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Analysis of the Composition of Fatty Acids and the Effect of Storage
Time on the Fatty Fcids in Edible Cassava Flour
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(1.National R&D Centre for Potato Processing/Tropical Crops Genetic Resources Institute,
China Academy of Tropical Agriculture Science, Haikou 571101, China;
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Abstract: The composition and content of fatty acids in edible cassava flour not only affect its shelf life but also serve as
important indicators for evaluating the nutritional quality of cassava flour. In this experiment, edible cassava flour was used
as the sample. By optimizing the fatty acid methyl esterification method and gas chromatography conditions, a qualitative
and quantitative detection method for fatty acids in edible cassava flour was established. The fatty acid composition in
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edible cassava flour of different varieties (strains) and different storage times was analyzed and detected. The results
showed that gas chromatography could accurately analyze and quantify various fatty acids in edible cassava flour. There
was a good linear relationship between the concentrations of palmitic acid, stearic acid, oleic acid, linoleic acid, and
linolenic acid in the ranges of 20.0~1000.0, 4.0~400.0, 30.0~1500.0, 10.0~500.0 and 2.0~100.0 pg/mL, respectively, with
coefficient of determination (R”) ranging from 0.9992 to 0.9999. The relative standard deviations (RSDs) of sample
repeatability ranged from 0.5% to 3.2%. The RSDs of concentration changes after 24 hours of storage at room temperature
ranged from 0.7% to 1.1%. The average recovery rates of the five fatty acids in the samples ranged from 88.0% to 105.4%,
with average recovery rate RSD ranging from 3.4% to 10.4%, indicating good sample stability, method repeatability, and
accuracy. The cassava flour prepared from different edible cassava varieties mainly contained palmitic acid, stearic acid,
oleic acid, linoleic acid, and linolenic acid. There were significant differences in fatty acid content among different varieties,
and the proportions of the five cassava flour fatty acids (SFA/MUFA/PUFA) were 1:(0.91~1.35):(0.12~0.39). Among
them, the content of palmitic acid, oleic acid, linoleic acid, and linolenic acid in 'Huanan 9' cassava flour was significantly
higher than other varieties (P<0.05). The content reached 0.7818, 1.088, 0.2967 and 0.0398 mg/g, respectively. However,
the content of stearic acid in this variety was the lowest, only 0.0868 mg/g. Ambient temperature storage experiments
showed a negative correlation between the content of the five fatty acids and storage time, with oleic acid, linoleic acid, and
linolenic acid showing a highly significant negative correlation (P<0.01). The content of five fatty acids reached its lowest
level after 12 weeks of storage, and the changes tended to be gradual in the later storage stages. The research results provide
a basis for evaluating the composition of fatty acids in edible cassava flour of different varieties (strains) and the changes in
fatty acids during the storage process.

Key words: edible cassava flour; fatty acid determination; storage; gas chromatography (GC); gas chromatography-mass
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fi2 FH g (Methyl Linoleate) . MEBREZ HH 5 (Methyl Lin-
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4l = 99.0%) FE[E Sigma-Aldrich 23],
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MIAE S CE T 18 C vKFARAA I (3R 1) B
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Table 1 The characteristics of cassava powder of tested cassava
varieties (strains)
DS & i 2 R i
SC9 ER9S REE
sc12 125 SXil)
sCl4 e 145 SXil)
1301 1301 HE
SC6068 1ERI6068 B
1.2.2 EHAREBIRUITRPE I MEFFRICE A E

