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Abstract: To investigate differences in the inorganic element content and safety of insect tea from various production areas
in Guangxi, inductively coupled plasma mass spectrometry was used to determine the contents of 29 inorganic elements, such as
potassium, calcium, and magnesium, in insect tea from five major production areas in Guangxi (i.e., Sanjiang, Longsheng, Rong’an,
Pingnan, and Wuzhou). Multiple statistical analyses were conducted, including variance analysis, Duncan’s multiple range test,
Pearson’s correlation analysis, and principal component analysis (PCA), to analyze differences in the contents of inorganic elements
in insect tea from different production areas. The results showed complex and diverse differences (P<0.05) in the contents of various
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inorganic elements in insect tea from different production areas. Correlation analysis revealed that some elements in Guangxi insect

tea were significantly or extremely significantly correlated. Specifically, extremely significant positive correlations (P<0.01) were

found between boron and potassium, calcium and titanium, and zinc and sodium. Significant positive correlations (P<0.05) were

found between calcium and strontium, aluminum and copper, manganese and nickel, strontium and titanium, barium and boron,

as well as barium and strontium. In contrast, significant negative correlations (P<0.05) were observed between magnesium and

barium as well as magnesium and strontium. Through PCA, three principal components were extracted, with a cumulative variance

contribution rate of 93.26%. Multiple elements, including potassium and calcium, were determined to be the main characteristic

elements contributing to the differences in the composition of inorganic elements in insect tea from different production areas.

Based on the principal component score plot, five major production areas of insect tea were effectively distinguished. In terms of

safety assessment, although the contents of heavy metals in the insect tea samples were not found to exceed the standards for tea,

the contents of lead and chromium in insect tea from the Sanjiang production area were relatively high. These results provide a

theoretical basis and data support for the origin identification, quality evaluation, and quality control of insect tea in Guangxi.

Key words: Guangxi insect tea; inorganic elements; inductively coupled plasma mass spectrometry; statistical analysis
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FI BRI E/min 2408 E/C ARFIE /min FHFE/W
1 10 130 5 1800
2 5 160 10 1 800
3 5 190 30 1800

1.3.4 ICP-MSM % &4

ST EET, R R A 1.00 pg-L ' 1 Bas
Bi. Ce. Co. In. Li. U &AM HE B #AT H
S, AR R, REBUZ. SR, S0y
TR HA A 77 e SR BB R . I S AR TAES
K. BFHHHIIE 1550 W, SE FASIE 14 Lmin |,
BN R 0.8 Lmin |, ZFLS IR 1.03 Lmin ', filf
S A E 5.0 Lmin ', Ml KED £, &
ANFE LR & 3 UK
1.4 Ao W7

I 45 R oR NI ME £+ bRl %, SR SPSS

27.0 SF R E G 34T 77 25937« Duncan % 5 ELEE 0 HT
Pearson AHI M4BT PA K 32 550 0 AT o

2 HR5IE

2.1 JTHE AR A R RALTE & RE A
=7

K FH LR & 55 8 RS (ICP-MS) #HiR, X
I PG AN [F] 7= b S R 1 29 FPOE AL F & BT E .
&4 AL, JTHRFRESEENLHIITER, AR
MR T R & B2 YR RE, Hod, KL Tl
TG 3% T 359 o 4 B o A X 18] 43 iR 8.47~18.31 gkg s
13.67~31.48 pgkg ', AS[A] 7 X 14 08 ot & 2 % e v 2K
HEFF #5°8 LS>SI>WZ>PN>RA ; Ca. Ti. Sn. Li 735l N
9.84~27.22 gkg ', 22.37~68.42 mgkg', 0~52.60 pgkg ',
46.86~468.20 pgkg ', 77X & B B mE R KK 2
WZ>LS>SJ>PN>RA FJHIfE; 4, Mg, Niv V
LN REAF X WA E AR MR A, Mg S &EA
3.49~428 gkg ', HEF AN PN>RA>SI>LS>WZ, [f




