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Abstract Objective: To identify the authenticity of the Longgu, and reveal the scientific illustration for superior
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quality of white Longgu. Methods: In this study, the quality of 88 batches of Longgu was evaluated by cluster a-
nalysis, principal component analysis and correlation analysis based on character, ultraviolet fluorescence and re-
sults obtained with inductively coupled plasma mass spectrometry, color analyzer and nuclear radiation detector.
Results: The Longgu spots on the surface of Longgu were the key identification points of genuine Longgu, and the
Longgu spots were mainly composed of Mn elements. Bright blue fluorescence could be seen in the fresh section of
keel under 365 nm. Among the 42 elements determined, only Mg and Zn were higher in the fake Longgu than in
the genuine Longgu. Other elements were lower in the fake Longgu than in the genuine Longgu. Heavy metals and
harmful elements in counterfeit samples were below limits in pharmacopoeia, and cluster analysis showed that all
counterfeit samples were grouped into one group separately. The Longgu could be divided into four color types:
white, cyan, yellow and brown. The larger a # was, the redder the color of Longgu was, the higher the contents
of Fe and harmful elements (As, Cu, Pb and Cd) were. And the contents of element V were strongly correlated
with those of As, Cu, Pb and U, which could be used as index element of heavy metals and harmful elements.
The contents of radioactive element U and the radiation values were highest in brown Longgu, second highest in
yellow Longgu was the, lower in cyan Longgu, and lowest in white Longgu. The average content of U in brown
Longgu was 0.021% with the highest content of 0. 09% , and the average radiation value was 0. 33 uSv - h ™' ( Back-
'. The average content of U in yellow

- h~" with

ground value was 0. 18 wSv - h™') with the highest value of 0.47 pSv « h~
Longgu was 0. 012% with the highest content of 0. 021% , and the average radiation value was 0. 32 uSv
the highest value of 0.39 uSv - h™'. The average content of U in cyan Longgu was 0. 008 9% with the highest con-
tent of 0. 012% , and the average radiation value was 0. 30 uSv - h ™" with the highest value of 0.35 uSv + h™'. The
average content of U in white Longgu was 0. 006 7% with the highest content of 0. 009 1% , and the average radia-
tion value was 0.28 pSv + h ™' with the highest value of 0.32 pSv - h™'. Conclusion: Considering the harmful ele-
ments and radiation safety, the white Longgu has better quality, and the brown Longgu has worse quality.

Keywords: Longgu; character; fluorescence; ICP — MS; element; radioactivity; characteristic evaluation
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Tab.1 Samples information of Longgu

