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Abstract

p-Nitrophenol (pNP) is a widely used compound for analytical determinations of several esterases (EC. 
3.1.1.X), including lipases (E.C. 3.1.1.3). Most enzymatic measurements employ pNP derivatives such as 
esters, which are broken down by enzymatic hydrolysis, releasing pNP that is quantified by its absorbance at 
410 nm. Although this type of methods was developed a few decades ago, the spectrophotometric analysis 
of pNP requires analytical measurements of pH and temperature to achieve reliable determinations. 
The aim of this paper is to offer a graphical update of how pH and temperature affect the p-nitrophenol 
absorbance at different wavelengths in lipase emulsified media, due to its relevance for the quantitative 
determination of lipase activity using spectrophotometric methods. To highlight the importance of each 
variable involved in this analysis, we dissolved pNP in emulsified media (for lipase activity quantification) 
at several pH values from 4.00 to 11.00, and measured its absorbance in a range of 270 nm – 500 nm 
and at several temperatures from 25°C to 50°C. The absorption patterns of pNP under the established 
conditions were graphed in 3D plots. The constructed 3D plots showed that, regardless of the temperature, 
below pH 6.00, pNP predominantly absorbs at 317 nm, due to the greater abundance of its protonated 
form, which is completely predominant at pH 3.50 and below. On the other hand, at pH 10.0 and above, 
the major absorption occurs at about 401 nm, confirming that the equilibrium is completely shifted to the 
pNP anionic form. These results also indicate that close to neutral pH value pNP, it displays a temperature 
dependence effect, increasing absorbance to 410 nm at higher temperatures. Due to many analytical 
determinations of enzymatic activities, the release of pNP is carried around pH 7.00. It is necessary to 
consider the determinant role of both pH and temperature over these measurements, how these variables 
must be strictly controlled, and how the calibration curves and blanks should take the reaction media pH 
and temperature into account.¨

Keywords: p-Nitrophenol; lipase; absorbance pH-dependence; temperature dependent dissociation; 3D 
pH-wavelength-absorbance spectra.

Resumen

El p-nitrofenol (pNP) es un compuesto ampliamente utilizado para la determinación analítica de esterasas 
(EC. 3.1.1.X), incluidas las lipasas (E.C. 3.1.1.3). La mayoría de las mediciones enzimáticas emplean sus 
derivados, tales como ésteres, que se descomponen por hidrólisis, liberando pNP que se cuantifica por 
su absorbancia a 410 nm. Aunque, este tipo de métodos se desarrolló hace algunas décadas, el análisis 
espectrofotométrico de pNP requiere mediciones precisas de pH y temperatura, para lograr determinaciones 
confiables. El objetivo de este trabajo es ofrecer una actualización gráfica de cómo el pH y la temperatura 
afectan la absorbancia de p-nitrofenol a diferentes longitudes de onda en medios emulsionados para 
ensayos con lipasas, debido a su relevancia para la determinación cuantitativa de la actividad de las lipasas 
bajo métodos espectrofotométricos. Para resaltar la importancia de cada variable en este análisis, se 
disolvió pNP en medios emulsionados (para la cuantificación de la actividad de la lipasa) a varios valores 
de pH de 4.00 a 11.00 y se midió su absorbancia en un rango de 270 nm a 500 nm a varias temperaturas 
en el rango de 25 °C a 50 °C. El comportamiento químico de pNP bajo estas condiciones se correlacionó 
mediante la construcción de gráficos tridimensionales. Como resultado, los gráficos 3D construidos 
experimentalmente, mostraron que, independientemente de la temperatura, por debajo de pH 6.00 el 
pNP absorbe principalmente, a 317 nm, debido a la mayor abundancia de su forma protonada que es 
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Introduction

Esterases (acyl hydrolases, EC. 3.1.1.X) 
and more specifically lipases (triacylglycerol 
acyl hydrolases, EC 3.1.1.3) are a widely re-
searched group of enzymes, due to their appli-
cation as green catalysts in the regioselective 

transesterification, hydrolysis or synthesis of 
acyl groups aiming to prepare fine chemicals 
and pharmaceuticals (Daiha, Angeli, de Ol-
iveira, & Almeida, 2015; Kapoor & Gupta, 
2012; Kumar, Dhar, Kanwar, & Arora, 2016; 
Liu, Zheng, Zhang, & Zheng, 2012; Lopes, 
Fraga, Fleuri, & Macedo, 2011).

