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RED : BUBREER Hinc 1 IBIC&D PCR EMIOEF.
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M ITH CEESNARNEERE L THMILINAFHINIRZ 2V, Fo4%E - EHRAE
RATIE, BFEMEABESLIVERLRZTHEA S S, Lo L, £EORL - RETHEN L%
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# 1. 2008 FOMMAE EAL 20 AFEOBEMER OAERE (FEARERBRSHEREE T
20 EEDMBRAR-ERRL 23T H 156 B BAEFARBABESAEREERES L)

e . £EE EHBICHNTS
A ‘ EEL { EAE ton ey ra zonoE | PEEOHE®
1 Hhodwy 1,267 0 1,267 0 100.0%
R vawadll AL 41 1,123 | 0 : 96.5%
3 F4E 1,034 0 837 197 80.9%
4 | JHyay 998 0 962 | 35 96.5% WMEEE
5 BLYY 676 0 676 0 100.0%
6 AV 629 0 629 0 100.0%
7 =Ty 610 0 609 1 99.8%
8 [N 581 204 376 0 64.8%
9 A7 569 0 569 0 100.0%
10 a4 . | 556 556 g 0 . 0.0% Kea(FE:5K)
11 Hyay 554 0 546 8 98.6%
12 yasay 502 0 502 0 100.0%
13 Iy(=y 449 1 374 75 83.1%
14 43 444 23 399 21 900% . |
15 HAA2 440 95 344 0 78.3%
16 Exyoay | 427 0 420 8 o 982% | P
17 o 426 0 0 426 0.0% BAMBICIEIRER
18 | TAD | - 398 3. 395 0 0 99.3% : .
19 Aydy 384 0 384 0 100.0%
20 A3ty 1380 L0 . 380 -0 1000% 0 | R

ZTD—F, BHFEOFE L 24K (1L A CITHEMEE) OfBIE. 990% (2008 4
O BARBES EFRBAIGSOTETIE 87.8%. BRKIZEHICER) AL OEWAIK
FLTEY, TOIFZLAEHRFEE (RFAEICBNT 83.0%) THD (X 1),
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RT LD RENZAERFEDL, AFORD - RERRERBICED TH 5,

AREETIX, £% HE] 0EFEDTHIUINI Y UEPLIZ, EHTHICRT
HEFAEMEREOER L EEITOVTRMA LIV,
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Glycyrrhiza uralensis Fischer X% Glycyrrhiza glabra Linné (Leguminosae) DIRKE R
A b rT, LECERBARERWZLD (REV VYY) THD, ARIEETH L&,
BELUIAROEREYIH L, 7 FLY F B (CizHeOr6 : 822.93) 2.5 % LA E&EETe]
EHEINTEY, BARAERNTES - £AERMAZOFEE L 72> TWB DI Glycyrrhiza
uralensis Fischer (VI NV ) KhlgEsnk HE] Thsd, THE) X, BEH
HEHRA 1484059 109407 (73.6%) (T FE 7=, — X FIEE 5 R4A| 236 475+ 168 475 (71.2%)
KEEESNTERY 29, BHEE LTOERBEERVMERERZE L (R 1), TOER
FTHBZTZIVFNIF B (K2) 13, FIRE. FigRE, 7 VX —{EREOEEEHE
ERL, £72, BHED 200 FLINBEBOEL 92FTHI NG, BER, (bR, #
WRELE LTHIASND 9, LaL, THE] oozl A SIZFEN S OBmAL (FIZ
BAEMEVREE) THD (R Y, EFE, THE) BEROMBAEELL, PETIX
BRIREDTZDOBER (FRRAIR., @MHRH%E) MRbInTnd 9, 35z, FEENS
BAkTH THE] OFRENEML, £, BEOHEDE LWVRERRICHED Bl - Al
BLEFbHEE-o TG MEAEE L. [HE] EROFRNERIPEEIC2-TBY, -
DVTT—RAEBHEIND L IZRoTN 5,

THE] ORERKDDIVIZENBEEEL BHIC, ZHETIIE OBSREHRER
THoil, FETHEWL OO IFABRRE I TWVWD 510, L LEL oREFTIE, M
B OFEHITELCHERIV LU FAY FUOBREENMEL, HEME 2.5% L VEiE
e ieolitid, 272< &b SEU EOFEHFEMALEL SN TWD 5 8, Fiz, FAERIT
BERKS. 2011 FORMBO XL > RARKERVREEERD L 5 R ABHREREN E
LOEEEZITRTV,

e ld, 2006 FEREVEMTHETO HE) AEICET 552U, 2008 £ T4
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Abstract

