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Abstract
The potential use of vegetable peels (potato, sweet potato, sugar beet, and red beet) as source
of antioxidants was investigated. The sensory, chemical, and microbiological effects of icing
with these peel extracts on rainbow trout fillets were monitored during 25 days of storage.
Sensory results showed that the shelf life of the control group and fish fillets iced with red beet
and sweet potato peel extracts were 21 days, while fish fillets iced with potato and sugar beet
peel extracts had longer shelf life (25 days). Treatment of fish with potato and red beet peel
extracts resulted in lower TVB-N, PV, and FFA values. The result of the study showed that
icing with potato and red beet extracts increased the shelf life of rainbow trout and provided
good quality parameters. Waste products as vegetable peels can be used in the food sector as
new sources of antioxidants.
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Practical applications Icing with some plant extracts is an alternative technology for food
preservation. This paper shows the using of waste peels of potato, sweet potato, sugar beet, and
red beet on the quality properties of rainbow trout. Icing with peel extracts in this study
showed positive features on sensory, chemical, and microbiological quality in comparison to
the traditional ice. Experimental results indicated that icing with potato peel and red beet peel
had many advantages over the other peels tested in this study. Plant peels that have phenolic
components can be said to be effective and cheap for the preservation of foods.
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Introduction

Storage with ice is a very important technique for reducing the rate of the deterioration and
growth of the spoilage bacteria resulting in extending the shelf life of fish. However, new
methods have to be applied to increase the shelf life of foods such as fish with extremely short
duration of deterioration. Slurry ice (Egolf and Kauffeld 2005; Kılınç et al. 2007; Aubourg
et al. 2007), ozonised slurry ice (Losada et al. 2004; Campos et al. 2005), and treatment of fish
with natural preservative agents like plant extracts (tea polyphenols, aqueous extracts of
oregano and rosemary, essential oil of laurel, cumin, and thyme) (Fan et al. 2008; Quitral
et al. 2009; Niemal and Benjakul 2011; Attouchi and Sadok 2011) have been studied. On the
other hand, some icing methods such as electrolyzed oxidizing ice can be used for reducing
histamine-producing bacteria (Phuvasate and Su 2010). Also, effect of the icing with rosemary
extract on the oxidative stability and biogenic amine formation in sardine (Sardinella aurita)
during chilled storage was investigated by Özyurt et al. (2011).

Processing of fruits, vegetables, and oilseeds results in large amounts of waste materials
such as peels, seeds, and stones. In fact, vegetables and fruits peels, which represent between
25 and 30% of non-edible products, could be used as a new source of antioxidants. Peels were
proven to be rich in polyphenolic compounds carotenoids, flavonoids, anthocyanins, and
vitamins, which are well known for their health-promoting activities and also as free radical
scavenging agents. Usually, peels are considered as waste and are discarded, which is
unfortunate since it is reported that the antioxidant activity is higher in peels than in pulps
or tubers (Kalpna et al. 2011; Sonia et al. 2016). Potato (Solanum tuberosum), sweet potato
(Helianthus tuberosus), sugar beet (Beta vulgaris L. var. altissima.), and red beet (Beta
vulgaris L. var.) are the most commonly consumed vegetables throughout the world and their
peels are not used by any industry. Besides, they are rich in phenolic acids especially
chlorogenic, gallic, protocatechuic, and caffeic acids (Akyol et al. 2016; Wruss et al. 2015).
For this reason, the aim of this study is to evaluate the effects of icing with potato, sweet
potato, sugar beet, and red beet peel extracts on rainbow trout fillets as natural antioxidant over
a 25-day storage period.

Materials and methods

Sample and ice preparation

Potato (Solanum tuberosum), sweet potato (Helianthus tuberosus), sugar beet (Beta vulgaris L.
var. altissima), and red beet (Beta vulgaris L. var. conditiva) were purchased from a local
market (Ahmet Tanrıverdi) in Niğde/Turkey and the producer stated that there were no
pesticides in the vegetables. Plants were powdered using a grinder and 200 g of dry samples
of plants were extracted with 1 L absolute ethanol for 48 h. After that, the ethanol-plant
mixture was filtered using Whatman No. 1 filter paper and 40 g active carbon was added for
bleaching. Also, active carbon was removed from the filtrate using Whatman filtration paper.
Finally, all ethanol inside of extract was vaporized by using a vacuum evaporator, and the
extract was kept at 18 °C in the dark place until application to fish.