Hr 3.00 gCFERAE] 0.01 g), BT 50 mL .04, A
IECWE 15.0 mL, 1A, iEiREY 2 min, 50> 10 min
(10000 r/min, 25 °C), HL 35 5.0 mL %A 15 mL
B, EiR FEAEWRT, BITSAEEIE .
1.2.3 BEHAREMARYIBR P BRI kil &%
Mk [13—14] JriERs e, EREmifFh B e fb Jr ik 7
e, ik () I A IE S BE 100 L B 1.2.2 315
AR B, FINA 800 pL HEREVR AT, i 100 uL =H
FAEARHL (TMSH) #£47 R BR 1L S 0z, #+# 30 min
J&, 28 0.45 pm £k A AHFLIERET I8, BI SR o
T IMAIES %E 100 pl MR 1.2.2 31519 )8 5,
A 1 mL 0.5 mol/L 1) KOH-H sk, H.26F
65 °C FI24k 30 min, W HIE]4E 10 min Y875 S s,
B&EJE A 1 mL FLEC 9 BF3( =LA B B i vk
(v/v, 1:3), BIEJSHE 70 °C FLAEF 10 min, B HEIEE
IS 1 mL IE e BUIR IR FF iR PRV . e
S3)EIE, IR NaCl % A& YUAHE, BCAPIAE
1 mL JilAJE7K Na,SO,, 10000 r/min E5.C> 5 min, -
THIZE 0.45 pm 1S PFLIE R, BP0 -
HAPEMESR 3 IR,
1.2.4 GC-MS 53¥rékd  SAHERE S [ s
DB FastFAME 3903-12013 (60 mx0.25 mmx0.25 pm),
SR PN 1.0 mL/min; 7 60 °C {#4% 1 min, 55124
30 °C/min YR THEZE 200 °C {£4F 18 min, L4
5 °C/min B FE TR E 235 °C 4+F 8 min; 43U kb
20: 1; #REE 2 pL; SRANRANRTE P BebriEsh g
JTTRIEA T AT o

JERE S5 BT S U, FFHER N 70 eV, BT
PRIEE 250 °C, FHIE =25 (Scan: 50~500 u) .
1.2.5 GC-FID @i s ith MRES% it
WA IR AR T B TR, L 37 FABITIR H e
RAPREE, X GC-FID ke E 1 25 psi. 30 psi
I 40 psi A THICAL, FEATT E% S 2ERE, T AR
BREM S, ARIEAR VTR 1 53 B RUR , 25 88m
EERT > S

A 3% 4 1F: <AH (3% 4 DB FastFAME 3903-
12013(60 mx0.25 mmx=0.25 um), LA 2R N4,
S 43kt 250 15 FEEEFREE 250 °C, BYFFHESA 80 C
£ +F 1 min, 40 °C/min J}7E 2 200 °C {£+F 8 min,
4 °C/min FHE & 235 °C {53 10 min; #FFEE 5 ul.
HEAZOTESAF T 5 WrnErRe S AR S B IR, 451>
FERREEE 3 K.

1.2.6 FRAEERAIECH] 530 FREGE B AR R B
P . AR TR P G . YR Y L SV YR R RS RR PR FH
B AR AR B, FH 4l IE O e e sl i o B9k B2 43531
"k 5.0, 10.0. 50.0. 50.0 I 50.0 mg/mL PAAFRAE S
B, RAET-20 °C ¥KFH . FESTHraTFHEAISSE D
foe i B, W A [R] e B TR S AR R W, R T
—20 °C vKFf, 1 -
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FIFH Microsoft Excel 2010 A1 SPSS22.0 #A4:XF
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Fig.1 Effect of different methyl esterification methods on the

content of fatty acids in edible cassava flour
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Fig.2 Total ion chromatogram of fatty acid methyl esters in
cassava flour and standard samples of five fatty acid methyl
esters
E: @GR 1~5 S5 bR B TR I | BRI IR G L DR
FHE . TR F R . I RRIR FH s A bR HERE S (3 1l B Oy

SCY AR ZERE S ik A]

*2 BEARERPIRIITR PN SIM & #24
Table 2 SIM quantitative parameters of fatty acids of edible
cassava flour

iR 44 LR FF I [E] (min) FHEE T (m/z)
Fysl R FF i 13.759 74.0,87.1
T i P i 16.743 74.1,87.1
Vi1 7R PR 17.396 55.1,74.0
S 7R R T 18.522 67.1,81.1
SRR g 20.143 79.1,67.1

2.3 SHEBIESHEEML
FIAH 37 AR B Hs R S bR AERE i, B8 T
25. 30 . 40 psi TH & JE J7 BT, ¢ & 43 BT B 19 28 <

B AR AR S ST TR . Bl AT
J10 s, AR . TS, BE S ST e E]
W (3R 3) 0 MIEEETIN 25 psi B, BEAMEE SRR
SIHFE TS 30 psi Al 40 psi JE AR, HARE
F AT SE S, AHAB A (3 i o s B A (1] 3~14] 5) ¢
ORI R 13K (<25 psi), SR TR, 4%
3 AREMEE E ST SR GRS AR
ATt ]
Table 3 Gas chromatographic column gas flow rate, gas flow

rate, and analysis time at different constant pressures

HAES (psi)  AMAHHE (mL/min) SRR (mL)  Z347HHE (min)

