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Abstract: In order to explore the composition and difference of the volatile components in three characteristic honeys from
Yunnan province, headspace solid phase microextraction coupled to gas chromatography-mass spectrometry was used to determine the
volatile components of the three honeys (Vicia villosa Roth honey, Macadamia integrifolia honey, and Hevea brasiliensis honey),
combined with principal component analysis (PCA) and partial least squares discriminant analysis (PLS-DA). The results showed that a
total of one hundred and five volatile compounds were detected in the three honeys, with 61 in Vicia villosa Roth honey, 55 in
Macadamia integrifolia honey, and 62 in Hevea brasiliensis honey. Aldehydes, acids and alcohols were the main volatile compounds in
Vicia villosa Roth honey (n-nonanal and acetic acid had higher contents). Alcohols terpenes and aldehydes were the main volatile
compounds in Macadamia integrifolia honey (cis-linalool oxide and furanoid linalool oxide had higher contents, with #rans- linalool
3,7-oxide as the characteristic volatile component). Aldehydes, alcohols and acids were the main volatile compounds in Hevea
brasiliensis honey (nonaldehyde and trans-linalool oxide were of higher contents). The results of PCA and PLS-DA analysis showed that
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there were significant differences in volatile components among Vicia villosa Roth honey, Macadamia integrifolia honey, and Hevea

brasiliensis honey, and the three kinds of honey were well classified with a 100% accuracy. The research showed that Vicia villosa Roth

honey, Macadamia integrifolia honey and Hevea brasiliensis honey have their own unique volatile components, and the PCA and

PLS-DA models established based on these volatile compounds can realize the effective classification and identification of the three

honeys in Yunan.

Key words: Vicia villosa Roth honey; Macadamia integrifolia honey; Hevea brasiliensis honey; volatile compounds; partial least

squares-discriminant analysis (PLS-DA)
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Table 1 Sample information of collected honeys

#f o EF W EJE/°Bé KREWE SRR
1 HTE 41.4 el k) 2019.04
2 ETE 41.8 el k) 2019.04
3 ZTE 41.6 el k) 2019.04
4 ETE 41.8 =W 2019.04
5 ETE 41.5 el k) 2019.04
6 ZTE 41.8 el k) 2019.04
7 ETE 40.8 =ik 2019.04
8 LN R R E 423 = ) 1 SR 2020.04
9 LN R R E 41.9 = ) 1 SR 2020.04
10 BN R E 43.4 = g 2020.04
12 B R RE 41.9 Z=WER 2019.03
13 LN IR R E 423 Z i T SR 2019.03
14 PR RE 41.5 =L 2019.03
11 LN R R E 423 Z ) B SRR 2019.01
15 MR % 40.7 ZHEE 2019.05
16 A 40.6 Zmw ik 2019.05
17 Bl E 40.7 Zmw ik 2019.05
18 A 41.5 Zww ik 2019.05
19 MR % 403 ZHEE 2019.05
20 Kl E 41.4 kY 2019.04
21 A 40.9 Zmw ik 2019.04
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Fig.1 Total ion chromatogram of volatile components in three
kinds of characteristic honeys from Yunnan province
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Fig.2 Volatile compounds types and amount inthree kinds of
characteristic honeys from Yunnan province
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Table 2 Amount of volatile compounds in three kinds of characteristic honeys from Yunnan province

%5 Rt RI Compounds LA G CAS#: Formula MW  HF% BRE B E

1 1.63 427 Ethanol LB BE % 64-17-5 CGHO 46 6.63x7.29  5.55:6.51  1.30+0.81
2 1.80 520 Dimethyl sulfide — W AR RS 75-18-3 C,H¢S 62 0.44+0.33 - -

3 1.85 528 Methylene chloride —ATK JR T 75-09-2 CH,Cp, 84  0.80+0.50 - -

4 211 595 2,3-Butanedione 2,3-T = LEES 431-03-8  C4HO, 86  0.67+0.46 - 0.34£0.20
5 2.18 600 Hexane I T ¥Rk 110-54-3 CeHyy 86  1.97+1.07 - -

6 219 606 Furan, 2-methyl- 2- %7 ek vk BHE 534-22-5 CHO 82 - - 0.46+0.27
7 226 595 Ethyl Acetate LR LB fig & 141-78-6  C4HgO, 88 - 0.37+0.51 -

8 257 610 Acetic acid i} BE £ 64-19-7 CH,0, 60  1320£4.27 4424322  3.68+2.77
9 273 657 2-Butanone, 3-methyl- 3-WH-2- TR GEES 563-80-4  CsH,,O 86 - - 0.31+0.33
10 3.06 665 Acetol B i 116-09-6  C3HO, 74 - - 0.36+0.19
11 397 730 3-Buten-1-ol, 3-methyl- 3-F AR-3-T He-1-82 EEES 763-32-6  CsH,(0 86  2.22+1.34 - -

