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OH OH CH,
Linamarin Glucose Acetone cyanohydrin

Spontaneous decomposition

Hydroxynitrile lyase
(>pH 4 and >307C)

HCN 4+
HC  CH,

Cyanide Acetone

(Modified from Julie A. Montagnac et al., 2009)
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10 mg/kg » Gari(FEREAE B ) 2
B E SN2 mg/kg'” -
= - ieBaA

Cooke (1978 REFH I EFILEY 7k
ME - (SRR NSRS R E
REAFERAS 2L EY)  QREEER - B8



ARBE RS IR TR T

& o BB AR MEE T o RS R
ML R E MR TEaRRE, (Y -
BERI TR S MBRZ JTEZ T » A eI
FEBKE LS - DR EERERE
RERRER -

AOAC 915.03. 2 iR E TN ERE=R
KR EEEE - REER AR DIRR B E E &
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Germany)

2. FHf 7 ER(98.6%) (Sigma-Aldrich, USA)

3. Bl £ (100 U) (Wako, Japan)
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(Merck, Germany)
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USA)
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MR FR AR E0.5 NE S AL A 1 %2
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2. Rl BRI
B il o ¥ IR E AU 10 mg » AEHE
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%100 mL °
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f%1000 mL °

6. IZENHA TR (0.5 MEERRER/0.1 ME S (L
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Hi#%(Dionex ICS-5000", Thermo Fisher
Scientific, USA)

) & K (TIonPac® AS7, 4 mm x 25 cm,
Thermo Fisher Scientific, USA) ; fRi& &1+
(IonPac® AG7,4 mm x 5 cm, Thermo Fisher
Scientific, USA)

(B E#E Tk 815 (Millipore milli-Q,
Millipor, USA)

(u)BFF PSR (Tube Mill control, IKA, Germany)

(H) g IR & 5 (Vortex-Genie 2 mixer,
Scientific Industries, USA)

(7K 818 (Reciprocal shaking bath SB301,
[& =2 H PR/ F], Taiwan)

()75 R 75 3% ff (BUCHI Distillation Unit
B-324, BUCHI Labortechnik, Switzerland)
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2. T/EEE : $REEMR
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Voltage  Gain

No Time (s) Integration Ramp

(V) Region
1 0 -0.1 off off on
2 0.2 -0.1 on on on
3 0.9 -0.1 off off on
4 0.91 -1 off off on
5 0.93 -0.3 off off on
6 1 -0.3 off off on
7~ RSB R E EAIE

i it B U IR S B VB VAR 2525 pL > 437
EAEEE T G EE - R R ET S
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(ug/mL) -

V g R R E A L BEE(mL) ©
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RSV B

18.0
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B= - JE T 2R AR

% - R*K(20.999 (B =) » BEUER S HA 5%
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PR = T TR T 2 T -

Z BRmAIREIE

(7R AR R
AW R R AR T AR IEH - V)
# DLE BT IR 8 A TR 1T 2R R AR B IR 1
IS o PR AR B VAW S0 mL s N & B
TSSO pg o JHIEA [F) 725 B R 5
B 2 B FRBE R E 520
15~ 10525 mL/min - [E[3R 53 B5Z91.2 »
90.8 ~ 88.15:82.9% » BlI[EIIi = Fif 7% f o %
IR TR - SO s SR P 2 ZR AR
20 mL/min  ASGAERAG SISO R 2 LL2
- 3 mL/minH M NE - HEE ] REEL R

2 R A RE RO - B e
W2 IR E RARESESR  FEa
e B 22 R B VR I ST E AL 100 pg sy
BIFCTERE » 00.625 NEEALEIA 10 mL
W EEZA BRI P2 I E A5 22100 mL » I & e &
ZpHEE F12.85 - R&H D8 7ZH
WHpH{EMZEE TR - HRinElkz &
1R (B AR EUR0.8% » WIFR ) » #tE
H10.625 NFE LINA T 10 mL e SfiiE &
S - REERE2.5 g BIRINEEE T
fEHESLD.5 ~ 25 K250 pg o &N A B LR
EAS0 mL » DAZEEE=E20 mL/mindE{T
R WETR0.625 NE A LEHIBAH 10
mL - WCEEZEEIEHI80 mL » DAEHET/KE
HE100 mLiz EH - fERAIER - ]
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WA R89.1 - 99.1% » B FELRE /0.8
-3.9% » e R LR iR TR SR
o MM R R RAE -

