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1. ABSTRACT
The review by Haq and colleagues examines piperine as the characteristic
component of black pepper, describing its origin, studied activities, and
application limits. Regarding product quality, the most useful point is
distinguishing the whole spice from an extract: the latter can be measured
and controlled, but it does not represent the entire food.The authors'
summary describes piperine as a natural alkaloid—a nitrogen-containing
plant substance—responsible for much of the pungent sensation of black
pepper. The authors report that its quantity in pepper can vary from
approximately 2% to 7.4%, a range indicating that the spice does not have an
identical composition in all samples. The publication also collects
experimental studies on the potential biological activities of piperine,
including cell and animal models. These results explain the scientific interest
in the molecule, but they do not equate to clinical evidence of benefit for
those consuming black pepper in cooking. Regarding the topic of quality, the
review is primarily helpful in understanding why manufacturers and
researchers use extracts with a declared concentration. Standardization
consists of verifying and maintaining a defined amount of a substance
chosen as a reference, in this case, piperine. This reduces variability between
batches, but it does not make an extract equivalent to whole black pepper:
during extraction, purification, and formulation, the concentration, overall
composition, and storage conditions change. The review is neither a clinical
trial nor a direct analysis of individual commercial products.
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2. WHAT THIS RESEARCH ANALYZED

For the reader, the initial message is simple: piperine
is an important component of black pepper, but black
pepper is not the same thing as piperine. Haq and
colleagues in 2021 examined extensive literature on
the isolated molecule and the Piper nigrum plant. They
considered its dietary origin, its presence in pepper,
proposed biological mechanisms, and results obtained
primarily in cells and animals.The most relevant data
regarding quality concerns variability: the authors
indicate that the piperine content in black pepper
ranges approximately between 2% and 7.4%. In
practice, the raw plant material can have different
concentrations even before being ground or
processed. This does not establish which product is
better, but it explains why analytical measurements
are needed when one wants to declare a precise
concentration.

3. WHAT RESULTS EMERGE FROM THE
STUDY

The review shows that piperine is studied both for its
sensory role and for its potential interactions with
biological processes. Most of the activities discussed,
however, are derived from in vitro studies (on cells or
biological components outside the organism) and in
vivo studies in animals. These models are useful for
formulating hypotheses, not for automatically
estimating effects in normal human nutrition.In terms
of products, the practical result is that a declared
concentration requires a reliable measurement
method. An analytical standard is a reference
substance used to compare the signal obtained from
the sample. Techniques such as high-performance
liquid chromatography, or HPLC, separate the
components of a mixture and allow for the
quantification of piperine. The review by Haq and
colleagues does not propose a single method or a
universal quality threshold; instead, it describes the
scientific context that makes standardization useful.

4. WHY THIS STUDY IS RELEVANT

The value of the publication is primarily interpretive.
It helps avoid a common error: transferring data
produced with purified piperine or concentrated
extracts to the whole spice. If a preparation is
standardized, the amount of the chosen molecule is

controlled across batches. This increases the
reproducibility of the formulation, meaning the
possibility of obtaining samples that are more similar
to one another.However, this greater uniformity does
not prove that the extract has a health effect, nor does
it establish that it is equivalent to pepper used as a
condiment. The whole product also contains volatile
oils and other constituents; the extract therefore
modifies the composition of the food matrix, which is
the set of substances naturally present in the food
itself. The next step is to evaluate how well these
differences are documented by independent analyses.

5. STUDY LIMITATIONS AND WHAT IT
DOES NOT DEMONSTRATE

Haq and colleagues published a narrative review in
2021, not a systematic review with predefined criteria
for searching, selecting, and combining studies. For
this reason, it offers a useful overview, but not a single
quantitative estimate of the strength of the evidence.
Furthermore, it brings together experiments that vary
significantly in terms of model, dose, duration, and
piperine preparation.The publication does not prove
that a certain percentage of piperine guarantees the
efficacy, safety, or superiority of a product. It also does
not demonstrate that a value measured in the
laboratory remains unchanged during storage,
transport, and use. Finally, the range reported for
black pepper cannot be used to calculate the amount
actually consumed by a person without knowing the
weight of the product, the analytical method, and the
formulation.

