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In vitro studies of temperature and pH influence on chlorophyll 
degradation by horseradish peroxidase: Spectroscopic and HPLC studies
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Abstract 
In vitro chlorophyll a degradation by horseradish peroxidase in the presence of the resor-
cinol was investigated in this paper, and the influence of pH and temperature was par-
ticularly studied. Chlorophyll a degradation was followed by UV–Vis and HPLC. Chlorophyll 
a was degraded when hydrogen peroxide was added into reaction mixture containing chlo-
rophyll fraction, horseradish peroxidase, resorcinol and phosphate buffer. HPLC analysis
has identified the main degradation product of chlorophyll a as 132-hydroxychlorophyll a. 
The degradation was traced at different temperatures and pH values. The increasing tem-
peratures led to increase of chlorophyll a degradation, with a maximum at 37 °C. The
degradation also increased with increasing pH values, reaching maximum at pH 6. 
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Chlorophylls (Chls) are the most ubiquitous pig-
ments of all natural pigments, which are responsible 
for the color of all green plants. Biosynthetically, they 
are derived from protoporphyrin IX [1]. Structurally, 
chlorophylls are cyclic tetrapyrroles with isocyclic cyclo-
pentanone ring, fused at the edge of the right-bottom 
pyrrole ring [2], as shown in Figure 1.  

Chls are susceptible to many chemical or enzymatic 
degradation reactions. The pathway of chlorophyll (Chl) 
breakdown can be provided by simultaneous actions of 
enzymes, weak acids, oxygen, light and heat, which can 
lead to the formation of a large number of degradation 
                                                                        
Correspondence: S.M. Petrović, University of Niš, Faculty of Tech-
nology, Bulevar Oslobođenja 124, 16000 Leskovac, Serbia. 
E-mail: milenkovic_sanja@yahoo.com 
Paper received: 21 December, 2012 
Paper accepted: 10 June, 2013 

products [3]. The previous studies have shown that the 
enzymatic Chl degradation may include several enzymes, 
such as chlorophyllase, Mg-dechelatase, Chl oxidase 
and peroxidase [4,5]. The role of chlorophyllase is in 
removal of phytol tail from chlorophyll and the for-
mation of chlorophyllide (Chlide). On the other hand, 
Mg-dechelatase removes not only phytol tail, but the 

central Mg atom as well. Chl oxidase and peroxidase 
are indirectly included in the chlorophyll a (Chl a) 
degradation, because their action requires presence of 
phenolic compound. Both of them, peroxidase and Chl 
oxidase, as degradation products yield 132-hydroxy-
chlorophyll a (Chl a-1) [6,7]. The role of peroxidase in 
the mechanism of Chl degradation in vivo is not com-
pletely understood. Still, it is known that during storage 
of plants the activity of chlorophyllase is slight 
decreased while, on the other hand, the activity of Chl 

 
Figure 1. Chlorophyll structure. The C-atoms are numerated according to IUPAC nomenclature rules. In position C-7, –R1 corresponds 
to: –CH3 and –CHO in the cases of Chl a and Chl b, respectively. 
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degrading peroxidase is increased, implying a great role 
of peroxidase in Chl degradation [8].  

Previous studies have shown that phenol, 2,4- 
-dichlorophenol and resorcinol were effective in Chl 
degradation. In the Chl degradation mechanism, pero-
xidase oxidizes the phenolic compound, with the hyd-
roxyl group at the p-position and forms the phenoxy 
radical or/and superoxide anion. After, the obtained 
radical or superoxide anion attack on Chl a to form Chl 
a-1 [9], shown in Figure 2. Yamauchi and collaborators 
(2004) demonstrated that the other phenolic com-
pounds, like p-coumaric acid, apigenin, apigetrin, narin-
genin are highly effective in the peroxidase – hydrogen 
peroxide system, having electron attracting groups at 
the p-position [8–10]. 

Funamoto and collaborators [6] have shown that 
Chl content in stored broccoli decreased significantly 
after 4 days storage at 15 °C, while the content in 
broccoli treated at 50 °C for 2 h has remained almost 
intact during storage [6]. Similary, Martínez et al. [11] 
have examined the influence of temperature and pH on 
degradation of chlorophyll with peroxidase from straw-
berry fruits in the presence of p-coumaric acid and the 
obtained results have indicated the biggest degradation 
at 35 °C and pH 5.2 [11].  

The subject of this work is to study the influence of 
temperature and pH on in vitro degradation of Chl a 
from spinach in the presence of horseradish peroxidase 
(HRP) and resorcinol, as phenolic compound, including 
the identification of the major degradation product by 
UV–Vis spectroscopy and HPLC. As opposed to previous 
studies, this research is the first report about influence 
of pH and temperature on in vitro degradation of Chl a 
from spinach by HRP in the presence of resorcinol as 
phenolic compound. 