Fish samples of rainbow trout (O. mykiss) was obtained from an aquaculture farm (Ecemiş
Trout Farm) located in Niğde/Turkey. Aquacultured fish were fed with pellet feed (Agromey,
Izmir, Turkey) for 6 months with an average water temperature of 8–10 °C. The average
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weight and length of the samples were 248.976 ± 2.72 g and 27.21 ± 1.32 cm, respectively.
Fish were delivered to the laboratory in ice within 2 h of harvesting. Before being placed in
polystyrene boxes containing ice, fish were left ungutted and filleted. Fish were divided into 5
groups. The control group was iced with traditional ice using distilled water. For icing other
groups, distilled water was treated with 0.1% (w/v) ice with potato, sweet potato, sugar beet,
and red beet peel extracts and then frozen. After that, ice treated with plant extract was broken
into small pieces to use for storage of fish.

In all treatment groups, fish-to-ice ratio was 1:1 (w/w). All boxes were placed in a
refrigerated room (4 °C). From each treatment groups, fish were selected randomly (just by
reaching into the box without looking) and all analyses were performed in triplicate on 0, 4, 7,
11, 14, 18, 21, and 25 days of storage.

pH value

The pH values of rainbow trout were determined using a calibrated pH meter (315i/SET,
Weilheim, Germany). In distilled water conditions at a ratio 1:10 (w/v), the sample was
homogenized using an Ultra-turrax.

Total volatile basic nitrogen

Total volatile basic nitrogen (TVB-N) data of rainbow trout were performed using the method
of Antonocopoulus (1973) and emitted as mg of TVB-N per kilogram of muscle.

Thiobarbituric acid reactive substances

For thiobarbituric acid reactive substances (TBARS), valuesmethod of Tarladgis et al. (1960) was
used. TBARS content was emitted as milligram of malondialdehyde (MDA)/kg fish muscle.

Free fatty acids

Free fatty acids (FFA) analysis, expressed as percent of oleic acid, was determined according
to the AOCS method (1997). FFA determination is based on a titration method with a standard
alkali (0.1MNaOH) using phenolphthalein as an indicator.

Peroxide value

Peroxide value (PV) was determined according to AOCS (1994) and expressed in
milliequivalent of peroxide oxygen per kilogram fat.

Sensory analysis

Raw rainbow trout’s sensory analyses were made by Quality IndexMethod (Bonilla et al. 2007)
with somemodification. The sensory analyze scheme included some quality parameters such as
flesh-texture, flesh-blood, flesh-color, flesh-odor, flesh-bright, flesh-aroma, flesh-gaping, skin-
brightness, skin-mucus, skin-scale, eye-iris, and eye-shape with the range of points 0 to 3. For
each of these parameters, the scheme had 4 simple descriptors, scoring demerit points from 0 to
a maximum of 3, where 0 represented the best quality and higher scores (e.g., 3) indicated
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poorer quality. Cooked rainbow trout’s analyses were made by Paulus et al. (1979). For the
analysis of cooked fish, samples were cooked for 2 min at 600 W in the microwave. Analyses
were done on each test day in natural day conditions by the staff members of the Çukurova
University Fish Processing Department who are familiar with fresh fish and fish products.

Microbiological analysis

Each sample which was analyzed in triplicate samples were taken for total Enterobacteriaceae,
mesophilic, and psychrophilic bacteria counts. Table 1 shows the bacteria groups and their plates.

Statistical analyses

Analyses were run in triplicate and results were reported as mean values ± standard deviation
(S.D). Data were subjected to analysis of variance (one-way ANOVA).

Results and discussion

Sensory analysis

Figure 1 a shows the differences between the total demerit points of rainbow trout stored in
traditional ice and ice with potato, sweet potato, sugar beet, and red beet peel extracts (0.1%).
In raw fishes, there were significant differences between the control and plants groups (p <
0.05) especially after the 14th storage day. The observed shelf life of rainbow trout was 21
days in the control, sugar beet, and red beet group and 25 days for the groups in ice with potato
and red beet peel extracts.

