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Abstract: Coffee is one of three major beverage plants in the world, which is an important economic crop serving the
revitalization and construction of rural areas in hot areas and national “the Belt and Road” initiative. Hainan coffee has
good quality, high prices and good earnings. Currently, there is a phenomenon of using inferior products and imperson-
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ating others in the market, which is seriously damaged the brand image of Hainan coffee. Therefore, the development of
Hainan coffee origin traceability identification technology is of great significance for promoting identification of Hainan
coffee. In this study, we used inductively coupled plasma-mass spectrometry technology to determine the content of 13
mineral elements (K, Mg, Ca, Cu, Fe, Ba, Co, Mo, Ni, Zn, Se, Cd, As) in 68 coffee bean samples from main production
areas of robusta coffee both domestically and internationally. Principal component analysis, orthogonal partial least
squares-discriminant analysis and cluster analysis were used to classify the production areas of medium grain coffee
beans in Hainan and abroad. A model for identifying the origin of medium grained coffee was established using linear
discriminant analysis. The results showed that there was a significant correlation between different mineral element.
And content of elements As, Ca, Fe, K, and Zn between Hainan and foreign production areas were significantly different;
OPLS-DA analysis divided coffee samples into two groups, Hainan and foreign areas, based on composition character-
istics of five elements. Fisher discriminant model established by using content of elements As, K, and Ca could distin-
guish robusta coffee beans from Hainan and abroad. The correct discriminant rates of cross test and back generation test
were 92.3% and 96.2%, respectively. The accuracy of cluster analysis in identifying product origin was 89.7%. The
above research results demonstrated that fingerprint characteristics of mineral elements could be used for origin tracing

of Hainan coffee, which provided key technical support for brand protection of Hainan coffee in the future.

Keywords: coffee; mineral elements; origin tracebility
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Tab. 1 Contents of mineral elements in green coffee beans

T . CRME EKE fiife P EREN
Element tent/(me-kg ') Minimum/(mg-kg ")  Maximum/(mg-kg ) Skewness Kurtosis P value CV/%
K 14429.647+216.121 12787.690 16197.923 —0.035 -1.399 0.086" 7.637
Mg 2120.488+24.699 1923.259 2345.831 0.283 -0.897 0.184" 5.939
Ca 182.274(70.958) 141.120 270.464 0.662 -0.716 0.038 20.015
Cu 9.318+0.592 3.893 15.311 —-0.109 —0.670 0.453" 32.382
Fe 14.096+1.323 3.636 35.534 1.162 2.894 0.059" 47.853
Ba 0.833(0.945) 0.114 6.094 2.370 6.224 0.000 115.111
Co 0.137(0.200) 0.035 0.545 1.175 1.130 0.005 68.591
Mo 0.063(0.056) 0.010 0.293 1.589 2.011 0.000 78.788
Ni 0.760+0.104 0.024 1.904 0.823 —0.044 0.052" 69.533
Zn 2.916+0.189 1.088 4.760 0.099 —0.604 0.764" 33.113
Se 0.030(0.032) 0.002 0.140 1.735 3.002 0.000 92.500
Cd 0.009(0.007) 0.003 0.054 2.796 9.410 0.000 85.899
As 0.013(0.011) 0.003 0.039 1.094 0.518 0.006 63.471

TE: JEREGEAFEESS R EAREEIOR , AR AR A (Mo AEUREE ) 208 "FRRFFEIES (P>0.05),

Note: Element contents meeting the normal distribution were represented by the mean + standard deviation, and those not meeting the normal

distribution were represented by the median (interquartile range); ~

indicate the normal distribution (P>0.05).

R 2 WEEAEERARITTREX S

Tab.2 Correlation analysis of different elements in green coffee beans

El?int Ba Ca Cu Fe K Mg Mo Ni Zn Cd Co Se
As 1.000

Ba 0.087 1.000

Ca 0305 —0.022  1.000

Cu  -0.167  0.130  0.088 1.000

Fe  -0210  0.111 0106  0.184  1.000

K -0.383 0.079  0.195 0.257  0.5477  1.000

Mg  -0.028 -0.038 0572 0.324 0450°  0.622” 1.000

Mo 0.166  0.178  0.097 0290  0.012 0.003  0.097  1.000

Ni 0.113 0247 -0.041 -0.167 0234 —0.08  0.045 —0.506" 1.000

Zn 0242  0.039 0152  0.169 -0.069 —0277  0.037 0204 -0285  1.000

cd 0763  0.188  0.150 0.006 —0.048 —0.344 0019 0210 0.043  0.630™ 1.000

Co 0228 —0.049 -0398" -0320 -0.305 0344 0298 0374  0.558" -0344 —0.016 1.000

Se  -0.179 0282 0266  0.153  0.234 0.494° 0348  0.452° -0.490° -0.041 -0357 -0.425  1.000

TE: "FORBEML (P<0.05), "FRKBEMK (P<0.01),
Note: " indicates significant correlation (P<0.05),

Fe Fll K TG & &8 W i 25 & TR E R = IX(%£ 3 ),
ARG UL BN [ A Sorp T BT R
W E 25, As, Ca, Fe. Kl Zn 5 Fl i
JGE B 1R ] E S O G 3 R ) S AR

23 HRITEBELXIMEEE =R K55
23.1  ERHy 4N EWSTAHT (PCA) BREEH
A i IE L R 0 A R B R, AT

indicates extremely significant correlation (P<0.01).

