) was done according to the
Folin-Ciocalteu spectrophotometric method (Singleton

et al., 1999). Antioxidant activity of potato extracts was
measured on the basis of scavenging activities of the
stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid) (ABTS+) radical cation as described in previous
experiments (Kampuse et al., 2016).

Statistical analysis

Experimental results are means of three replications
and were analysed by Microsoft Excel 2010
(descriptive statistics) and SPSS 17.00 (ANOVA and
correlation analysis). Differences were considered as
significant at p<0.05.

Results and Discussion
Moisture

In the analysed potato flesh and peels no significant
changes in moisture during all storage period were
observed, yet a tendency of slight decrease was
established (Fig. 1). Measured data presents all potato
variety ability to almost retain all moisture in
fluorescent lighting storage conditions, although longer
exposure to light and longer storage time may show
wider variations of moisture changes.

Firmness

These data allow to understand the changes of potato
firmness during storage period. ‘Imanta’ showed the
highest initial (before treatment) firmness of 12.81 N
while ‘Blue Congo’ and ‘Magdalena’ presented the
lowest amount of force needed — 9.54 N and 9.66 N,
respectively (Fig. 2).
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Figure 1. Moisture of potato flesh and peel
The same letters indicate no significant differences between samples (p>0.05).
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Figure 2. Potato firmness
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Data shows that there was not significant (p>0.05)
variation in firmness during storage, and that allows
to conclude that current study conditions for these
specific potato varieties did not significantly affect
potato firmness. Resource map of potatoes showed
that during retail, potato mass losses are only
1.5-3.0% that also confirms potato stability under
shop conditions in terms of moisture and firmness.
The most important factors creating losses during
storage on shop shelves are caused by potato tuber
greening / sprouting (Terry et al., 2011)

Total phenolics

‘Blue Congo’ showed the highest initial (before
treatment with light) total phenolic content of
265.44 mg 100 g* while ‘Imanta’ presented the
lowest amount of 115.92 mg 100 g*' (Fig. 3).
‘Magdalena’ and ‘Lenora’ both has no significant
differences (p>0.05) in initial total phenolic content
of 154.60 mg 100 g* and 154.80 mg 100 g7,
respectively. After treatment with light, only variety
‘Blue Congo’ potatoes showed significant decrease
of total phenolic content on day 3, while other
potato varieties showed increase of total phenolic
content. On day 7 all varieties experienced increase
of total phenolic content, except ‘Imanta’ that
retained its phenolics content without changes. The
highest initial level of total phenolic content
in peels was presented by ‘Blue Congo’
(226.52 mg 100 g*) followed by <‘Magdalena’
(166.97 mg 100 g?), ‘Lenora’ (134.41 mg 100 g)
and ‘Imanta’ (123.02 mg 100 g*') (Fig. 3). After

showed different tendencies: ‘Blue Congo’ peels
presented increase, ‘Magdalena’ peels — decrease
and for ‘Lenora’ and ‘Imanta’ peels no significant
differences were observed. After 7 days of
treatment, similar tendencies remained. Different
studies showed that higher content of phenolics is
located in peels (Lewiset al., 1999; Nara et al.,
2006), but our results suggest that content is similar
and, in some cases, even higher in flesh (varieties
‘Blue Congo’ and ‘Lenora’). Measured data shows
that artificial lighting forces variation of total
phenolic content making it to increase or decrease
depending on variety (Wang et al., 2015). Despite
that phenolics changes under artificial lighting are
moderate (Sunetal., 2017), longer storage might
present more sufficient differences. Other studies
showed that under blue light intensive synthesis of
phenolic compounds starts from third day
(Ballester, Lafuente, 2017).

Antioxidant activity

It is a natural ability of redox molecules in potatoes
to suppress free radicals (Puchau et al., 2010), and
studies show that it might be linked to total
phenolic content (Leo et al., 2008), however,
connection between those two still depends on
tested material and conditions.

DPPH scavenging activity: the highest initial
2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging
activity (before treatment with light) was
determined in ‘Blue Cong’, i.e., 14.97 mmol TE
100 g* while ‘Imanta’ presented the lowest activity

treatment with light on day 3 all potato varieties of 844 mmol TE 100 g' (Fig. 4).
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Figure 4. DPPH scavenging activity of potato flesh and peel
The same letters indicate no significant differences between samples (p>0.05).
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Figure 5. ABTS scavenging activity of potato flesh and peel
The same letters indicate no significant differences between samples (p>0.05).

‘Magdalena’ and ‘Lenora’ both has insignificant
differences in initial DPPH scavenging activity of
9.40 mmol TE 100 g* and 9.78 mmol TE 100 g*
respectively. After treatment with light all potato
varieties showed insignificant changes in
scavenging activity on day 3, except ‘Blue Congo’ that
presented a decrease. Although day 7 comes with DPPH
scavenging activity decrease in all cases compared to day
3, ie., ‘Blue Congo’shows 12.02 mmol TE 100 g7,
‘Magdalena’ (8.01 mmol TE 100 g}), ‘Lenora’
(8.38 mmol TE 100 g*) and ‘Imanta’ (6.42 mmol TE 100
gl). ‘Blue Congo’ showed the highest initial DPPH
scavenging activity of potato peels presenting
18.18 mmol TE 100 g* while ‘Lenora’ had the lowest
activity of 9.37 mmol TE 100 g* (Fig. 4) ‘Magdalena’
and ‘Imanta’ both has insignificant differences in initial
DPPH scavenging activity of 10.80 mmol TE 100 g* and
10.09 mmol TE 100 g*' respectively. After 7 days
treatment DPPH scavenging activity decreased in all
peels compared to day 3, i.e., ‘Blue Congo’ showed
14.08 mmol TE 100 g?, ‘Magdalena’ (9.81 mmol TE
100 g %), ‘Lenora’ (10.18 mmol TE 100 g?) and ‘Imanta’
(9.32 mmol TE 100 g2).

