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Straightforward method to determine intact cyanogenic
glucosides in almonds and flaxseeds by LC-MSMS
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Background

Cyanogenic glucosides (CNGs) are products of secondary metabolism of
plants, which naturally occur in certain food crops, such as almonds,
cassava, apple(seeds), linseeds and derived products. After consumption,
when the plant tissue is disrupted, the CNGs are enzymatic hydrolysed
thus causing the release of cyanide (HCN), which in high doses may cause
health effects. Maximum limits for HCN have been set in EU Directive No
2002/32/EC for different feed materials and in EU Regulation No
1334/2008/EC for different food commodities.

A standardized method for control of CNGs (CEN 16160:2012) is based on
the generation of HCN and its measurement by HPLC-Fluorescence. The
method is quite laborious, time-consuming and entails all the risks
associated to the manipulation of HCN. Besides, it lacks specificity.

Objectives

« Development and validation of a fast, straightforward method for the
determination of the intact CNGs in food products by LC-MS/MS.

» Application of the method(s) for the analysis of almonds and flaxseed
products and comparison of the results with CEN 16160:2012.

Results: Optimization of LC-MSMS conditions
The LC-MS/MS conditions to analyze the CNGs of interest (Figure 1) were

optimized.
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Figure 1. Cyanogenic glucosides (CNGs) under study.

The fragmentation pattern for the CNGs and the internal standard (phenyl-
B-D-glucopyranoside) was optimized in ESI positive and negative mode by
direct infusion in a Waters Micromass Quattro Ultima MS of the individual
standard solutions at 10 ug/kg. ESI+ was observed to be more sensitive.

Table 1. MRM parameters in ESI+ mode and

retention time under optimum conditions. .
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Column X-Bridge Cyq 150 x 3 mm (5um) T=35 °C
Flow 0.4 mL/min
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Results: optimization of the extraction

The extraction of CNGs from almonds and flaxseed was independently
optimized. Half gram of sample was in a two-step procedure extracted with
different solvents in triplicate (Figure 2 and 3). Temperature, organic
solvents and/or acid conditions were used to denaturize enzymes.

« Almonds: Extraction of
amygdalin: MeOH/water (75/25) at
70 °C (figure 2).
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Figure 2. Optimization of the extraction of
amygdalin from almonds.
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Figure 3. Optimization of the extraction of linustatin, neolinustatin and linamarin from flaxseed.

After the first extraction with 2 mL for 30 min, the extract is centrifuged,
the supernatant collected and the residue extracted a second time. After
centrifugation, the supernatants are merged and the volume adjusted to 5
mL. The extract is 10-fold diluted before LC-MS/MS analysis.

Results: analysis of samples: LC-MS/MS vs CEN 16160

Table 2. Occurrence of CNGs in almonds samples.

Sample LC—MSM$ LC-MSMS CEN 16160
mg amygdalin/kg mg HCN/kg mg HCN/kg
Almonds roasted 72 5.0 5.0
Almonds 894 53 66
Almonds flaked 19 1.1 2.2
Almond flour 118 6.9 15

Table 3. Occurrence of CNGs in flaxseed samples.

sample Lirustetin  Neolinustatin Linamerin  Lotaustralin  LCMSMS  CEN 16160
i A e a/kg mg HCN/kg  mg HCN/kg
Flaxseed oil = = = = 0.0 0.0
IFlaxseed 1347 3253 112 484 341 410
IFlaxseed broken 1772 1069 44 39 194 241
Flaxseed whole 1790 2447 147 290 319 386
Flaxseed golden 1170 1641 144 22 220 275

1Brown flaxseed

* LC-MS/MS gave slightly lower concentration of HCN than CEN.
(Possible explanations: lotaustralin is semi-quantified, presence of other
compounds that produce HCN, interference in the CEN method).

Conclusions

= Optimum extraction conditions may depend on compound and matrix.

* LC-MS/MS is a promising alternative for HCN determination.

« Further research is needed to explain differences between the LC-MS/MS
and the CEN method.
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