T KR 1 B ﬁ*/}’ziﬁ%wﬁiﬁ—ﬂ%ﬁﬁﬁlﬁl
FEHLMNMEA: G OT R S EARIESCR, X 13 Fp

W BT R ST E ST ?F?iéﬁﬁ ELARF AR BROE B2
K58 ( Bartlett’s sphericity test ) W7 IR A8 5 2
[ AR DG o S5 REH, WARRRIFERIE G 50 1)
HEYEHR P<0.05, BROIBREBHEL, &R
BIAFFEAROCH:, AT AT Bt (£ 4),
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Tab. 3 Difference analysis of mineral elements in green
coffee bean from different producing areas  mg/kg

=5 ERNEEFIRS ENTHEREERSHETEHE
Tab. 5 Load and variance contribution rate of each element on
principal components

TLER Hh [l T E 4k

Element Hainan, China Abroad
As 0.018+0.002° 0.005+0°
Ba 0.960:£0.203" 2.139+1.089*
Ca 199.865+8.635 165.436+6.742°
Cu 9.275+0.683" 9.500+1.255°
Fe 12.623+1.174° 20.282+4.012°
K 14124.279+216.792° 15712.191+148.001°
Mg 2118.333+28.924° 2129.541+47.252°
Mo 0.088+0.015" 0.093+0.038"
Ni 0.724+0.101° 0.912+0.356
Zn 3.174+0.184° 1.931+0.305°
Cd 0.014=0.002° 0.005+0.001°
Co 0.194:0.029° 0.137+0.040°
Se 0.032+0.006° 0.054+0.022°

T FATAR/ NG FREoR 225 13 (P<0.05),
Note: Different lowercase letters in the same row indicate signifi-
cant difference (P<0.05).

Fz4 KMO FIE4HAHRIEER
Tab. 4 Results of KMO and Bartlett tests

WiH Item 25 Result
ERIRTT 136.481

A 78
M 0.000

PVRFIEE R F 1 R0, $250T 5 A~ sy,
B F AR 13 AN AS &t dl &, Hop
PC1 il PC2 B 5T R 3843l & 27.031%F1 19.378%,
JLE Fe. K fl Mg & & 7E PC1 BB RE AT,
As. Ca il Cd 7£ PC2 I #ifmid i, 7 PC3 LT &
Mo F1 Se A4 K# AT, Cu. Zn 1 Co 1£ PC4 |2
far%8 s, Ba Fll Ni 78 PC5 FABKR#E M (£ 5).
5 DFERGH BETTERFIE 76.568%, ULHIX 5
A F R nRE A SR T BT R SR E &
kiR, AT e AR A b R

Sk B B[R] 7 o il 4™ J5 76 28 19 43 A KL
A BRI 22 TTR B 1Y 2 R PCL AT PC2
Sl USRI, Z5REN, EANS T
]V B R LT T R S AR AR P R
P, (B ESME S E G ER A IR SR E R
IRERR E 8, A 2 A~ F o AR RS A
FU XA [R] = M ME A ST 50 3R S A AR R A Y
HAY, (HRRER B HAF 1 R, PR SR B

AT F 43> Principal component
Index PCI PC2 PC3 PC4  PC5
As -0.035 0470 0.129 -0318  0.067
Ba —0.116  0.057 —0.009  0.101  0.801
Ca 0.135 0276 0.062 —0.035  0.040
Cu 0.015 —0.021 -0.048 0335 0.204
Fe 0365 —0.071 —0.165 0.016 —0.025
K 0334 —-0.058 —0.024  0.037 —0.021
Mg 0347  0.115 0.014 -0.039 -0.160
Mo —0.109  0.026 0471 —0.100  0.041
Ni 0.151  0.122 -0314 —0.189  0.394
Zn -0.137  0.161 -0.180 0390 —0.065
cd -0.039 0335 —0.133  0.140  0.083
Co —0.050  0.084 0.055 -0.478 —0.011
Se 0.037  0.012 0391 -0.100  0.063
FEIEE 3514 2519 1729 1161  1.031
BT/ % 27.031 19378 13299 8928  7.933

ST E /% 27.031 46409 59.708 68.635 76.568
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Fig. 1 Scatter plot of principal component analysis coffee
beans from different product areas
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able importance value plot of different mineral elements.

B2 ARFFXMMEE4EES OPLS DA 434

Fig.2 OPLS-DA analysis of coffee bean samples
from two regions
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Variety No. GW1-GWS5 were abroad samples, HN1-HN21 were
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Fig. 3 Cluster analysis of coffee beans from
different production areas
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