6. INDEPENDENT CONFIRMING EVIDENCE

Independent verifications converge on the fact that
the composition is not uniform and that quality
control requires targeted analysis. Ahmad and
colleagues compared black pepper samples from three
commercial sources using accelerated extraction,
chromatography, spectroscopy, and analysis of other
components. The measured piperine differed between
samples, with the highest value found in the analyzed
Pakistani sample. This is direct confirmation of the
need to distinguish between raw material and
standardized product, but it concerns only three
samples and does not allow for general rankings
between origins [1].Alqarni and colleagues analyzed
four commercial spices and showed that both the
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sample and the extraction method influence the
amount of piperine recovered. Ultrasound-assisted
extraction yielded higher values than the traditional
procedure in all four products. This supports the
transition from raw material to analytical result: what
is measured also depends on the procedure. This is
direct confirmation for technical control, not proof of
biological differences in humans [2].Park and
colleagues developed a model using near-infrared
spectroscopy, a technique that estimates composition
by reading how the sample absorbs non-visible light,
comparing it with HPLC. The work argues that many
samples of ground pepper can be checked more
quickly after proper calibration. This is indirect
confirmation of the utility of batch control; the
limitation is that the method must be validated for the
samples and conditions of use intended [3].

7. CONFLICTING EVIDENCE

No directly conflicting evidence of sufficient relevance
has been identified; this does not prove the absence of
contrary results. However, some studies downplay the
idea that every condition necessarily leads to
significant differences. Kozukue and colleagues
analyzed four commercial ground black pepper
products and found relatively similar piperine values,
ranging from 10.17% to 11.68% by weight. The same
study, however, showed that light and duration of
exposure promote isomerization, i.e., a change in the
spatial arrangement of the molecule. The limited
sample size does not negate the variability described
by Haq, but it indicates that selected products can be
similar [4].Another clarification comes from the stress
tests conducted by Kotte and colleagues. Under
experimental conditions, piperine proved to be more
stable to heat than to acid or alkaline hydrolysis,
oxidation, and photolysis; degradation products were
also identified in a black pepper extract. This
contradicts the overly general idea that every heat
treatment inevitably reduces piperine. The laboratory
model does not reproduce a normal pantry or a recipe,
so it defines conditions of chemical vulnerability
rather than the actual shelf life of the products [5].

8. QUADRO COMPARATIVO E SINTESI DELLE EVIDENZE

The following publications evaluate how the composition and measurement of piperine can change based on the sample, extraction method, and
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environmental conditions.

Quadro comparativo

Publication Model and main data Relationship with the Haq study Interpretative limitation

Ahmad et al., 2020 [1] Three commercial samples; higher
piperine in the analyzed Pakistani
sample.

Confirms variability and the utility
of standardization.

Three samples do not represent all
available products.

Alqarni et al., 2021 [2] Four commercial spices;
ultrasound with higher piperine
recovery than the traditional
method.

Confirms that the method alters
the analytical result.

Technical study, not clinical.

Park et al., 2020 [3] Ground pepper; near-infrared
spectroscopy compared with
HPLC.

Supports rapid quality control of
batch composition.

The estimate depends on the
method's calibration.

Kotte et al., 2014 [5] Piperine and extract subjected to
chemical, light, and thermal stress.

Qualifies the role of storage
conditions.

Experimental conditions not
comparable to domestic use.

Kozukue et al., 2007 [4] Four ground products; piperine
between 10.17% and 11.68% by
weight.

Downsizes the idea of inevitably
large differences.

Small number of products and
specific commercial context.

9. SINTESI EDITORIALE E CONCLUSIONI

EDITORIAL CONCLUSION

The review by Haq and colleagues clarifies why
piperine is the most widely used chemical reference
for describing black pepper and its extracts. Its most
solid contribution, for reading labels and
formulations, is the reminder that the amount of the
molecule in plant material is not fixed. A piperine
standard can therefore make an extract more uniform
across batches, but it does not transform the extract
into the whole spice and does not demonstrate a
clinical advantage. Independent analyses confirm that
the sample, extraction procedure, and measurement
method can alter the obtained value. At the same time,
some commercial products may show relatively
similar levels, while stability depends on the type of
chemical stress considered. The most prudent
conclusion is to always distinguish between
composition, quality control, and health effects: these
are related questions, but they require different
evidence. The percentage on the label informs about
the formulation; it is not, by itself, a measure of
efficacy.
Aggiornato al 21/10/2026. Questo contenuto riflette una sintesi divulgativa

delle evidenze scientifiche al momento della pubblicazione e non
sostituisce il parere medico.
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