Sensory analyses of cooked rainbow trout treated with plant extracts are given in Fig. 1b.
The sensory score for flavor of the cooked fillets decreased with storage time. After 14 storage
days, according to sensory scores, the most popular groups were potato and red beet groups. In
a study conducted by Quitral et al. (2009), ice was prepared from vegetable extracts of
rosemary and oregano and their effects were investigated on Chilean jack mackerel. The
chemical changes during the 23-day chilling period with the extracts were delayed comparing
to traditional water ice. Similarly, in the present study, the positive effect of icing with plant
extract on chemical parameters had a positive effect on sensory scoring.

Chemical analysis

TVB-N contains mainly ammonia, trimethylamine (TMA), and dimethylamine (DMA), and
their levels increase with spoilage by either bacterial or enzymic degradation (Ozogul and

Table 1 Plates and methods used for microbiological analysis

Microorganism Plate Incubation time

Mesophilic aerobic bacteria Plate count agar (PCA) 30 °C 72 h
Psychrophilic aerobic bacteria Plate count agar (PCA) 6 °C 10 days
Enterobacteriaceae Violet red bile glucose agar (VRBGA) 35 °C 24 h
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Ozogul 2000). The TVB-N content ranged from 18.02 to 25.1 mg/100 g for the control group,
from 12.77 to 21.83 mg/100 g for red beet group, 13.22 to 25.73 mg/100 g for sugar beet
group, from 13.22 to 24.34 mg/100 g for sweet potato group, and from 10.69 to 21.87 mg/100
g for potato group (Table 2). At the beginning of the storage, TVB-N values were determined
as 20.94 mg/100 g and increased with time of storage in all groups. At the 21th storage day
which was the critical day for sensory analyses, TVB-N value of the control group was 21.33
mg/100 g when potato, sweet potato, sugar beet, and red peel were 14.4 mg/100 g, 16.46 mg/
100 g, 17.45 mg/100 g, and 14.13 mg/100 g respectively. In TVB-N values, there were
significant differences between the control and plant groups (p < 0.05). It seems that icing with
potato and red beet peel extract reduced the TVB-N values.

TBARS values of the control and treatment groups are given in Table 2. TBARS values
showed significant differences for the control and treatment groups. Initial TBARS value of
samples was 0.49 mg MDA/kg. At the 21th day of storage, the highest TBARS value was
found in the control group (1.11 mg MDA/kg). At the same time, TBARS values of potato,
sweet potato, sugar beet, and red peel extracts were 0.76 MDA/kg, 0.86 MDA/kg, 0.95 MA/
kg, and 1.02 MA/kg respectively. Similarly, Rezaei and Hosseini (2008) reported that TBARS
values increased throughout ice storage period of rainbow trout and the maximum was
0.06 mg MDA/kg at the 20th day. Kuş (2012) reported that initial TBARS value for rainbow

Fig. 1 a Sensory of raw trout stored in traditional ice and plant extract icing (0.1%). b Sensory of cooked trout
stored in traditional ice and plant extract icing (0.1%)
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trout is 0.45 mgMDA/kg and maximum TBARS value is 0.65 mgMDA/kg during storage. In
the current study, TBARS value increased during the storage time and at the end of storage
period (25th day), it decreased in all groups. In the potato peel extract group, TBARS value is
lower than those of all the others at the 18th, 21th, and 25th days of storage. Barros-Velázquez
et al. (2016) investigated for 13 days the effects of icing systems with alga Fucus spiralis
extracts on the biochemical properties of hake (Merluccius merluccius). Lower pH values,
FFA content, and TBARS were reported when natural preservative were added to the ice.

Table 2 shows the peroxide value of the control and the treatment group during storage of
25 days. There were significant differences (p < 0.05) in PV values between the control and
other groups. The initial PV was 2.85 meq O2 kg−1 and then increased for the control, potato,
sweet potato, sugar beet, and red peel extracts to 13.80 meq O2 kg−1, 8.26 meq O2 kg−1,
12.86 meq O2 kg−1, 11.26 meq O2 kg−1+, and 8.03 meq O2 kg−1 at 25th day, respectively.
Çoban (2012) reported that initial PV value is 1.78 meg/kg for rainbow trout fillets. However,
Mexis et al. (2009) reported that initial PV value is 11.4 meg/kg for vacuum-packed rainbow
trout fillets. Siskos et al. (2007) found the PV value between 15.6 meq/kg and 22.5 meq/kg
during storage time although Rezaei and Hosseini (2008) found PV value lower than 9.8 meq
O2/kg during storage. In the current study at the 18th day of storage when PV value was

