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CHAPTER 1 - INTRODUCTION AND AIMS

According to the FAO of the United Nations (FAO 2014) report, 45% of fruit and
vegetable wastes and by-products from the fruit and vegetable processing industry are
generated around the world. The no edible portion of fruits and vegetables after processing
(waste), such as peels, pods, seeds, skins, etc., accounts for about 10-60% of the total weight
of the fresh produce (Sharma et al., 2016).

Sea buckthorn (SB) (Hippophae rhamnoides L.) excels as an ingredient of functional
foods, being outstandingly suitable due to its biologically active compounds. Primarily, it has
a positive impact on human health due to its high vitamin C, flavonoid, carotenoid, and
tocopherol content. In addition, it is rich in unsaturated fatty acids, proteins, and further
vitamins (Suryakumar and Gupta., 2011; Krejcarova et al., 2015). The wound-healing effect
of SB is confirmed by most modern studies as well (Upadhyay et al., 2010, Edraki et al.,
2014).

SB pomace is a by-product that is produced in large quantities during SB juice
extraction, consisting of pulp, seed, and skin. It is a good source of phytochemical
compounds like phenolic acids and antioxidants. The pomace is usually dried in order to
extend its shelf life for further use, either as a feed supplement or a source of valuable
products, e.g. oils extracted from the seeds and the fraction of peel and pulp (Nuernberg et a.,
2015).

Along with reducing the wastes, the purpose behind their utilization is also the extraction
of beneficial antioxidants. The present study's hypothesis was as follows: the pomace and
juice of SB contain phenolic compounds that could add commercial value to these crops.
Furthermore, the characterization of the chemical composition and phenolic profile of these
SB pomaces would contribute to the further development of natural health products and the
native fruit industry in SB.

Exploring such material to utilize in different ways can help in managing and reducing
waste. So, the present study aims to explore the potential of selected fruit waste through
phytochemical studies, antioxidant assays. These so-called wastes can also be turned into
value-added products. The work will also focus on the various aspects by which these by-

products can be utilized in the juice industry.



The aim of this doctoral thesis was to investigate the effect of SB pomace for several

components of SB juice during storage:

» Difference of chemical compound compared between samples of SB juice enriched
with pomace (0.5%, 1% and 2%) and a control sample of SB juice.Samples of
enriched and control SB juice were monitored the changes in individual parameters
(TPC, FRAP, beta- carotene, flavonoids, vitamin C, pH, colour parameters (L*, a*,
b*), and SSC) for 14 months by (18-23°C) storage temperature and the sampling took
place every. Each storage sample was stored in a separate container to avoid oxygen
and microbial contamination during time sampling.

» The target of the statistical analysis to determine whether the storage time or the
different quantities of pomace have an effect on changes of biologically valuable

compounds during the test period.

Hence, the present investigation entitled “Phytochemical investigations on SB juice
enriched with pomace for storage” was undertaken with the following objectives:

1. Collect and prepare pomace and juice from selected SB berry, prepare the samples.

2. Study of storage stability of the juice sample during the time.

3. Analysing soluble solid content potential and pH.

4. Determination of colour parameters in enriched and SB juice.

5. Determination of total polyphenolic content (TPC) and antioxidant capacity (FRAP)

in SB juice.

6. Determination of flavonoid values (rutin, quercetin and hydroxybenzoic acid) in

enriched and SB juice.

7. Determination of beta-carotene in SB juice.

8. Determination of ascorbic acid (AAc) in SB juice.



CHAPTER 2 - MATERIAL AND METHODS

The berries of the SB (Hippophae rhamnoides L.) cultivar ‘Leikora’ was collected from
the orchard of Superberry Ltd. (North latitude 47° 10" 29", East longitude 20° 11’ 47") near
Szolnok located in middle Hungary. Berries were collected during October of 2017 at the
stage of commercial maturity, as judged by juiciness and appearance. The separated juice was
added to different amounts of dried SB pomace. The treatment was made as control sample
(C) of SB juice without pomace, SB juice 99.5% + pomace from SB 0.5% (P0.5), SB juice
99% + pomace of SB 1% (P1) and SB juice 98% + pomace of SB 2% (P2). After heat
treatment (90°C and 10min), all samples were cooled with the cool water bath and stored at
room temperature for physicochemical analysis at an interval of 2 months for a total period of

14 months (Figure 1).