b= i B, P 7 B, e P B, s i PiEN
(No.) (habitat ) (color) (No.) (habitat ) (color) (No. ) (habitat ) (color) (No.) (habitat) (color)
. T o | 5 b o | . A [T i
(Ningxia) (white) (Shanxi ) (white) (Gansu) (yellow) (Gansu) (cyan)
TH H ] H vy [y (] H
2 (Ningxia) (white) 2 (Shanxi ) (white) 46 (shanxi) (yellow) 68 (Shanxi ) (cyan)
By S| (S S| By S| R H
3 (Shanxi ) (white) » (Shanxi ) (white) 4 (Shanxi ) (white) ® (Henan) (cyan)
(il S| HH S| (5 S| HH T
4 (Shanxi ) (white) % (Gansu) (white) 8 (Shanxi ) (white) 70 (Gansu) (cyan)
T ao| o, T b, w ao| o, e
(Gansu) (white) (Ningxia) (white) (Shanxi ) (white) (Gansu) (cyan)
Hl H TH &} [k &} HH 53
6 (Gansu) (white) 2 (Ningxia) (white) %0 (Shanxi ) (white) 72 (Gansu) (brown)
S b o, T ao| oy pm ao| o, c
(Gansu) (white) (Ningxia) (white) (Shanxi ) (white) (Neimenggu ) (brown)
. b ooy, p ao| o, @ mw a |, e
(Shanxi ) (white) (Shanxi ) (white) (Qinghai) (white) (Henan) (brown)
o b ao| o, b I IR 1 I R i
(Shanxi ) (white) (Shanxi ) (white) (Gansu) (white) (Neimenggu ) (brown)
HH S| (S S| s E] e ki
10 (Gansu) (white) 2 (Shanxi ) (white) >4 (Gansu) (white) 7 (Neimenggu ) (brown)
I T R S (U oo, mEr R
(Shanxi ) (white) (Henan) (yellow) (Gansu) (white) (Neimenggu) (brown)
[k &} THE H THE H TH H
12 (Shanxi ) (white) 34 (Ningxia) (yellow) %6 (Ningxia) (cyan) 8 (Ningxia) (yellow)
s b I T P I e 2
(Shanxi ) (white) (Gansu) (yellow) (Neimenggu ) (eyan) (Neimenggu ) (brown)
Lt oo o, mw w | W O
(Gansu) (white) (Gansu) (yellow) (Gansu) (eyan) (Neimenggu ) (brown)
(S} S| THE B THE #H TH B
15 (Shanxi ) (white) 37 (Ningxia) (yellow) ¥ ( Ningxia) (cyan) 8 (Ningxia) (yellow)
(St} S| THE B THE #H R 7S
16 (Shanxi ) (white) 38 (Ningxia) (yellow) 60 ( Ningxia) (cyan) 8 (Henan) (brown)
[k H [k H Hilf H -1 S|
17 (Shanxi ) (white) ¥ (Shanxi ) (yellow) ol (Qinghai) (cyan) 8 (fake —1) (white)
[k &} ik H TH H fh-2 S|
18 (Shanxi ) (white) 40 (Shanxi ) (yellow) 62 (Ningxia) (cyan) 84 (fake —=2) (white)
b b I R O R f
(Shanxi ) (white) (Shanxi ) (yellow) (Neimenggu ) (eyan) (fake -3) (white)
ey = 1Ly 7 Hl #H fh -4 S|
2 (Shanxi ) (white) 42 (shanxi) (brown) 64 (Gansu) (eyan) 86 (fake —4) (white)
HH S| (5 53 il H -5 F
2 (Gansu) (white) 2 (Shanxi) (brown) 6 (Shanxi ) (cyan) 8 (fake -5) (white)
HH S| TH B H T -6 F
2 (Gansu) (white) “ (Ningxia) (yellow) 66 (Gansu) (cyan) 88 (fake —6) (white)
L2 (U 5idzy ilent7900ICP — MS ( Agilent /3] ) ; Milli — Q 47k Y

TLC Scanner 4 System & 2 £ 4t ( CAMAG 2 ( Millipore /3 #]) ; CEM Mars 6 % 74 f#{ ( CEM 2
A]) ;CM =5 B AA 2211 (M JE R3EREIA A W]) ;Ag- H]) ;R500 TR LRSI ( COLTY 24 #]) ;E240
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Ag Al As Ba.Be . Ca,Cd ,Co.Cr.Cs ,Cu.Fe Ga,
K.Li Mg Mn Na,Ni .Pb Rb Se.Sr.Ti.U.V.Zn &
PRfEvE i (Agilent 23 7], 415 8500 - 6940) , 57 &
BEH 10 pg - mL™" s JEIETETROY Ce Co Y \Li TL iR
B bR R W (Agilent 23 ], TR N 10 pg -
mL ™" A5 5188 - 6564 ) s AR (P4l , M ik
FARAF S 20210918)
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A. o (Longgu)  B. o8& thih (fake Longgu)  C. JoH 3% ( Longgu spot)
rescence)  F. BB IEPH RG99t (true and fake Longgu fluorescence)

Bl B EES

Fig.1 Character and fluorescence identification of Longgu
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FHIEFADICBG . Te i 2 e i B i (0%
Je(E 1 =-D)  Phli e B G E (A 1 -E) o XFFIER .
DB A — R E , B IR (B 1 -F) o

D. Jo 5 %¢ 5% ( Longgu fluorescence)  E. Ji 8 4 i 9¢ )% (fake Longgu fluo-
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Tab.2 Identification points of real and fake Longgu

I Bifh, Jei o 5 RS
('source) (color) (Longgu spot) (fluorescence 365 nm) (‘odour)
Jo (Longgu) H K B sIRER H S i T T JoBR, Tk
( white , grayish white light brown) (have) (fresh section bright blue) ( stinkless and tasteless )

