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ABSTRACT

Chlorophylls and carotenoids are abundant pigments in plants, algae and cyanobacteria. In this study we verified the applicability of two
previously developed UV-vis spectrophotometric methods for simultaneous quantitative determination of chlorophylls (a, b) and
carotenoids (lycopene, B-carotene or total carotenoids). The pigments were extracted from the strawberries, apricots and raspberries in
both the acetone-water and acetone-hexane mixtures. Based on the statistical evaluation of the results the combination of mechanical
disruption and sonication of fruit samples seems to be a suitable way to improve the pigment extraction efficiency from fruits in both
types of solvents. In the case of apricot and raspberry fruit extracts the amount of chlorophylls and carotenoids calculated from the
proposed equations was comparable to those published by other authors. However, the spectrophotometric determination of B-carotene
content in strawberry acetone-hexane extract appeared to be problematic mainly due to the fact that carotenoids exhibited overlapping
chlorophyll absorption bands. Overlap of bands leads to the negative values calculated from the proposed equation for the p-carotene
content. The results indicate the limitations in use of the proposed set of equations for plant samples with comparable amounts of

studied pigments.
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INTRODUCTION

Many of epidemiological studies have shown that the consumption of diets rich
in fruit and vegetables helps to prevent a wide range of diseases associated with
long-term oxidative stress, such as cardio-vascular diseases, cancer and illnesses
related to the aging (Kohlmeier and Hastings, 1995; Halliwell, 1997; Nishino
et al., 2009; Bystricka et al., 2011; Jomova and Valko, 2011; Papaioannou et
al., 2011; Tanaka er al., 2012). Well-known biologically beneficial natural
substances are carotenoids endowed either with antioxidant activity or with pro-
vitamin A activity (Bohm et al., 2012). Carotenoids are one of the most
important groups of natural pigments abundant in many fruits and vegetables.
Dietary carotenoid intake from vegetable and fruit sources has been correlated
with a reduced cancer risk (Sporn and Suh 2002; Tanaka et al, 2012).
However, recent studies have shown that also chlorophyll (Chl) consumption
might be linked to a chemoprotective effect (Ferruzzi and Blakeslee, 2007).
Beneficial effects of natural pigments on human health have led to increased
interest in the study of these substances. Current research is oriented on
identification and quantification of components in plant material and
determination of their activity. The various sets of experimental data concerning
the abundance as well as biological activity of effective substances in natural
plant resources are required to develop the useful food and nutraceutical
supplements. Identification and quantification of plant bioactive substances is
influenced by various factors, the most significant being the sample preparation
procedure, the type of extraction reagent and the method of their determination.
The most commonly used techniques for identification and quantification of
natural substances are either spectrophotometry or high-performance liquid
chromatography (HPLC) (Jeffrey et al., 1997). Each of the methods has different
advantages and limitations (Mantoura et al., 1997).

In our work we verified applicability of two developed spectrophotometric
methods for simultaneous determination of chlorophylls (a, b) and carotenoids in
strawberry, apricot and raspberry fruits. The pigments were extracted in two
organic mixtures according to the used method and ultrasonication was applied
with the aim to enhance the extraction yields.
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MATERIAL AND METHODS
Chemicals

The used solvents (acetone and hexane) were purchased from Sigma Aldrich and
were of analytical grade purity.

Processing of raw fruits

The fruits of strawberry, apricot and raspberry were obtained from market in a
stage of full ripeness. The clean and dry fruit (free of stems or pits) was
homogenized in household food blender fitted with a sieve with 2 mm
perforations. The waste fraction was returned to blender one more time to assure
complete homogenization. The whole isolation procedure was performed under
dark conditions to avoid light degradation of the pigments.

Assay for chlorophylls, p-carotene and lycopene

In general, the samples prepared from raw fruits intended for pigment extraction
were initially processed by two methods. In the first approach the fruit was
processed only mechanically, the second approach involved mechanical
processing plus sonication of the samples. The pigments were determined
according to the method of Nagata and Yamashita (1992). 1g of fresh weight of
each fruit slurry was separately homogenized (IKA-WERKE T10 Basic) with 10
mL of an acetone—hexane mixture (2:3) for 2 minutes to uniform mass. In parallel
experiments under the same conditions, in order to ascertain the effect of
sonication on extraction yield, the samples were sonicated (sonicator Bandelin
HD3100 Sonopuls) for 3 minutes (5 cycles: puls 30 s, pause 10 s). Samples were
maintained in an ice-water bath to prevent over-heating of the samples.
Homogenates were centrifuged (Eppendorf) at 5000 rpm for 10 minutes at 20 °C.
The absorbance spectrum of each supernatant was measured and the absorption
maxima were read at 453, 505, 645 and 663 nm (UV/VIS spectrophotometer
Cary 50 Scan). Chl a, Chl b, B-carotene and lycopene content was calculated
from the following equations:
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Chlorophyll a (mg/100ml) = 0.99944¢; — 0.0989 Agys
Chlorophyll b (mg/100ml) = —0.3284¢63 + 1.77Agss