R ZEABHMPRMNEE FRERZ BN ER
R
Sample  Spiked level Recovery” ()%
(2 (mg/kg) (%) (%)
1 99.1 39
10 89.2 2.8
2.5
20 89.1 1.1
40 90.4 0.8
‘n=3.

Rk 2RI

FHRE N GEIT S E BT e 530 AN [F] &

100 +
85.54
80 -
g 60
- ]
>
S 40 -
12
e~
20
0
1 2 4
Reaction time (h)
PU ~ ZE AR AR N AR 25 R e ik o B

100

80

60

40

Recovry (%)

20

Sk

FETRIRs 14 2 MRS FEL R

85.82 89.86

| 77.85
7 ] I I
1 2 3 4

Linamarase (U)
« R AEM R ITE R S N EEBER
BRI/ 2 A SRR AR

([ FEIN S = e R (I I s
(AR B-a B HE T - B K
FEJI(ECY » HA GBS 5 P o o T
Fo/KfREME T 2B -

RARZBRRIRIHER S S8 % E] mg/
kg B R 5 (ELS VR 0 EE o A
MERESFEBREE R FRARER L
H R R T 2 B R E MR TREEINA
INEE 32 A RE M B0 i 5 58 27k g - T2
F AbeTE A (2014) B R AEHE" - 1A
=B AER2.5 ghRINHEERE &
BRE100 pgZ SR~ SRR ENS
%50 mL & Sifif s g3 U > 3B &L
2R AN - SERANE VY - BERTE AN
R EBREZECE - BERRNEREE
53 SrRln A RERR RS > 2 2 3F14 U
TR38°CI B4/ NF 1R 7588 ~ E& B » 4
RN FElRE R R INER mERERE
7t - HLARRi o g4 UK B4/ N &
g 5E 2 » BUEEI AR # 5 i§4 U
A38°C [ HEA/INIF FA 6% (A SEE 1T 1% AELHE SR
Ba > WG T IR E SR o RN

Sample 2.5g

+ Citrate buffer (pH 5.9) 50 mL
+ Linamarase 4U
vortex

Enzyme reaction
| 38°C, 150 rpm, 4 hours
Distillation
Trap solution: 0.625 N NaOH 10 mL
Distillation rate: 20 mL/min
Distillate: approx. 80~90 mL
Dilute all distillate to 100 mL
l Filter (Nylon, 0.45 um)

HPIC analysis

BN - ABRRTRIEESERT AR
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DA B R iR 2 AR ZE A - K

Mrig AR H S BEIE » BRI A=

BT -
=~ NG ER

022 S e ORE ) E TN e Gt -
(LA EAY - SERAESR - 22
HiElEAREMTHRINEERSS&8HKBE
105240 mg/kgZ Rl £ SEMAE » HE[E
=Ry B 947 ~ 97.25:90.7% » 8 FAR 8
1.9~ 1.3K1.1% ; FEBEELS - IERFS
MrEE > RZEAERETIRIEE RS S/ %
1 mg/kgZ BT FSEE - HE B{REDR
3.2% « DL EREABEFEARZ RN L2
Bk 2 WEROH L - IRNZE AR e IR IR E R
GEFEE mg/keZ WS HETLOQZ
FEAG - HSEIg R R s A BRI SR ANk —
[ T~ SRR L A A 10 (ANE ) » SR EE
LOQZT /1 mg/kg °

=~ ZEASHPFMNEREE Z B ERRER

Spiked level
Compound (HCN equ. ReE;v)ery ((3/\;
0 ()
mg/kg)
1 94.7 1.9
[ntra-day 10 972 13
) . precision
Linamarin
40 90.7 1.1
Inter-day 1 973 32
precision
"n=5.
"n=10.