The parameters examined were as follows:

» Determination of total polyphenol content (Singleton, Rossi, 1965)

» Determination of antioxidant capacity (FRAP) (Benzie, Strain, 1996)

» Analysis of individual flavonoids (Quercetin, Rutin, Dihydroxibenzoic acid) (HPLC
instrument)

Analysis of vitamin C (HPLC instrument)

Analysis of beta-carotene (HPLC instrument) (Ficzek et al. (2019)

Analysis of pH (Testo 206 pH measurement)

Analysis of soluble solid content (SSC) (ATAGO DBX-55 digital refractometer)

V V V V VY

Determination of colour parameters (Konica Minolta CR 410 manual digital colour

meter)
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Figure 1. Process flowchart of Sea buckthorn juice extraction



CHAPTER 3 - RESULTS AND DISCUSSION

3.1. Total polyphenolic content (TPC)

Generally, the TPC values in all samples of SB juice (C, P0.5, P1 and P2) decreased
during storage. The content of TPC in SB juice ranged from 1400.99 pg GAE mL"! in
enriched P2 sample to 1750.59 ug GAE mL! enriched P0.5 sample.

The TPC content values of the control (C) sample was in the range of 1649.98.6 to
1142.21pg mL! end of the experiment (14 months). TPC changes of the control (C) sample
and enriched samples (P0.5, P1 and P2) are demonstrated in Table 1.

Table 1. Effect of pomace treatment and storage time on total polyphenol content

of sea buckthorn juice (ug GAE mL™)

Month Control P0.5 P1 | ]

Initial  1649.98 £ 165.594%  1750.59+31.02%*  1439.55+43.814%  1400.99+37.46°
2 1605.45+40.374  1607.65+40.964%® | 1302.34+27.06%2 = 1408.53+25.508°
4 1331.93+33.594  1441.76+43.214%  1049.16+34.565¢  1068.88+65.048
6 1277.75+£6.554%  1143.61+18.194B%  1032.53+23.80B¢ = 1097.22+30.69%°
8 1095.20+16.854° 1083.29+38.744°  1212.57+28.985¢¢  1320.16+18.99¢b¢
10 1191.12432.754% | 1276.63+28.704°¢ | 1433.27+43.33B% | 1459.26+35.74B2
12 1135.79+23.574°  1286.97+29.358C¢d | 1229.13+63.854Bb¢d  1374.444+29.05°
14 1142.21£36.114% | 1207.05+21.744%  1286.18+105.074%%  1624.41+£42.955

Superscripts with mall case letters indicate significance difference by time along the rows. Superscripts with
uppercase letters indicate significance difference by treatment along the columns. Presented values are means +
SD. (Tukey’s test, p<0.05)

Results showed that storage time and sample juices significantly affected the level of
TPC of all samples of SB juice. The lowest (1049.16 pg mL™") TPC value was observed for
the control (P1) sample in the 4 months. Between 6 and 8 months it comes up to 1212.57 pg
mL!. Therefore, from 8 to 14 months, enriched P2 samples contained the most TPC among
all samples of sea buckthorn juice.

The TPC values of the enriched samples (P0.5, P1 and P2) were in the range of 1750.59
png mL! to 1207.05 pg mL™!, 1439.55 pg mL! to 1286.18 pg mL™' and 1400.99 ug mL™! to
1624.41 pg mL! on 14 months, respectively. After 14 months, enriched P0.5, P1 and P2
samples retained 5.68%, 12.60%, and 42.27% more TPC compared to control (C) sample.



3.2. Flavonoids
3.2.1. Quercetin
Different percent content SB pomace slightly compared to quercetin of all samples (C,
P0.5, P1 and P2). The values of quercetin in enriched P1 and P2 samples were not
significantly higher than in the control (C) sample. At the start of the experiment, enriched P1
and P2 samples retained 3.07% and 1.64% more quercetin, respectively, compared to control
(C) sample. Control (C) samples the level of quercetin reduced by 12.66%, during storage.
The quercetin changes of the control (C) sample and enriched samples (P0.5, P1 and P2)

are on Figure 2.
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Figure 2. Quercetin content of SB juice during 14 months storage at room

temperature

Between 8 and 10 months, maximum increase was observed in enriched P2 sample
(11.38%) followed by enriched P1 sample (7.97%), while between 4 and 6 months, minimum
increase was observed in enriched P0.5 sample (0.45%).