The main root of Chinese licorice (Glycyrrhiza uralensis) is used worldwide as
a medicinal material and flavoring agent. This study aimed to determine UV light
stress conditions effective for increasing the concentrations of four medicinal
ingredients — glycyrrhizic acid (GL), liquiritin (LQ), liquiritigenin (LG), and
isoliquiritigenin (ISLG) — and the main root dry weight of Chinese licorice. All UV
treatments were compared to exposure to a white fluorescent lamp as a control. For
UV treatments, the white fluorescent lamp was supplemented with either UV-A or
UV-B fluorescent lamp or a combination of both. Low intensities of UV-A and UV-B
were applied for longer treatment periods, while high intensities of UV-A and UV-B
were applied for shorter periods. The control was set in each UV treatment for a
same period. The dry weights of the main roots as the medicinal part in each UV
treatment were not significantly different from the weights of the controls. The
concentrations of the four medicinal ingredients in the high intensity UV-B
irradiation treatments (BH and AHBH) over 5 or 6 days were 50-70% higher than
those in their respective controls. LG and ISLG concentrations in the medium
intensity combined UV irradiation treatments (AHBL and ALBH) over 10 days were
140 and 350%, respectively, greater than the levels in their respective controls.
These results suggest that UV-B or combined UV-A and UV-B irradiation with
white light over 5 to 10 days is more effective than irradiation of white light alone in
increasing the contents of GL, LQ, LG, and ISLG in dried main roots without
inhibiting the growth of the main root.

INTRODUCTION

Licorice (Glycyrrhiza sp.) is a perennial herb in the plant family Leguminosae. Its
main root is considered an important crude pharmaceutical material as well as a flavoring
agent (Wang and Nixon, 2001). The principal pharmacologically active ingredient in
licorice root is glycyrrhizic acid or glycyrrhizin (GL), a triterpenoid that shows high
levels of activity in inhibiting replication of the HIV-1 virus (Hattori et al., 1989) and of a
SARS-associated virus (Cinatl et al., 2003). Some flavonoids in licorice are also active
components, such as liquiritin (LQ) and liquiritigenin (LG) showing immunomodulating
activity (Lee et al., 2009), and isoliquiritigenin (ISLG) showing anticancer, antioxidant,
and antithrombin activites (Saxena, 2005). In Japan, licorice does not grow in the wild;
therefore, most of the market demand for licorice must be met through importation from
China. However, because the exportation of wild licorice has been limited due to
increasing desertification, cultivated licorice is expected to increase as the principal
source for medicinal licorice. The main root of wild licorice, when used for medicinal
purposes, requires long-term cultivation to develop fully, around 3-5 years; however,
even after 3-7 years of growth, the content of the medicinal ingredient in the main root of
the cultivated licorice is lower than that in the wild root. Therefore, it is necessary to
develop a short-term cultivation method to increase the contents of the four compounds.

Proc. 7™ IS on Light in Horticultural Systems 643
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Although supplemental UV irradiation generally inhibits the growth of plants, it
also increases secondary metabolite production, a change that may both enhance plant
defenses and provide protection against UV light. Afreen et al. (2005) has previously
published results for the effect of UV-B irradiation on GL concentration in G. uralensis.
However, the effects of UV-B irradiation on the concentrations of LQ, LG, and ISLG
were not included in that study and the effects of combining UV-A and UV-B irradiation
have not been previously investigated. Therefore, this study fills that gap in knowledge by
investigating the effects of UV-A, UV-B, and a combination of UV-A and UV-B
irradiation on plant growth and on the concentrations of the four medicinal ingredients in
the main root of G. uralensis.