EXPERIMENTAL 

All experiments, beginning with extraction, were 
performed under dim light as far as possible, and inside 
vessels and equipment covered with aluminum foil or 
black cloth, preventing pigments exposure to light [12]. 

Extraction of plant pigments 

Extraction of plant pigments from spinach leaves, 
Spinacia oleracea L. (found in the local market), was 
performed by using already published method [13]. The 
final extract was a mixture of pigments containing large 
amounts of various Chl forms, as well as accessory 
pigments, carotenoids (carotenes and xanthophylls).  

Chlorophyll fraction 

The Chl fraction – the purified mixture, e.g., Chl a 
and chlorophyll b (Chl b), was isolated from the pig-
ment extract by using column chromatography with 
silica gel as the adsorbent (silica gel 60, Merck, 0.063– 
–0.200 mm) and n-hexane/acetone eluent mixture [13]. 

Enzyme 

HRP (298 U/mg) was purchased from Sigma (Ger-
many). A 2 μM stock solution of HRP was prepared by 
dissolving the 0.34 mg of the solid HRP in 10 ml of cold 
50 mM phosphate buffer pH 6. The enzyme concentra-
tion was calculated using a ε403 = 102.0 mM–1 cm–1 [14]. 

Chlorophyll degradation reaction 

Chl degradation was determined as described by 
Yamauchi and Minamide with slight modifications [4]. 
The reaction mixture contained 0.2 ml Chl fraction in 
ethanol solution, 50 µl ethanol solution of resorcinol, 
0.1 ml 1% Triton X-100, 0.1 ml 0.3% hydrogen peroxide, 
40 µl HRP and 2.0 ml 100 mM phosphate buffer (pH 

Figure 2. The mechanism of chlorophyll degradation by HRP in the presence of phenolic compound. (R corresponds to phytol tail; 
R1 corresponds to: –CH3 and –CHO in the cases of Chl a and Chl b, respectively).
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6.0) in a total volume of 2.5 ml. The reaction was 
allowed to proceed for 10 min at defined temperatures 
and pH values, then stopped by the addition of 2.5 ml 
96% ethanol. After, all presented Chls from the reac-
tion mixture, were extracted from the reaction mixture 
by addition of 5.0 ml n-hexane.  

UV–Vis spectroscopy 

The spectrophotometric measurements were made 
on a Varian Cary-100 spectrophotometer equipped 
with 1.0 cm quartz cells. All spectra were recorded 
from 350 to 800 nm with 1.0 bandwidth. Spectra of all 
compounds are recorded in n-hexane solution. Chl con-
centration in the mixture was set in the range between 
10–5 and 10–6 mol/dm3 [15]. Chl a content in relation to 
Chl b, in Chl fraction, was 5:1.  

HPLC Analysis 

HPLC Analysis of Chl-containing reaction mixture 
was performed under isocratic conditions on Agilent 
1100 Series set-up (Waldborn, Germany), on Zorbax 
Eclipse XDB-C18 column, by using diode array detector 
set at detection wavelength (λdet.): 660 nm; the iso-
cratic conditions were: mobile phase – acetonitrile/  
/methanol/ethyl acetate, 60:20:20, flow rate – 1 ml/min, 
temperature 25 °C.  

RESULTS AND DISCUSSION 

HPLC Chromatograms of the degraded Chls, 
extracted from the reaction mixture, at the different 
temperatures are shown in Figure 3. The absorption 
spectra of the main compounds in the eluent mixture 
observed on the HPLC chromatograms at tret = 13 min 
(assigned as Chl a), and tret = 12 min (assigned as Chl a- 
-1), are shown in the increments of the Figure 3, res-
pectively; the spectra shown in the increments corres-
pond to the two peaks. 

HPLC chromatograms of  the extracted Chls from 
the reaction mixture at different pH values are shown 
in Figure 4. The absorption spectra of all main com-
pounds in the eluent mixture observed in the HPLC 
chromatograms at tret = 13 min (Chl a), and tret = 12 min 
(Chl a-1), are shown in the increments of the Figure 4, 
respectively; the spectra shown in the increments were 
taken correspond to the two peaks. 

