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A crude enzyme extracted from flaxseed by acetone precipitation was used for the hydrolysis of
cyanogenic glycosides to determine total cyanide in flaxseed and flaxseed-derived products. The
hydrolysis of cyanogenic glycosides (linamarin, linustatin, and neolinustatin) as well as the
endogenous substrate was dependent on the crude enzyme concentration and followed a first-order
relationship. Two colorimetric methods using the crude enzyme extract and an established high-
performance liquid chromatographic (HPLC) method were compared using 28 flaxseed samples.
Total HCN values obtained by all three methods were not statistically different, although those
obtained by the HPLC method were higher than those from the colorimetric methods.
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INTRODUCTION

The benefits of flaxseed in human nutrition have been
known for a long time and have recently been reviewed
(Cunnane and Thompson, 1995). The interest in phy-
tochemicals and functional foods (i.e., foods that have
alleged positive health benefits beyond inherent basic
nutrition) has increased the use of flaxseed in some food
products, or at least increased its awareness. However,
flaxseed contains cyanogenic glycosides which release
toxic hydrogen cyanide upon hydrolysis. Various pro-
cedures have been investigated to effect the breakdown
of cyanogenic glycoside and detection of the HCN
released in flaxseed (Mazza and Oomah, 1995). These
include (1) acid hydrolysis followed by colorimetric assay
of the dye complex formed with barbituric acid-pyridine
(Bhatty, 1993), (2) the modified picrate method using
â-glucuronidase for enzymatic hydrolysis and densito-
metry to measure the HCN formed (Brimer et al., 1983),
and (3) analytical chromatographic methods such as
gas-liquid chromatography (Kolodziejczyk and Fedec,
1995), thin-layer chromatography (Amarowicz et al.,
1993), reverse-phase high-performance liquid chroma-
tography (Oomah et al., 1992; Palmer, 1995; Schilcher
and Wilkens-Sauter, 1986), and ion chromatography
(Chadha et al., 1995).
Flaxseed also contains two cyanogenic â-glucosidases,

linamarase and linustatinase (Fan and Conn, 1985),
which are involved in the two-step catalytic hydrolysis
of the cyanogenic glycosides to liberate HCN. Both
linustatinase, which catalyzes the removal of the ter-
minal glucose unit of linustatin forming glucose and the
related monoglycoside linamarin, and linamarase were
purified to homogeneity from flaxseed and characterized
(Fan and Conn, 1985). Linustatinase hydrolyzes li-
nustatin (relative velocity 100) and neolinustatin, a

second cyanogenic glycoside present in flaxseed, with a
relative rate of 59 but only slowly hydrolyzes linamarin
(Conn, 1994). Linamarase is essentially inactive on
linustatin (relative rate 1.3) and neolinustatin (relative
rate 4.5) but, as expected, completely hydrolyzes linama-
rin (Fan and Conn, 1985).
Since flaxseed and products derived from it are

increasingly being promoted for food and feed industries,
there is an obvious need for more efficient analytical
methods to detect cyanide in flaxseed and flax-based
foods as a quality assurance measure and for “volun-
tary” or “optional” information on food labels dealing
with phytochemicals. This study involved the extraction
of crude enzyme from flaxseed and its use as a hydro-
lytic reagent in the determination of total cyanide in
flaxseed and flaxseed products. In addition, two differ-
ent colorimetric methods were compared to values
obtained by an HPLC method.

MATERIALS AND METHODS

Flaxseeds from a previous study (Oomah et al., 1994),
varying widely in cyanogenic glycoside content, were used.
Flaxseed gum was extracted as described by Cui et al. (1994)
by stirring flaxseed with distilled water (1:13, w/v) at 75 °C
for 3 h. The extract was separated from the seeds with a 40
mesh screen and freeze-dried. Ethanol-extracted ground flax,
flax pressed-cake, spent flaxseed, and CO2-extracted flaxseed
were kindly provided by Prof. D. A. Jenkins of the Department
of Nutritional Science, University of Toronto (ON, Canada).
These samples have been fully described (Jenkins, 1995).
All standard compounds were purchased from Sigma Chemi-

cal Co. (St. Louis, MO), except for linustatin and neolinustatin,
obtained from Dr. I. S. Palmer (South Dakota State University,
Brookings, SD).
Extraction of Enzyme from Flaxseed. Crude enzyme