12 4.05 736 Isopentyl alcohol 7Bz [ 123-51-3 CsH,,0 88 - 0.27+0.17 -

13 410 753 Methyl Isobutyl Ketone AT AR GRS 108-10-1  CeH,0 100 - - 0.19+0.14
14 410 739 1-Butanol, 2-methyl- 2-F - 1-TH BE 137-32-6  CsH;,0 88 - 0.23+0.13 -

15 419 746 Disulfide, dimethyl R = FA HHE 624-92-0  CHeS, 94 - - 0.25+0.17
16 472 172 a-Methylpropanoic acid a-F A AR R £ 79-31-2 CHO, 88 - - 0.80+0.58
17 477 763 Toluene LS H A 108-88-3 C;Hg 92 1.29+0.63 - 0.45+0.35
18 509 775 Prenyl alcohol FRMR B BER 556-82-1 CsH,00 86  1.23+0.81 - -

19 529 782 S-Methylcrotonaldehyde 3-W 2T Ml Bk 107-86-8 CHsO 84  1.43x0.74 - 0.36+0.12
20 580 800 Octane G, ¥EEk  111-65-9 CsHyg 114 2.65+1.79  0.03£0.03  1.04+£0.33
21 580 800 Hexanal THE i 66-25-1 CeHj,0 100 - 0.03£0.03  1.10+0.35
22 6.08 815 Propanoic acid, 2-hydroxy-, ethyl ester 2-% KRB LB i 97-64-3 CsH,0; 118 - 0.24+0.15 -
23 673 833 2-Furaldehyde 3 Bk 98-01-1 CH,0, 96 1.79£1.04  1.20£0.97  2.04+0.97
24 729 863 Butanoic acid,3-methyl- 3-FATE Bk 503-74-2  CsHjg0, 102 0.41£029  0.18+0.12 -
25 7.93 855 Ethylbenzene TR FAHK  100-41-4 CsHyo 106  0.76+0.66 - 0.14+0.13
26 800 861 Butanoicacid,2-methyl- 2-F A TR i E S 116-53-0  CsH;0, 102 0.55£0.28  0.39+027  1.95+2.62
27 831 865 p-Xylene = F R HE  106-42-3 CsHyo 106  0.73+0.64 - 0.34+0.42
28 837 866 m-Xylene ] =¥ K &K 108-38-3 CsHyo 106  0.48+0.55 - 0.28+0.31
29 924 887 0-Xylene AR K FEE 95-47-6 CsHyo 106  0.86+0.58 - -
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30 925 891 2-Heptanone 2- B GEES 110-43-0  CH,0 114  0.820.66 - 0.62+0.44

31 9.64 901 Heptaldehyde 33 B £ 111-71-7  CH;,0 114 057038  021£029  1.44+0.63

32 971 Nonane EER WREE 111-84-2 CoH,0 128 0.43%0.26 - -

33 10.03 911 Ethanone, 1-(2-furanyl)- 2-TBL Ak h ik 1192-62-7  CeHqO, 110 - 0.13£0.06  0.13+0.06

34 10.11 Butyrolactone »-T W B LEES 96-48-0 CH, 86 - 0.07£0.02  0.11£0.05

35 10.66 921 Benzene,(1-methylethyl)- 1-FARHE-K FHE 98-82-8 CoH,, 120 - - 0.02+0.01

36 11.52 (£)-Pulegone 2-5 A A-5-F AR TEA B 15932-80-6 CjoH; 0 152 - 0.34+0.24 -

37 11.88 943 2-Pyridinecarboxaldehyde -2 § B Bk 1121-60-4  CeHNO 107 - 0.05+0.04  0.93+1.09

38 12.00 958 y-Pentalactone y-R A B LEES 108-29-2  CsHgO, 100 0.21£0.08  0.06£0.03  0.63+0.61

39 1233 Kbl | gk | Ak / CH,0 112 - - 1.5143.05

40 1246 962 Benzaldehyde E S =S 100-52-7  C;HO 106  1.84+0.93  0.60£0.43  1.79£0.97

41 1292 970 1-Heptanol 1- B S 111-70-6  CH,O0 116 - 0.09+0.09 -

42 1376 986 5-Hepten-2-one,6-methyl- 6-F F-5-F M -2- B GEES 110-93-0  CgH;;0 126  0.81£0.55 - -

43 13.85 990 Hexanoic acid ETER €S 142-62-1  C¢H;,0, 116  4.09+1.34  0.70£0.30  2.67+1.41