B

25 1.2 37.2 31
30 1.6 44.8 28
40 2.6 65.0 25

100 12.5 150 17.5 20.0 22.5 25.0
{4 B4 s 1] (min)
B3 fERETR JI0h 40 psi Y 37 IR IR AR IERE i (35 1A
Fig.3 Chromatogram of 37 fatty acid methyl esters standard
samples at constant pressure of 40 psi
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Fig.4 Chromatogram of 37 fatty acid methyl esters standard
samples at constant pressure of 30 psi
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SRR R, ZRAH IR, ARG R R R, H g
B EIRE 1, 2R R TR N . PRk, ZEORIE ) 28
H BbrIgE5E 5y B RTHE T, fH K 1 25 psi,
PAYRKHERE 30 min J& A] FRAGEAS I A REIETE , SR
A B - (18] 5), RIS S 50 a1 R
71 25 psi #HATFEEA AT S

24 FEFERLWER

2.4.1 ZRPEXRR . KHRAERREEZE K S Fiig
TR FERTR S bR A M5 (1.2.4) BERE ST, LA TR AR
SHYAAEAR (y ), FRUEFS AR (pg/mL) R AR FR (x),
HWERRUE LA TLE BIE 50T, ARPE PR Hh 27
BUAFFTIRITTR I E L. ANk 4 TR, 5 PRI TR
FATRIOLREDC R RAT, P REU(R?)TE 0.9992~0.9999
ZIE] . % 3 A5AEME LA 10 A5 Fh i 5 R g IT
iz B PG B4 A6 HH BR RIS B2 RR, 5 FliE s B2 HE 6 A4S HH
R #E 0.4828~1.4280 ng/g = []; & & R #E 1.6090~
4.7590 pg/g 2],

242 UG AT — PR ERE SIS, FETT
R 1.2.4 B EGESAFESEIRE 6 IR, M e A, 2
SRANER RS 55 5 . 5 FI IR Ui 152 FF TR 114 ~F- 34 e T AR
RSD 7E 0.5%~3.2% Z[a] (3£ 5), KRR 2% &2
Bl

243 FEERFRENM  ATEIEERE IR, EETR
TE, 7E 24 h NEERE 4 h #ERE— K, R IE T iR
W S H: RSD B, ZBEFEs e . a5 R R
(F 6), thamg . MEARHE . PR . SIMAR . SV RRIRF-15
SRS 0.8917. 0.0938, 1.1977. 0.1687 FlI
0.0135 mg/g, FE& Y 5 Fh I8 T R & B 2516 RSD
TE 0.7%~1.1%, F&H 24 h PIBE S A A HEl g /P g . il
AEPEFP R . WifR P s . SR FP R . S RRIR FP iRESUE
PEET -

2.4.4 JrEERECRIRLS  AEMFREBUKZERY 3.00 g,
O3S IE CUBEBCHI . T AR 3 DEREIKSTE 5 BB TR
TRAPRAERE S, IMAFREARE S PSS, FERAT
R T IEC B, #eaiiR 1.2.2 $2HCR s 1k 7 v B
AEFEFE S, BE/KSEEREE 5 W, 7 IIRCRIEE ., H
FRAE T ZR BT BT HEARE SR B, LA AR =15
H-IAGE) DA TR S IR, A E RSD il
SEEJ RN EE RSD PP 7 B M FIHERG 2 . T
HRiIG L SRR (38 7)), AFARIiR . RENSHR . YR . Wil
TR IV JFRAR (- RIS AE 88.0%~105.4% 22 [8]; #H
[FYIARAE & RS 2 B A2 PR s dy, P-4 % RSD &
3.4%~10.4% ZZ[0]; UEBH 7 12 s SR fT B 52 PR AR
af-, HERRRERS T, BETH AR I e T2

K45 FIRMITR T EELIEME | AR R A BRFE H PR

Table 4 Linear range, correlation, detection limit and quantification limit of five fatty acid methyl esters