completamente predominante a pH 3.50 e inferiores. Por otro lado, a pH 10.0 y superiores, el equilibrio 
se desplaza completamente a la forma aniónica pNP, que absorbe a 410 nm. Nuestros datos confirman 
que en valores de pH cercano a la neutralidad, el pNP muestra un efecto de dependencia a la temperatura, 
aumentando la absorbancia a 410 nm a temperaturas más altas. Debido a muchas determinaciones 
cuantitativas de las actividades enzimáticas, el pNP se libera en un medio de reacción de alrededor de pH 
7.00. Es necesario recordar el papel determinante del pH y la temperatura sobre estas mediciones y cómo 
estas variables deben ser estrictamente consideradas.

Palabras clave: p-nitrofenol, lipasa; absorbancia dependiente del pH; disociación dependiente de la 
temperatura; espectro 3D de absorbancia; pH; longitud de onda

Resumo

O p-nitrofenol (pNP) é um composto amplamente utilizado para a determinação analítica de esterases (EC. 
3.1.1.X), incluindo lipases (E.C. 3.1.1.3). A maioria das medições enzimáticas utiliza seus derivados, como 
ésteres, que se decompõem por hidrólise, liberando pNP quantificado por sua absorvência a 410 nm. Embora 
esses tipos de métodos tenham sido desenvolvidos há algumas décadas, a análise espectrofotométrica 
de pNP requer medições precisas de pH e temperatura para obter determinações confiáveis. O objetivo 
deste trabalho é oferecer uma atualização gráfica de como o pH e a temperatura afetam a absorvência do 
p-nitrofenol em diferentes longitudes de onda em meios emulsionados para ensaios de lipase, devido a 
sua relevância para a determinação quantitativa da atividade das lipases sob métodos espectrofotométricos. 
Para destacar a importância de cada variável nesta análise, o pNP foi dissolvido em meio emulsionado 
(para quantificação da atividade da lipase) em vários valores de pH de 4,00 a 11,00 e sua absorvência foi 
medida na faixa de 270 nm a 500 nm a várias temperaturas na faixa de 25 °C a 50 °C. O comportamento 
químico do pNP nessas condições foi correlacionado mediante a construção de gráficos tridimensionais. 
Como resultado, os gráficos 3D construídos experimentalmente mostraram que, independentemente da 
temperatura, abaixo de pH 6,00, o pNP absorve principalmente a 317 nm, devido à maior abundância 
de sua forma protonada, que é completamente predominante em pH 3,50 e inferiores. Por outro lado, o 
pH 10,0 e superiores, o equilíbrio muda completamente para a forma aniônica pNP, que absorve a 410 
nm. Nossos dados confirmam que em valores de pH próximos à neutralidade, o pNP mostra um efeito 
de dependência da temperatura, aumentando a absorvência a 410 nm em temperaturas mais altas. Em 
virtude de muitas determinações quantitativas de atividades enzimáticas, o pNP é liberado em um meio 
de reação de cerca de pH 7,00. É necessário lembrar o papel determinante do pH e da temperatura nessas 
medições e como essas variáveis devem ser estritamente consideradas.

Palavras-chaves: p-nitrofenol; lipase; absorvência dependente do pH; dissociação dependente da 
temperatura; espectro de absorvência 3D; pH; longitude de onda

http://dx.doi.org/10.15359/ru.34-2.2
http://www.revistas.una.ac.cr/uniciencia
mailto:revistauniciencia%40una.cr?subject=Uniciencia


Randall Syedd-León, Manuel Sandoval-Barrantes, Humberto Trimiño-Vásquez, Luis Roberto Villegas-Peñaranda y 
Gerardo Rodríguez-Rodríguez
Artículo protegido por licencia Creative Commons: BY-NC-ND / Protected by Creative Commons: BY-NC-ND. 
Uniciencia es una revista de acceso abierto/ Uniciencia is an Open Access Journal.