Lycopene (mg/100ml)
= —0.0485444; + 0.204A 545 + 0.372A505 — 0.0806A 455

m
p — carotene ( 9 ) = 02164655 — 1.22445 — 0.304A505 + 0.452 445

100ml
where A = absorbance.
Assay for Chlorophylls and Total Carotenoids
The Chl a, Chl b and total carotenoids were determined by the method of Yang et
al. (1998). Extract preparation procedure was identical to the previously
described method. The acetone-water mixture (4:1) was used as a solvent. The
absorbance maxima were read at 663.6 nm for Chl a, 646.6 nm for Chl » and

470.0 nm for carotenoids. Contents of Chl a, Chl b and total carotenoids were
calculated from the following equations:

Chlorophyll a (ug/ml) = 12.254663.6 — 2.25 Agscs

Chlorophyll b (ug/ml) = 20.31 Agse6 — 49146636

1000 A4y — 2.27 (Chl @) — 81.4 (Chl b)
227

Total carotenoids (ug/ml) =

The results were expressed as micrograms per gram fresh weight of sample
Statistical Analysis

All measurements were carried out for four independent samples (n=4) and the
results are expressed as mean values + standard deviation (SD). The data were
statistically analysed using a common procedure based on calculating Student’s t
criterion according to formula:

(%) Vn—1
\sE+ sk
and comparing calculated ¢ with critical #.; (n-4) =3.182, where x4 and x; are

arithmetic averages of two sets under consideration, s, and sz are relating
standard deviations and n is number of parallel experiments.

RESULTS AND DISCUSSION

Carotenoids have been extensively studied in a large number of fruits and
vegetables because of their beneficial effect on human health. On the other hand,

only little attention has been paid to the content of chlorophylls that undergo
degradation during ripening, while the total carotenoid content increases
throughout fruit ripening process. In this study we applied two previously
described spectrophotometric methods (Nagata and Yamashita, 1992; Yang et
al., 1998) for simultaneous determination of chlorophylls (a, b) and carotenoids
(lycopene, B-carotene or total carotenoids) with the aim to verify applicability of
these methods for other fruit (strawberry, apricot, raspberry) in a stage of full
ripeness. Based on the obtained spectral characteristics we calculated the content
of carotenoids and chlorophylls in extracts of the individual fruits. Table 1 shows
content of the pigments extracted in two organic mixtures (acetone-hexane,
acetone-water) which enables us to compare the solvent effects on the extraction
yield. Sample sonication followed by homogenization was used to evaluate the
impact of ultrasonication on the pigments extraction yield.

Chlorophylls

Table 1 presents the pigment contents of the fruit samples as determined by UV-
VIS spectrophotometry. It can be seen that chlorophyll pigments were extracted
using both organic mixtures with the exception of raspberry fruit, where acetone-
hexane organic mixture seems to be ineffective. Our results showed greater
concentration of Chl b than Chl a unlike Martinez et al. (2001) who observed
higher content of Chl a. The results obtained (Table 2) have shown that character
of solvent was statistically significant for the extracted amount of Chl a in
strawberry under the conditions of mechanical processing of samples plus
sonication in acetone-hexane solvent. Under these conditions the yield of Chl a
was double of that obtained from mechanical processing while the acetone-water
yields under both disruption means (solely mechanical and mechanical plus
sonication) did not exceed the critical value of Student’s t criterion. That means
the extraction of Chl a by acetone-water gives lower yield and reflects that
disruption mode is less efficient. These results could be consistent with the
observation that acetone solvent does not extract polar pigments very well and
chlorophyllase activity increases with water content (Zhengyi et al., 1998).
However, our results have not confirmed higher efficiency of acetone-hexane
mixture solvent in the extraction of chlorophylls in all samples. In the case of
strawberry extraction efficiency of Chl b, no significant difference was found for
both solvent mixtures under the same conditions of sample processing
(mechanical vs. mechanical plus sonication). Extraction of Chl a in apricot gave
consistent results regardless of the solvent used or sample processing. On the
other hand, amount of Chl b determined using acetone-water mixture was
statistically significantly higher than that of acetone-hexane mixture.

