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Table 1. List of flax varieties used in this study with their origin and productive attitute.

Variety Origin Productive Attitude
1ta269 Italy Qil
Ecotipo Ragusano Italy Qil
Claudia Italy Qil
1T2421 Italy oil
Cremone Italy Qil
Credo Italy Qil
Ventimiglia Italy Qil
Roma Italy Oil
Merlin France Intermediate
Solal France Intermediate
Kaolin France Intermediate
Natural France Intermediate
Linoal France Intermediate
Valoal France Intermediate
Festival France Intermediate
Berber Holland Fiber
Belinka Holland Fiber
Blu di Riga Lithuania Fiber
Datcha France Fiber
Cruciata Unknown Fiber
Ariane France Fiber

were obtained using commercially available linamarin (Sigma-Aldrich, Italy) and purified samples of linustatin
and neolinustatin. For purification, peaks were collected and CG identified by cyanide test and separation by
TLC [10]. The retention times were 4.9, 8.9 and 18.8 for linamarin, linustatin and neolinustatin, respectively
(Figure 1).

2.4, Statistical Analyses

All statistical analysis were performed by SPSS version 16.0 software. Analysis of Variance (ANOVA) was ap-
plied to establish significant differences (P < 0.01) between flax varieties and productive attitude groups in the
levels of CG. Mean separation was performed using Duncan’s test and referring to P < 0.05 probability level.
Pearson’s correlations between CG species were also calculated.

3. Results and Discussion

In Figure 2 is shown the total CG content in flours of the twenty-one flax varieties. The total CG content is the
mean of three independent extractions and is expressed as g-Kg™ CN". In the oil group (white bars), the varieties
1ta269 and Ecotipo Ragusano showed the highest CG content (1.60 and 1.48 g-Kg™* CN™ respectively). The va-
rieties more interesting are those lower in total GC content since a greater quantity of flax flour may be added in
feed if the content of CG is low. In particular, they were the varieties Valoal and Festival (0.86 and 0.74 g-Kg™
CN7, respectively) within the intermediate group and varieties Datcha, Cruciata and Ariane (0.84, 0.79 and 0.77

g-Kg™ CN", respectively) in the fiber group.
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Figure 1. HPLC chromatogramme of flax cyanogenic glycosides (variety Ariane).
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Figure 2. Cyanogenic glycoside contents in twenty-one varieties of flax di-
vided by group of productive attitude (oil = white bars; intermediate = gray
bars; fiber = black bars).

Oomah et al. [8] developed an isocratic HPLC separation for detecting CG of flax. They reported the reten-
tion times of linamarin, linustatin and neolinustatin and were 8.2, 11.0 and 23.6 min, respectively. We modified
this HPLC method by adding a mild gradient of methanol. In this way, we were able to get an acceptable separa-
tion of flax CG in less time (Figure 1).

The relative amounts of the three CG present in flax varieties are shown in Table 2. The mean of linamarin,
linustatin and neolinustatin for each group of productive attitude is also shown. The ANOVA showed that the
differences in the content of the three CG among varieties are significant at 0.01 level. According to Oomah et
al. [8], the HPLC method found only traces of linamarin, about 5% - 8% of the total CG in all flax varieties.
From our analysis, we found a greater variability in the relative content of linamarin (2% - 14%), though still
was a minority component as absolute value and statistically similar among groups of productive attitude (Table
2). Instead, linustatin and neolinustatin exhibited significant differences among groups (Table 2). Linustatin re-
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sulted to be statistically lower in the flours of the intermediate group, and, in particular, should be noted the
lowest level observed in the variety Festival (0.28 g-Kg™ CN, letter a by the Duncan’s range test). In the case
of neolinustatin, the fiber group showed an average value statistically lower than the other two groups. However,
it should be emphasized that the variety Ventimiglia in the oil group had a very low content of linustatin (0.06 g
g-Kg™ CN7, letter a by the Duncan’s range test), which it was equivalent to just 5.8% of the total of CG. No as-
sociation between GC content and geographical origin was evident.