MATERIALS AND METHODS

Chinese licorice (G. uralensis, Research Center for Medicinal Plant Resources,
National Institute of Biomedical Innovation, Japan) plants were grown in a hydroponic
system. The available number of plants of the same age was not sufficient for all
experiments. Therefore, 3-month-old plants were subjected to single UV irradiation
treatment (UV-A or UV-B), and 8-month-old plants were subjected to a combination of
UV-A and UV-B treatments. The plant height, main root, and lateral root were trimmed to
equal lengths in each experiment before 4 weeks of the start of UV treatment. Control
plants not subject to UV treatment were trimmed similarly. All plants exposed to different
UV irradiation or non-UV irradiation were under controlled environmental conditions.
White fluorescent lamps (FHF32-EX-N-H; Panasonic Co., Ltd., Japan) were
supplemented with either UV-A fluorescent lamps (TL20W/O8RS; Philips, Holland),
UV-B fluorescent lamps (TL20W/12RS; Philips, Holland), or a combination of the two
UV types for the UV treatment (Fig. 1). Whlte fluorescent lights were used alone for the
controls. Low intensities of UV-A (3 W m’ ) (AL) and UV-B (0.4 W m’ )Z (BL) were
applied for long treatment periods, while high intensities of UV-A (6 W m™) (AH) and
UV-B (0.8 W m™) (BH) were applied for short periods. The controls were designated as
W1, W2, W3, W4, and W5 for each UV treatment. Plants were subjected to (I) single UV
irradiation (AL, BL, W1 for 12 days or AH, BH, W2 for 6 days) and (II) combined UV
irradiation (ALBL, W3 for 20 days; ALBH, AHBL, W4 for 10 days; or AHBH, W5 for
5 days) (Table 1). Three or four plants were put in each UV treatment or control.

At the end of each treatment, the fresh and dry weights were measured for above-
ground part and below-ground part (main root and lateral root). The four medicinal
ingredients were extracted from dried main root sections with similar diameters, and the
concentrations of the ingredients in the main root extract were determined with an HPLC
system (Shimadzu Co., Ltd., Japan). The HPLC system consisted of an SCL-10A system
controller and a SPD-M10AYV photodiode array detector set at 254 nm for GL, 276 nm for
LQ and LG, and 372 nm for ISLG. The four ingredients were separated on a TSK-Gel
ODS-100V reversed-phase column (4.6 mm diameter x 250 mm length) (Shimadzu Co.,
Ltd., Japan), with a mobile phase consisting of acetonitrile and 1% acetic acid. Baseline
separatlon of GL, LQ, LG and ISLG was achieved with a gradient elution program. The
flow rate was 0.9 ml min’ , and the injection volume was 20 pl.

The effects of UV irradiation on the concentrations of four medicinal ingredients
were shown by percent change in ingredient concentration with respect to control
(Pmes %), which was calculated according to the following equation, Prye=(Cr-
Cc)/Ccx100%. Cr is the mean concentration of ingredient in each UV treatment (%, DW)
and C¢ is the mean concentration of ingredient in each control (%, DW).

All data presented are mean values except for Pp.. Significant differences in
above-ground part and below-ground part dry weights among UV treatments and control
for the same time period were calculated by Tukey-Kramer’s test (P<0.05) and between
UV treatment and control for the same time period by t-test (P<0.05) in Excel statistical
analysis ver. 5.0 (ESUMI Co., Ltd., Japan).
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RESULTS AND DISCUSSION

A few leaves turned yellow and withered on plants in all UV treatments except in
the AL treatment. Fresh (data not shown) and dry weights of the above-ground parts of
plants in all UV treatments were lower except in the AL treatment, than those in their
respective controls (Table 2). This agrees Wlth a previous study reporting that a 21-day
supplemental UV-B treatment (0.29 W m™) decreased stem height, leaf area, and dry
matter of canola Seedlmgs (Sangtarash et al., 2009). Afreen et al. (2005) also showed that
0.43 and 1.13 W m™ of UV-B for 15 days and 3 days, respectively, decreased the fresh
weight of above-ground part of Chinese licorice. By contrast, the dry weights of the main
roots in all UV treatments did not decrease significantly compared with their respective
controls. However, the dry weights of the lateral roots in the AL, BL, and ALBL
treatments were significantly lower than those in W1 and W5 treatments (P<0.05). In our
study, UV treatments (UV-A and/or UV-B) inhibited the growth of above-ground parts
and/or the lateral roots of Chinese licorice; however, the growth of the main root was not
inhibited by any UV treatment.