ISSN Electrónico: 2215-3470
DOI: http://dx.doi.org/10.15359/ru.34-2.2

U
N

IC
IEN

C
IA

 Vol. 34, N
°. 2, pp. 31-43. Julio-D

iciem
bre, 2020 • U

RL: w
w

w.revistas.una.ac.cr/uniciencia • C
orreo electrónico: revistauniciencia@

una.cr

34

Analytical 
determinations 
of lipase activ-
ity are usually 
carried on using 
p - n i t r opheno l 
(pNP) esters as 
substrates, such 
as p-nitrophe-
nyl butyrate, p-nitrophenyl laurate, and 
p-nitrophenyl palmitate. The reaction is 
generally carried out in emulsified me-
dia. In one of the classical methods of 
lipase activity determination (Winkler & 
Stuckmann, 1979), the hydrophobic es-
ter p-nitrophenyl palmitate is dissolved 
in isopropanol and then mixed with the 
buffer of choice, also containing gum ar-
abic and sodium deoxycholate as stabiliz-
ers. In this method, due to the excess of 
water, the equilibrium is shifted toward 
the hydrolysis reaction. Since then, sev-
eral modifications to improve the method 
have been published (Hernández-García, 
García-García, & García-Carmona, 2017; 
Mayordomo, Randez-Gil, & Prieto, 2000; 
Pratama, Helianti, Suryani, & Wahyun-
tari, 2017).

After the enzymatic hydrolysis, pNP, 
as well as the carboxylic acid forming the 
original pNP ester, are released to the 
emulsion (Scheme 1) 
and the released pNP 
is quantified spectro-
photometrically mea-
suring its absorption 
at 405-420 nm (Al-
cantara et al., 2014; 
Farnet et al., 2010; 
Stoytcheva, Montero, 
Zlatev, A. Leon, & 
Gochev, 2012).

In alkaline conditions, the phenol 
group releases one proton to the media 
to form a phenolate base (see Scheme 
2). Once formed, the phenolate base un-
dergoes a resonance equilibrium (see 
Scheme 3). The unprotonated resonant 
forms absorb in the range from 400 to 420 
nm (Biggs, 1954).

The first study describing the depen-
dence of pNP absorbance on the pH of the 
solution (Biggs, 1954) found that there are 
two absorption maxima: the first one, in 
the 310-320 nm range occurs at low pH 
and is due to the presence of a completely 
protonated form, while the second one at 
around 420 nm appears at alkaline pH, due 
to the presence of a completely deprotonat-
ed form. The currently accepted value for 
the pKa for the pNP dissociation in water 
at 25°C (see Scheme 2) was established as 
7.15 (Serjeant & Dempsey, 1979).

Scheme 1. Lipase catalyzed synthesis or hydrolysis of pNP ester.

Scheme 2. Acid dissociation equilibrium of pNP.
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Since dissociation constants are 
pH-dependent and may also be affected by 
temperature, it is necessary to access how 
pH and temperature may affect pNP deter-
mination in aqueous emulsions. On this re-
gard, Prof. Colas group warned in 1999 that 
spectrophotometric determinations using 
aqueous solutions of pNP derivatives may 
be affected by both temperature and pH, 
and pointed out the importance of consid-
ering these effects on the absorbance of the 
released pNP (Fourage, Helbert, Nicolet, & 
Colas, 1999). In the present work, the pNP 
dissociation concept is revisited, by show-
ing the interrelationship of pH, temperature 
and pNP absorbance in emulsified media, 
by means of three-dimensional plots. This 
work aims to offer a graphical update of the 
most fundamental concepts in the quanti-
fication of pNP emulsions for esterase and 
lipase researchers.

Based on widely used methods to 
prepare p-nitrophenyl palmitate emulsions 
(Gupta, Rathi, & Gupta, 2002; Orlando 
Beys Silva, Mitidieri, Schrank, & Vainstein, 
2005; Palacios, Busto, & Ortega, 2014), a 
traditional emulsifying media for p-nitro-
phenyl palmitate was selected for this study. 
In this paper, the effects of pH and tem-
perature in the absorption spectra of pNP 

dissolved in an assay mixture for the deter-
mination of lipase are discussed.

Materials and methods

Materials: p-nitrophenol (pNP), gum 
arabic, triton X-100, isopropanol, and sodi-
um dibasic phosphate were purchased from 
Sigma Aldrich. Other chemical reagents 
were of analytical grade.