Effect of disruption treatment can be seen in Table 3. Being extracted by both
solvent mixtures, Chl a in strawberry reached significantly higher yields using
the mechanical disruption followed by sonication. Although Chl 5 content is
significantly higher by applying the mechanical processing plus sonication using
acetone-water mixture, comparison of both ways of disruption and extraction by
acetone-hexane mixture is very close to critical value of Student’s criterion
(3.182 versus 3.013) in favour of mechanical processing plus sonication in this
solvent mixture, too.

Table 1 Chlorophylls and carotenoids composition (ug.g”' fresh weight) of fruit extracts in two organic mixtures. The results are

expressed as mean £SD (n = 4)

Solvent Acetone-hexane 2:3 Acetone-water 4:1
L Mechanical Mech. disruption +  Mechanical Mech.  disruption +
Homogenization di . s . . s
isruption sonication disruption sonication
Chlorophyll a 2.76 £0.69 5.68 £0.98 2.031£0.12 3.67£0.11

2 Chlorophyll b 3.09 £1.03 6.49 £1.66 3.89 £0.30 5.9240.55

& Lycopene 1.2440.33 2.63+0.25 - -

Z P - carotene ND ND - -

& T Carotenoids o -—-- 2.1040.65 2.414+0.96
Chlorophyll a 092 +0.12 1.2440.64 1.25+0.17 1.51+£0.37
Chlorophyll b 0.9740.07 1.3610.14 1.98+ 0.13 2.30 £0.62

< Lycopene 0.754+0.13 1.03£0.22 — —

-2 P - carotene 30.63+3.81 33.2242.97 - -

& T Carotenoids 16.27+ 1.44 16.23+1.67
Chlorophyll a ND ND 1.38+0.15 2.3740.23

3 Chlorophyll b ND ND 4.06+ 0.23 5.39%+1.25

3 Lycopene ND ND -—- -—-

2. P - carotene 5.1240.77 5.67£0.64 - -

_2 T Carotenoids - - 10.40+ 0.44 10.061+ 0.34

Legend:ND - not detected, T - total

Analysing chlorophyll a in apricot showed that treatment of the sample brought
no difference between disruption modes. However, extraction of Chl b by
acetone-hexane reached significantly higher level using mechanical disruption
plus sonication, while the results from acetone-water extraction were not distinct
with respect to the method of disruption. In the case of raspberry, level of Chl a
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in acetone-water extract was significantly higher using mechanical processing
plus sonication. Even though differences of Chl b results in acetone-water
mixture were not over critical t-value, the yield was higher after mechanical
disruption plus sonication.
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Carotenoids

Because Chl @ and Chl b contents are measured simultaneously with the content
of some carotenoids, an additional objective of this study was to determine
carotenoid concentrations. The obtained data (Table 1) have shown the high
content of P-carotene in apricot (30 pg.g") in acetone-hexane mixture. It is
interesting to note that the content of lycopene in apricot was significantly lower
(0.75 pg.g") compared to P-carotene content and even lower than lycopene
content in strawberry (1.24 pg.g”'. The high level of B-carotene is consistent with

observations of other authors who quantified the B — carotene content in apricot
using HPLC method (Hart and Scott, 1995) or spectrophotometrically (Radi et
al., 2004; Sass-Kiss et al., 2005). Despite the large number of existing data on
the content of carotenoids it is difficult to compare them. Small differences in
carotenoid contents can be attributed to the different solvents used for extraction.
The results of Lugasi e al. (2003) showed significantly higher lycopene content
in apricot purchased in summer compared to that purchased in winter indicating
the effect of season on level of natural pigments.

Table 2 Statistical testing of solvent effect on the amount of extracted pigments. Compared couples are the sets treated by the same
disruption and extracted with acetone-hexane versus extracted with acetone

Acetone-hexane(2:3) vs. acetone-water (4:1)

Acetone-hexane(4:6) vs. acetone-water (4:1)

