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Abstract: The contents of cyanogenic glycosides (Cyanogenic Glycosides, CNGs) are very important to evaluate the safety
of sweet cassava roots and their products. Using cassava roots and cassava products as test materials in this study, a method
for rapid extraction and high performance liquid chromatography-evaporative light scattering (HPLC-ELSD) detection of
two kinds of cyanogenic glycosides was established. The content of CNGs in different varieties of cassava roots, cassava
flour, and their products were analyzed. The results showed that the optimal extraction concentrations of sulfuric acid
solution for these two GNSs from cassava roots and flour were 0.025 and 0.100 mol/L, respectively. The HPLC-ELSD
method was effective in the separation of linamarin and lotaustralin. The linear correlation was good in the range of 4.1 to
820.0 mg/L and 2.5 to 250.0 mg/L, which correlation coefficients (7) reached 0.9996 and 0.9993 respectively. The LOD
was 2.1 and 0.5 mg/L, and the LOQ was 8.2 and 2.0 mg/kg, respectively. The relative standard deviation (RSD) of
repeatability and sample stability are both less than 5.0%. The average recovery rates of two CNGs in cassava roots and
cassava products were between 89.3%~96.3% and 107.5%~114.9%, respectively. And the RSD of the repeatability of the
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recovery was less than 3.4%. The results of sample verification showed that the content of CNGs in different cassava

varieties were quite different, The content of CNGs was lower in cassava flour which was prepared from cassava grown for

8~9 months, and the cooking method could effectively remove CNGs in cassava food. This method was simple, stable and

accurate, and had a strong application prospect in the analysis and evaluation of CNGs in sweet cassava roots and their

products.
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Fig.1 Effect of different sulfuric acid concentration on the
extraction of cyanogenic glycosides content in

cassava root (A) and cassava flour (B)
TE: RRVNG FRE R CNGs A& ii22 57 8.3 (P<0.05).



. 274 - gﬁT\|V*+H

20224 1 A

a 450 A
—e— LI —a&—LO0

7 400
= 350

U\

E _——0”‘./.\'.
w300 '/_.\/"\‘
=

550

e

mﬁ 200

150

80 85 90 95 100
ERAEIRIE (0)

b 900 A
2 800 1
> 700 -
= 600 -
K
“@ 500
2400
300 -
& 200
100 -

——L —&—ILO

¢ 3500 A

i 3 5 7 9
g
2 HPLC-ELSD 4rHiy ik S5tk
Fig.2 Parameter optimization of HPLC-ELSD analysis method

mv ; LI LO
350 -
300 -
250 -
200 -
150
100

50 1

01 : . : — |

4 5 6 7 8 9
LA BT IA] (min)

5.725
8.505

LB B (min)
K3 priERES (a. A)FIEES (b, B) A CNGs =80 RAH (G

HEHL, U1 0.025 mol/L i iR G G AN 20T o U A
it CNGs FHEEL (& 2A), 17 0.100 mol/LAFR RIS RS
AR RE S CNGs B HEEL, I H 4l 7K 32 BURE &
(ck)H' CNGs KA RN 1B) o FHULIERH, £ 7E
KR I S5 4F 0T LABTE B i CNGs [ AH G, 3X
B T Bradbury 5P (UAIFFEEE I, FEHEDIAS [RIAE 5
A CNGs BB PEAS[R], 75 ZEAS [R] e 5 A i R
DA LS v, T LA i P Rese, T 2tk — 20 i 5L
SGRERH . B, S TR UEAE S CNGs ByFR e FiAT
SOEREL, J5 LS5 43 BEHE 0.025 F10.100 mol/L 11
A P2 25 TR e BB S8 i o B AR I A S0 A £ o v 1
CNGs,
2.2 ELSD #MEHR N FHHTRE

MRYPFERLATRE | S R 25 Ak, 45
IR 7E 80~100 °C. 15 [l N AL RS AS IR B2, 048 [T
FESeTHE S IR, FELRE RO, (iR
IR BEEA 95 °C B, Wi s AH A I8 &, & 1 AL B
(E 2a), e BB IR 95 °C; ifid 1.6~2.4 L/min
R IE L, WL 2 A CNGs Bl i FRAR L % B,
W& T AL AE 1.6~1.8 L/min < i BE B He s B, 78
2.0~2.5 L/min < Ji B e AR AR LA B 5, O HL 32k
BEEr/INCIEL 2b) o BRIk, S 23R, AT e R
2.0 L/min. [RIEF, PEIASE 5 oo SRR 8 R0 JDRORR 5 1Y
B 2E R, VAN AR 25 R 1, i T AR Y
ot DAL AR I i e, (R LR R o I AR 1 R, A
2R h 3 I, BE S IR A AT, IR IR A 2 Fp
CNGs (¥l 2¢). Hitk, ELSD 23S im ) N
95 °C, AT N 2.0 L/min, #3235 KT8 3, R
RS IY CNGs.
2.3 AREHSF CNGs BN