Gkl AL BUEpRT W FAR) KR (gle) R (ugle)
ZFR (ug/mL)
AR g 20.0~1000.0 y=2703.31024x—10.48341 0.9992 0.5022 1.6760
AR T g 4.0~400.0 y=3239.43238x—1.95425 0.9998 0.4979 1.6600
THIRR T R 30.0~1500.0 y=1284.18387x+5.41033 0.9999 0.4828 1.6090
DIATHTGR 10.0~500.0 y=662.04996x+6.04147 0.9998 1.428 4.7590
SRR TR H i 2.0~100.0 y=4270.63322x+1.76596 0.9992 0.6086 2.0290
x5 AUARRET R R
Table 5 Test of instrument precision
) iV}
A XA RSD(%)
1 2 3 4 5 6
Tl i 1759.78 1751.49 1693.68 1760.37 1750.6 1815.97 1722.58 2.4
T i Y i 207.6 207.55 202.59 217.37 187.21 222.54 205.07 1.7
VIR P R 2370.55 2396.04 2307.42 2462.41 2405.46 27.1 2351.73 2.7
SR R i 331.96 332.06 317.58 336.03 338.67 349.52 324.82 32
SRR i 59.69 61.1 60.71 60.99 62.2 61.23 60.91 0.5
F 6 FEMFREMERE
Table 6 Test of sample stability
il (h)
iSilfirE FHIME (mg/g) RSD(%)
4 8 12 16 20 24
AR 0.8904 0.8850 0.9076 0.8811 0.8950 0.8847 0.8983 0.8917 1.0
TR 0.0933 0.0937 0.0949 0.0927 0.0940 0.0928 0.0954 0.0938 1.1
THI 1.1974 1.2006 1.1923 1.1863 1.2060 1.1918 1.2092 1.1977 0.7
RIATHA 0.1680 0.1691 0.1697 0.1663 0.1697 0.1677 0.1703 0.1687 0.8
PRI 0.0134 0.0135 0.0137 0.0133 0.0135 0.0133 0.0135 0.0135 1.1
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Table 7 Recovery test for the method

Ne MR 44 Pk JRlR e (mg/g) Jinbrit (mg/g) M5 (mg/g) TSR (%) HREME(%) MR (%) HEFIEERSD(%)

0.3000 0.8182+0.0183 1023 43

Tt 0.5113+0.0083 0.6000 1.0246+0.0137 85.5 1.3 92.5 79
0.9000 1.3661+0.0193 95.0 2.1
0.0400 0.0979:£0.0085 107.4 8.6

TR 0.0549+0.0017 0.0600 0.1137+0.0030 98.0 2.6 104.9 5.8
0.0900 0.1533+0.0041 109.3 2.7
0.3000 1.0127+0.0177 107.7 1.8

TR 0.6895+0.0176 0.6000 1.2149+0.0214 87.6 1.8 99.0 10.4
0.9000 1.6038+0.0329 101.6 2.1
0.1500 0.2335+0.0031 925 1.4

WEIhER 0.0947+0.0046 0.3000 0.3444+0.0045 83.2 13 88.0 53
0.4500 0.4920+0.0255 88.3 5.2
0.0060 0.0135+0.0002 109.0 3.3

TV RRAR 0.0072+0.0003 0.0120 0.0194+0.0004 101.8 2.3 105.4 34
0.0180 0.0261+0.0010 105.3 3.7

25 ARG (R) AR GEREIARZ M A ASHER
HRE ST HT

2.5.1 A[FEEFGR) ARZR MG ITR (SFA) 548
TR TR (UFA) I LB R EE ST R DR s 14
RE BRI T35, XA R A GRO AR NG TR &t ik
ATINRE, 25 E2 00 Rl TP A BAEHE IS . AEABTE . R .
VIR I RRIR S FARIHIR (Bl 6) o ARy H i Fn
BE Wi IE (SFA) &5 BB AR 37.88%~49.14%, FA AN
FIRE Wi (MUFA) 5 IG5 R 44.84%~51.89%, £
ANFIBIITER (PUF A (5 SR 5.43%~14.67%
(3% 8) . NEWIR ISy B A BRI FL I AR . & T Mo
i Bl A B EEEAUVE, JUHUE UFA. 40 PUFA 1Y

800 1
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400 3
=300 4
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Fig.6 Chromatogram of fatty acid methyl ester in edible
cassava flour
TE: I E g5 1~5 2350108 : ARt R TR . BE AR TR T | il
PR PR | 30T PP TR ARSI JRR 1R PP

VIR 2 AL TT AR TR, WT V879 44 PN B At 5T -
C1 IR == 11| S = A o BN i AN T PN R (=S e o
MUFA R EA Z R EE ., AnfEIRImAE . BT
U R RUS: - BLAa b . PrR G510, gk b g A retn)
S HREERIREDTER LB (SFA 5 MUFA | PUFA)
Z9°R 1:1:1. BELNY 5 PORBEMIRBITR LL5 (SFA/
MUFA/PUFA) 7 1:(0.91~1.35) : (0.12~0.39) , {& T+
A EREE IR IR LB

