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Rapid identification of the authenticity of iron rod yam by in-situ mass
spectrometry based on random forest algorithm
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Abstract: [Objective] To establish a fast and nondestructive analysis method for identifying iron rod yam. [Methods] Atmospheric
pressure chemical ionization mass spectrometry (APCI-MS) was employed to detect the chemical constituents of iron rod yam(TG) and non-
iron rod yam (FTG) from different origins under ambient temperature and pressure, With 200 sets of data collected from each type of TG
and FTG, and a total of 3 600 mass spectrometry data points were obtained. Subsequently, the initial level of the mass spectrometry data
obtained was analyzed using Principal Component Analysis (PCA) and the random forest (RF) algorithm. Pattern recognition analysis
established a model to differentiate between TG and FTG based on their chemical compositions. [Results] The difference between the first-
level mass spectra obtained by HS-APCI-MS was obvious between TG samples and FTG samples. The cumulative variance contribution
plot of the principal components showed that the first seven principal components accounted for 85.63% (=>85%) of the variance. The
accuracy of the training set and detection set reached 100% when the number of decision trees was 25. HS-APCI-MS combined with RF
algorithm had a significant identification effect on TG, and the classification effect of RF was superior to that of PCA. [ Conclusion]
Atmospheric pressure chemical ionization mass spectrometry, combined with the RF algorithm, can rapidly and non-destructively identify
TG and FTG, providing a new technical method for authenticating TG.

Keywords: iron rod yam; atmospheric chemical ionization source; principal component analysis; random forest algorithm; identification

EETE : 255 44 0Kk Z SR AL 40 4 5 10 8 (390 H 4L 2021ZDZX2060) 5 B L1117 e ¥ X T 40 450 R i 056 & 391
BAEVEE FKPH K (1980—) , T3, #h Il K24 H4%Z , 1+ . E-mail: ouyang7492@163.com

AT (1989—) , 20, A WF ™ A) FM BHE AR B FE bt TR, 19+ . E-mail: guoweiqing@grinm.com
WS B #9:2024-02-03  B[E A #3:2024-10-11



48

RZ4£ 517l SAFETY & INSPECTION

Bt 11 245 ( Dioscorea opposita cv. ‘ Tiegun’ ) J5U 7= 1
T T A VR I B AR LD — A B R AR 2, AR
A T 25 ) TR O ML 2 i ) COAS RE R R ) A s 8
HiAc#E, oA AT B IR SE 2 R RS L 2 a R
PR ABAE i RARAC — Be i [A] P, Bk A L 2% % ol T AR %
PP AR AR PR 2R 2R AT B I IS N AR
L 25 AR R T B T R R K i B kAR L 2 R R
WL H A AN R UORERR LD 25 R A L2 H i 2 52 1L 2
A5 05 1L 2 4 g R L 25 ST s LR A L TR E R L T
TR o Mok, 5 38 1 245 5 4k Ll 25 S LA oI, JC 12 i
ot PR EAT X 43

IR, 00 1L 24 B4 3 BT D 7 bk 0 A
S Y LT A S ik S T R £ 1 5 00 DNA I T 2
IS A% M i AR 2 2 B R A 3k e Ty ) A A T Ak 3
52 R 1 R AR VE W RE I 4 R v AR G R
BRI B Sl A DR RS U A e A T R AR A SRR
b2 o B 3 AR (HS-APCI-MS ) & — it 37 20 1) G 46 )i
P I% o3 BT HE AR, TC TG S 2 RE b i Ak B A 0 EE AR, A
AR gk B bR 2 WA R o A A L EUR e gk
o R B I R AR AR ) AR A

e gt ARy — M s 4 B 5 5, 5 HS-APCI-MS
454 R, AT e Ak B R LA 2 0 IO RO L S B
BB o Hh A R A A AR AR W O HEAT S A RAE A
7 355 S P 6 50 00 B A9 o 324 2 Bt (PCA) J& — Fh 278
IR N TR A AR R R A G 2 B
BN B )12 09 2 4e B0 oy i TR 22— BEHL AR AR B vk
(RF) /& — i i £ R0 AL &% 2% 2 Bk i — st T
Bagging 1Y 5 2 19 42 BUAIA I S IR A AL 2 AR D S
ARl b AT UL L 32 B T A o 4y 2 0 [l ) ) fUY, RF
S BB 00 A 00 B A T AR O AE 0 A i
AR PR TR O R AR AL S R B