Many plants avoid UV irradiation by accumulating UV-filtering flavonoids and
other secondary metabolites. Hikosaka et al. (2010) reported that the essential oil in
Japanese mint increased under 0.5 mW m™ of UV-A irradiation over 7 days. Afreen et al.
(2005) reported that both the low and high intensity UV-B treatments increased the
concentration (mg/g, FW) of GL in the root tissues, the values being nearly 1.5-fold those
of control. In our study, the concentrations of the four medicinal ingredients increased in
the main root samples from Chinese licorice that was exposed to elther 0.8 W m? of
UV-B (BH) or the combination of UV-A (6 W m™) and UV-B (0.8 W m™) (AHBH) for a
short period (5 or 6 days). GL concentrations were about 70% higher in treated plants
than those in their respective controls, and the concentrations of LQ, LG, and ISLG in
treated plants were nearly 50% greater than those in their respective controls (Fig. 2).
These results indicate that high intensity UV-B (BH and AHBH) applied over a short
period (5 or 6 days) stimulates Chinese licorice to increase production of GL, LQ, LG,
and ISLG. However, the concentrations of the four ingredients in the main root exposed
to low intensity UV-A (AL and ALBL) over a longer period (12 or 20 days) tended to
decrease. GL and LQ concentrations tended to increase in the main root samples from AH
and BL treatments but decreased in the samples from that ALBH and AHBL treatments,
while LG and ISLG concentrations were 140 and 350%, respectively, higher in the main
root samples from the ALBH and AHBL treatments than those in their respective controls.
Some flavonoids, when combined with glucoses as glucosides, decomposed to free
flavonoids, when exposed to certain enzymes or stimulation (Fu et al., 2008). It is
possible that the flavonoids LQ and isoliquiritigenin (ISLQ) combined with glucoses and
subsequently decomposed to LG and ISLG after UV irradiation. This would explain the
decrease in LQ concentration and the increase in LG and ISLG concentrations in the
ALBH and AHBL treatments. However, plant biosyntheses are very complex, and this
mechanism needs to be studied further.

CONCLUSION

The concentrations of the secondary metabolites GL, LQ, LG, and ISLG in the
main root of 3- or 8-month-old Chinese licorice plants were 50-350% higher under UV-B
treatment or combined UV-A and UV-B treatment over 5 to 10 days than the levels in
their respective controls, without inhibiting growth of the main root.
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Tables

Table 1. UV irradiation treatment conditions.

. ) .
Treatment code U\I/rftAensny (\g\rﬁB) fg;;(;gi
Wi 0.3 0.1
AL 3.0 - 12
I BL - 0.4
W2 0.3 0.1
AH 6.0 - 6
BH - 0.8
W3 0.3 0.1 20
ALBL 3.0 0.4
w4 0.3 0.1
II ALBH 3.0 0.8 10
AHBL 6.0 0.4
W5 0.3 0.1 5
AHBH 6.0 0.8

1, single irradiation exposed to 3-month-old Chinese licorice plants; 1I, combined irradiation exposed to 8-
month-old Chinese licorice plants. A and B in the treatment code column indicate UV-A and UV-B
irradiation, respectively. L and H in the treatment code column indicate low and high intensity of UV
irradiation, respectively. W1-WS5 are the controls for the different treatment periods.
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Table 2. Effects of UV irradiation on the dry weights of above-ground part and below-
ground part (main root and lateral root) of Chinese licorice.

Above-ground part  Below-ground part dry weight (g)

Treatment code

dry weight (g) Main root Lateral root
W1 14.8° 0.9 2.4°
AL 15.1% 0.7 2.0%
. BL 10.6" 0.8 1.2°
W2 13.0 0.7 1.3
AH 11.0 0.4 0.9
BH 10.5 0.7 1.5
W3 7.0 0.9 1.4%
ALBL 5.9 0.8 0.7
w4 8.1 0.9 1.0
II ALBH 4.1 1.0 1.1
AHBL 5.8 1.2 1.2
W5 7.2 2.0 1.8
AHBH 6.1 1.8 1.5

Treatment code column are the same as in Table 1. Different letters indicate significant differences among
UV treatments and their respective control at P<0.05 by Tukey-Kramer’s test.
* indicates significant differences between UV treatment and its respective control at P<0.05 by t-test.

Table 3. Concentrations of four main medicinal ingredients in dried main root samples of
Chinese licorice in all controls (W1-W5).

Concentration (%, DW)

Treatment code

GL LQ LG (x107) ISLG (x107%)
Wl 1.2 0.4 3.18 1.25
W2 0.6 0.2 1.98 0.60
W3 1.2 0.4 2.48 1.23
W4 1.0 0.3 0.34 0.11
W5 0.6 0.3 1.52 0.66

W1-WS5 are controls for different treatment periods.
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Figures
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Fig. 1. Spectral irradiance of UV-A and UV-B lamps.
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Fig. 2. The effects of UV irradiation on the percent change (Pr.) of four medicinal
ingredients concentrations with respect to the control in dried main roots of
Chinese licorice plants. The concentrations in all controls are shown in Table 3.
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Abstract

