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1. Introduction

Ethephon Is a systemic plant growth regulator with a wide
range of applications [1]. Within plants, ethephon releases the
growth hormone ethylene, which may Inhibit or accelerate
growth, induce flowering (e.g. In pineapples and apples) or
promote fruit ripening [1]. In cereals, ethephon can also be
used to reduce culm elongation by shortening the upper
Internodes making the plants more resistant to lodging (leaning
to the ground), thus preventing fungal infections [1]. Recently
the EU extended the approval of ethephon to 2039, removing
the former restriction to use as a growth regulator.

In September 2025, the European Commission proposed to
harmonize the residue definition (RD) for ethephon in cereals
with that of Codex Alimentarius (“Ethephon and its conjugates,
expressed as ethephon”) and requested from the EURL-SRM
to check if this RD can be routinely monitored.

2. Analysis Involving Acidic Hydrolysis

The applicant method Involves an acidic hydrolysis and
multiple extraction steps making it too laborious for routine
regulatory labs. We therefore examined whether the popular
QuPPe method (with or w/o EDTA) could be adapted to involve
a hydrolysis step, either by a) conducting a post-extraction
acidic hydrolysis or b) conducting acidic hydrolysis during
extraction (Fig.2). Having observed that the extractability of
ethephon Is strongly influenced by the extractant, various
experiments were conducted to study the whereabouts of
iIncurred and spiked ethephon. These involved ILIS-additions
and hydrolyses at different stages of the procedure.
Measurements were conducted by QuPPe method M1.6 [2].

3. Results and Discussion

a) Studying the Distribution of Ethephon Residues
QuPPe-PO (Fig.2 right) extractions of samples with incurred
residues have shown that in raw extracts only a small share of
ethephon Is measurable as free ethephon. Experiments with
ILIS addition at different stages have shown that part of the
free ethephon attaches to solids (~20% with and ~30% without
EDTA). Using QuPPe-PO, conjugated ethephon is mainly
present in the extract with a small fraction (~5-10%) remaining
In the post-extraction solids and being lost. Ethephon ILIS
added at the beginning of the procedure will also partly get
lost, but Iits losses will overcompensate the losses of the tiny
fraction of free ethephon as most ethephon in the extract is
present in conjugated form. In combination with the losses of
the ethephon conjugates, remaining In the post-extraction
solids, this leads to a slight overestimation of ethephon (sum)
In real samples (~10-15%). ILIS addition to an aliquot of the
QuPPe extract circumvents the problem of ILIS losses through
Interaction with the solids. But the share of ethephon attached
to the solids (through conjugation or surface interactions) is not
guantified, leading to underestimations of ~10-15%.

The applicant method shows a very different picture. Here,
the Initial extraction is conducted with pure methanol In
absence of water, which results in large portions of ethephon
ending up In the solids (Fig.1 right). The parts of conjugated
ethephon ending up Iin the first methanolic extract are only
slowly released in the combined extract as the temperature
remains low. This leads to an underestimation of the total
ethephon of up to 10% depending on the residence time of the
extract prior to measurement. The bulk matrix is thus subjected
to acidic hydrolysis and several washing steps, which makes

the method more time- and labour consuming.
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Fig.1l: Share of bound and free ethephon in different fractions.
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Table 1: Table of analysed samples and results of small scale monitoring

| Applicant Mth

+ 10mL of MeOH, |

shake for 15min & Centrifuge
Decant extract into 50mL tube

5 g Grain +9 mL H20
+10mL MeOH/1%FA + ILIS
+100uL FA

5 g Grain +8 mL H20,
+10mL MeOH/1%FA + ILIS + 2ml HCI 5M

Shake shortly Shake shortly

+ 10mL 5% HCI (=1,4 M) to solids
Hydrolyze (2h @ 50°C) & centrifuge;

Merge extract w. previous + 1mL 10% EDTA

Shake for 60min at 60°C Shake 15min (freeze-out) & centrifuge

+ 10mL of MeOH,
shake for 15min & centrifuge;