WFFE AL S 1L 25 38 0 & 2% ALy i 2 R B R
I3 B 2o SRR R M R I T T AR A A R AR
B RS 1 (HS-APCI-MS) , X (U4 4% B 2 ORI 56 414
BEAT AR AL L 15 B0 BAR 1L 24 B AR D507 0 1% 23 BF (4 B A 1 40
1. FH HS-APCI-MS J5 % 3k BUAY — 2% I 31 B AR 44
I, 456 T3 43 B (PCA) FIBH AL AR MRS 125 (RF) 44 31
S SOOI S X AR 1L 2 5 AR L 2, DA R
R L1 24 11 T8 b SR P S R A — A A A T S
1 MRS ik
L1 ## SR 5IRF

L 24 < SR AR TR] 7™ M 18 A AR L 245 % Al A A 1 25 (L4

BEE277H | 2024 F 11 A | RAES5H

Frligy ORI gy ORI 2y EAE B R L BAE R
YE

28 Ve T BF B R% AL . LTQ-XL21922 # , 25 [ Thermo
Fisher Scientific 2\ 7 ;

T2 JF R 25 KR AL L B 5 . HS-APCI AL, 5245
YR e

A BT R K V8 - DK-98- [T Y, K el R i A i A
BN 5

HLF ROF- - JJ124BF AL, 3 BT BUR ML AR T 5

AR VAR S 99.99% , AL 2 (TR Tolk <k
A RRA T

i : HPL.C 4%, ZE Bk KAt R BHE O =) A BRA 7] o
1.2 RWHE

T R L 24 [ A RE i 2.000 g, BT T AS R R
KB 10 min, 3 & BRI SH L KRR T EEA
T00 25 L, o6 28 A BB 0% 7 TOU s ORI S8 T i ol 0, S
AT PERE . R ZUAE 2R R A
B X HEAT 2 T — 8 TR, H RS W8 TG
AR AT RN . DA EL G RE 0 TSR S A
HRES A GRS AT, B H AU RREA R
— AR BRI RE . B FEA R B 200 41 B0 AT R IR
SIBT L AR LI 24 55 AR AR L 24 B B S R S B
ENE SIS

HS-APCI # I8 5% {1 : #2073 1.0 MPa, - i 11 5]
10 min, - # #& BE 70 C, B & 05 5 5 ERE OB B
1.0 em, /5 FE S B 55 HHRE T 22 080 1 £ 180°, P 4 7E (R
—/KFm ks

FRIE A 2 HL B L m/z 50~500, 1E B TR,
AL L R 4.5 KV, B TR AR IR 155 °Co HARME SR T
NI IV E S NERIL R
1.3 HiEAER ST

fli 1] Xcaliburd.2 {44 3% £ 48 5 A Excel i, il
Matlab 4 {565 J50 335 B4 2 47 3 W43 40 BT (PCA) L IX 43k
A L 245 B i 5 AR kR LU 25 B & 5 R T Matlab Y38 T K Y
RE X B EAT 347, LA 43 2 M B AR 1L 25 S5 AR B 1l 25
2 HRGE
2.1 AR SRR WL 25 B BRI 98 S B i 43 4

K HIE 8§ 8, 2L 5 9 HS-APCI-MS &1 T,
3 531 X6 R AR L 24 R i R R AR L 24 R AT DL B A
W o3BT, A5 30 45 [ — S5 4 SRS . B LR 2 )
AR L 2 5 AR R AR L 2 1 — ST R B EE  E
VRS SR AR 25 57