44 1450 1,008 cis-3-Tsopropenyl-2-methy}-2- W5 AR R Btk 54750-69-5 CH, O 152 - 0.1720.13 -

vinyltetrahydrofuran TH A S ekl

45 14.66 1003 Octanal AEFER Bk 124-13-0  CgH,0 128  1.23+1.05  0.12£0.07  1.47+0.31

46 14.84 Pt 2) T, Yok 95452-08-7  CiHjg 150 - 0.42+0.33 -

47  15.14 1,305 Phenol,2-ethyl-4,5-dimethyl- 2-TA 45—k KEy &£ 2219-78-5  C,HLO 150 - 0.07+0.04 -

48 1537 2-Isopropylidene-5-methylhex-4-enal A '2'_ ;_E;";‘?E Z&) Bk 3304287  CiH;O 152 - 0.54-+0.40 B}

49 1540 1022 o-Cymene AR-F R AR FHE  527-84-4 CiH;y 134 0.13£0.04 - 0.300.12

2(3H)-Furanone,5-ethenyldihydro- 5-TH R —A-5-F -2 (3H)
50 1598 1,043 B 1073-11-6  C;H; (0, 126 3.39+2.78  0.53%0.75 -
5-methyl- -#X v B

51 1637 1045 Benzeneacetaldehyde F OB (3 122-78-1 CgHiO 120  220+1.14 3404325  4.77£2.46

52 16.91 1057 2(3H)-Furanone,5-ethyldihydro- y-T A B Be & 695-06-7 CeH 0O, 114 - - 0.39+0.39

53 17.64 Kbl 2 P Et ) Ak - 3.45+2.48 -

54 1783 1074 cis-Linalool oxide UENE 2 R I BEk  5989-33-3  CiHig0, 170 0.67£0.37  30.87+4.71  8.84+2.47

55  18.59 1086 (E)-Furan linalool oxide N B BEX  34995-77-2 C,H;s0, 170 - 21.06+3.34  13.07+3.05

56 19.41 1,107 Hotrienol BLAFHE FEMEE  29957-43-5  CiH, O 152 - 2.9143.33 -

57 1943 1099 f-Linalool SAEEE S 78-70-6  CyioH;s0 154 1.54+1.42 - 1.32+0.28
TR



86T

BLER

58 19.51 1104 Nonanal B0 S i 124-19-6  CoH;0 142 12.06+2.77 1.09£1.19  21.77+4.52
59  19.58 1107 6-Methyl-3,5-heptadiene-2-one 6-F #-3,5- % —H-2-BA Bl 1604-28-0  CgH,0 124 0.25+0.39 - -

60 19.86 1,116 p-Hydroxyethylbenzene B-HE IR A% 60-12-8 CgH; (O 122 - 0.960.28 -

61 20.16 1159 y-Heptanolactone AL P B fiE S 105-21-5 CH,,0, 128 - - 0.56+0.81
62 2038 1,124 Hexanoic acid,2-ethyl- 2-T 3T €S 149-57-5  CgHs0, 144 - 0.57+0.58 -

63 2040 1124 a-Isophoron Fh /R R GEES 78-59-1 CeHi,0 138 - - 1.07+£1.09
64 2158 1144 4-Oxoisophorone 4-F 22 3R B 1125219  CoH20, 152 - 0.25£0.22  2.75+1.09
65 21.64 1154 Lilac aldehyde B THEB Bk 53447-45-3  CHicO, 168  3.56+4.36 - -

66 2174 1,153 Nerol oxide HEE R FEMEE  1786-08-9  C0H, O 152 - 0.11+0.05 -

67 2183 1154 Lilac aldehyde C TAEC Bk 53447-45-6  CHicO, 168 - 1.31£1.32 -

68 2218 1156 Sabina ketone > (1"?%6%) R0 A% 513202 CoH,O 138 ; - 1.43+0.88

I T%-2-BR

69 2234 1,169 Lilac aldehyde D THBD BAk 53447-47-5 CiHigO, 168 0.88£0.95  0.69+0.69 -

70 2278 1183 2,6,6-Trimethyl-1,4-cyclohexanedione 2,2,6-=F & -14-3R T A EEES 20547-99-3  CoH 4,0, 154  0.22+0.27 - 0.29+0.18
71 2297 1180 Octanoic acid F €S 124-07-2  CgH,,0, 144  0.88+0.55 - -