MR @R

Modern Food Science and Technology

2026, Vol.42, No.4

i, E 0 n R R X R e S, Bl
Al. Cu & &I E XA WZ, RIKF” X34 RA ;
Fe. Mn. Co i & ™ X ¥ 4 PN, &A% X ¥ 4 RA
23X 5 SCER O M X s R R ARG
1] Ca. Mg S0 S IR HA — 8, RUARF”X
TG R B A RRE B — i A ok S A
X} 29 Floo 2 g 45 47 J7 % 43 H7 F1 Duncan £
T, B ICREA F S A R R
7 HZFE 2= 345 E. K. Ca. Mn. B. Sr. Sn. Sb.
Se. V. Co. Mo. Ag. Cr %5t R AEA A= M 3 47 1E
W E M ZR (P<0.05); Mg. Al. Ba. Ti. Cu. Li.
Be. As. Cd %5 0 BITERR e A5 N AN 1 [A] 47 1E i

F#5 (P<0.05); Fe. Ni. TI & &Y 2. 45
JN P RO M [R) A7 7R B 35 2 R (P <<0.05) 5 Zn.
Na. Pb. Cd %703, HITERL LA =YL AA1E B 3% %
% (P<<0.05); Hg suHRMETF MM =V P B 3E
ZE5t (P<0.05). X EPRAE XL 0 3 52 7= i 2R 58 [ &
MRS 2, ANFF= U 3 . KRN Y &
SRS DL B IR B YIRS SR G 2 5, XD
FAERFPAR R A T REEM.

AN )= b HR 2 1R TE ML G 2R 2 R AR 5 L= Hh BR
RWAHIG, XL 2 R AN g HUR IR P b R A
TEEARYE, WOCTURN T B ) R L A &
VARSI E M et B EEE L.

R4 REF M ARIFHPEVNITRERNER

Table 4 Detection results of inorganic elements in Guangxi insect tea from different producing areas