F&M | Vol.40, No.l1

HIERE BETHNARORAREERELINRBLLER

®1 LAERER
Table 1 Sample information of yam
e dh 2 BT %4 KM LR )
R L2 (R T #) Dioscorea opposita T R A FE AR T IR B (T EH
BRI 25 (R R Dioscorea opposita R A R AR TR R (P b)) =
BRI (R TH) Dioscorea opposita TR AEETRE YD i
BRI 25 (R T k) Dioscorea opposita TR A R AETT IR B R S R A HH
B L2 (T ) Dioscorea opposita VAT A AR T B L7 P R K kA =
BRI 25 (R TR Dioscorea opposita TR A R T R 2L 58 & PERLR i
R L2 (R T #) Dioscorea opposita VAT R A A AR T IR L LY B A R HH
AL 2 (T Dioscorea opposita T A AT IR B AR S R i
BRI 2 (TR Dioscorea opposita TR A TR KE S22 M 2T
BRI (FRT83) Dioscorea opposita AL A O T 2 [ o RS RO A EH
R 25 QA8 Dioscorea opposita Wb e T Z E TS £ EH
R ZE QA8 Dioscorea opposita Wb e T E TS £ EXi
RIS (R T8 Dioscorea opposita b fE T R E R S EH
SR L2 (2R T4 Dioscorea opposita LY 3 0 T O 2 L e AU AR T
W2y (T8 Dioscorea opposita Wb o T B AL B £ BT A IR
JBR L 25 (R T Dioscorea opposita ] b A8 O T 22 [ i A A R A EH
SR L2 (2R T8 Dioscorea opposita ] b A8 O T 22 [ T A A B A T
WRILZG AT ) Dioscorea opposita LA P T B E S
RIS (R TR Dioscorea opposita AL As fe & E HH
MR (AT ) Dioscorea opposita Tk A P T I B EHH
BRAR L2 (KR Dioscorea opposita 1L 7 45 328 39k 7 7 B 11 37 4 EH
BRAR L 25 (PR ) Dioscorea opposita TT T A A T AR I DX L0
BRI 25 (kR Dioscorea opposita VAT A R A T R T EH
BRAR L2 (R ) Dioscorea opposita T A AT IR =
B 25 ik Ro) Dioscorea opposita L1 2R 48 T 3 i 2 P B AR A 4 £ 5
EANESTCY O] Dioscorea opposita LU ZR A8 T R T o B EL R AR BB — HH
R L2 () Dioscorea opposita 1L 2R 48 T T A X v A =
EANESTCY 9] Dioscorea opposita I A AR A TR B A R I
BRI 25 ik R Dioscorea opposita VAT P A R A T IR LB R HH
BRI ZS (k) Dioscorea opposita T 49 AR TIT I S P sk A A
KAWMZ KR Dioscorea opposita L PG48 B v il o 3 LG A A Sk G 2
KWk F) Dioscorea opposita Ll P 45 8 v T T LA e 49 5 EH
KA 25 (R Dioscorea opposita 1L PG T b L AR R R R
WRILZG (KR Dioscorea opposita AT b4 i K T g B X
JBR LG (ER A7) Dioscorea opposita Wb R T as B I £ e A HH
R () Dioscorea opposita TG O T d BRI R & At gs kY R
RILZS (B R Dioscorea opposita b P T d B R 3E & AR L R EH
I gy (iR k) Dioscorea opposita JUPEHE A FIER X5 T RS T 4 1 EH
JTgg () Dioscorea opposita JTPEAETR B R X AT RG] T
22 ESHW S A R SR B AR AR L 24 5 A B AR L 25 R AR m/z 50~500 X

PCA FE S — i U B0 B8l B 4R HOR  RE USRS i 4880 SN Y HS-APCI-MS — 20 J5T 3% B4, Xof 965 dik e 48 5046 o
i e e D AR AR O O O B B A b R SRR B Ry B HEAT PCA R A5 B 4% o RO A0 18T 2o R



50

RZ4£ 517l SAFETY & INSPECTION

BEE277H | 2024 F 11 A | RAES5H

wor o M
104
< o
= g 106
< <
2 g 137 178
®E 5o 122 #E s
B2 =2
= j’ 54 [106 250 = E 205
< <
= os| 16| 124 16 2|, | ter 326
a 3 192 254
50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
JBAif b JBfif G
mlz mlz
(a) TWRGAE BRI AR X F= 10 (b) g BT
B 1 JEHFAEKX TSR B0 R s B %
Figure 1 Mass spectrograms of TG under the positive ion mode
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Figure 2 Mass spectrograms of FTG under the positive ion mode