Measured data gives reason to suggest that storage under
fluorescent lighting generally reduces potato DPPH
scavenging activity and longer storage might give more
reduction (Xu et al., 2014). Experiments on strawberries
showed that blue light increased 1,1-diphenyl-2-
picrylhydrazy (DPPH) radical-scavenging activity as
well as ascorbic acid, total sugar content, titratable
acidity content (Xu et al., 2014).

ABTS scavenging activity. The highest initial 2,2'-azino-
bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS)
scavenging activity (before treatment with light) was
found in ‘Blue Cong’, i.e., 35.01 mmol TE 100 g* while
‘Imanta’ presented the lowest activity of 16.91 mmol TE
100 g* (Fig. 5). ‘Magdalena’ and ‘Lenora’ both has
insignificant differences in initial ABTS scavenging
activity of 22.92 mmol TE 100 g* and 22.32 mmol TE
100 g* respectively. After treatment with light potatoes
of variety ‘Lenora’ showed slight increase of ABTS
scavenging activity on day 3. Although day 7 came with
ABTS scavenging activity increase compared to day 3,
i.e., ‘Magdalena’ (29.19 mmol TE 100 g), ‘Imanta’
(25.05 mmol TE 100 g*) except in case of ‘Lenora’ that
presented insignificant changes presenting
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26.57 mmol TE 100 g ‘Blue Congo’ potato peels
showed the highest initial ABTS scavenging activity —
18.41 mmol TE 100 g* while ‘Lenora’ and ‘Imanta’ had
insignificant differences in initial ABTS scavenging
activity and at same time the lowest activity 13.69
mmol TE 100 g'! and 13.13mmol TE 100 g%,
respectively (Fig. 5). ‘Magdalena’ showed 16.16 mmol
TE 100 g initial activity. After treatment with light
variety ‘Magdalena’ showed a decrease and ‘Lenora’
insignificant decrease of ABTS scavenging activity on
day 3, except ‘Blue Congo’ that presented an increase
and ‘Imanta’ that presented insignificant increase. Day 7
came with significant ABTS scavenging activity increase
in all cases compared to day 3, i.e., ‘Magdalena’
(25.83 mmol TE 100 g%), “Lenora’ (25.99 mmol TE 100 g?)
and ‘Imanta’ (21.83 mmol TE 100 g) except in case of
‘Blue Congo’.

Current study shows that ABTS scavenging activity
experiences significant increase during potatoes storage
under fluorescent light in period from day 3 to 7 except
in case of one variety where slight decrease was
experienced. Data suggest that longer storage might lead
to greater activity changes.

Correlation analysis

Studies suggest that there is a correlation between
phenolics and antioxidant capacity, and higher phenolic
level might present also a stronger antioxidant effect
(Andre et al., 2007). While the current study shows
negative correlation between total phenolic content
(TPC) and DPPH scavenging activity (Fig. 6) and
between ABTS scavenging activity and DPPH
scavenging activity (Fig. 8), there is still a positive
correlation between total phenolic content and ABTS
scavenging activity (Fig. 7).

Correlation of TPC and DPPH. ‘Blue Congo’ (A) and
‘Lenora’ (C) presented a strong negative correlation
while ‘Magdalena’ (B) and ‘Imanta’ (D) showed a
moderate negative correlation. Data suggests that
changes of one parameter will substantially trigger
changes of the other one in opposite direction.

Correlation of TPC and ABTS. ‘Magdalena’ (B) and
‘Imanta’ (D) presented a moderate positive correlation
(Fig. 7), ‘Blue Congo’ (A) showed a strong positive
correlation while ‘Lenora’ (C) had a very strong positive
correlation. Obtained information allows putting forward
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the assumption that changes of one value will
substantially force changes of other one in same
direction, i.e., increase of one value will promote to
increase other value.
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Figure 6. Correlation between total phenolic content
and DPPH scavenging activity of potato
A — “Blue Congo’, B — ‘Magdalena’, C — ‘Lenora’, D— ‘Imanta’
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Figure 7. Correlation between total phenolic content
and ABTS scavenging activity of potato
A — ‘Blue Congo’, B — ‘Magdalena’, C — ‘Lenora’, D— ‘Imanta’

Correlation of DPPH and ABTS. ‘Magdalena’ (B) and
‘Imanta’ (D) presented a very strong negative correlation
(Fig. 8), ‘Blue Congo’ (A) showed a strong negative
correlation while ‘Lenora’ (C) had a weak negative
correlation.
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Figure 8. Correlation between DPPH scavenging
activity and ABTS scavenging activity of potato
A — ‘Blue Congo’, B — ‘Magdalena’, C — ‘Lenora’, D— ‘Imanta’
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From the obtained information we can see that
parameters are negatively linked, i.e., one will
substantially trigger changes of other in opposite
direction, except in case of ‘Lenora’ that will experience
only slight interaction of parameters.

Conclusions

During all storage period, potato firmness changed
insignificantly, and in some cases a decrease in moisture
was detected. Correlation between total phenolic content
and DPPH scavenging activity, and between ABTS
scavenging activity and DPPH scavenging activity was
negative in all cases and ranged from a weak negative to
a very strong negative correlation. Correlation between
total phenolic content and ABTS scavenging activity was
positive in all cases and ranged from a moderate positive
to a very strong positive correlation. After exposure to
fluorescent light phenolic compound level and
antioxidant activity changed significantly, and those
changes were dependent on potato variety.
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