Future Biochemistry and Bioscience FBB 2025;7(3)93-97
Yenilik¢i Biyokimya ve Biyobilim http://doi.org/10.48086/ASD0086

Arastirma Makalesi /Research Article

Comparison of the Advantages and Limitations of Spectrophotometric and ELISA
Methods in Total Protein Measurement

Toplam Protein Olciimiinde Spektrofotometrik ve ELISA Yontemlerinin Avantaj ve
Kiasithhiklarinin Karsilastirilmasi

Umit YASAR

Ardahan University, Nihat Delibalta Gole Vocational School, Department of Laboratory and Veterinary Health,
Ardahan, Tiirkiye

Oz

Amagc: Total protein 6l¢limii klinik ve aragtirma laboratuvarlarinda sik kullanilan temel analizlerden biridir. Bu ¢alismanin
amact, total protein 6l¢liimiinde yaygin olarak kullanilan spektrofotometrik yontemler ile ELISA tabanli yaklagimlarin avantaj
ve sinirliliklarni literatiir ve aragtirma verileri 15181inda kargilastirmali olarak degerlendirmektir

Gere¢ ve Yontem: Son yillarda yayimlanan ¢aligmalar incelenerek spektrofotometrik ve ELISA yontemlerinin 6l¢iim
prensipleri, duyarliliklari, 6zgiilliikleri, uygulama kolayliklari ve maliyet agisindan ozellikleri karsilastirilmistir. Yontemler
analitik performans ve pratik kullanim kriterleri acisindan tablo halinde 6zetlenmistir. Ayrica her iki tekniginde (Elisa ve
spektrofotometre) laboratuvar karsilagtiritlmasi yapilarak literatiir ile uyumu degerlendirildi.

Bulgular: Spektrofotometrik yontemlerin hizli, diisiik maliyetli ve rutin laboratuvar kullanimina uygun oldugu; ELISA
yontemlerinin ise daha yiiksek 6zgiilliik ve duyarlilik sundugu ancak zaman, maliyet ve teknik gereksinim acisindan daha
karmagik oldugu goriilmiistiir. Total protein Ol¢iimii i¢in spektrofotometrik yontemler ¢ogu rutin uygulama igin yeterli
bulunurken, ELISA yontemleri spesifik protein analizlerinde avantaj saglamaktadir.

Sonug: Total protein dl¢iimiinde yontem se¢imi, analiz amaci, laboratuvar altyapisi ve maliyet gibi faktorler dikkate alinarak
yapilmalidir. Spektrofotometrik yontemler rutin kullanimda pratik bir segenek sunarken, ELISA yontemleri arastirma ve
spesifik protein analizlerinde tercih edilebilir. Ancak yiiksek protein konsantrasyonlarinda ELISA tekniginde olasi sigmoidal
sonuglarinin dniine gegilmesi 6nemlidir. Laboratuvar sartlarinda gerekirse seri seyreltme ile asilabilir.

Anahtar Kelimeler: Total protein, spektrofotometri, ELISA, biyokimyasal analiz, karsilasgtirma

Abstract

Objective: Total protein measurement is one of the fundamental analyses frequently used in clinical and research laboratories.
The aim of this study is to comparatively evaluate the advantages and limitations of commonly used spectrophotometric
methods and ELISA-based approaches in total protein measurement, in light of literature and research data.
Material-Methods: Recent studies were reviewed to compare spectrophotometric and ELISA methods in terms of
measurement principles, sensitivities, specificities, ease of application, and cost. The methods were summarized in tabular form
based on their analytical performance and practical use criteria. Furthermore, a laboratory comparison of both techniques
(ELISA and spectrophotometer) was conducted to evaluate their agreement with the literature.

Results: Spectrophotometric methods have been found to be fast, low-cost, and suitable for routine laboratory use; while
ELISA methods offer higher specificity and sensitivity but are more complex in terms of time, cost, and technical requirements.
Spectrophotometric methods are sufficient for most routine applications in total protein measurement, while ELISA methods
offer advantages in specific protein analyses, but caution is advised.

Conclusion: The choice of method for total protein measurement should be made considering factors such as the purpose of
the analysis, laboratory infrastructure, and cost. Spectrophotometric methods offer a practical option for routine use, while
ELISA methods are preferred for research and specific protein analyses. However, it is important to avoid possible sigmoidal
results in ELISA techniques at high protein concentrations. This can be overcome in laboratory conditions by serial dilution if
necessary.
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INTRODUCTION

Total protein measurement is one of the basic
analyses  frequently used in  clinical
biochemistry and basic research laboratories'~.
Serum and plasma total protein levels provide
important information in the evaluation of
nutritional status, liver function, inflammation
and various systemic diseases®*. Therefore,
total protein analysis is among the commonly
preferred parameters in routine laboratory
practices’.

The most commonly used methods for total
protein measurement are spectrophotometric-
based analyses®. Methods such as biuret, Lowry,
and Bradford rely on the absorption
measurement of the color change caused by
specific chemical reactions of proteins’. These
methods are frequently used in routine
laboratories due to their advantages such as ease
of application, short analysis time, and low cost.
However, spectrophotometric methods have
some limitations, such as their inability to
distinguish between proteins and their
susceptibility to interference ®.