There are many studies about the effects of various 
phenolic compounds such are 2,4-dichlorophenol, phe-
nol, p-coumaric acid, p-hydroxyphenylacetic acid, p-hyd-
roxybenzoic acid, p-hydroxyacetophenone, resorcinol 
and umbelliferone on peroxidase-mediated Chl oxi-
dation [4,5]. On the other hand, the obtained results 
with o-diphenols and derivatives such as catechol, 

Figure 3. HPLC profile of the extracted chlorophylls from the reaction mixture at the different temperatures. The reaction medium 
contained 1 µM of Chl a, 16 nM HRP, 0.1 mM resorcinol, 50 mM sodium phosphate buffer, pH 6.0, and 0.1 mM H2O2. Detection was 
carried out at 660 nm. 
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guaiacol, ferulic acid, caffeic acid and chlorogenic acid 
on degradation of Chl by peroxidase were negative, 
e.g., the degradation was not detected [16]. Based on 
these findings, it can be concluded that the phenolic 
compounds involved in Chl degradation could be 
monophenols whith a hydroxyl group at p-position. The 
flavonoids, with hydroxyl group in p-position in the 
B-ring, such as apigenin and its 7-glucoside derivative, 
as well as naringenin  were also effective in peroxidase-
mediated degradation of Chl [8]. Based on the pre-
sented data, we selected resorcinol to mediate Chl a 
degradation by HRP.  

Bacause the peroxidase is capable of abstracting a 
labile hydrogen atoms from phenolic substrate [17], 
the interpretation of these results is that the enzyme is 
involved in production of Chl a-1 radicals (at tret =12 
min – Figures 3 and 4) [18]. The absorption spectra of 
the Chl a and Chl a-1, given in the increments of Figures 
3 and 4, showed good agreement with literature data 
[9,18–20]. The absorption spectra of Chl a and Chl a-1 
are very similar, which is expected since they are both 
porphyrine type of components with only difference in 
C-132 position, so identification of Chl a-1 is based on 
the retention time on HPLC chromatogram, obtained 
under similar conditions [21]. As it is well known, Chls 
as the porphyrin derivatives have two major absorption 
bands in the visible range, due to extended π-delocal-

ization at the edge of cyclic tetrapyrrole (porphyrin) 
skeleton (Figure 1): ‘‘red’’ (Q-) band and ‘‘blue’’ (Soret 
or B-) band [22–24]. The “red” and the “blue” bands of 
Chl a (assigned as Qy- and Soret band) are located at 
662 and 430 nm in acetonitrile, respectively [12,22], 
similar to the ones shown in the increments of Figures 
3 and 4. The ratios of absorbance intensities for Soret- 
and the Q-band is ∼1.3 for Chl a [22]. Of course, the 
bands intensities and their maximum absorption posi-
tions (λQ and λSoret) in the other solvents are different, 
and they are also influenced by many other factors like 
substitution, ligands, H-bonding, the surroundings [24].  

Since the analysis of this type of compounds (such 
as Chls) predominantly uses C-18 column, retention 
time of the analyzed components always decreases in 
the same order: chlorophyll a > C132-hydroxychloro-
phyll a > chlorophyll b and predominantly depends on 
the polarity of the mobile phase [15,25]. The HPLC 
chromatograms obtained at the different temperatures 
(Figure 3), show decrease of Chl a with increase of 
temperatures from 4 to 47 °C. On the other hand, HPLC 
chromatograms obtained at the different pHs at cons-
tant temperature (Figure 4) also show decrease of Chl a 
with increase of pH. The amount of Chl a-1 is accu-
mulated on the account of the degraded Chl a. 

Peroxidase-mediated Chl degradation activities at 
different temperatures and pH are shown in Figures 5 

 
Figure 4. HPLC Profile of the extracted chlorophylls from the reaction mixture at different pH. The reaction was performed at 25 °C in 
medium contained of 1 µM of Chl a, 16 nM HRP, 0,1 mM resorcinol, 50 mM sodium phosphate buffer, pH 6.0, and 0.1 mM H2O2. 
Detection was carried out at 660 nm. 
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Figure 5. Temperature effects on Chl a degradation by HRP, in the presence of resorcinol at pH 6. 

 
Figure 6. Effect of pH on degradation of Chl a by HRP in the presence of resorcinol at 25 °C. 

and 6. The degradation rate of Chl a was determined 
using the absorption values from UV–Vis spectra at 662 
nm. 

The degradation of Chl a by HRP in the presence of 
resorcinol increases with increasing temperatures, but 
not in the linear manner in the whole range. An 
increase of Chl degradation by HRP in the presence of 
resorcinol was observed in 4–17 °C range, following by 
a strong rise in 17–20 °C range, a slight increase in 20– 
–37 °C, and a slight decrease afterwards. The obtained 
results are in line with the results of degradation of Chl 
by HRP in the presence of p-coumaric acid, with opti-
mal degradation temperature at 35 °C [11].  