used in the assay of total cyanogens was extracted from
flaxseed (cv. NorMan) ground with 5 vol of cold acetone (-20
°C) in a Waring blender for 1 min as described by Fan and
Conn (1985). The slurry was filtered under vacuum through
a Whatman No. 1 paper and the residue re-extracted three
additional times with acetone. The resulting residue from the
acetone extracts was placed in a desiccator under vacuum at
4 °C to remove the remaining trace of acetone. The extract
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was homogenized with 8 parts (w/v) of cold sodium acetate
buffer, pH 6, in a Waring blender for 1 min. The homogenate
was centrifuged at 12000g for 2 h, and the supernatant was
left in the fumehood at room temperature for 3 h to allow
hydrolysis of any residual cyanogenic glycosides to HCN. The
extract was then freeze-dried to remove the formed HCN and
concentrated. The enzyme was stored at -20 °C and is
referred to as crude enzyme extract.
Determination of Total Cyanide. Determination of total

cyanide using barbituric acid-pyridine reagent was performed
by a modification of the procedure described by Nambisan and
Sundaresan (1984). An aliquot (0.1 mL) of flaxseed extract
placed in a stoppered Quickfit test tube was evaporated with
a stream of nitrogen. Sodium acetate buffer (0.5 mL, 0.1 M,
pH 6) was added to the tube and the solution incubated with
0.5 mL of the crude enzyme extract for 1 h at 30 °C. The
reaction was stopped by the addition of 1 mL of 0.2 M NaOH,
allowed to stand for 5 min at room temperature, and neutral-
ized with 0.2 M HCl. Chloramine T (1 mL, 0.5%, w/v) was
added to 3 mL of buffered extract in a test tube followed by
barbituric acid-pyridine reagent, prepared by dissolving 3 g
of barbituric acid, 30 mL of pyridine, and 6 mL of concentrated
HCl made to 100 mL with water. After allowing to stand at
room temperature for 4 min, the absorbance of the resulting
pink complex was measured at 585 nm in a Beckman Model
DU 640 double-beam spectrophotometer.
Total cyanide was determined by a second colorimetric

method using pyridine-pyrazolone reagent (Cooke, 1978;
O’Brien et al., 1991). An aliquot of flaxseed extract (0.1 mL)
was placed in a stoppered Quickfit test tube, evaporated with
a stream of nitrogen gas, buffered with 0.5 mL of sodium
phosphate buffer, 0.1 M, pH 6, mixed with crude enzyme
extract (0.5 mL), and incubated at 30 °C. After 1 h the reaction
was stopped by adding 0.6 mL of 0.1 M NaOH followed by
sodium phosphate buffer (4.4 mL, 0.1 M, pH 6). The alkaline
mixture ensured the total decomposition of the hydroxynitrites
produced during enzymic cleavage of the cyanogenic glycosides.
Chloramine T reagent (0.2 mL, 0.5%, w/v) was added to the
buffered extract (3 mL) in a stoppered Quickfit test tube and
mixed thoroughly. The tube was allowed to stand for 5 min
in an ice-water bath, after which 0.8 mL of the pyridine-
pyrazolone reagent (0.2%, w/v, in bis(pyrazolone) and 1%
3-methyl-1-phenyl-5-pyrazolone in pyridine) was added. The
absorbance of the resulting blue complex was measured at 620
nm after 1 h. For both colorimetric methods, a cyanide
calibration curve was prepared using potassium cyanide as a
reference standard (concentration range 0.1-3.5 µg of cyanide
(HCN)). Analyses were carried out in triplicate, and blanks
containing the crude enzyme extract were run for each
analysis.
Cyanogenic glycosides of flaxseed and products were ana-

lyzed using a high-performance liquid chromatograph (LKB,
Pharmacia, Bromma, Sweden) equipped with a Lichrosorb RP-
18 column, 10 mm particle size, 4 × 250 mm (Phenomenex,
Torrance, CA), and a Shimadzu refractive index detector as
described previously (Oomah et al., 1992). Total cyanide by
the HPLC method was calculated stoichiometrically from
values obtained for the cyanogenic glycoside (linamarin, li-
nustatin, and neolinustatin) concentrations as described by
Schilcher and Wilkens-Sauter (1986).
To determine total cyanide in flaxseed and flax products by

the colorimetric methods described above, 100 mg of ground
sample was extracted with aqueous ethanol (5 mL, 70%) in a
sonic water bath for 30 min at 30 °C. The extract was filtered
through glass wool and a 0.45 µm Millipore filter. A 100 µL
aliquot of the extract was analyzed for total cyanide content.
At least three determinations were made for all assays.

