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Abstract

The aim of this study was color measuring of apple pieces packaged in the coating prepared
from pectin and hemp flour water extract (HFE). The apple pieces of Granny Smith apples were
packaged in the coating consisted of 1, 3 and 5 % of pectin, which was solved in the 5 % HFE.
The color measuring (RGB — red, green, blue; Mean Intensity and Hue Typical) was evaluated
on the first day and after 2, 7 and 14 days of storage. The samples were stored in the room
temperature (+25°C) and in the refrigerator (+4°C). The surface of apple pieces and the inner
tissue were analyzed and compared. It was found that the highest impact on color changes of
the samples had the packaging of samples in 5 %PHFE. There were not found big differences
during storage in the measuring of inner tissue color changes and in measuring color changes of
the sample’s surface. The principal component analysis (PCA) found that the control and 1 %
PHEFE (group III) are different from 3%PHFE (group II) and 5%PHFE (group I). The research
showed that the packaging of samples in different packaging solution had an impact on the color
of packaged apples.

Color parameters, RGB, edible packaging, fruit.

Introduction

The consummation of fresh-cut fruit pieces is gaining popularity because of the
high content of beneficial compounds such as vitamins, phenols and other antioxidants
(Zambrano-Zagarazo et al. 2014). The edible packaging applied directly on the fruit
surface can improve the shelf life of the fruit and can have an impact on the color changes
during storage, because the color of the fruit is very important for the consumers (Romani
et al. 2018, Zambrano-Zagarazo et al. 2014).

The apples are known for the enzymatic browning when they are in contact with the air.
The browning is caused by polyphenol oxidase (PPO). This enzyme can react with oxygen
and tannins to create brown pigment (Subhashree et al. 2007).

Pectin is polysaccharide presents in plants (Mohnen 2008). Pectin can be used as the
gelling agent during jam preparation (Jancikova et al. 2019).

Usually the hemp seeds are used as feed, but they are gaining more popularity in different
forms such as oil, protein powder or flour (Andre etal., 2016). The hemp flour is known for
high polyphenols content, essential amino acids and fatty acids and also its anti-allergenic,
anti-microbial and anti-cancer properties (Werz et al. 2014; Mikulec et al. 2019). The
polyphenols can work as the antioxidants and can affect and improve the shelf life and also
the color of packaged food (Wojdyto et al. 2008). These compounds can protect organism
against free radicals. They inhibit the lipid oxidation or oxidation of other biomolecules
(Chen et al. 2012).

The aim of the research was to package cut apple pieces in the edible packaging
consisting of pectin in different concentrations (1, 3, 5 %), with the addition of hemp flour
water extract (HFE) and to measure color changes on the surface of apple pieces, same as
the color of inner tissue.

Material and methods

Material

The apple samples cultivar was Granny Smith (Italy). The pectin was prepared by Gresik and the hemp flour
was bought in the DM drogerie (dmBio).
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Preparation of edible coating

The HFE was prepared as follows: 5 g of hemp flour was weighted and 100 mL of distilled water was added.
The extraction was carried out 30 minutes and then the solution was filtered through filter paper Whatman n. 1.
The 0.5 (1%PHFE); 1.5 (3%PHFE) or 2.5 g (5%PHFE) of pectin was weighted in the beaker. The 50 mL of hemp
flour extract was added. The solution was heated up to 100 °C and then 8 minutes heated.

Preparation of apple samples and edible coating
The 3 apples were peeled and cut into small pieces (1x1x1 cm). The samples were soaked in the solution for
30 seconds and then put on the Petri dishes. The samples were stored under different conditions. The 3 apple
pieces (obtained from 3 different apples) from each concentration of pectin and control samples were stored in the
room temperature (+25 °C) and the same samples in the refrigerator (+4 °C) for 14 days.

Measuring of the color parameters
The color measuring was done by personal camera EOS600D (Canon, JPN). The sample scanning was
completed under standard light conditions with 2 lamps Delux L — 1 x 18 W lamps (OSRAM, GER). The shooting
was done by the manual: exposure time 1/80, aperture F 5.0, image size L, sensitivity ISO 100. The NIS-Elements
BR 4.13.04 image analysis software was used for the evaluation of results. The color changes of the surface and
inner tissue of the samples were measured.

Statistical analysis

The statistical analysis was done by the SPSS, version 20 (IBM Corp., Armonk, NY, USA). The homogeneity
of variance was determinate by Levene’s test (p < 0.05). If the results had normal distribution and equal variance
the one-way ANOVA with Tukey’s post-hoc test (P < 0.05) was used. When the results were without normal
distribution and unequal variance the significant differences were analyzed using non-parametric Games-Howel
test (P < 0.05).

The principal component analysis (PCA) was also done by SPSS. It was used for the determination of the
differences between all groups of samples. All measurements were done in 10 replicates.

Results and discussion

Color measuring

The results of measuring of red (R), green (G) and blue (B), mean intensity and hue
typical of surface of packaged apple pieces are shown in the Table 1. The changes during
storage in almost all samples were observed. In previous studies usually L, a, b is measured
than R, G, B (Subhashree et al., 2017; Lunadei et al., 2011).

The control sample, stored in refrigerator, showed significant differences (p < 0.05)
between day 0, day 7 and day 14. In 1%PHFE the RGB decreased also, but the significant
differences (p < 0.05) occurred more among the results for storage in the refrigerator than
in the room temperature. In 3%PHFE and 5%PHFE were found similar results. It is also
interesting that in 5%PHFE were found much lower values of RGB than in control samples.
In the research by Romani et al. (2018) was also found that the packaged samples had
lower color characteristic than unpackaged samples.