. freeze out at -80°C for 30min & centrifuge
Merge extract w. previous

Optional:
mix 1:1 w. ACN & C18 (dSPE)

+ 10mL of ACN,
shake for 15min & centrifuge;
Merge extract w. previous

Optional:

mix 1:1 w. ACN & C18 (dSPE) Filtrate into 1.5mL vial (routine)

+ 40uL of 6M HCI to 1mL extract

+ ILIS to combined extract Filtrate into 1.5mL vial

{algliGele: 029 1) Heat for 30min @ 60°C

Centrifuge & filtrate into 1,5 mL Vial (HCl conc.: 0.24 M)

(HCI conc.: 0.35M)

Fig.2: Scheme of Applicant Method (left) vs. AcH-QuPPe (middle) and QuPPe-PO (EDTA) + Hydr. (right).

b) Limitations of QuPPe for Screening purposes

Ethephon levels in cereals tend to be very low overall and due
to the high conjugation rates (especially in barley) ethephon
concentrations in QuPPe extracts are very low. This limits the
usefulness of the QuPPe method as a screening approach for
triggering a hydrolysis. The problem of slightly overestimating
the residue where the ILIS Is added prior to extraction also
remains. Conducting AcH-QuPPe for all cereal samples seems
to be an overall more viable approach for labs.

Fig. 4: Our little Garden

As positive samples were
initially not available, we
chose to plant our own barley
In a 3 sgm ,field® on the lab
roof. Spraying was conducted
with ethephon at a higher
dose than prescribed. The
harvested kernels contained
ca. 3 mg/kg ethephon.

c) Introduction of AcH-QuPPe

To circumvent the diema of experiencing over- or
underestimations using routine QuPPe depending on the timing
of ILIS addition, AcH-QuPPe was Introduced in which
extraction and hydrolysis were combined. Here, ILIS was
added directly to the sample portion (Fig.2, middle).
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Table 2: Table of analysed
samples before and after
Hydrolysis (results in mg/kg)

20%

0%
AcH-QuPPe
ILIS at beginning

QuPPe-PO
ILIS pre-extraction

QuPPe-PO
ILIS post-extraction

Fig.3: Ethephon yields from barley with different QuPPe-variations. 0.00065

0.001

d) Small-Scale Monitoring 0.6

A small-scale monitoring was conducted to evaluate the U:010

presence of ethephon in 82 locally purchased cereals and one 0.012

raisin sample. 17 of these cereal samples were found to 0.014

contain traces of ethephon and were subjected to hydrolysis. In 0.008

only three of those samples ethephon exceeded 5 pg/kg 0.002

following hydrolysis. The raisin sample was found to contain
101 pg/kg using QuPPe and 131 pg/kg using AcH-QuPPe
iIndicating a moderate ethephon conjugation in this commodity.

Thanks to LTZ Augustenberg, Univeristy of
Hohenheim and Labor Friedle GmbH for providing
samples with incured residues
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Wheat 3 (6.8 ppb; 1.8 ppb; 0.9 ppb) [2] Anastassiades et al. QuPPe-PO-V13.2

Sl L (5. po) EPRW 2026
e 1 (1.1 pph) P D' 13

Barley

Rye 2 (18.5 ppb; 1.8 ppb)
Wheat/Rye-mixture

Raisin 1 (131 ppb)

Sum 38

* X %

4. Summary and Outlook

QuPPe-variations entailing acidic hydrolysis were developed
for the analysis of ethephon (sum) including the conjugates.
QuPPe variations involving hydrolysis of QuPPe extracts are
convenient but have some bias in quantification depending on SR
the timing of ILIS-addition. The AcH-QuPPe variant seems to R
be a viable approach for routine controls. In a small-scale s
monitoring residue levels in real samples proved to be low.
Further types of commodities with ethephon residues will be
checked for the presence of conjugates.
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