Comparison of the methods by T-test and correlation by the
PROC CORR procedure were performed according to SAS
methods (SAS, 1990).

RESULTS AND DISCUSSION

The activity of the crude enzyme extract was deter-
mined prior to its use for cyanide determination.
Equimolar amounts (0.123 µmol) of the standards

(linamarin, linustatin, and neolinustatin) were sub-
jected individually to duplicate analyses for cyanide
using different concentrations of the crude enzyme
extract (Figure 1A). The enzyme incubation period was
arbitrarily fixed (50 min) to minimize interference from
any chemical or enzymatic side reactions that may
occur. Total cyanide was estimated by the barbituric
acid-pyridine (BAP) method. The minimum amount
of enzyme required for complete recovery of linamarin,
linustatin, and neolinustatin as cyanide was 1.5, 3, and
4 mg/mL, respectively. All cyanogenic constituents
present in flaxseed (i.e. linamarin, linustatin, and
neolinustatin) when incubated with the enzyme showed
liberation of HCN. Such production of HCN was de-
pendent on enzyme concentration (Figure 1A) and
followed a first-order relationship:

where R is the amount of HCN released, Rmax is the
maximum HCN released at equilibrium, K is the rate
constant, and C is the enzyme concentration. The
release of HCN from linamarin was much faster than
the hydrolysis of the diglycosides. The rate constants
for linamarin, linustatin, and neolinustatin were 2.36,
0.84, and 0.65, respectively. These values reflect the
reaction rate of the two enzymes linamarase and li-
nustatinase present in the crude enzyme extract for the
three endogenous substrates in flaxseed. The crude
enzyme extract should have contained both linamarase
and linustatinase activities since the procedure for its
preparation was as described by Fan and Conn (1985).
According to these authors, only 16 and 13% of linusta-
tinase and linamarase enzymes, respectively, could be

Figure 1. Effect of crude enzyme concentration on the
hydrolysis of (A) cyanogenic glycoside standards and (B)
endogenous substrate (flaxseed gum).

R ) Rmax(1 - e-KC)
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recovered from the crude extract. Linustatinase hydro-
lyzes linustatin (relative velocity 100) and also neoli-
nustatin with a relative rate of 59, while linamarase is
essentially inactive on linustatin and neolinustatin
(relative rates of 1.3 and 4.5, respectively) (Fan and
Conn, 1985). The same extent of hydrolysis, i.e.,
linamarin > linustatin > neolinustatin was observed
in this study (Figure 1A). The hydrolysis of a flaxseed
gum extract incubated with different enzyme concentra-
tions (Figure 1B) was similar to those of linustatin and
neolinustatin.
Theoretically, 1 µmol of the cyanogenic glycoside

yields 1 µmol of HCN. Recoveries from standards
showed that 100% cyanide could be recovered from
linamarin and 97% from linustatin and neolinustatin.
Furthermore, complete hydrolysis of linamarin, li-

nustatin, and neolinustatin was also observed when an
equimolar amount of the standards (0.123 µmol) was
incubated individually with the crude enzyme extract
(0.5 mL, 4 mg/mL) for 50 min using the pyridine-
pyrazolone assay.
Ground cv. NorMan flaxseed was extracted for 30 min

at 30 °C in 70% ethanol in a sonic water bath. Parts of
the extract were spiked with linustatin, linamarin, and
neolinustatin, respectively, and sonicated for another
5 min. The recoveries for each spiked sample were
determined in triplicate with all matching assays and
calculated as

[CNG] was evaluated from the Amax value of the KCN
standard curve. The experiments showed a 94 ( 3%
recovery of the cyanogenic glycosides, which indicates
that there was no interference from the extract compo-
nents on the quantitation of HCN in flaxseed samples.
Similar recovery of linamarin, 90-95% with exogenous
linamarase from cassava, was reported by Cooke (1978).
The time required for complete hydrolysis of cyanogenic
glycosides in flaxseed gum was determined by incubat-
ing the gum extract with the crude enzyme extract (0.5
mL, 4 mg/mL). A 40 min incubation time at 30 °C was
sufficient to complete the reaction (Figure 2). Initially,
for about 20 min, HCN was released rapidly as a result
of strong cyanogenesis. HCN production continued
thereafter but at a steadily decreasing rate until com-
plete hydrolysis at 40 min. The HCN production
potential at peak time (40 min) was equivalent to 3.25
µg of HCN/mL. Under the given conditions, the rate