During storage time enriched samples of SB juice (P1 and P2) have more stability than
other samples (C and P0.5). After 14 months, enriched samples (P0.5, P1 and P2) retained
9.14%, 25.82% and 24.92% more quercetin, respectively, compared to control (C) sample.

Both pomace treatment and storage time had a significant effect on quercetin values
of buckthorn juice. Pomace treatment, F (3, 141) = 40.93, P<0.001 and storage time, F (7,
141) = 2.616, P<0.05. Moreover, there was a significant interaction between pomace

treatment and storage on the quercetin value of the juice, F (21, 141) =3.294, P = 0.001.



3.2.2. Rutin

A different percentage of sea buckthorn pomace improved the value of the rutin in the
SB juice.At the beginning of the experiment enriched P0.5, P1 and P2 samples retained
8.08%, 23.18%, and 44.39% more rutin, respectively, compared to control (C) sample
(Figure. 3).

In enriched samples P0.5, P1 and P2, the content of rutin is reported to be lower Negi et
al. (2013), but not lower than that of control sample Control (C). We are supposing, different
results depend on the SB culture, its location (soil and weather) and harvest time.

Maximum increase was observed in enriched P1 sample (12.01%) followed by enriched

P0.5 sample (11.96%) and control (C) sample (10.95%).
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Figure 3. Rutin content of sea buckthorn juice during 14 months storage at room

temperature

During storage time, enriched P0.5 samples retained 7.95%, 10.66 and% 24.42% more
rutin, respectively, compared to control (C) sample and enriched P1 and P2 samples.

Results showed that enriched P1 and P2 samples retained 8.11% and 17.91% less rutin,
respectively, compared to control (C) sample. At the end of experiment, the enriched P0.5
sample retained more rutin than control (C) sample and enriched P1 and P2 samples.
However, after 14 months, enriched P1 (62.55%) and P2 (71.53%) samples resulted in much
higher rutin degradation than a control (C) sample (50%) and enriched P0.5 (49.57%).

3.2.3. Dihydroxybenzoic acid (DHBA)
The DHBA content of all samples (C, P0.5, P1 and P2) are significantly increased

compared to the initial day. In an enriched P2 sample a maximum DHBA value 20.3ug mL"!
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was recorded between 4 and 6 months. Therefore, minimum DHBA value 13.7ug mL™! was
observed for the enriched P1 sample.

During storage time constant increase was observed enriched P0.5 sample and more
stability than other samples (C, P1 and P2). After 14 months, enriched samples (P0.5, Pland
P2) retained 9.88%, 35.61% and 33.9% less dihydroxybenzoic acid, respectively, compared
to control (C) sample (Figure. 4).
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Figure 4. Dihydroxybenzoic acid content of sea buckthorn juice during 14 months

storage at room temperature

3.3. Antioxidant capacity (FRAP)

Different percent of SB pomace improved antioxidant capacity FRAP in SB juice on the
initial day (P0.5, P1 and P2). The antioxidant capacity (FRAP) in SB juice ranged from
1066.04 pg AA mL™! in control (C) sample to 1202.37 ug AA mL! enriched P2 sample in the
initial day. Enriched samples (P0.5, P1 and P2) retained 7.07%, 9.26% and 12.79% more
antioxidant capacity (FRAP) compared to control (C) sample initial day.

Generally, the antioxidant capacity values in all samples (C, P0.5, P1 and P2) decreased
during storage. During storage time, enriched P2 sample had the highest antioxidant activity
among other samples (C, P0.5 and P1). Korekar et al. (2014) found considerable differences
between the antioxidant capacity (FRAP) values of different Indian SB populations (from to
180 to 1355ug mL™).