Table 2 Total volatile base-nitrogen (TVB-N), thiobarbituric acid value (TBA), and peroxide values (PV) of
trout stored in traditional ice and plant extracts icing (0.1%)

TVB-N (total volatile base-nitrogen)

Days Control Red beet Sugar beet Sweet potato Potato

0 20.94 ± 0.04c 20.94 ± 0.04a 20.94 ± 0.04b 20.94 ± 0.04b 20.94 ± 0.04a

4 19.51 ± 1.42dx 21.09 ± 1.02ax 19.46 ± 0.64cx 20.41 ± 1.56bx 21.19 ± 0.83ax

7 19.07 ± 0.77dex 16.27 ± 0.80by 16.03 ± 1.24ey 16.51 ± 1.01cy 16.27 ± 0.42by

11 18.02 ± 0.06ex 12.77 ± 1.02cy 13.25 ± 0.7fy 13.22 ± 0.04dy 10.69 ± 0.42dz

14 19.50 ± 0.03dx 13.21 ± 1.23cy 14.39 ± 0.77 y 13.91 ± 0.68dy 13.02 ± 1.6cy

18 22.30 ± 0.07bx 12.79 ± 1.47cy 13.22 ± 0.70fy 13.93 ± 0.04dy 13.70 ± 0.38cy

21 21.32 ± 0.41bcx 14.14 ± 0.44cz 17.45 ± 0.71dy 16.46 ± 0.42cy 14.41 ± 0.85cz

25 25.1 ± 0.71xay 21.83 ± 0.83az 25.73 ± 0.11ax 24.34 ± 0.64 y 21.87 ± 0.82az

TBA (thiobarbituric acid value, mgMA/100 g)
0 0.49 ± 0.07e 0.49 ± 0.07e 0.49 ± 0.07e 0.49 ± 0.07e 0.49 ± 0.07c

4 0.66 ± 0.060dx 0.59 ± 0.02cby 0.64 ± 0.03dx 0.58 ± 0.03dy 0.59 ± 0.04by

7 0.69 ± 0.03dx 0.59 ± 0.02bcy 0.50 ± 0.014eq 0.60 ± 0.03cdy 0.54c ± 0.02bz

11 0.70 ± 0.04dx 0.56 ± 0.02cdz 0.65 ± 0.03dy 0.62 ± 0.01cdy 0.57 ± 0.01bz

14 0.87 ± 0.06cx 0.55 ± 0.03dq 0.62 ± 0.02dz 0.68 ± 0.07by 0.57 ± 0.02bzq

18 0.96 ± 0.06bx 0.60 ± 0.02bz 0.81 ± 0.08by 0.61 ± 0.03cdz 0.56 ± 0.02bz

21 1.11 ± 0.11ax 1.02 ± 0.03ay 0.95 ± 0.01az 0.86 ± 0.03aq 0.76 ± 0.01aw

25 0.84 ± 0.11cx 0.62 ± 0.01bz 0.74 ± 0.01cy 0.64 ± 0.03bcz 0.59 ± 0.06bz

PV (peroxide values)
0 2.85 ± 0.51f 2.85 ± 0.51e 2.85 ± 0.51e 2.85 ± 0.51e 2.85 ± 0.51f