Table 3 shows the Pearson’s correlation coefficients (r) between each CG compound and the total CG for the

Table 2. Linamarin, linustatin and neolinustatin contents in different flax varieties.

Variety Linamarin® Linustatin® Neolinustatin®
[ta269 0.10 0.65 (K) 0.85 (1)
Ecotipo Ragusano 0.14 0.49 (h) 0.85 (1)
Claudia 0.08 0.53 (i) 0.67 (h)
IT2421 0.05 0.56 (i) 0.63 (q)
Cremone 0.07 0.48 (h) 0.67 (h)
Credo 0.06 0.38 (e) 0.72 (k)
Ventimiglia 0.02 0.95 (m) 0.06 (a)
Roma 0.07 0.42 (fg) 0.44 (e)
Mean + SE 0.07 £0.01 0.557 £ 0.068 0.611 + 0.098
Merlin 0.18 0.53 (i) 0.55 (f)
Solal 0.11 0.40 (ef) 0.69 (hi)
Kaolin 0.11 0.36 (de) 0.71 (ik)
Natural 0.08 0.38 (e) 0.67 (h)
Linoal 0.08 0.32 (bc) 0.54 (f)
Valoal 0.06 0.46 (gh) 0.34 (c)
Festival 0.07 0.28 (a) 0.39 (d)
Mean + SE 0.10 £ 0.02 0.389 +0.035 0.556 + 0.059
Berber 0.08 0.76 (1) 0.34 (c)
Belinka 0.10 0.62 (k) 0.40 (d)
Blu di Riga 0.11 0.54 (i) 0.30 (b)
Datcha 0.05 0.33 (bcd) 0.46 (e)
Cruciata 0.09 0.36 (cde) 0.35 (c)
Avriane 0.05 0.32 (b) 0.41 (d)
Mean + SE 0.08 +£0.01 0.489 £ 0.081 0.376 £ 0.025
P Variety 13.90™ 295.73" 918.13"™
P Group NS 7.197 9.66™

Data expressed as g-Kg™*; “Significant at < 0.01.

Table 3. Pearson correlation coefficients (r) for cyanogenic glycosides in twenty-one flax varieties.

Linustatin Neolinustatin Total cyanogenic glycosides
Linamarin -0.082 0.385" 0.454™
Linustatin 1 -0.326" 0.418™
Neolinustatin 1 0.709™
Total cyanogenic glycosides 1

“Correlation is significant at the 0.01 level.
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twenty-one flax varieties considered in this study. The total CG content was positively correlated with all the
glycosides, even if the correlation value significantly greater observed for neolinustatin (r = 0.709) could indi-
cate that this compound is the main component of the total glycosides of flax. Moreover, the Pearson analysis
showed that neolinustatin was positively correlated to linamarin (r = 0.385) and negatively correlated to linusta-
tin (r = —0.326). The inverse correlation between linustatin and neolinustatin might suggest a competition in the
synthesis of these two compounds. However, since these two molecules are derived from different amino acids
(linustatin from valine, neolinustatin from isoleucine) [11] [12], the contents of these two glycosides could be
controlled by the relative levels of the two amino acids. Alternatively, the competition between the two CG may
lie in the two biosynthetic pathways since the enzymes involved are common [12].

4. Conclusion

Flax is a plant of considerable economic importance for fiber, oil and meal. However, the CG in linseeds are the
main toxic compounds that reduce its use in animal feed [9]. Decreasing the content of CG in flax meal could
increase the amount of flour addition in feed (currently goes up to 12% - 14% in ruminants [13]. We found a
significant variability among flax varieties in the content of both total CG and the three different molecular spe-
cies of glycosides (Figure 2, Table 2). This variability could be exploited in breeding programs to reduce the
content of linustatin and neolinustatin in flaxseed. Some interesting varieties have already emerged from this
study. The variety Ventimiglia showed a negligible level of neolinustatin while the variety Festival as well as
presenting low levels of total CG also had the lowest content of linustatin. However, it will be necessary to ve-
rify the possibility of reducing the content of CG in suitably crosses due to the negative correlation found in this
study between linustatin and neolinustatin (Table 3).
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