After 14 months, enriched samples (P0.5, P1 and P2) retained 8.31%, 33.92% and
43.60% more antioxidant activity compared to control (C) sample. At end of storage time, all
samples (C, P0.5, P1 and P2) had less antioxidant respectively, compared to the initial day
(78.12%, 76.70%, 45.31% and 39.90%). Moreover, the enriched P2 sample of FRAP value

9



was more related with an enriched P1 than enriched P0.5 and control (C) sample. From the
enriched samples (P1 and P2), our experiment sees that the SB pomace reduces the loss of

FRAP during storage.

3.4. Beta-carotene

Different percent of SB pomace improved by beta — carotene of enriched samples(PO0.5,
P1 and P2). The content of beta-carotene in SB juice ranged from 1.93 mg mL! in control (C)
sample to 5.87 mg 100 mL™! enriched P2 sample in the initial day. In our experiment enriched
samples (P0.5, P1 and P2) retained 90.42%, 129.38% and 196.91% more beta-carotene,
respectively, compared to control (C) sample. The beta-carotene changes of the control (C),

enriched samples (P0.5, P1 and P2) are illustrated on Figure 5.

7.0

~ 6.0

o0

2 5.0

-

E‘J 4.0

2 3.0

2

S 20

[

= 1.0

8

g 0.0

B 0 2 4 6 8 10 12 14
=

Months
—0—C —8—P0.5 Pl —e—P2

Figure 5.Beta-carotene content of sea buckthorn juice samples

during 14 months storage at room temperature

Therefore, in enriched P0.5, P1 and P2 samples, the content of beta-carotene is reported
to be high Eccleston et al. (2002), and higher than that of control sample (C). In carrot juices,
the beta-carotene contents ranged from 3.28 to 8.48 mg 100 mL.

The beta-carotene values of all enriched samples (P0.5, P1 and P2) were significantly
higher than control (C) sample for all storage time, thus enriched P2 sample contained the
most beta-carotene among all samples (C, P0.5, P1 and P2).

During storage maximum increase was observed control (C) sample (92.23%) followed
by enriched P1 sample (25.62%), while minimum increase was observed in enriched P2

sample (11.07%) followed by enriched P0.5 sample (33.52%).
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After 14 months, enriched samples (P0.5, P1 and P2) retained 30.35%, 18.23% and
17.32% more beta-carotene, respectively, compared to control (C) sample. During storage
time, enriched P1 and P2 samples of beta-carotene are more stable than the control (C)
sample. The beta-carotene values of all samples (C, P0.5, P1 and P2) on initial day was 1.93,
3.61,4.37 and 5.87 mg 100 mL"!, which were gradually increased to 3.71, 4.82, 5.49 and 6.52
mg 100 mL! during 14 months of storage, respectively.

3.5. Ascorbic acid

In our results, different percent of SB pomace improved by AAc of enriched samples
(P0.5, P1, and P2). The enriched P0.5, P1 and P2 samples retained 6.42%, 16.31% and
20.65%more AsA, respectively, compared to control (C) sample in the initial day. The
content of AAc in SB juice ranged from 308.57 + 1.89 mg mL"! in control (C) sample to
372.81 + 1.89mg 100 mL™! enriched P2 sample in the initial day (Table 2).

Table 2. Effect of pomace treatment and storage time (months) on vitamin C of
buckthorn juice (mg 100 g)
Month Control P0.5 P1 P2

Initial ~ 308.57 + 1.89%% 328.11 + 0.44%8 357.83 £ 0.1.63%¢ 372.81 + 1.89%P
2 273.30+9.36%48A8 258.29 + 5.48%4 27327 £5.17%48 29976 £ 13.59>deLB
4 218.72 £8.70°¢MA 23546+ 1.70%* | 265.14 + 5.674¢P 266.76 + 3.35°48
6 192.85+ 28.53%¢fedA 191 24 + 87544 230.44 +2.70%* 244.49 +9.19%FeA
8 128.70 £ 7.82*>A  125.01 + 4.45%8M 15591 +1.02°¢™8  183.50 + 0.63"&"C
10 110.63 £ 7.65%* | 119.61 + 1.82°%"AB 1 13227 + 4,09><B 129.60 + 1.19%48
12 101.22 + 18.79*MA 113,98 £9.29*>&A 107,63 + 6.41>>eA 117.66 + 3.56™"
14 77.55 + 3.93%44 77.82 + 6.14%014 97.92 + 9.40%MA 98.84 + 10.42%0A