P94 ~ tnBStaiAlfg R

DA FERTEE SL T i B B ATl 2 T &
ANER M REIBARZ 41 R ARER
EEARHE R - 4P RE R ZRE
A RS 1A73.6 - 101.9 mg/kg » il T A
HERIE hEREESE ) PARE R TPRE

B 10 mg/kgZ EHIRE - MileTF AfR20084F
BB IN3 74T EARE F » 3174 H &
FEE13 - 165 mg/kg - EIMNBIEAREFZHH
[EE R G RE R B i R 2 P R R
Kr o PRI E AR IR E - e RE R
ERALE B S EEN.D. - 237 mg/kg ¢ HEHIAT
ekl EER S ERES  EEHEIRER
ERZEEMEESNEHREEY - KHER
10810 H7TH B » IR B AT @& Lt
IARER 2R TS e LS EE - 161 RE
FrHM S &S M S 2/ 106.6 - 104.5 mg/kg © N5
T Re I OIS RE R & B A E TR AR Y -

A
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PYE R E R AR | B DIESKR
BB TR RER G REasRZ
Fik - RZEAREBRRIEER S8 RE
1> 10540 mg/kg.Z Bilif & H - f&IifE E R &R
BTraErnEds e E  HEEs®RY
BIEIBERASTHR90.7 - 97.2% » B FARE A1
- 1.9% » S HEWRNEZ 2 2R H0R3.2%
BEREARBEMMEES R SO - A
ik EEMIRE R me/ke g B ARE
KA 20 KRB ZHREFRBRESENTR
6.6 - 104.5 mg/kg © AWFFCHER Al S FUE BE
BRSO « B
BTG HE - MEEEEREE L2 HE
ZEM -
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Investigation of Test Method for Total Hydrocyanic
Acid in Cassava Products

KUAN-YU CHEN, HSIEN-CHEN CHANG, MEI-HUA CHANG,
NU-CHING LIN, YA-MIN KAO, SU-HSIANG TSENG
AND DER-YUAN WANG

Division of Research and Analysis, TFDA

ABSTRACT

Cassava root is an important source of carbohydrates for developing countries. It is not only
used as staple food, but also processed into tapioca flour, cassava chips, gari, and so on. Linamarin is
a cyanogenic glucoside in cassava. Linamarin may be hydrolyzed by endoenzyme of cassava, and then
releases toxic hydrocyanic acid (HCN) during processing. Besides, linamarin can be also hydrolyzed
by gut flora enzymes or alkaline /acid environment in the gastrointestinal tract in the human body.
Therefore, people are under the risk of cyanide poisoning if consume not fully processed cassava
products. Based on the maximum allowed level of total HCN for tapioca starch and ready to eat tapioca
chips in “Sanitation Standard for Contaminants and Toxins in Food” set by the Ministry of Health and
Welfare, Taiwan, this research aims at developing a method to determine the total HCN in cassava
products. Besides, a surveillance study was conducted for tapioca starch and ready-to-eat tapioca chips.
For sample preparation, the hydrolysis process started from the addition of linamarase into a sample, and
then cultivated at 38°C for 4 hours. After steam distillation, HCN was collected in sodium hydroxide, the
cyanide in the distillate was determined by ion chromatography coupled with an electrochemical detector.
The LOQ of total HCN for this method was assigned to 1 mg/kg. A recovery study for total HCN was
conducted by spiking linamarin at the levels of 1, 10 and 40 mg/kg (HCN equ.) to blank tapioca starch
samples. The average recoveries were 94.7, 97.2 and 90.7%, respectively, and the coefficients of variation
(CV) in repeatability and intermediate precision were 1.1-1.9% and 3.2%, respectively. This method
was applied to a market survey. Total HCN in 6 tapioca starch samples were not detected. However, the
total HCN in 18 out of 20 ready-to-eat tapioca chip samples were between 6.6 and 104.5 mg/kg. The 18

unconformity products had reported to relative authorities for further administration.

Key words: total hydrocyanic acid, tapioca starch, ready-to-eat tapioca chips, ion
chromatography