PIPEAE Y ELSD Z 8ORG24, X ARUE fi A1

mV | A
120 - I:I LO
100 g 2
80 - . %
60 -
40
20 -
0 4
4 5 6 7 8 9
LR BB IA] (min)
LI B
Y
1 LO
° 2 a a
- :Dﬁ J\_.A_L,__ﬂ
4 5 7 8 9

6
LR IE] (min)

Fig.3 HPLC-ELSD chromatograms of cyanogenic glucosides in standards (a, A) and real samples (b,B)
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0~46.6 mg/kg Z Al 3 DA FAYHRAR T CNGs
[RIARE LIS R 518 32, T DR /D i s A A 21, I
HHAR 5 B2 J2 B9 CNGs 5 1 T 7% 75 T A B B AR
(& 5). M), AFEFSEFIARSEHIR CNGs & EZES
B, WK i A SR, AR 1 3 o Rl
=, X AT BE S AR SR P RS R A O, IRIE
LEEAERA, #5749 HPLC-ELSD 5 2] FH T3 A A W)
RS S e SRR AT B DRAR T -

1 25 CNGs BIZRIETL R AHOCHE | o BRAE f FR

Table 1 Linear range, correlation, detection limit and quantification limit of the two CNGs
A 23 Bl (mg/L) B Sy AR FREU(r) Kt R (mg/kg) E IR (mg/kg)
TR 4.1~820.0 1gY=1.4456(1gX)~0.5363 0.9996 2.1 8.2
TR 2.5~250.0 lgY=1.4494(1gX)-0.3571 0.9993 0.5 2.0
F2 AR IR
Table 2 The test of instrument precision
L biacs 1 2 3 4 i RSD(%)
BRI AR (mV -s) 1372.0 13723 1368.9 1371.1 1371.1 0.1
A KA I AR (mV -s) 314.9 291.8 300.9 301.9 302.4 3.1
# 3 FREhRE R
Table 3 The test of sample stability
AR (mg/kg) 1 2 3 4 5 6 4y RSD(%)
MEJRR T A i 1192.7 1218.4 1241.1 1194.1 1272.1 1328.1 1241.1 47
AR 300.9 280.4 291.2 303.1 273.5 298.2 291.2 4.6
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Table 4 Recovery test for the method

AR R A (mg/kg) JmA R (mg/kg) 75 (mg/kg) [ (%) -1 [ (%) RSD(%)
273 41.0+2.1 96.343.5
AREL A AR 14.7+0.9 547 64.2+0.9 91.5+1.3 93.7 26
N 109.3 116.6+4.1 93.2+4.6
R
54.7 118.5+1.1 107.5+2.0
KBy 59.7+1.2 109.3 188.6+7.9 114.9+4.9 111.7 3.4
164.0 253.2+12.4 112.847.5
16.7 20.7+0.7 91.0+4.0
AP B HAR 5.540.3 333 35.3+0.3 89.3+1.0 91.9 3.1
66.7 69.2+0.1 95.4+1.7
AR
16.7 18.3+1.6 108.6+5.6
AREHR 7.0£0.4 333 36.942.0 110.8+4.2 1113 26
66.7 75.3+6.0 114.4+6.3
T BRSO PR
F 5 ORISR R R E A RS T CNGs & 32009 msco9 =mSCl2 BSC6068
Table 5 Cyanogenic glycosides contents in sweet cassava root e 28001
cortex and root flesh of different varieties T 2400 7 .
£ 2000 g
BEfh R RS (meke, FW) FIRARTF (me/ke, FW) = 1600 g
SC9 2221.1+ 1518 214.2 4127 £ 1900 4 :
YaRA B )Z  SCI12 972.8 £28.5 2225+14.2 o 200 _ S
SC6068 407.9 £145 100.6 4.6 E 18 s ©
SC9 556.7 £32.4 267420 4001 = g &
MR SCI12 713.8 +483 44.6 £0.6 0 o St . .
SC6068 1065 +6.7 ND 6 Zq - (ﬂg) ?
N S Rk
TH: “ND”FR AR A E]; FolFl,
210 -
B o ©SC09 @SCI2  aSC6068
2.5.2 A[FEERIAFHHARZE B CNGs & HE 5 180 1