TF 7 22 DTk 2 B RUAH B 19 280107 1]
H &1 3 Ca) P, 0 200 L0 245 B S 0 % DR s 25040 A7 A —
FE Y 25 5, o AR R AR Ll 2 R AR 1 i 8 0 R SRR
AR e Ll 258 A 19 20 64 PR BE 62 4% X 43 T . PCA 1341 &
SR AR L2 AR A 5 AR AR L 24 A A S5 A1 A AE X ST
B4 DRI, WIS B0 55 R B G0 DX 4, U B AR R 4 1 2R R
AR & b A7 AE 25 57 o BRAR 1L 25 R AR 5 R R AR L 24 B A A7
TET o3 T & 00 X, U8 B S R TR A AR — .
P 3 (o) W], 17 A4 3 B 19 B 7 25 STk 2 85.63%
(=85%) , PC1.PC2, PC3 ¥y 5T Wk % /3 4] K 42.48%,
12.73%, 11.89%, i 3 4~ £ B 4> 09 i B 7 22 ik 3 7
67.10% 4 & T 4 KRB FEAME B . B 3(c) A %1, PCL
F % % m/z 104, 106, 137, 178 A 52 I , PC2 F= % % m/z
142,172,178 (52 ,PC3 %47 m/z 106,109,123, 178 (1Y
A
g5 b K AR A 0 L 2R A T BOHE HEAT Rl G S T
ALY PCA S IR I AS CRAE B | K Zp RO — i,
W feff P 5 A TR 2 R /35 4 A PP R 5 . X T i
JE T PCA BLVEAE g — B JC W B S0k 70 B b 003 R
AL T KR H b 22 B AE B T I AR b X 4 T L
25, DT B 0 o A B B 4 . AN R TR b R

[ Ffr 2% 1 1L 25 F & T BE A A AR LM L A 2B R I A 4 % T
Wy, oA 2 b 0 AR L 24 R AR AT Ay IR, B
BCREAS X 4y I AFAE T 0 E B4, B 8 FAUR R
W,

23 BEWARMEE

231 RFYGIBRIGH A KA 09 P il 250 4 54
BRAR L 25 B A S5 UG RO S 10 12 1 L) Bl AL 40 o VI A
9 4 YR8 I 25 FnadE Sr o 2B R, RS 06 4 T 4
8RR AL BT #E ST AR R P PERE . AR L REAOR A
R T B 7 M, 4% 7 Ml B M B b M SR R A
SN T2 I E A5 AR 0 Oy ik BRI ) L R ik
I 2R ], 5 B0 1L 25 B A 22 T (1 45 o3 B L A
R T), AT 3 5 £ Ak R A5 70 412 pog X 4 A L 2 5 R ki 1L 24
14 ie ) .

i ET 4 R, 24 HEAR 2 B Ry 0~25 B, i o B O
BB B BN, A8 AN B R 25 1 (OOB) Bl 22 [ ik . ok
S BB A 25~500 i, OOB A fIK T 0.005 Hta THa%E , M
e AR AR W3 IR S A 5 Sy 25 e ST A AR

P LS AT AR L 2 R R A L 2 R 22 )
UHA 1 43 0%, TC T S 48, 3 IR L A 5 1 4 2 g
J1. I #E 2 A A, HS-APCI-MS 75 % 45 4 RF 7] LLA &4



&M | Vol.40, No.l11

migEE EFRIARNERLRIEERELENCRBLUAEND

0.3r o 457
|- AR |
020 - JEkiIlZy
S el
0.1F . s £ 35
EN ) L
KL ooF < 0
H = =2 25-
Hal -0.1F m =
RSt 42 5 20F
0w E -0.2+ % a.f L5k
-0.3+ > 10k
E
041 . £ 5h
-0.5 L 1 1 1 .-! 1 L L L | A 0
-0.5-04-03-0.2-0.10.0 0.1 0.2 03 04 0.5 1 2 3 4 5 6 7 8 9 10
B—ERSY N2
PC1(41.99%) Dimensions
(a) PCA—HEf34 R (b) RS BT ZTTlkR R
R 0.8r 178
K _ 061 137
HO o4tk 104106
2o0.
L 108
% ool JLJ 1 Ol . I
fg el w8
0.4 17
#E oadi
l&é 0.2 104111 182 186192 254 304
00 4,
% 0.61
i g 04 10ag” w2 a7
2k 112125
%’g 020 151 279290 304
0.0
50 100 150 200 250 300 350 400 450 500
i b
mlz

(c) PCAZATE
B3 LGRS RKBEGPCASITER
Figure 3 TG and FTG samples data PCA analysis
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Random Forest after finetuning the model
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