Student s criterion t calculated; tei¢ n4)= 3.182

Mechanical disruption

Mechanical disruption + sonication

Strawberry Apricot
Chlorophyll a 1.81 2.75
Chlorophyll b 1.30 11.85 > toie

Strawberry Apricot
3.53> toit 0.63
0.56 2.56

Though the acetone-hexane mixture is considered to be effective in carotenoid
extraction, our results (Table 1) obtained in strawberry extract appeared to be
problematic in terms of determination of B-carotene content, giving negative
values. The similar results were obtained in case of raspberry fruits for lycopene.
This was most probably due to the similarity of the absorbance values of studied
pigments. Rao et al. (1998) have demonstrated that the results obtained by HPLC
and by spectrophotometry are comparable and practically the same in case of
those foods in which lycopene is the predominant carotenoid. In contrast to our
findings Barros et al. (2010) have observed B-carotene in strawberry fruits
(10.70 ug.g") using the same method, but no lycopene has been detected. Based
on the spectrophotometrical data Singh (2011) have found lower level of B-

carotene in strawberry fruits (from 0.56 to 1.00 pg.g") using a 3% acetone in
petroleum ether as a solvent.

Taking into account the use of sonication, it can be seen (Tables 1, 3) that the
extraction of lycopene by acetone-hexane mixture from strawberry gave
significantly higher yield when disruption was carried out mechanically plus
sonication. However, yields of lycopene and B-carotene in apricot extract can be
considered to be the same regardless of disruption treatment. Similarly to this
observation, yields of total carotenoids in acetone-water extract have not been
significantly affected by the disruption process (Table 3).

Though our results have confirmed positive impact of mechanical disruption
followed by sonication on pigment extraction quantity, determination procedures
need to be optimized individually for every sort of fruit.

Table 3 Statistical testing of sample disruption effect on the amount of extracted pigments. Compared couples are the sets extracted with
the same solvents and disrupted mechanically versus disrupted mechanically plus sonication

Mechanical disruption vs.
mechanical disruption + sonication

Student s criterion t calculated; tei¢ n4)= 3.182

Mechanical disruption vs.
mechanical disruption + sonication

Acetone-hexane 2:3

Acetone-water 4:1

Strawberry Apricot Rapsberry Strawberry Apricot Rapsberry
Chlorophyll a 4.22> teit 1.31 ND 17.45> teit 1.10 6,25> teiq
Chlorophyll b 3.01 4.32> toi ND 5.62> toit 0.88 1.81
Lycopene 5.82> ti 1.90 ND — — f—
B - carotene ND 0.93 0,95 -—- -— —
T Carotenoids - - - 0.46 0.03 1.06
CONCLUSION REFERENCES

Based on the results presented in this contribution we may conclude that in
almost all experimental variants discussed above, regardless of the type of
solvent used, the mechanical processing combined with sonication increased the
extraction yield of natural pigments. A simple spectrophotometric method
appears to be suitable for determination of pigments in some fruits, however
different solvent mixtures and conditions of homogenization must be
experimentally tested for each type of fruit in order to increase the pigment
yields. If the above mentioned conditions are specified for each fruit, the
spectrophotometric determination of pigments can provide a fast and less
expensive method for the obtaining of original data on pigment content, directly
linked to the nutritional value of the fruits. However, there are many others of
factors that must be taken into account, when comparing the content of natural
pigments. For example, climatic conditions, soil properties, environmental
stresses and different types of fruits carry great variability in the abundance of
pigments. Another important aspect of the experimental design is to eliminate
potential sources of experimental errors and to achieve a high degree of
reproducibility.

Acknowledgments: This work was supported by Scientific Grant Agency
(VEGA Project #1/0856/11) and Research and Development Agency of the
Slovak Republic (Contracts No. APVV-0202-10).

63

BARROS, L., CARVALHO, A. M., MORAIS, J. S., FERREIRA, I. C. F. R.
2010. Strawberry-tree, blackthorn and rose fruits: Detailed characterisation in
nutrients and phytochemicals with antioxidant properties. Food Chemistry,
120(1), 247-254.

BOHM, F., EDGE, R., TRUSCOTT, T.G. 2012. Interactions of dietary
carotenoids with singlet oxygen (102) and free radicals: potential effects for
human health. Acta BiochimicaPolonica, 59(1), 27-30.

BYSTRICKA, 1., VOLLMANNOVA, A., KUPECSEK, A., MUSILOVA, 1.,
POLAKOVA, Z., CICOVA, 1., BOINANSKA, T. 2011.Bioactive Compounds in
Different Plant Parts of Various Buckwheat (Fagopyrum esculentum Moench.)
Cultivars. Cereal research communications. 39(3), 436-444.

FERRUZZI, M.G., BLAKESLEE, J. 2007. Digestion, absorption, and cancer
preventative activity of dietary chlorophyll derivatives. Nutrition Research, 27, 1-
12.

HALLIWELL, B. 1997. Antioxidants and human disease: a general introduction.
Nutrition Reviews, 5, 544-55.