5 Tk RA WZ PN LS SI
1 K/(g'kg™) 8.47+0.12° 13.18+0.14° 10.55+0.07° 18.31£0.21° 15.27+0.47°
2 Ca/(g'kg™) 9.84+0.18" 27.22+0.23° 12.0240.15 23.56+0.48° 22.16+0.79°
3 Mg/(g-kg™) 3.77+0.08° 3.49+0.02° 4.28+0.05° 3.56:+0.04° 3.71+0.13"
4 Al/(g'kg ") 0.11+0.01° 1.3340.01° 1.0140.03¢ 0.82+0.01" 0.84+0.03"
5 Fe/(mg-kg ") 152.61+14.10°  439.38+13.37°  622.30£28.18%  208.01£1.70°  595.33+29.87%
6 Mn/(mg-kg™) 164.56+5.42" 758.99+4.59" 3 189.00+37.52°  456.23+4.31" 735.24+11.65°
7 Ba/(mg-kg ") 110.37+2.46° 163.95+2.25¢ 70.9542.35" 169.12+4.13% 162.0643.05°*
8 Zn/(mg-kg ") 14.70+0.20° 19.39+0.16* 20.64+0.95% 17.41+0.37° 62.54+0.87°
9 Na/(mg-kg™) 11.56+0.40° 87.98+1.62° 86.91+2.04 86.10+4.77°¢ 526.11+6.25°
10 B/(mg-kg ™) 19.96+0.12° 33.92+0.47° 16.13+0.32" 52.78+1.83° 41.86+0.55°
11 Sr/(mg-kg ") 44.73£0.94° 96.66+0.68° 19.98+0.38° 74.62+0.78° 77.76+0.59°
12 Ti/(mg-kg™) 22.37+0.43° 68.42+1.33° 31.87+1.38" 56.52+1.02° 54.14+1.33%
13 Cu/(mg-kg™) 5.29+40.08" 11.68+0.12° 11.16+0.27° 10.94+0.29" 11.65+0.31°*
14 Ni/(mg-kg™") 5.56+0.06" 6.5120.10 10.36+0.50° 6.84+0.08" 5.38+0.14°
15 Sn/(pg/kg ") ND 18.21£0.35° 7.47+£0.26" 9.57+0.25 52.60+3.04°
16 Sb/(ug-kg™) 12.00+0.38" 95.80+1.85" ND 187.27+3.20" 169.93+5.67°
17 Se/(ug-kg™) 431.30+17.69" 812.90+9.30° 3292042220  667.80+40.68° 1 009.80+43.28°
18 Vi(ug-kg ") 150.80+4.04*  1183.00£10.55¢  645.60£33.24°  1367.00£25.95°  720.70+14.04°
19 Co/(ug-kg™) 132.70£2.77° 703.60+6.68°  1175.70465.27°  278.70+5.61° 399.80+9.94°
20 Mo/(ng-kg™) ND 309.63+7.18° 103.34£9.42° 3 182.67+53.98° 21.9540.55"
21 Tl (ugkg") 13.67£0.39° 21.66+0.39° 17.61£1.58° 31.48+0.57° 21.95+0.55"
22 Li/(ug-kg™) 46.86+0.76" 498.20+7.98° 176.18+14.14°  485.67+27.88°  340.43+28.56°
23 Be/(ug-kg™) 28.14+0.64° 136.00+3.92% 14.97+0.99" 117.1746.59°  127.95£13.30°*
24 Ag/(ugkg™) 6.87+0.23 18.86+0.34° 5.09+0.39* 34.59£1.75° 15.68+0.51°
25 Pb/(mg-kg ) 1.38+0.02° 2.34+0.03° 1.48+0.09" 2.46£0.03° 3.17+0.13¢
26 As/(mg-kg™) 0.28+0.01° 0.54+0.01° 0.33+0.02° 0.63+0.01% 0.65+0.02%
27 Cd/(mg-kg™) 0.0730.001° 0.302:£0.004* 0.142+0.006" 0.306£0.008" 0.247+0.010°
28 Cr/(mg-kg ") 0.38+0.02" 3.20+0.05 1.47+0.04° 1.060.04° 3.8120.12¢
29 Hg/(mg-kg™) 0.081+0.001" 0.082+0.001™ 0.04440.003" 0.089+0.002° 0.10140.005°

E: ND” AmAtd; FATRRFELATEAZEFREZR (P<0.05), A¥HERDTFEATES a, RERAAE, LEEE

a3 A B —F .

Sa
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Table 5 Results of pearson correlation analysis among elements

K Ca Mg Al Fe Mn Ba Zn Na B Sr Ti Cu Ni
K 1 0.779 -0.533 042  0.005 -0.277 0.756 0.323 0390 0.960** 0.618 0.749 0.649 -0.201
Ca 0.779 1 -0.744 0.697 0.121 -0354 0.867 0.268 0328 0.785 0.917* 0.995** 0.703 -0.329
Mg -0.533 -0.744 1 -0.0890 0.489 0.874 -945* -0.045 -0.084 -0.72 -921* -0.687 -0.051 0.787
Al 0420 0.697 -0.089 1 0.627 0397 0247 0.126 0.172 025 0415 0.761 0912* 0.378
Fe 0.005 0.121 0489 0.627 1 0.697 -0.274 0.583 0.58 -0.191 -0.115 0.195 0.692 0.459
Mn -0.277 -0.354 0.874 0397 0.697 1 -0.756 -0.064 -0.075 -0.535 -0.664 -0.272 0379 0.943*
Ba 0.756 0.867 -0.945* 0.247 -0.274 -0.756 1 0.271 0321 0.884* 0.952* 0.817 0313 -0.709
Zn 0323 0.268 -0.045 0.126 0.583 -0.064 0.271 1 0.997** 0317 0.270 0263  0.400 -0.347
Na 0390 0328 -0.084 0.172 0.580 -0.075 0.321 0.997** 1 0379 0314 0323 0451 -0.345
B 0.960** 0.785 -0.720 0.250 -0.191 -0.535 0.884* 0317 0.379 1 0.736  0.735 0.461 -0.456
Sr  0.618 0917* -921* 0415 -0.115 -0.664 0.952* 0270 0314 0.736 1 0.888*  0.387 -0.658
Ti  0.749 0.995** —-0.687 0.761 0.195 -0.272 0.817 0263 0323 0.735 0.888* 1 0.751 -0.256
Cu 0.649 0.703 -0.051 0.912* 0.692 0379 0313 0.400 0451 0461 0.387 0.751 1 0.322