In recent years, immunological-based analytical
methods, especially ELISA (enzyme-linked
immunosorbent assay), have been increasingly
used in protein analysis. ELISA methods offer
high specificity and sensitivity, enabling
quantitative measurement of specific proteins’.
However, the long application time, high costs,
and technical infrastructure requirements of
these methods limit their use in routine total
protein measurement'®, In this context, our
study aimed to comparatively evaluate the
advantages and limitations of
spectrophotometric and ELISA methods in total
protein measurement.

MATERIALS AND METHODS

This study was planned as a literature and
research-based review aiming at the
comparative evaluation of spectrophotometric
and ELISA methods used in total protein
measurement. No experimental or clinical
samples were used in the study; analyses were
performed in laboratory conditions using
previously published scientific studies and
commercial protein standards.

The literature search was conducted using
PubMed and Google Scholar databases. During
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the screening, the keywords “total protein
measurement”, “spectrophotometric methods”,
“ELISA”, and “protein analysis” were used
individually and in combination. Only studies
published within the last 10 years, in English,
and with full text access were considered.
Duplicate publications and studies not directly
related to the topic were excluded.

The selected studies were examined in terms of
the measurement method wused, analysis
principle, sensitivity, specificity, analysis time,
cost, and suitability for routine laboratory use.
Based on the information obtained, the basic
characteristics of spectrophotometric and
ELISA methods were summarized in a
comparative table, and the advantages and
limitations of the methods were qualitatively
evaluated.

In our laboratory research study, Bovine Serum
Albumin (BSA) protein was preferred. Within
this scope, total protein analysis was conducted
using the Bradford method with known
concentrations (125-1000 pg/mL) in protein
standards created for this study, and
comparative studies were carried out using
spectrophotometric/ELISA  techniques  to
examine its agreement with the literature.

RESULTS

Our study, consistent with the literature, showed
that both Bradford and ELISA methods
exhibited a strong linear response within the
investigated concentration range. In the
Bradford—ELISA comparison, the coefficient of
determination (R?) for the Bradford method was
calculated as R? = 0.9977 and for the ELISA
method as R? = 0.9525 according to linear
regression analysis (Table 1; Figure 1).
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Figure 1. Comparison results of ELISA and
spectrophotometer (Bradford method).
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DISCUSSION

As a result of the literature review, it was seen
that spectrophotometric and ELISA methods
used in total protein measurement show
significant differences in terms of analytical
performance and practical use'’.
Spectrophotometric methods are preferred in
routine clinical laboratories because they
provide fast analysis time, low cost and ease of
application'>"*. In particular, methods such as
Biuret and Bradford have been reported to
provide sufficient accuracy in total protein
measurement'?,

ELISA methods have been shown to offer high
specificity and sensitivity, and provide an
advantage, especially in the quantitative
analysis of low concentrations of proteins'’.
However, it is reported that the use of ELISA in
routine total protein measurement is limited due
to its longer analysis time, high cost and the
need for special kits'®. It is emphasized in the
literature that ELISA methods are preferred
more in the measurement of specific proteins
and in research studies'’.

In studies comparing both methods, it is stated
that spectrophotometric methods are sufficient
for the general assessment of total protein
levels, while ELISA methods are superior in
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targeted protein analyses. These findings show
that the choice of method should be made taking
into account the purpose of the analysis,
laboratory  infrastructure and  economic
conditions. In conclusion, while
spectrophotometric methods offer a practical
option in routine applications, ELISA methods
play a complementary role in advanced and
research-oriented analyses (Table 1)®.

BSA standard solution study

Although our study results are consistent with
the literature, spectrophotometric total protein
methods and ELISA-based approaches show
slightly different standard curve behaviors
when using the same BSA standard solutions
(125-1000 pg/mL). While spectrophotometric
methods such as Bradford show a clear linear
relationship between absorbance and protein
concentration in this concentration range,
ELISA measurements show that the curve
acquires a sigmoidal character due to antigen-
antibody interaction (Figure 1). In particular, at
high concentrations, the increase in absorbance
in ELISA measurements shows a plateau
tendency due to the saturation of binding sites,
and this situation necessitates the use of logistic
modeling instead of linear regression.

Table 1. Comparison of spectrophotometric and ELISA methods for total protein measurement

(literature)

Feature

Absorbance-based colorimetric
measurement

Measurement Principle

Measured Parameter

Spectrophotometric Methods

Total protein (general)

ELISA Methods

Antigen—antibody
interaction

Specific proteins

Sensitivity Moderate High
Specificity Low—Moderate High
Analysis Time Short Long

Cost Low High
Technical Requirements Basic instrumentation Spemahz.ed kits and

equipment

Suitability for Routine Use High Limited
Suitability for Research Limited High

Applications
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CONCLUSION

This study compares the advantages and
limitations of spectrophotometric and ELISA
methods used for total protein measurement,
based on literature data. Spectrophotometric
methods were found to be fast, low-cost, and
suitable for routine laboratory applications;
ELISA methods, on the other hand, offered high
specificity and sensitivity but required more
time, cost, and technical infrastructure. While
spectrophotometric methods were deemed
sufficient for most clinical applications in the
general assessment of total protein levels,
ELISA methods are more prominent in specific
protein analyses and research studies.
Therefore, the choice of method should be made
considering the purpose of the analysis and
laboratory conditions. In addition, our
laboratory comparison studies have revealed the
need for caution when using ELISA techniques
at high protein concentrations.
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