4 5.34 ± 0.61ex 4.21 ± 0.77dy 5.12 ± 0.27dxy 5.02 ± 0.55dxy 4.12 ± 0.37ey

7 6.27 ± 0.57dex 5.02 ± 0.67cdy 5.96 ± 0.55cdxy 6.5 ± 0.39cx 5.57 ± 0.03cxy

11 7.19 ± 0.42cdx 5.42 ± 0.23cz 6.61 ± 0.33cxy 6.20 ± 0.38cy 4.65 ± 0.44dq

14 5.69 ± 0.63ey 4.89 ± 0.09cdy 6.76 ± 0.75cx 6.98 ± 0.44cx 5.81 ± 0.23bcy

18 7.79 ± 0.93cx 6.65 ± 0.39by 4.98 ± 0.58dz 5.18 ± 0.25dz 5.28 ± 0.37cz

21 9.15 ± 0.60bx 6.48 ± 0.31bz 8.57 ± 0.40bxy 8.40 ± 0.34by 6.25 ± 0.17bz

25 13.80 ± 0.55ax 8.03 ± 0.39az 11.26 ± 1.48ay 12.86 ± 0.50ax 8.26 ± 0.13az

Values in a same column followed by different letters (a, b, c, d, e, f) indicate significant differences (p < 0.05)
during storage periods. Values in a same row followed by different letters (x, y, z, q, w) indicate significant
differences of the parameter with respect to the plant treatment
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increasing rapidly, potato and red beet group values remained lower comparing to the other
groups. The highest PV value was reported for the control group at 25th day of storage as
13.80 meq O2/kg. At the same day sweet potato, sugar beet, potato, and red beet values were
12.86 meq O2/kg, 11.26 meq O2/kg, 8.26 meq O2/kg and 8.03 meq O2/kg, respectively.

Changes in FFAvalues of the control and treatment groups are given in Table 3. There were
significant differences (p < 0.05) in FFA among groups. Generally, treatment of ice with potato
and red beet peel extracts significantly affected the release of FFA in rainbow trout. Nowzari
et al. (2013) reported that FFA value became higher during the storage and the highest value
was 6.78% in the control group of rainbow trouts at the 16th day. In the current study, initial
level of FFAwas 2.44%, reaching maximum level of 13.17% in the control group, at the end of
the storage period. The lowest FFAwas observed for red beet and potato group. At the end of
the storage period, FFA values were 8.40% for red beet, 8.63% for potato, and 10.97% and
11.22%, respectively, for sweet potato and sugar beet.

Initial pH of groups was 6.59 and it increased slightly during storage period (Table 3). The
similar increase in pH for trout was reported in the research by Jasour et al. 2011. At the 25th
day of storage, lower pH value in groups with potato, sweet potato, red beet, and sugar beet
peel extracts were found in comparison to the control. The highest pH was reported for sweet
potato (6.79) and the lowest was noticed for potato (6.54) at the end of the storage.

Microbiological analyses

Microbial counts on the control and treated rainbow trout are presented in Fig. 2a, b. Initial
total aerobic mesophilic bacteria were 2.78 log cfu/g. During storage period, the control group
had the highest value and potato group had the lowest value followed by the red beet group
(Fig. 2a). The 7 log cfu/g value which is recommended for raw rainbow trout level by the

Table 3 Changes in free fatty acids (FFA) and pH of trout stored in traditional ice and plant extracts icing (0.1%)

FFA (free fatty acids)