Ni -0.201 -0.329 0.787 0378 0.459 0.943* -0.709 -0.347 -0.345 -0.456 -0.658 -0.256 0.322 1

E:FE0.05KF (RE), AXHEE; ** £ 0.01 KF (RE), MAKRIE,

22 JHEARE MR IKE T E R E SN
A8 K P AT
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KFo XFAH N M B T IR N B AR d 245 R EHLT
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300

(Principal Component Analysis, PCA), £ ZIRF1EH
FERAHTRRER D, il 1 fiR, 29 MEFEE
ILE VYA EE R T 1, BRI A T 20 H AR AR $i5 b 1T 1
Wy 4 DERIT.

Wil 2, SEECHT 3 AN E R I B AR TT 2 DTk R
L5 93.26%, C&Min | R R REKER, H
A1 BRI (PCL) fFE T 58.42% MIARRAFE, 5
2 EEGr (PC2) fifFE T 20.69% AR BAEE, 583 &
B4y (PC3) MR T 14.15% MRS L, RHIX 3 A
F R e AR A1) 29 NMEbR R AR RI G R
ARFIE. PCA 137 BRI LA EWLE t K7 X R 4
AR X7 TT, Ui IR U T R AR A 7 b U
B R ATAT I

o e ek e e ek ek

A o
BRI
[Tl SIS E NV To BN o oNeolaln S IUS E NV, To 0N |
T I rrrrrrrr rrrrr 1 11

I3 57 9 11131517192
A
B 1 20 MFHEIEIRIIRS

Fig.1 Scree plot of 29 characteristic indicators
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Table 6 Principal component load matrix

. B
R L
1 2 3

1 K 0.89 0.019 0.272
2 Ca 0.94 0.135 0.149
3 Mg -0.764 0.534 0.017
4 Al 0.487 0.739 0.334
5 Fe 0.045 0.96 -0.272
6 Mn -0.48 0.818 0.264
7 Ba 0.947 -0.286 -0.061
8 Zn 0.448 0.358 -0.75
9 Na 0.513 0.361 -0.699
10 B 0.925 -0.217 0.148
11 Sr 0.893 -0.167 -0.086
12 Ti 0.912 0.22 0.166
13 Cu 0.622 0.749 0.222
14 Ni -0.482 0.651 0.561
15 Sn 0.624 0.389 -0.658
16 Sb 0.948 -0.111 -0.009
17 Se 0.888 0.082 -0.442
18 v 0.776 0.178 0.603
19 Co -0.302 0.895 0.301
20 Mo 0.531 -0.343 0.635
21 Tl 0.802 -0.048 0.497
22 Li 0.9 0.161 0.368
23 Be 0.979 0.004 -0.063
24 Ag 0.815 -0.29 0.469
25 Pb 0.919 0.163 -0.322
26 As 0.977 0.104 -0.036
27 Cd 0.931 0.177 0.303
28 Cr 0.633 0.566 -0.462
29 Hg 0.752 -0.49 -0.439

T H ARG E R LR, Homr AR
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