Solutions A. Buffered lipase assay 
emulsions: All Solutions A (buffer solu-
tions) were freshly prepared by dissolving 
550 mg of gum arabic in 1 L of the 50 mM 
buffer (for each corresponding pH) and mix-
ing to achieve a complete solution. These 
solutions were 0.55 g/L gum arabic and 50 
mM in the corresponding buffer.

Thirteen buffer solutions were pre-
pared for this work: five 50 mM citric acid/
disodium phosphate buffer solutions with 
pH of 4.00, 4.50, 5.00, 5.50 and 6.00; five 
50 mM disodium phosphate buffer solutions 
with pH of 6.50, 7.00, 7.50, 8.00; and 8.50 
and three 50 mM sodium carbonate buffer 
solutions with pH of 9.00, 10.00 and 11.00. 

Solution B. Detergent solution: 1 
volume of Triton X-100 was dissolved with 
4 volumes of isopropanol and thoroughly 
mixed using a Vortex mixer.

Scheme 3. Contributors to the resonance hybrid from the anionic form of pNP.
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Buffered pNP preparations: To 
achieve the final emulsion, 20 mL of Solu-
tion A (buffered lipase assay emulsion) were 
mixed with 2.00 mL detergent solution. 
This final emulsion was used as the solvent 
to prepare a 2.40 mM pNP emulsion (13 pH 
values from 4.0 to 11.0 were tested).

Analytical procedure: Aliquots 
amounting to 15 µL of pNP emulsion were 
placed in microplate wells, then 285 µL 
of the respective buffer was added to each 
well and the plate was stirred for mixing. 
The final pNP concentration in each well 
was 0.120 mM. All solutions and emulsions 
were freshly prepared prior to their use, pH 
in the microplate was assumed as the same 
value of the added buffer.

UV–visible spectrophotometric de-
terminations were recorded on a Synergy™ 
HT Multi-Detection Microplate Reader. 
The pH values were measured at 25°C using 
a HI 2211 pH meter (Hanna Instruments).

At each pH value, three pNP samples 
were prepared as described above and absorp-
tion spectra ranging from 270 nm to 500 nm, 
with a 2 nm variation per reading, were run 
for each microplate well. Surfactant solutions 
without pNP were also ana-
lyzed to study their effect in 
the absorbance of this analyte.

At each pH, samples 
in microplates were progres-
sively heated to reach each 
of 6 different temperatures: 
25°C, 30°C, 35°C, 40°C, 
45°C and 50°C. For each 
temperature, the mixture 
was previously incubated 
at the required temperature 
for 5 minutes before the 
spectrophotometric mea-
surement. Overall errors in 
curves were less than 0.3%. 

Absorbance blanks were performed at dif-
ferent pHs and temperatures with only sur-
factant emulsion.

Graphical analysis: Data obtained 
from spectrophotometric measurements 
were analyzed in three dimensional plots 
correlating three of the following varia-
bles: temperature, pH, wavelength, and 
absorbance. Plots were made using Origin 
Pro 5.0 software (OriginLab, Massachu-
setts, USA). 

Results and discussion

As shown in Figure 1, the absorbance 
maxima at 35°C and different pHs for the 
surfactant emulsifier were around 290 nm. 

Also, in Figure 2, it can be seen that at pH 
5 and different temperatures, the absorbance 
maxima for the surfactant emulsifier were also 
around 290 nm. The fact that these absorbance 
maxima, at different temperature and pH con-
ditions, do not appreciably change, can be 
considered as evidence of the surfactant emul-
sifier stability under these reaction conditions. 
These results showed that the emulsifying me-
dium employed in lipase measurements does 

Figure 1. Absorbance spectrum from surfactant solutions at 
35°C and different pH values. Source: own research.
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not interfere with the analysis of pNP in the 
different pH and temperatures tested, which 
can. Thus, triton X-100, isopropanol and 
gum arabic act as proper emulsifying agents 
for these types of substrates, due to their ca-
pacity to stabilize pNP es-
ters in aqueous emulsions, 
their stability at different 
pHs and temperature con-
ditions, and their null effect 
on pNP spectrophotometric 
quantification.