The results reflecting pH effects on degradation 
reaction of Chl a by HRP in the presence of resorcinol 

are shown on Figure 6. Two remarks might be drawn 
from it: a slight increase in pH range from 3 to 6, 
followed by a second region from pH 6–8 in which a 
slight decrease has been recorded. The achieved results 
are in line with the results of degradation of Chl a by 
HRP in the presence of p-coumaric acid with optimal pH 
value at 5.2 [11].  

Having in mind the optimal temperature and pH 
ranges for HRP activity (30–40 °C and pH 6–8, depend-
ing on the medium), our results (of Chl degradation by 
HRP in the presence of resorcinol) look expected [26]. 
On the other side, the comparison with Martinez et al., 
(2001) results leads to similar conclusions [11]. It means 
that in vitro degradation of Chl a by HRP needs similar 
conditions irrespective of the selected phenolic com-



S.M. PETROVIĆ et al.: CHLOROPHYLL DEGRADATION BY HORSERADISH PEROXIDASE Hem. ind. 68 (2) 233–239 (2014) 

238 

pound, because activity of HRP depends more on pH 
values and temperature and not on structure of these 
two phenolic compounds (resocinol and p-coumaric 
acid). 

CONCLUSION 

In conclusion, the main product of Chl a degrad-
ation by HRP, in the presence of resorcinol as phenolic 
compound, is Chl a-1 (tret = 12 min). Obtained results of 
temperature and pH influence on in vitro degradation 
of Chl a, have shown that the degradation increases 
with increasing temperature and has a maximum at 37 
°C. On the other hand, Chl a degradation also increases 
with increasing of pH value and has a maximum at 6. It 
seems that in vitro degradation of Chl a by HRP needs 
similar conditions irrespective of the selected phenolic 
compound, because activity of HRP depends more on 
pH values and temperature and not on structure of 
these two phenolic compounds (resocinol and p-cou-
maric acid).  
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IZVOD 

IN VITRO ISPITIVANJE UTICAJA TEMPERATURE I pH VREDNOSTI NA DEGRADACIJU HLOROFILA POD DEJSTVOM 
PEROKSIDAZE IZ RENA: SPEKTROSKOPSKA I HPLC ISPITIVANJA 

Sanja M. Petrović, Saša R. Savić,  Dejan Z. Marković, Živomir B. Petronijević 

Univerzitet u Nišu, Tehnološki fakultet, Leskovac, Srbija 

(Naučni rad) 

Hlorofili su najzastupljeniji biljni pigmenti i pripadaju grupi porfirina. Njihova
stabilnost je uslovljena brojnim faktorima. Prisustvo svetlosti, toplote, kiseonika,
slabih kiselina i enzima, dovodi do formiranja velikog broja degradacionih proiz-
voda. U ovom radu je ispitivana in vitro degradacija hlorofila a iz spanaća pomoću 
peroksidaze iz rena u prisustvu rezorcinola (kao fenolnog jedinjenja), kao i uticaj
pH vrednosti i temperature. Za degradaciju hlorofila pomoću peroksidaze neop-
hodno je da fenolno jedinjenje koje u svojoj strukturi ima hidroksilnu grupu u
p-položaju. Degradacija hlorofila a je praćena pomoću UV-VIS spektrofotometra i 
HPLC sistema. HPLC analizom kao glavni degradacioni produkt identifikovan je 132

-hydroxychlorophyll a. Tokom reakcije koncentracija formiranog produkta degra-
dacije se proporcionalno povećava na račun smanjenja koncentracije hlorofila a u 
smeši. Dobijeni rezultati ispitivanja uticaja temperature na degradaciju hlorofila
pomoću peroksidaze iz rena, pokazuju da se sa povećanjem temperature pove-
ćava degradacija hlorofila a, i dostiže svoj maksimum na 37 °C. Sa druge strane, 
povećanje pH vrednosti takođe povećava degradaciju hlorofila a, sa maksimalnim 
stepenom degradacije pri pH 6. Dobijeni rezultati ispitivanja degradacije hlorofila 
a pokazuju da degradacija hlorofila u najvećoj meri zavisi od vrednosti pH i tem-
perature, što ukazuje na činjenicu da je za degradaciju hlorofila najviše odgovorna
peroksidaza, jer se sa povećanjem temperature i pH vrednosti istovremeno pribli-
žavamo optimalnim uslovima koji su neophodni za dejstvo peroksidaze iz rena.

  Ključne reči: Hlorofil • Peroksidaza iz 
rena • Rezorcinol • Temperatura • pH •
HPLC 
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