Jethih B E KA ¥ S i U T I HAFR

(fake Longgu) ( white yellowishwhite , grayish white) (no) (fresh section dark color) ('some have a peculiar smell)
2.1.3 ICP - MS min FFELFE 120 C {24510 min;5 min FFiH 5 185
2.1.3.1 FWHIS REEAREAEM 0.2 ¢, 405 C L LRFF 25 ming HRZERIG R AIZE 85 CLITF i

BT WO i FE P, NG R 8.0 mLo JHEAR)F S

vw.ywfrzz.cn

HTE R TR S T R RCRE A SO mL R, UK
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RT3

2.1.3.2 TAEZM FETAWE:I5.0L -
min~ S EEE)AE:0.10 ¢ - 5T FAAEBAL 2 TR
ift:0.8 L min™ s SR 1 550 Wi RAEDRE
10 mm ; FHEUCEL: 100 K5 FAL B 1 W5 T o B
6 ; AR AL : He *ﬁft;He SRS mL - min ~' iy
Pt P i

2.1.3.3 WEIE: BARETATEIE 2 O R
ERA AR, AT F) AL As (Ba Na Mg Al
K.Ca.Fe 28 42 Fh LHLICE MY & . M A SPSS 22.0
AR BRI T IR SO B o T
2.1.3.4 43 F A hoplot (hitps://hip-
lot. com. en/) fil graphpad %2 [, JZ ¥R 2 25 47 i 3% A
Ward 32 ;SPSS 22. 0 #4748+ #7 o

2.1.3.5 . EmShRPITTRAATERE 2R
Jei hatt A Mg Zn & & T IEah, HAT R T
Eim(E2); 3 H U.Pb . La.Y Ge As Se Br Ni Cu,
V .Cr Mn Fe Sc B JC & [ 22 580 7E 10 F5 LA L,
HoERe s U st R By E & O 80 £, 22 ik
Ko BB RS DRy 1 25, K
TETCR ST T LA R O e B 18 1 5 O s AR BT )
Mrig RIES RS e R & — AL, SR TR
2R 3) . 2 ftiEMH A 2 fitAE ) Cu TR &
HfAId 20 mg - kg™ H I E N 35.64 mg - kg2 it
FEARAY Cd & RERBRR, B {EoN 2. 63 mg - kg ™' 5 AT RE
fh P Pd JER S RAINT 5 mg - kg™ 75 HERRA R As 0T
R 2 mg - kg™, F i {H Ol 196.66 mg -
kg ™' 11 HLRES, F Hg U R & g 0.2 mg - kg™,
IeffE N 1.40 mg - kg™ 5 IEf R U & B HRAKME N
7.84 mg - kg™ e E B M 818.46 mg - kg ',

B i IE i (real Longgu) M 215 O i (fake Longgu)

I - e I < I v | I > N
Bl - G: I — ¥ — 0y
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[ Mg] Y HCu | HHg |
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| Al MLl BTl Bcd
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| St I se N ING |
| Mn IPb W Mo| [Ag |
30000 10000 0 20 000 200 100 0 0 100 125 75 25 0 5 10 120804 0 0 040812
C/(mgkg™") C/(mgkg") C/(mgkg") C/(mgkg")

2 EmMmEETRE

Fig.2 The element contents of real and fake Longgu

2.2 B s
2.2.1 AR U
ABFFEXS A 5 6 50 AR 0 4 FHEHE 2R )
Jer P TTER T, R I AT R,
OR FOR EOREEITRENEL AR E
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4) o W ETEERNE FR R E TP R U SR
1B 0.021% , fie i AT 35 0. 09% 5 B (o g A b, U &5 4
SFEEH 0. 012% , d5ci o 0. 021% 3 5 4 Je &, U &%
HPIYE 0. 008 9% , fiersi i 0. 012% 5 1 (0 &,
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Fig.3 Thermal diagram of real and fake Longgu elements

2.2.2.2 Pia S5RGBT XEEE
L a* bx ROCRTEMITHILE . Fe 5L+
BERENMHE(r=-0.75,P<0.01), 5 ax Z2RF
IEAHK(r=0.72,P <0.01), 5 b+ 2 & FAMX
(r=0.64,P<0.01), L= FSRFERERE, ZH]N,
%ﬁ@ﬁ;ﬂﬁ-a * NELLLRAAPEAE , a + (HHOK, B,