As shown in Figure 3, 
at pH 6.00 and lower, the pNP 
absorbance maxima are in 
the 310 nm to 320 nm band, 
due to the relative abundance 
of the protonated form of 
this substance. On the other 
hand, at alkaline pH 7.00 and 
higher, due to the abundance 
of anionic form, the pNP ab-
sorbance maxima are in the 
400 nm to 420 nm range. 
(Fourage et al., 1999). 

Figure 2. Absorbance spectrum from surfactant solutions 
at pH 5.00 and different temperatures. Source: own 
research.

At pH 6.00 and lower, 
there is a very low concen-
tration of unprotonated yel-
low form of pNP, making it 
difficult to measure spectro-
photometrically at 410 nm. 
Therefore, it would be more 
convenient to measure, at pH 
6.00 and below, the UV ab-
sorbance at 317 nm as it has 
been reported in scientific 
papers related to the inorgan-
ic chemistry field (Shen, Sun, 
Zhou, Li, & Yeung, 2014; 
Tang et al., 2011; Zhang et 
al., 2013). However, this 
wavelength is not normally 
reported in lipase and bio-

catalysts research papers, probably due 
to the fact that it is close to absorbance 
maxima of the pNP esters. In the case of 
p-nitrophenyl palmitate the absorbance 
maximum, according to our experimental 

Figure 3. pH effect over pNP absorption spectra at 25°C. 
Source: own research.
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data, is at 300 nm but is has appreciable 
absorption at 317 nm (see Figure 4).

The results hereby discussed indicate 
that the pH has a more decisive role than 
the temperature in the absorbance of pNP. 
However, an appreciable effect of tempera-
ture on the deprotonated 
form of the pNP has been 
found. At higher tempera-
tures, the absorbance at 
410 nm from anionic pNP 
was favored, while the ab-
sorbance at 317 nm of the 
protonated form of pNP did 
not change. In Figure 5, the 
above-described effect of 
temperature at pH 6.50 can 
be noticed. 

Figure 5 raises an 
interesting concern since 
temperature affects the ab-
sorbance of the deproton-
ated form of the pNP but 
not of the protonated one. 

Figure 4. Absorbance spectra of p-nitrophenyl palmitate (pNPP) 
at 25 °C and three different pH values in a surfactant solution. 
Source: own research.

Figure 5. Temperature effect over pNP absorption spectra at 
pH 6.50. Source: own research.

Thus, the increase in 
absorbance with tem-
perature seems not to be 
related to interconver-
sion of protonated and 
deprotonated forms; 
but to a variation in ab-
sorbance of the depro-
tonated one. A possible 
explanation for this ef-
fect is that the resonant 
forms have different ab-
sorptivity and the high-
er temperatures shift 
the resonance equilib-
rium toward the forms 
with higher absorptiv-
ity. Possibly, the least 
thermodynamica l ly 

stable resonance form of the deprotonated 
pNP, which might be the ketone form (d, in 
Scheme 3), is the most unstable at low tem-
peratures. The instability of this contributor 
of the resonance hybrid may be attributed 
to two main factors, 1) it is the resonance 
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contributor that most affects 
the benzene ring stability, 
since it generates a system 
of four pairs of π electrons 
on the ring, affecting aroma-
ticity, a condition that could 
only be favored at high tem-
peratures; 2) it places the 
double bond on nitrogen, an 
electronegative atom with a 
formal charge of +1. 

In order to analyze 
the effect of temperature at 
a fixed pH value, two ad-
ditional absorbance mea-
surements were made in the 
range from 25 ° C to 50 ° 
C. One of them at pH 4.0 
where there is a predom-
inance of the protonated 
form of the pNP that ab-
sorbs at 317 nm and anoth-
er at pH 8.0 where the an-
ionic form of the pNP that 
absorbs at 410 nm predom-
inates. As shown in Figure 
6, it is possible to appreciate 
that under both pH condi-
tions, where one of the two 
forms of the pNP predomi-
nates, the effect of tempera-
ture on the acid dissociation 
equilibrium of the pNP and 
therefore of its absorbance 
is barely appreciable. 