HART, D. J., SCOTT, K. J. 1995. Development and evaluation of an HPLC
method for the analysis of carotenoids in foods, and the measurement of the
carotenoid content of vegetables and fruits commonly consumed in the UK. Food
Chemistry, 54(1), 101-111.

JEFFREY, S.W., MANTOURA, R.F.C., WRIGHT, S.W. 1997. Phytoplankton
Pigments in Oceanography: Guidelines to Modern Methods. Paris: UNESCO
Publishing, 661 p. ISBN 92-3-103275-5.

JOMOVA, K., VALKO, M. 2011. Advances in metal-induced oxidative stress
and human disease. Toxicology, 283(2-3), 65-87.




J Microbiol Biotech Food Sci/ BraniSa et al. 2014 : 3 (special issue 2) 61-64

KOHLMEIER, L., HASTINGS, S.B. 1995. Epidemiologic evidence of a role of
carotenoids in cardiovascular disease prevention. The American Journal of
Clinical Nutrition, 62(6), 1370-1376.

LUGASI A., BIRO, L., HOVARIE, J., SAGI, K. V., BRANDT, S., BARNA, E.
2003. Lycopene content of foods and lycopene intake in two groups of the
Hungarian population. Nutrition Research, 23, 1035-1044.

MANTOURA, R.F.C., REPETA, D. J. 1997. Calibration methods in HPLC. In
JEFFREY S.W., MANTOURA R.F.C., WRIGHT, S. W. [Eds.] Phytoplankton
Pigments in Oceanography: Guidelines to Modern Methods. Paris: UNESCO
Publishing, 407-428.

MARTINEZ, G. A., CIVELLO, P. M., CHAVES, A. R., ANON, M. C. 2001.
Characterization of peroxidase-mediated chlorophyll bleachingin strawberry
fruit. Phytochemistry, 58(3), 379-387.

NAGATA, M., YAMASHITA, 1. 1992. Simple method for simultaneous
determination of chlorophyll and carotenoids in tomato fruit. Nippon Shokuhin
Kogyo Gakkaish,39(10), 925-928.

NISHINO, H., MURAKOSHI, M., TOKUDA, H., SATOMI, Y. 2009. Cancer
prevention by carotenoids. Archives of Biochemistry and Biophysics, 483(2),
165-168.

PAPAIOANNOU, E.H., STOFOROS, N.G., LIAKOPOULOU-KYRIAKIDES,
M. 2011. Substrate contribution on free radical scavenging capacity of carotenoid
extracts produced from Blakeslea trispora cultures. World Journal of
Microbiology and Biotechnology, 27(4),851-858.

RADI, M., MAHROUZ, M., JAOUAD, A., AMIOT, M.J. 2004.
Characterization and identification of some phenolic compounds in Apricot fruit
(Prunus armeniaca L.). Sciences des Aliments, 24(2), 173—184.

RAO, A.V, WASEEM, Z., AGARWAL, S. 1998. Lycopene content of tomatoes
and tomato products and their contributionto dietary lycopene. Food Research
International, 31(10),737— 741.

SASS-KISS, A., KISS, J., MILOTAY, P., KEREK, M. M., TOTH-MARKUS,
M. 2005. Differences in anthocyanin and carotenoid content of fruits and
vegetables. Food Research International, 38(8-9), 1023— 1029.

SINGH, A., SINGH, B.K., DEKA, B.C., SANWAL, S.K., PATEL, RK,
VERMA M.R. 2011. The genetic variability, inheritance and inter-relationships
of ascorbic acid, B-carotene, phenol and anthocyanin content in strawberry
(Fragariaxananassa Duch.) Scientia Horticulturae, 129(1), 86-90.

SPORN, M.B., SUH, N. 2002. Chemoprevention: An essential approach to
controlling cancer. Nature Reviews Cancer, 2(7), 537-543.

TANAKA, T., SHNIMIZU, M., MORIWAKI, H. 2012. Cancer
Chemoprevention by Carotenoids. Molecules, 17(3), 3202-3242.

YANG, C.M., CHANG, K.W., YIN, M.H., HUANG, H.M. 1998. Methods for
the determination of the chlorophylls and their derivatives. Taiwania 43(2), 116-
122.

ZHENGY]I, F., BOUWKAMP, J.C., SOLOMOS, S. 1998. Chlorophyllase
activities and chlorophyll degradation during leaf senescence in non-yellowing
mutant and wild type of Phaseolus vulgaris L. Journal of Experimental Botany,
49(320), 503-510.

64



