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Introduction: Pyrethrum, derived from Tanacetum cinerariifolium
L., is one of the most significant natural insecticides known for its
selective toxicity toward insects, rapid environmental degradation,
and low mammalian toxicity. These properties have secured its role
in sustainable agriculture and integrated pest management (IPM)
systems. The insecticidal activity of pyrethrum is primarily
attributed to six lipophilic esters collectively known as pyrethrins,
which are categorized into Type I (pyrethrin I, cinerin I, jasmolin I)
and Type II (pyrethrin II, cinerin II, jasmolin II). Type I pyrethrins
exhibit stronger knockdown effects, whereas Type II compounds
offer greater stability. Despite its long-standing use and
environmental compatibility, the efficacy and quality of pyrethrum-
based products are highly variable, influenced by genetic,
agronomic, and analytical factors. Therefore, a comprehensive
understanding of pyrethrin chemistry, biosynthesis, extraction
techniques, and modern analytical methodologies is essential for
optimizing its application and ensuring product consistency.
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Materials and Methods: This paper is structured as a systematic literature review. A
thorough search was conducted across major international scientific databases including Web
of Science, Scopus, PubMed, ScienceDirect, and Google Scholar using key terms such as
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Pyrethrum, Pyrethrins, Pyrethrin biosynthesis, HPLC analysis of pyrethrins, LC-MS/MS
pyrethrins, and botanical insecticides. The search spanned publications from 1970 to 2025,
with particular emphasis on analytical advancements in the last decade. Peer-reviewed
research articles, review papers, book chapters, and reports from authoritative bodies like the
WHO and FAO were critically evaluated. The focus was on integrating current knowledge
regarding the chemical profile of pyrethrins, their biosynthetic pathways, the impact of
environmental and genetic variables on accumulation, extraction methods (both classical and
modern), and validated analytical techniques especially high-performance liquid
chromatography (HPLC) and liquid chromatography—tandem mass spectrometry (LC—
MS/MS) used for quality control and residue monitoring.

Results and Discussion: The biosynthesis of pyrethrins in 7. cinerariifolium involves the
convergence of the terpenoid pathway producing chrysanthemic acid and the jasmonic acid
pathway yielding rethrolone-type alcohols. Key enzymes such as chrysanthemyl diphosphate
synthase (CDS) and transcription factors like TcMYC2 regulate this process in response to
developmental and environmental cues, including mechanical stress or insect herbivory.
Pyrethrins accumulate predominantly in the glandular tissues of flower heads, especially in the
ovaries, with concentrations peaking at full bloom. Extraction techniques have evolved from
solvent-intensive classical methods (e.g., Soxhlet with hexane) toward greener, more efficient
alternatives such as ultrasound-assisted extraction (UAE) and supercritical CO, extraction,
which improve yield while minimizing thermal degradation and solvent use. Analytically,
HPLC with diode array detection (DAD) remains a cost-effective and reliable method for the
simultaneous quantification of all six pyrethrins in botanical extracts, typically using a C18
column and acetonitrile-water mobile phases with detection at 225 nm. However, for complex
matrices such as food or environmental samples, LC-MS/MS offers superior sensitivity and
selectivity, with detection limits in the nanogram-per-kilogram range via multiple reaction
monitoring (MRM) in positive electrospray ionization mode. This technique is critical for
compliance with Maximum Residue Limits (MRLs) established by regulatory agencies like
the European Commission. Despite its benefits, pyrethrum faces challenges including
photodegradation, batch-to-batch variability, and non-selective toxicity to beneficial insects
like pollinators. Future research should focus on stabilizing formulations (e.g., nano-
encapsulation), breeding high-yielding cultivars through genetic insight, and integrating
pyrethrum into ecologically sound IPM frameworks. Overall, pyrethrum remains a
cornerstone of natural pest control, and its continued relevance depends on synergizing
botanical knowledge on cutting-edge analytical and agronomic innovations.
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Fig. 1. Pyrethrum, 7. cinerariifolium, Chromolithograph after a botanical illustration from Hermann Adolph
Koehler's Medicinal Plants, edited by Gustav Pabst, Koehler, Germany, 1887.
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Table 2. Comparison of different methods for extracting pyrethrins from pyrethrum
Extraction Method Solvent Type Extraction Yield Process Time Advantages Disadvantages
Hexane ' Simplicity , High solvgnt
Soxhlet etroleum éther High Long ) consumption,
p 4 acceptable yield  thermal degradation
Soaking Ethanol, methanol Moderate Long Low cost Low yield
. Ethanol, . Short time, lower Requires precise
Ultrasonics water—ethanol High Short solvent consumption  condition control
Supercritical CO, CO, High Moderate Clean extract, High equipment

high selectivity cost
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Table 3. Optimal high-performance liquid chromatography conditions for the analysis of
pyrethrins in pyrethrum

Parameter Operating Conditions
Column Cl8 (¢/A x Yor mm) ey Sus 0 0,5 o1l
Mobile phase (o] oz AVY ) T 2 2l
Elution mode Isocratic
Flow rate 1 ml/min
Column temperature 30°C
Detector DAD
Wavelength 225 nm
Injection volume 20wl
Analysis time 15 min

o3l amd o Ui |y HPLC-DAD s jl 03ltwol b by 5y 3JUT (6l (ooliiin Sllos Lol Jgas o)
21y el i o cuslie SSE (Sl opl ygot Ol stistel Syoxie g CI8 8 ugSas (gt |
2B o) )3 g iy Ol dinde e 29l YO (gl ST g0 Jobo S o ol oS s 5T ploj e
9 porm sojlas CudsS S8 lp g 039 pine Cllas bl Jgdo (ol )3 osdlly] bl ol 00l Gl
OSes (5L lo olie (Wang et al., 1997; Kouhestani et al., 2018) sl oo cuwlio Cilisre (sladiges duslio
(Y JSB)(F Jgaz) sl ansly (S s olSiws bl g S oo 16 S )5 cygies £55 41 dlany Sl

1. Diode Array Detector (DAD)
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Table 4. Retention time (RT) of pyrethrins in HPLC-DAD

S5 (a233) 5,53k 0L
Cinerin I 8.6+0.1
Pyrethrin I 9.8+0.2
Cinerin II 104 +0.2
Pyrethrin II 11.2+0.3
Jasmolin I 12.1+0.2
Jasmolin II 13.4+0.3
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Fig. 3. HPLC chromatogram of standard pyrethrin mixture; (b) HPLC chromatogram of pyrethrum
flower head from the Ljubljana Botanical Garden. (AmbroZi¢ DolinSek et al., 2007)
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Table 5 - LC-MS/MS parameters for pyrethrin analysis

oS5 m/z) 3l O (M/Z) L3,8 O Osewliis o (ng/kg) asil d> (ng/kg) (s5lw oS >
Pyrethrin I 329.2 161.1 ESI+ 1.5 5
Pyrethrin 11 373.2 183.1 ESI+ 2.0 6
Cinerin I 317.2 161.1 ESI+ 2.5 8
Cinerin I1 361.2 183.1 ESI+ 3.0 10
Jasmolin I 331.2 161.1 ESI+ 2.8 9
Jasmolin IT 375.2 183.1 ESI+ 3.5 12
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