Many analytical deter-
minations using pNP release for enzyme-cat-
alyzed reactions in aqueous solutions are 
based on reaction quenching by enzyme 
denaturation using alkaline reagents such 
as Na2CO3 or NaOH (Lam, Cortez, Nguy-
en, Kato, & Cheruzel, 2016; Sandoval et 
al., 2012). This is a useful alternative when 

Figure 6. Temperature effect over pNP absorbance at a) pH 
4.00, and b) pH 8.00. Source: own research.

the substrate is an alkaline stable compound 
due to reaching higher pNP dissociation 
(sodium carbonate solutions are about pH ∼ 
11,20 and the pNP equilibrium is complete-
ly shifted to the dissociated form). However, 
p-nitrophenyl esters are easily hydrolyzed in 
moderate alkaline environments. Therefore, 
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it is not recommended to determine the real 
pNP amount released in the reaction due to 
enzymatic catalysis.

Figure 7 depicts the kinetics of the 
spontaneous hydrolysis of p-nytrophenyl 
palmitate (pNPP) in buffer solution at pH 
8.00. As it can be seen, lower pH values did 
not present absorbance at 410 nm which 
means high stability of these pNPP below 
pH 7.00. On the other hand, under alkaline 
pH conditions, the substrate releases pNP as 
a result of its spontaneous hydrolysis. 

Because of this, a good choice is 
the use of continuous determinations of 
the pNP in the spectrophotometer by con-
tinuous monitoring of the absorbance at 
different times, with no need of the alka-
line quenching of the reaction (Sandoval 
et al., 2014), but keeping in mind that any 
analytical determination of pNP must re-
quire establishing the pNP absorptivity in 
the same pH, buffer and temperature con-
ditions than the enzymatic assay. To this 
respect, a recent publication (Peng, Fu, 
Liu, & Lucia, 2016) proposed, as an al-
ternative method, the use of the isosbestic 
point of p-nitrophenol at 347 nm, a stable 

Figure 7. Spontaneous hydrolysis kinetics of pNPP in surfactant 
solution at 25°C and different pH. Source: own research.

wavelength, for the appropriate determina-
tion of this compound, since the absorban-
ce of this chromophore remains without 
change regardless the pH. Another option 
for the accurate determination of the p-ni-
trophenol released by this reaction is the 
use of organic solvents (such as ethanol, 
acetone and other organic mixtures) as 
alternative quenchers, since they do not 
interfere in the analytical quantification 
of pNP and do not favor the hydrolysis of 
pNP esters (Lam et al., 2016; Palacios et 
al., 2014; Sandoval et al., 2012).

Conclusions

From the current study, the following 
conclusions are proposed:

Triton X-100, gum arabic and isopro-
panol are suitable emulsifying agents to sta-
bilize aqueous suspensions of p-nitrophenyl 
palmitate. They have shown to be stable at 
different pH and temperature values, with 
absorbance ranges that do not overlap either 
the protonated or anionic forms of pNP and 
possess great capacity to stabilize pNP es-
ters in aqueous emulsions.

According to experimental results, 
above pH 10.0 
there is total 
deprotonation of 
pNP and under 
pH 3.5 there is 
total protonation 
of this compound. 
However, at pH 
values close to 7.0 
there are varying 
amounts of both 
forms of pNP 
and, since many 
of the enzyme 
assays are carried 
out at pHs close 
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to neutral, it is important to include strict pH 
and temperature controls for assay methods 
that release this substance as a chromophore.

The use of 317 nm to perform mea-
surements of the protonated form of the 
pNP can be considered, but it should be 
kept in mind that this wavelength is very 
close to the maximum absorbance of the 
p-nitrophenyl palmitate —which absorbs 
at 300 nm— thus requiring a complex 
mathematical design to blank out the vary-
ing substrate contribution.

At pH 6.5, it was found that tempera-
ture affects the absorbance of the deproton-
ated form but not of the protonated form of 
the pNP. This phenomenon could be asso-
ciated with electronic aromatic phenome-
na that might involve the resonance hybrid 
contributors of deprotonated pNP.

The p-nitrophenol esters, particu-
larly p-nitrophenyl palmitate, are sus-
ceptible to spontaneous hydrolysis under 
alkaline aqueous medium. This leads the 
researcher to consider the pH value and 
the use of appropriate blanks for this type 
of substrates.
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