# 8 AIEEFN G AR AR VTR A A AN
JIg TR A EL 151
Table 8 Proportion of saturated and unsaturated fatty acids in
edible cassava flour of different varieties (strains)

A (R) MUFIREIIER AMERIERUEA) SFA:MUFA:
LR (SFA) FURLRIRIR BRI PUFA
(MUFA) (PUFA)
SC9 37.88 47.45 14.67 1:1.25:0.39
SC12 44.74 49.64 5.62 1:1.11:0.13
SC14 49.14 44.84 6.02 1:0.91:0.12
1301 38.49 51.89 9.61 1:1.35:0.25
SC6068 43.71 50.86 5.43 1:1.16:0.12

ANFE PR 5 FRARIIR & 2ZE R A (R 9), H
1 SCO FUAEHEIRR . JIHER . VIR ANV FRIR 4 FhAS Wi
MR e = T SC12. SC14. 1301 £l SC6068(P<0.05),
BRIk E) 0.7818., 1.088. 0.2967 Fll 0.0398 mg/g;
i ETR & B ik, f°h 0.0868 mg/g. EJHAZE R+

K9 ARMAGR)BRAERNETR S

Table 9 Fatty acid content of in edible cassava flour from different varieties (strains)

AEWiTR (mg/g)

TR (R) B — s — — —

FrRHRmR il fE R TR QIR M JFRIR
SC9 0.7818+0.0217° 0.0868+0.0041¢ 1.088+0.0269* 0.2967+0.0131° 0.0398+0.0013*
SC12 0.7032+0.0425" 0.1178+0.0072% 0.9108+0.058° 0.0964+0.008% 0.0067+0.0006°
SC14 0.6657+0.016% 0.1013+0.0024 0.7+0.0179¢ 0.0882+0.0022¢ 0.0058+0.0002¢
1301 0.6454+0.0393¢ 0.1075+0.0109% 1.015+0.0528"° 0.1721+0.0054° 0.0159+0.0004°
SC6068 0.7237+0.0239° 0.1187+0.005* 0.9802+0.0326° 0.0984+0.0033°¢ 0.0062+0.0002¢

T SRR/ 25 22 80k (LSD) KRR R AR 35 b 22 5 W, RV/INE FREORP<0.05 2 B
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TR S AR 58 1, TR A RAE AT L7 I ] 35 T A%
GRSV RRER 55 2275 IR AH 1, RePidr BT 4 i,
BAL T BB 2R 5 | L A g 50>, il S g
1 Ko JURIT AR ELAT B 3222 E BRI 2 & 253 HT
AL, g6 PR Lh B il A SRl S SCO. AR EEHG
HRGERY P B, BT AT R R R R AR . R A Bk
HUBRAEF, 3545 15%~30% ZeA7 nadotesek 2, wF
FERI, TER-IB RS SRR T Pl ie iy
T2, ARy AR FORE BRI T 0.1%, A ARZ:
LI AL BEARASEL ZH T ETE Ny . BRIk, MBI T
THTEARTE WA B D T fA 25 i, wlas Bt se s i
EEALRICA SC12 F1 SC14, {H S AP el e ks S
Y 22 52 5T FH0 M UE M RS W 2 75 2 5 TR B2 A
2. KREBEIRHE S22 0.2%, )8 TR &5,
(RHB N & B os SEORE B i iy HUEFIXURAME, TG
Y RV DA R SR, TS AR SR TN T
J7 =0, AR SR EA A FIIE iR & &, Lhun & BEAR
SRS T R R BT I E TS, Bk, dm
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Fig.7 Changes of fatty acid contents of in edible cassava flour during storage at room temperature



- 236 - & Tl B 2023 4F 12 H
R
PRFH IR K
PR A ‘ 1.0
FrAE R 0.8
kiR | H0.274 ‘ 0.6
TR 04
fifgiR | —0.254 ‘ ‘ L 0.2
AR
L0
TR @ ‘ 0.463 ‘ 02
DAL
RIATH]7 @ 0.312 0.245 ‘ ‘
TRRTR
W RTR @ 0.24 0.18 ‘ ‘ ‘

K8 TEgtmtal S 5 FRARHTIR AAR G HE A

Fig.8 Heat map of correlation between storage time and five fatty acids
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