Superscripts with mall case letters indicate significance difference by time along the rows. Superscripts with
uppercase letters indicate significance difference by treatment along the columns. Presented values are means +
SD. (Tukey’s test, p<0.05)

The enriched P2 sample was higher AAc than other enriched samples (P0.5, and P1) and
control (C) sample of SB juice. AAc in all samples (C, P0.5, P1, and P2) were continuously
declining during the research. During storage maximum decrease was observed enriched P0.5
sample (34.63%) followed by control (C) sample (33.26%), while minimum decrease was
observed in enriched P2 sample (29.37%) followed by enriched P1 sample (32.34%).

The AAc values of all enriched samples (P0.5, P1 and P2) were significantly higher than
control (C) sample for after 14 months.After 14 months, enriched samples (P0.5, P1 and P2)

11



retained 0.35%, 26.25% and 27.44% more AA, respectively, compared to control (C) sample.
Remini et al. (2015) reported that 20% of the initial ascorbic acid was lost after 28 days of

storage of pasteurized blood orange juice at 4°C.

3.6. Total colour difference

Total colour difference of sea buckthorn juice samples presented Figure 6. The change
in the parameters of the sample or its deviation from a given colour pattern can be
characterized by the spatial distance between the two-colour points, the total colour difference
(AE¥*).

During these investigations the parameters measured 14 months of all samples were

compared with the initial ones, so the AE* values were determined with respect to the starting

C P0.5 P1 P2

Figure 6. The colour difference parameters (AE*) after the storage period

colour coordinates.

AE*
S = N W A U & 9 ®

Total colour difference increased with time and samples and the increase was
significantly different among the samples. The total colour difference value of 2 would be a
noticeable difference in visual perception of many products. After 14 months of storage
enriched P2 sample, the total colour difference had surpassed 23, while control (C) and
enriched P0.5 samples it took about 14 months to exceed 5 (Figure 6).

The colour change of the pomace-containing pulps was 'clearly visible' at the end of
storage, since AE* values were between 3.0 and 6.0. In the control sample, AE* was greater
than 6.0, thus the difference was large. As the amount of pomace increased, the colour

difference decreased, including a negative correlation (r =-0.9681).

12



3.7. New scientific results

1. A significant decrease in the antioxidant activity and TPC were recorded for each sample
of sea buckthorn juice during storage time. The added pomace has a protective effect for
the antioxidant activity and TPC of the juices. The antioxidant activity decreased to a
lesser extent in the pomace-containing juice (P1, 1% pomace added, 45.31%; P2, 2%
pomace added, 39.90%), than in the control sample (C, without pomace added, 78.12%)).
Antioxidant capacity was shown to be directly correlated with TPC.

2. We found that the main flavonoid of the sea buckthorn samples was the quercetin (0.0456 —
0.0748 mg mL"'; between 44.64-69.73%), followed by dihydroxybenzoic acid (0.0125 —
0.0620 mg mL!; between 19.11-36.95%) and the rutin (0.0073 — 0.0309 mg mL"'; between
11.16-18.41%).

3. After 14 months storage at room temperature, P1 (1% pomace added) (62.55%) and P2 (2%
pomace added) (71.53%) resulted in much higher rutin degradation than a control (C,
without pomace added) (50%) and P0.5 (0.5% pomace added) (49.57%).

4. A significant increase in the dihydroxybenzoic acid was recorded for each sample of sea
buckthorn juice during storage time. After 14 months storage the control (C, without
pomace added, 0.0587 mg mL"') sample showed a significant (P<0.05) higher
dihydroxybenzoic acid than the P1 (1% pomace added, 0.0378 mg mL™') and P2 (2%
pomace added, 0.0388 mg mL") samples.

5. After 14 months storage, a significant increase in the quercetin was recorded for P1 (1%
pomace added) (6.6%) and P2 (2% pomace added) (7.3%), while, in the control (C,
without pomace added) (12.6%) and P0.5 (0.5% pomace added) (1.44%) were degraded.
During 14 months storage time, the quercetin of sea buckthorn juice was more stable than
hydroxy-benzoic acid.