constant of the crude enzyme extract was 0.06 µg of
HCN/mL/min based on a first-order reaction.
In flaxseed samples extracted with 70% aqueous

ethanol, no free hydrocyanic acid was detected; therefore
evaporation of ethanol prior to analysis had no effect
on the total cyanide recoveries. However, ethanol
affects the enzyme activity, and its evaporation involves
extra work. Experiments to determine whether the
presence of ethanol affected the assay of cyanogens were
carried out using flaxseed cultivars with a wide range
of cyanogen contents. The results (Table 1) show that
the effect of ethanol on the assay was highly significant
(56-68%), although a large excess of enzyme extract (5
mg/mL) was used for these experiments. Concentra-
tions of ethanol up to 25% level amounted only to a
1-3% change in cyanogen assay using cassava linama-
rase (O’Brien et al., 1991). The large difference ob-
served may be due to the well-known biphasic response
of â-glucosidase activity to alcohols (Glew et al., 1994)
where competitive inhibition is observed at high con-
centrations of alcohols. Extraction with acidic solvents,
such as 0.1 M orthophosphoric acid with or without 25%
ethanol, resulted in poor recovery of cyanogens and
required filtration and centrifugation due to the viscous
nature of the extract. A similar occurrence was reported
for the assay of cyanoglucosides in cassava (Nambisan
and Sundaresan, 1984) except that complete extraction
was achieved with an acidic solvent.
The three methods described earlier were compared

using 28 samples of flaxseed ranging from 1 to 762 mg
of total HCN/100 g of sample (Table 2). No statistical
difference was found in the cyanogen content obtained
by the methods. However, the HPLC and the BAP
methods gave the highest and lowest average values,
respectively. The low values of the colorimetric methods
could be due to HCN loss in the reaction medium or to
HCN bound to autolysis components (Harris et al.,
1980). Our results do not agree with those of Schilcher
and Wilkens-Sauter (1986), who found that the HCN
concentrations determined using HPLC were about 2%
lower on average than those determined photometri-
cally. The HPLC method based on separation tech-
niques is a direct method able to distinguish all three
cyanogenic compounds present in flaxseed and is thus

Figure 2. Time course hydrolysis of flaxseed gum.

Table 1. Effect of Ethanol-H2O Extraction Medium on
Cyanogen Assay

concentration of HCN (mg/100 g)flax seed
cultivar no solvent with solvent

difference
(%)

Tapeparana 0.27 ( 0.02 0.15 ( 0.02 56
Belinka 0.57 ( 0.02 0.37 ( 0.01 65
Linott 0.45 ( 0.02 0.27 ( 0.03 60
NorMan 0.31 ( 0.02 0.21 ( 0.02 68

Table 2. Comparison of the Three Methods for Cyanide
Determination

total cyanide (mg/100 g)

HPLC
pyridine-
pyrazolone

barbituric
acid-pyridine

mean (n ) 28) 70.86 62.56 59.36
minimum 0.86 1.82 1.67
maximum 762.03 675.00 650.00
SE (% of mean) 37.41 37.37 36.27
method comparison
difference between HPLC 8.30 11.50

(0.82)a (0.74)
difference between
pyride-pyrazolone

3.20

(0.92)a

a Data in parentheses are probability of T values.

{[CNG]spiked extract - [CNG]extract} )
(added CNG) × 100%
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likely to give more accurate cyanogen data. The colo-
rimetric methods are indirect, not based on separation
science, and hence suffer from low biases. The differ-
ence between the colorimetric methods was small. In
spite of these differences, the accuracy and analytical
error associated with these methods were consistent at
about 37% standard error of the mean (Table 2).
Results obtained by the three methods correlated highly
(r ) 0.99, P ) 0.0001) with each other. Bhatty (1993),
using chemical hydrolysis, also reported that the HCN
content of seed from seven cultivars of flax determined
by the barbituric acid-pyridine reagent was signifi-
cantly correlated (r ) 0.96) to total cyanogen determined
by our HPLC method (Oomah et al., 1992). The close
agreement of the BAP method with the other two
methods is illustrated in Figure 3.
Although the HPLC method is most sensitive and

accurate for the determination of cyanogenic glycosides
in flaxseed, it is time consuming and involves the use
of standards difficult to obtain. The BAP method is a
quick alternative method for the determination of total
cyanogen.
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Figure 3. Relationship of total HCN values obtained by
the bis(pyrazolone) and barbituric acid-pyridine methods
(top) and HPLC and barbituric acid-pyridine methods (bot-
tom).
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