* O CRE, b « (HBOK, B, LR
%%ED% Fe (& B 54T (0 B (0 A OG M

As 5V &8 (r =0.93,P <0.01) ,
HVKH Fe(r=0.89,P <0.01) ;Cu 55 V &5 HH %
g (r=0.76, P < 0.01), ¥ N Pb (r = 0.73,
P<0.01);Pb 5 Sc & 15 1Y A1 & 1 2 38 (r = 0. 82,
P<0.01) ,H¥kH V(r=0.74,P <0.01) ;U 5 Cr &t
FIAH O M 3 (r =0.73, P <0.01), KA V
(r=0.61,P <0.01);Hg 5 Sn & & Y A 3¢ 1 e 5
(r=0.75,P <0.01) ,Hyk } Na(r =0.68,P <0.01),
JCE V 5 As Cu Pb U &AM et (36 3, &

r22.cn

6) , iIfE R E & RAFITRIIEREITR
2.2.3 e R RRSHEN E

VEEUCIE B, 4 KRR, 90% DL bt 5 50, Joik
T B AR N E A 5 AR AR 5 15T, TR AR A
ASCI 5 ) 1 30 e 2 1 R IC SR B A
it PR, B A 0 3 Ok, OIS ME R
$70.18 uSv + h '

PR SBOME L+ ax b TR G &t
FTAROCIE 70 M7 o R ARHELS B00, J J0 3R 35 5 O AH G
P4 RSB e i b, A e B T e A
T B R 0.33 pSv - b (’“E{E%}

0.18 pSv - h™')  FEE (i M 0.47 pSv - h™', # (0
o i B E N 0.32 wSv - b7 e (E A

0.39 uSv - h™'; 75 & Jp o & 41 7 # {5 4 0.30
wSv b R 0.35 pSv - b A
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Fig.4 Analysis of Longggu with different colors
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Fig.5 Element analysis of parts of Longgu with different colors
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®3 ABRTRISENMEXMHE

Tab.3 Correlation of contents of elements in Longgu

HHE: (correlation)

JGZ (element)

r=0.9 Se/Br Ga/Ba Br/La Al/Rb Se/La Ge/Br Br/Pd Se/Pd K/Rb Ge/Se \V/As Y/Pd Se/Y Bt/Y Ge/La ,Al/K Rb/Cs Na/Sn Al/Cs
0.8<r<0.9 Y/La Ge/Pd Fe/As Pd/La Ge/Y \V/Fe K/Cs Ti/Nb Sc/Pb Co/Ni Mn/Ni
0.7<r<0.8 Mn/Co ,V/Cu Sc/Y Al/Ti Sn/Hg Ni/Mo ,V/Pb K/Ti Sc¢/V Mn/Mo ,Cu/Pb Ti/Rb .P/Sr .P/Ca U/Cr

0.6<r<0.7 U/Fe U/V As/Sb Sc/Se Mo/Sb .Cd/Zn V/Y Al/Th Ti/Th .Co/Mo ,As/Ph .Pd/Sc .Fe/Sb Nb/Th . Th/Rb ,As/Sc ,Cs/Ti Mg/ Sr,As/
Cu Pb/Ag Fe/Cr . Pb/Y Fe/Mo Hg/Na Ca/Sr Mg/P Cu/Sc

¥ (note) : IFAFHK P <0. 01 (all correlation P <0.01)

o0 @ o

= < -0 =2.-.28 8 0o~ =) A ) o o0 =
EZ2H35CandhdRalIrRmECZS5302808%52>2500338>2<038K ~

H £ | @ 088 05 0040.08 0 0.090.01 -0.11 012 -0.1 016 021017 0 |02 049 -0A7 0.01 0.01 -0.06 -0.07 -0.19 -0.06 -0.07 024 024 0.09 0.08 0.1 017 0.04 914012 012 013 013 013 0.04 0.1 0.16 0,07 0.08 0.08

Na | @ @ o042 046 037 022 003 0.01 -0.06 0.08 0.09 0.04 0.06 031 0.08 016 014 008 0.1 003 002 008 0 006 001 002 0.04 0.04 0.03 0.01 011 0.09 0.1 041 04 007 0.09 0.04 0.01 0.01 0.01 0.05 0
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Fig.6 Correlation analysis of contents of elements and color of Longgu
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