6. A significant increase in the beta-carotene was recorded for each sample of sea buckthorn
juice during storage time. After 14 months, enriched samples of sea buckthorn juice (P0.5,
P1 and P2) retained 30.35%, 18.23% and 17.32% more beta-carotene, respectively,
compared to the control (C) sample.

7. The ascorbic acid content decreased in all samples. The losses of about 74.87%, 76.3.45%,
72.72% and 73.45% of vitamin C were observed in control samples (C) and enriched
samples (P0.5, P1 and P2) after 14 months storage.

8. A significant increase in the pH was recorded for all sea buckthorn juice samples during 14
months of storage. During storage time, the pH values of P2 (2% pomace added) sample

were more stable than the control (C, without pomace added), P0.5 (0.5% pomace added)

13



and P1 (1% pomace added). The soluble solid content of control (C, without pomace
added), was significantly lower compared to the other sea buckthorn juice samples (PO0.5,

P1, P2) after 14 months storage period.

14



CHAPTER 4 — CONCLUSION AND SUGGESTION

The aim of this research was to set up a technological process to obtain high-value
biologically active extracts from sea buckthorn pomace, thereby helping to reduce waste from
the juice industry. On one hand, these could be retrieved using the proper method, and used
again by the food industry. These new aspects concerning the use of the pomace as by-
products for further exploitation on the production of food additives with high nutritional
value, their recovery may decrease quantity of a waste of valuable components and may be
economically attractive.

In our research work the conditions in which the samples were stored were in a cool,
dry place. We wanted to represent the normal, average circumstances of a department store
during storage. During the experiment, someone measured weekly the ambient temperature and
ranged from 18 to 23°C, depending on the season.

In summary, the results from this study indicate that P1 and P2 retained more
antioxidant capacity, beta-carotene, TPC, rutin, quercetin, hydroxy-benzoic acid, SSC and
ascorbic acid, and less colour parameters compared to the control (C) on the initial day.

P1 and P2 significantly altered chemical parameters such as TPC, FRAP, SSC, beta-
carotene, pH-value, quercetin and ascorbic acid. A significant increase in the beta-carotene was
recorded for P1 and P2 during storage time. The P1 had quality parameters close of P2 and
significantly better than the control (C).

During 14 months storage, the SB control (C) juice lost some of the quercetin, rutin,
TPC, FRAP and ascorbic acid content, respectively. We have successfully recovered and
recycled the antioxidant compounds from pomace of SB to produce more valuable and SB
juice (P0.5, P1, P2). These new aspects concerning the use of the pomace as by products for
further exploitation on the production of food additives with high nutritional value, their
recovery may decrease quantity of a waste of valuable components and may be economically
attractive.

Experiments have shown that sea buckthorn has a remarkable antioxidant effect, which
can neutralize free radicals and helps maintain health. Our results clearly demonstrated that the
added pomace amount significantly influenced the phytochemical composition and antioxidant
capacity of the enriched samples of sea buckthorn juice studied.

This work in the field of studying the effect of sea buckthorn pomace is only the initial
stage, which offers many other possibilities for further research:

e In order to avoid wastage of significant quantities of nutrients by treating the pomace
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as waste, it would be worth to use it not only for feeding purposes, but also in
functional foods for human consumption.

In this study, sea buckthorn pomace was used in heat-treated juices, but it would be
worthwhile to investigate the effect of pomace on the antioxidant component and
shelf life of freshly pressed non-heat-treated juice, as well.

It would also be worthwhile to study the antimicrobial effect of sea buckthorn pomace
in various food products (combine the heat treatment and pomace added) in order to
reduce the negative effect of heat treatment. A detailed study is required to investigate
the inhibitory effect of sea buckthorn on certain microorganisms.

Further studies are needed on the use of sea buckthorn pomace in other products,
e.g.in jams and jellies. More than 2% pomace content could be usedand investigated
the antioxidant and rheological properties of jams during storage.

I consider it necessary to identify additional flavonoid compounds and to monitor

their changes in the products due to different technological effects and during storage.
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