A specific and reliable method was developed for determining the presence of linamarin, a cyanogenic glucoside in cassava flour

and cassava starch, using liquid chromatography-electrospray ionization tandem mass spectrometry. Linamarin was extracted

with acetonitrile and then purified by solid-phase clean-up using an NHp cartridge column. Isocratic HPLC was used to introduce

samples for electrospray negative ionization tandem mass spectrometry. The multiple reaction monitoring (MRM) was performed

using a characteristic fragmentation (m/z 246.1 — m/z 161.0) for linamarin. Calibration with a standard solution was linear over

a working range of 0.001-0.1 ppm (?=0.995-0.999), which is equivalent to 0.18-18 pg/g in food samples. The mean recovery of

linamarin from cassava flour was approximately 92-100%. The detection limits of the proposed method of linamarin in cassava

flour and tapioca samples were 0.75 pg/g and 0.84 pg/g, respectively.

Keywords : cyanogenic glycoside, linamarin, cassava, tapiok, quﬁid chromatography-tandem mass spectrometry

I Introduction

Linamarin (phaseolunatin or acetone cyanohydrin-
B-D-glucoside) (Fig 1.) is one of the major cyanogenic
glucosides and toxic components found in many plants
and is especially present in Manihot utilissima, also called
cassava.”? The starch of cassava is consumed as a foodstuff
worldwide. Owing to the toxic nature of linamarin, analytical
methods have been developed for specifically monitoring
linamarin as a means of regulation worldwide. Conventional
analytical methods for linamarin detection based on its
cyanide structure have used spectrophotometry, following
endogenous enzymatic hydrolysis by B-glucosidase.’”
However, these methods involve time-consuming clean-
up steps, making them inapplicable for processed foods
such as cassava flour, as endogenous B-glucosidase could be
removed or denatured during processing. Some studies have
also analyzed linamarin as a cyanogenic glucoside using

the post column high-performance liquid chromatography®

~oo
oA\ o \]C(NCHs

OH CHs

Glucose

—H0 mlz=161.0

Fig. 1. Chemical structure and product ion of linamarin

and gas chromatography-flame ionization detector.” '?

However, as pretreatment for these methods is complicated,
a simpler method is needed. In fact, quantitative and
qualitative confirmation of linamarin contamination using

reliable methods is necessary for regulation by governmental

Corresponding author: Hiroshi Akiyama, Division of Food Additives, National Institute of Health Sciences,
1-18-1, Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan
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ordinances to ensure food safety.!” In this study, we developed
a method for the determination of linamarin as a cyanogenic
glycoside based on liquid chromatography with tandem mass
spectrometfy (LC/MS/MS), and examined its applicability in
determining the presence of linamarin in cassava flour and
cassava starch. This study shows the development of a rapid

and specific method for linamarin determination.

I Materials and methods

1. Plant Samples
Cassava flour and cassava starch were obtained through the

Ministry of Health, Labour and Welfare of Japan. All of the
cassava flour samples were freeze-dried powder for 2 days

using a freeze dryer (FD-81; Eyela, Tokyo, Japan).

2. Chemicals
Linamarin (Toronto Research Chemicals, Inc., Ontario,

Canada) and all other chemicals and solvents were of high-
performance liquid chromatography reagent grade (Kanto
Chemicals, Tokyo, Japan).

3. Instrumentation

The LC system consisted of an Agilent Technologies HP
1100 series with a degasser, binary pump column oven, and
autosampler (Agilent Technologies, Waldbroom, Germany).
The MS detection system comprised an API 3000 triple

quadrupole mass spectrometer (Applied Biosystems-MDS -

Sciex, Concord, Canada) equipped with a TurbolonSpray
interface. The analytical data were processed by ANALYST
software (version 1.4.1, Applied Biosystems-MDS Sciex).

4. LC/MS/MS conditions

Chromatographic separation of samples was performed
in isocratic mode with a CAPCELL PAK AQ column (2.1
x 250 mm, Shiseido, Yokohama, Japan). The mobile phase
consisted of 0.01% acetic acid : methanol (70:30 by vol.). The
flow-rate was set at 0.2 ml/min. The injection volume was
10 pl and the run time was 40 min. Linamarin was eluted
in approximately 5.5 min and then the column was washed
completely using 0.01% acetic acid:methanol (10:90 by vol.)
for approximately 15 min and equilibrated with the mobile
phase for the rest of time. The turbo ion spray interface was
operated in the negative ion mode at 5.4 kV and 400°C and
supplied by an auxiliary gas flow of 4.0 I/min. The nebulizer
gas flow was set at 1.49 I/min, the curtain gas flow at 1.25 I/
min, and the collision gas at 5.2 x 107 hPa. Nitrogen gas was
used in all cases. Samples were quantified by multiple reaction
monitoring (MRM) of the deprotonated precursor ion and the

related product ion.