F 2 5T R B, K2 CNGs & 552 Rl AR
B B 19 52 i 4R, AR B E N R e B e,
CNGs Z AR, ANIEELFF CNGs i Bl >R AT
[a) g B 25 AR AL a3t 3 AR — 2, A IEl 4 AT, AR
iy LA CNGs SRS, & 302 | PR 1 19
10 52546 . 5520 3 PRI [RER I A HI A B AR
B 2 Bl CNGs 2B fb R AR AR — B, FhAE 6~8 1>
A BIARZ R ARZ R b 2 B CNGs S EHR ST &
FEREARG; ZEFAE 8 > A 5} CNGs 1812 Jy eIk 7EAH
18 9 4~ H LS, H CNGs B & ZE R FE . TEALX
—BEHEFEE R REAREME 8 A, RO T
SRR, 2RI TR IRAS, CNGs B9 75 Pt
A MR B HARUE A S 2B S (9 S H LR, KR
ERPAE X ARIT UG TR, R TP U s, PRl A= Kk
FHaERAS, CNGs Fase B8R DA >4, SC9
A A B AR SR A RIS I B CNGss B AR
e, X S AL AT E G5 IR AN E], X T RE R A TR
W] A R AR BRI S 22 T . BRI TESE SRR B,
CNGs & /5 B 5L PR, AR AN T T 25 48 AR 2087,
H CNGs & Wim (R 6. K 4) . NI, SHrAR[E
i A AN [F) R B A AR 208 H CNGs & =281k, 7T
VE AR VR R S AR A -

2.53 AREBESTD CNGs FiilleE  SCgsrdr T
KREAIN T A FE S CNGs & 8281k, 0k
P, AR PAEAE 2 Flt CNGs, YRR A E DKAR 1

150 +
120 4

TR B (mg/kg)
g £

(9%]
(=)
1

(=)
L

©° ¥

. . e » ¥
SR ()
K4 AFEERUCHIIAE R CNGs Stz {e

[=)}
R

Fig.4 Change of CNGs contents in cassava flour at
different harvest times

6 AREEHIF T CNGs & it SO Tat BEXs = i
CNGS ¥ kR3
Table 6 Content of CNGS in cassava products and the removal
rate of CNGS in processed products

DA b
REH 450.8+29.6 96.6+5.2 0
REYT 199.2+12.7 ND 63.6
RETERE 151.849.7 ND 723
REH 5 99.5+5.6 ND 81.8
RENB K ND ND 100.0
REAFERE ND ND 100.0

EARAT N 450.8. 96.6 mg/kgs ARERS N T A LG
ARSI SV JRRE T, ARZEDFT . AR AA S R
SRR S RS 199.2 151.8 A1 99.5 mg/kg.
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FUAZE RS CNGs THBRFR=(AREH CNGs &%
- KRN TS CNGs B &)/ AKRE R CNGs B
B, OPHT TINTXR S S CNGsIHER 35210,
AREYET . S0RE . A% 1S AR E N T A h
CNGs 153550510 63.6%. 72.3%. 81.8%. 100.0%
H1100.0% (% 6) o AWFFEFIA, 1l kR K HAR A 5
B2, U g 2 A ARy 2, T
DAA SIS R B i HR RS e, R R AR B
ST AR D, ) DEHAR P BT R )2 AT AT R AR
e 5O AEARTRIAg N T 072X, HAsUe a3
AEPI S WFFEF AR, BEARACEE R AR HON %
T E NS A A, T ISR, FEST T, R R
G PHRAERE N RO . ASSZEGZE IR o, ARk
TESRIAVEA R BB S f b, AR A 10720 CNGs
R R RE AN TR], MERA 518 1 i 107 =X, wT AT AL
WHERATE Y CNGs.
3 g

S G A P ORI vk B2 i Ak, i T B
ARE B M AE R CNGs H2 B Fe - B 3 43
512k 0.025 F1 0.100 mol/L, IZHEH T L B L | 284>
AL, AT H T AR PR AR CNGs PR
TR HL 30 B A S E Ui, dEsr T —Fh R
G BT A B B R HC A it v SRR 3 R T RO
HPLC-ELSD A J5 ¥, 1207 15 5 52 M A e AR
U, TR TS T CNGs RIS ik 22 540 HT . BE
TS ARUE R, AR AR IR T =00 AR
PR HORR I L P CNGs SR EA . 1%
IrEm ST, A B T E A TAEE R CNGs 19 & i
XG0 . BEPEANA T A B T T a5 il s
AnAR L CRICETH] CNGs & & 2557, SGaEin LT
ZILABEAR A F T CNGs &0, I8 S IR i
PIIT R TR 2 P R iie 2%
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