Table 2 demonstrates the results of measuring RGB of inner tissue of apple pieces. The
Table showed results for packaged samples, which were before imaging cut on half and
then the color of inner tissue was analyzed. When we compare the differences between
these results and results for the surface of apple pieces during storage, the differences are
not so big. The biggest impact occurred on 1%PHFE samples in comparison with control
samples. There were also found that the most significant differences (p < 0.05) during
storage were found in samples stored in refrigerator.

The reason of significant color differences of surface of apple pieces during storage can
be caused by PPO, which can react in the presence of oxygen to create brown color. The
color differences of inner tissue were not so big as the inner tissue is not so available for
oxygen as the surface of apple pieces (Subhashree et al. 2007).

It has to be stressed out that comparison between both types of storage (room temperature
and refrigerator temperature) resulted in significant differences (p < 0.05) between all
analyzed samples. The storage conditions (different temperature regime) had a significant
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impact on samples’ color. Also, the mean intensity comparison showed that samples were
not different in intensity but in color changes.

In the research conducted by Lunadei et al. (2011) there was found that during 9 days
of storage of apple pieces the R value increased, and B value decreased. The comparison of
surface color changes, there was determined that in control sample the R value increased
during storage in room temperature. The comparison of other samples showed decreasing
in B value and in R value too, but these changes can be impacted by the color of the coating
used for packaging of apple pieces. When the color changes in inner tissue of apples were
compared, there can be described, that the unpacked samples and 1%PHFE had the color
changes of inner tissue similar to finding by Lunadei et al. (2011) during storage at room
temperature. In other cases (3%PHFE and 5%PHFE) the R and B value increased during
storage, so the coating had the impact on these samples.

Principle component analyses

The Fig. 1 presents differences between all examined samples. The control and PHFE1
are close together and created group III. The PHFE3 (created group II) and the PHFES
(group I), and they are distant from group III. It shows that the packaged samples with
the higher amount of pectin has different properties/different color than the control and
samples with hemp flour extract and 1 % of pectin. It can be said that the packaging of cut
apple pieces in the solutions of 5% and 3% pectin with hemp flour extract had an impact
on the packaged samples.

0.0

0.5+

-1.07]

T T T T
10 05 0.0 0s 10

Fig. 1. The principle component analyses for cut apple pieces
Legend: control - samples without packaging, PHFE1 — 1%pectin with HFE, PHFE3 — 3%pectin with HFE,
PHFES — 5%pectin with HFE

Conclusion

The results revealed that the highest impact on samples color changes had PHEFS5 coating. Coating had lower
impact on the inner tissue than on surfaces. The principal component analysis (PCA) showed significant (p<0.05)
differences, forming separate groups: group III (CONTROL and PHFE1), group IT (PHFE3) and group I (PHFES).
It can be concluded that 3 % and 5 % pectin with hemp flour extract had an impact on the color changes. The
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simple edible coatings used in the study had impact on packaged samples. Also, it has to be emphasized that color
measuring can be influenced by the color of coatings due to the presence of the hemp seed extract.

References

Andre CM, Hausman JF, Guerriero G 2016: Cannabis sativa: the plant of the thousand and one molecules. Front
Plant Sci 7: 19

Chen T, He J, Zhang J, Li X, Zhang H, Hao J, Li L 2012: The isolation and identification of two compounds with
predominant radical scavenging activity in hempseed (seed of Cannabis sativa L.). Food Chem 134: 1030-1037

Jancikova S, Dordevic D, Javurkova Z 2019: Effect of gelling agents on color characteristics of fruit jams. Iraqi
Journal of Agricultural Science 50: 675-688

Lunadei L, Diezma Iglesias B, Lle6 Garcia L, Galleguillos P 2011: Enzymatic Browning in Fresh-Cut Apple
Slices Measured by Different Kinds of Image Algorithms. Congreso Ibérico de Agrolngenieria: 1-10

Mikulec A, Kowalski S, Sabat R, Skoczylas L, Tabaszewska M, Wywrocka-Gurgul A 2019: Hemp flour as
a valuable component for enriching physicochemical and antioxidant properties of wheat bread. LWT-Food
Sci Technol 102: 164-172

Mohnen D 2008: Pectin structure and biosynthesis. Curr opin plant biology 11: 266-277

Romani VP, Hernandez CP, Martins VG 2018: Pink pepper phenolic compounds incorporation in starch/protein
blends and its potential to inhibit apple browning. Food Packaging and Shelf Life 15: 151-158

Subhashree SN, Sunoj S, Xue J, Bora GC 2017: Quantification of browning in apples using colour and textural
features by image analysis. Food Quality and Safety 1: 221-226

Werz O, Seegers J, Schaible AM, Weinigel C, Barz D, Koeberle A, Allegrone G, Pollastro F, Zapieri L, Grassi
G, Appendino G 2014: Cannflavins from hemp sprouts, a novel cannabinoid-free hemp food product, target
microsomal prostaglandin E2 synthase-1 and 5-lipoxygenase. PharmaNutrition 2: 53-60

Wojdyto A. Oszmianski J, Laskowski P 2008: Polyphenolic compounds and antioxidant activity of new and old
apple varieties. J Agr Food Chem 56: 6520-6530

Zambrano-Zaragoza ML, Gutiérrez-Cortez E, Del Real A, Gonzalez-Reza RM, Galindo-Pérez MJ, Quintanar-
Guerrero D 2014: Fresh-cut Red Delicious apples coating using tocopherol/mucilage nanoemulsion: Effect of
coating on polyphenol oxidase and pectin methylesterase activities. Food Res Int 62: 974-983