Days Control Red beet Sugar beet Sweet potato Potato

0 2.44 ± 0.21e 2.44 ± 0.21e 2.44 ± 0.21f 2.44 ± 0.21e 2.44 ± 0.21f

4 4.85 ± 0.32dx 4.34 ± 0.66dx 3.50 ± 0.41ey 3.57 ± 0.02d y 2.90 ± 0.39fy

7 4.72 ± 0.49dxy 4.11 ± 0.43dy 5.15 ± 0.18dx 4.92 ± 0.17cx 4.53 ± 0.29dexy

11 6.10 ± 0.73cdx 4.64 ± 0.88cdyz 5.40 ± 0.56dxy 5.20 ± 0.17cxy 3.94 ± 0.30ez

14 7.09 ± 0.42bcx 5.42 ± 0.28bcdy 6.56 ± 0.56c x 7.02 ± 0.91bx 5.26 ± 0.45cy

18 7.08 ± 0.42bcx 5.80 ± 0.78bcyz 6.36 ± 0.33c xy 6.59 ± 0.68bxy 5.17 ± 0.18cdz

21 8.23 ± 0.79bx 6.57 ± 0.69bx 7.60 ± 0.43b x 7.37 ± 0.67bx 6.28 ± 0.46bx

25 13.17 ± 0.29ax 8.40 ± 0.43az 11.22 ± 0.78ay 10.97 ± 0.35ay 8.63 ± 0.70az

pH
0 6.59 ± 0.017b 6.59 ± 0.017b 6.59 ± 0.017d 6.59 ± 0.017d 6.59 ± 0.017a

4 6.54 ± 0.017cy 6.44 ± 0.017eq 6.59 ± 0.01dx 6.51 ± 0.00gyz 6.49 ± 0.04cz

7 6.53 ± 0.012cyz 6.52 ± 0.01cz 6.62 ± 0.013cx 6.54 ± 0.00fy 6.43 ± 0.017dq

11 6.46 ± 0.012dy 6.48 ± 0.01dy 6.56 ± 0.013ex 6.55 ± 0.017efx 6.42 ± 0.018dz

14 6.52 ± 0.01cz 6.53 ± 0.01cz 6.66 ± 0.013bx 6.57 ± 0.014ey 6.48 ± 0.01cq

18 6.61 ± 0.012by 6.62 ± 0.01by 6.74 ± 0.017ax 6.74 ± 0.013bx 6.54 ± 0.03bz

21 6.71 ± 0.04ax 6.73 ± 0.04ax 6.66 ± 0.017by 6.71 ± 0.014cxy 6.60 ± 0.01az

25 6.61 ± 0.012bz 6.71 ± 0.012ay 6.62 ± 0.014cz 6.79 ± 0.013ax 6.54 ± 0.013bq

Values in a same column followed by different letters (a, b, c, d, e, f) indicate significant differences (p < 0.05)
during storage periods. Values in a same row followed by different letters (x, y, z, q, w) indicate significant
differences of the parameter with respect to the plant treatment
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International Commission on Microbiological Specification for Foods (ICMSF 1986) was
reached at the 14th day in the control and sugar beet groups although potato and red beet
groups reached this value at the 18th day of storage (Fig. 2a). Microbial spoilage of rainbow
trout was delayed by 4 days when potato and red beet peel extracts were used, extending fish
shelf life. In other studies, chilled storage of megrim (Lepidorhombus whiffiagonis) in
traditional ice was compared with the addition of extract of brown alga Bifurcaria bifurcata
in the medium (Miranda et al. 2016). Antimicrobial and inhibition of trimethylamine were
observed with the incorporation of algal extract over a 14-day storage period. Increase of
foodborne spoilage and pathogenic bacteria were noticed with the extending of storage time.
However, the presence of algal extract in the icing medium was able to limit the growth of
various pathogenic organisms including Escherichia coli, Klebsiella pneumoniae, Vibrio
parahaemolyticus, Pseudomonas fluorescens, and Salmonella enteric.

Total Enterobacteriaceae counts are presented in Fig. 2b. The initial number of bacteria in
rainbow trout was 1.39 log cfu/g. In all storage days, potato group inhibited the microbial
growth. During storage period, the control group had the highest Enterobacteriaceae value.

Fig. 2 a Total aerobic mesophilic bacteria (TAMB) on the control and treated rainbow (0.1%). b Total
Enterobacteriaceae on the control and treated rainbow (0.1%)

Aquaculture International (2020) 28:187–197194



When the value of the control group was 5.77 log cfu/g at the 25th day of storage, Entero-
bacteriaceae values of potato, sweet potato, sugar beet, and red peel extracts were 4.16, 4.47,
4.41, and 4.88 log cfu/g respectively. In accordance with the other results, potato and red beet
peel extracts were the most effective in inhibiting bacterial growth followed by sweet potato
and sweet beet groups.

Conclusions

Icing with potato, sweet potato, sugar beet, and red peel extract improved the sensory and
chemical quality of fish, which resulted in a significant extension of the shelf life of rainbow
trout from 21 to 25 days. Icing with potato and red beet peel extracts were the most effective,
causing low TVB-N, PV, and FFA values. Consequently, the addition of potato and red peel
extracts to ice improved the quality of rainbow trout, which is quite promising for the food
industry. Since they are usually discarded, vegetable wastes should be considered as by-
products as they represent a source of highly value components. Reuse of such materials
could be very beneficial economically since they are a low-cost raw material available in large
amounts. The fact that these wastes are effective as a preservative in a perishable food such as
fish indicates that they can be used in the preservation of different foods in the future. The use
of ice containing extracts of aromatic plants at higher concentrations would probably result in a
further increase of shelf life of food, but its effect on sensory properties should be investigated
in further studies.
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