5. Sample preparation

Cassava and tapioca samples (0.25 g) were shaken with 15
ml acetonitrile for 20 min at room temperature in a reciprocal
shaker. The extracts were then centrifuged at 470 x g for 5
min and the supernatant was dried by evaporation at 40°C.
The resulting residue was dissolved in 3 ml of acetonitrile-
methanol (4:1, viv) as a soil’vent and filtrated through a 0.45
um filter (SYRINGE FILTER, 0.45 pum, GE Healthcare,
Piscataway, NJ, USA) to make a sample solution. Bond Elut
NH> cartridges (500 mg/3 ml; Varian, Palo Alto, CA, USA)
were conditioned with the same solvent described above,
loaded with the sample solution (1 ml), and then eluted with
additional solvent. The first 3 ml elution was discarded, and
the following 6 ml elution was collected. The collected elution
was diluted tenfold with 0.01% acetic acid-methanol (9:1 by
vol.). The final solutions (10 ul) were injected into the LC/
MS/MS system. Linamarin was quantified using a linear
calibration function that was established using the linamarin
standard at concentrations of 0.001, 0.005, 0.01, 0.05, and
0.1 pg/ml (?=0.995-0.999) as standard solution, which is
equivalent to 0.18-18 pg/g in food samples, because of 180-
fold dilution during sample preparation.

I Results

1..LC/MS/MS optimization

Mass spectrometry data were acquired in negative full-scan
mode using the linamarin standard in continuous infusion.
The deprotonated ion was m/z 246.1 [M-H]". The major
product ions, m/z 161.0 [glucose-H20]™ and m/z 187.6 [not
determined] were monitored by successive MRM analysis.
The product ion mass spectrum of the [M-H]™ precursor ion
is shown in Fig. 2. We considered that m/z 161.0, which was
thought to correspond to glucose lacking H20, would be better
than m/z 187.9 in terms of sensitivity. Acquisition in positive
mode was also attempted, but a tenfold less sensitivity for the
MS signal of the [M-H]™ ion was observed compared to that
obtained for the [M-H]™ ion (data not shown). For optimization
of chromatographic conditions, to achieve symmetrical peaks
and a short analysis time, the mobile phase consisting of
methanol and aqueous solution was used with the CAPCELL
PAK AQ column. Although we also examined with normal
phase columns, such as amide-type column and amino-type
column, the reversed phase column (CAPCELL PAK AQ
column) gave the best results in terms of the retention time

and the separation.

2. Specificity
Generally, the LC/MS/MS method has high specificity
since only ions derived from analytes are monitored. MRM
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chromatograms of linamarin for a linamarin-free cassava
flour sample and cassava flour samples spiked with 10
pg/g linamarin are shown in Fig. 3. No significant peaks
interfering with the peak for linamarin were observed in the
linamarin-free cassava flour and tapioca. The samples were
diluted 180-fold during preparation as described previously,
and it enabled to minimize the effect of contamination of
foods, and to be the composition of the solvent almost same

as the mobile phase.

3. Recovery and validation
The calibration curve of the linamarin standard solusion was
shown in Fig. 4. The correlation coefficients for the standard

curves in standard solution ranged from 0.995 to 0.999.
Recovery of linamarin from cassava flour spiked at 10 and 100
pg/g linamarin, which was equivalent to approximately 0.056
and 0.56 pg/g in standard solusion, was examined. The mean
recovery ranged from 92% to 100% for cassava flour and
100% to 105% for tapioca samples (Table 1).

Intra- and inter-day accuracy and precision for 10 and 100
ng/g linamarin determination in cassava flour (Table 2 A) ‘
and tapioca (Table 2 B) samples were also determined. Intra-
day precision was obtained by measuring three replicate
samples, which were fortified with 10 or 100 pg/g of the
linamarin standard, on the same day. Inter-day precision

was estimated by measuring three replicate samples on
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Fig. 2. Full-scan spectrum (A) and product ion mass spectra (B) of linamarin
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Fig. 3.

Representative MRM chromatograms for (A) control cassava

flour, (B) cassava flour spiked with 10 pg/g linamarin, (C)

control tapioca, and (D) tapioca spiked with 10 pg/g linamarin
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