72 2315 1178 Linalool oxide FAEEE A BEE  14049-11-7 C,H;30, 170 - - 4.67+2.95
73 2315 1177 Terpinen-4-ol 4-75 Wi B LEES 562-74-3  CyH;gO 154 0.35+0.33 - 2.06+1.25
74 2323 1,173 Linalool 3,7-oxide, trans- R A~ 8% 3,7- 8404 TEHE 39028-58-5 C,0H;s0, 170 - 10.66+5.54 -

75 2347 1,186 Dill ether i Bk 74410-10-9 C;H,O 152 - 0.61=0.60 -

76 23.69 1,190 3,7-Octadiene-2,6-diol,2,6-dimethyl- 2,6- =¥ 3-3,7-F —H-2,6- 8% BEk  13741-21-4 CHi g0, 170 - 0.38+0.35 -

77 2379 1192 Methyl salicylate HPER T B LEES 119-36-8  CgHgO; 152 0.91%0.57 - 1.04+0.90
78 2382 1189 a-Terpineol o-H i B3 2 98-55-5  C;H;s0 154 1.17£0.46  0.32+021  0.52+0.24
79 2416 1201 2,6,6-Trmethyl-1,3-cyclohexadiene 2,6,6-Z FRh-13- KT H-1-08  BE 116267  CoHuO 150 0.2440.14 ; -

-1-carbaldehyde

80  24.41 1200 Dodecane E+ Rk 112-40-3 CpHy 170 0.29+0.16 - -

81  24.64 1206 Decaldehyde AE AR BE 112-31-2  CioHyO 156 1.29+1.18  0.15£0.09  1.43+0.17
82  24.86 1229 1-p-Menthen-9-al 0, 4-ZFRIRT3-H-1- LB BAE  29548-14-9  CiH,O0 152 - 0.27+0.28 -

83 2620 1239 p-Cumic aldehyde 4-F AR T B 7S 122-03-2  C;oH,0 148 - - 0.36+0.19
84 2658 1,258 f-Phenethyl acetate - TR TBS =R 103-45-7  CiH;0, 164 1.43£1.03  1.30£2.17 -

85 2723 1263 (2E)-2-Decenal B R-2-R Wi 7 3913-81-3 C;0HO 154 - - 0.26+0.14
86 2781 1273 Nonanoic acid EFE S 112-05-0  CoH;30, 158  3.31£1.40  1.58+0.76  1.67+0.60

TR
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BEERW

87 28.81 1300 Tridecane Et=k% PR TS 629-50-5 Ci3Hog 184  0.22+0.11 - -
88 31.15 1357 p-Eugenol 5T BBy FAHK 97-53-0 CioH0, 164  0.34%0.20 - -
2-Buten-1-one, 1-(2,6,6-trimethyl-1,3 1-(2,6,6- = F 3-1,3- 30 T = Hi-1-10)
89 3236 1362 B 2 23696-85-7 C;3HisO 190 0.72+0.45 - -
-cyclohexadien-1-yl)- -2-T H-1-F
90  33.17 2,6-Dimethyl-1-nonen-3-yn-5-ol 2,6- =9 Fo1-FHh-3-e-5-B2 BE  19780-98-4 C,H;O 166 ; 0.22+0.22 ;
91 3344 1400 Tetradecane +uk MK 629-59-44  CuHyp 198 0.55+0.20 ; 0.264+0.01
92 3377 1409 Dodecanal Etom BE 112-549  CpH,O 184 0.2040.25 - ;
93 33.86 1411 a-Cedrene ()-o- A KM Wtk 469-61-4  CisHp 204 0.89+0.65  0.1940.09  0.33+0.17
94 3394 1421 S-Cedrene (H)--A0 R Wtk 546-28-1  CisHyp 204 0.76+0.46  0.08£0.06  0.23+0.14
95 3596 1449 2,6,10-Trimethyltridecane 2,6,10-ZF A+ =4 BFEE 3891-99-44  CiHs 226 0.53+0.32 ; 0.17+0.20
96 37.60 1500 Pentadecane E+AK BHEE 629-629  CisHy 212 0744029 0.10£0.03  0.42+0.17
97 3771 1519 2,4-Di-tert-butylphenol 2,4- AT LBy B 96-76-4  CiHpO 206 0.67+0.64 - ;
98  40.67 1588 2,2,4-Trimethyl-1,3-pentanediol diisobutyrate 22.4-ZF 5 R BT B §%  6846-50-0 CiHsy0, 286 ; 0.06£0.04  0.09+0.05
99 4157 1,600 Hexadecane 58 BHEE 544763 CiHs, 226 2024144  0.15£0.08  0.69+0.34
100 41.57 1598 o-Cedrol Hh AR S BER 77-53-2 CisH,sO 222 1.77+0.90 0.17+0.10 0.63+0.29
2,6-Bis(1,1-dimethylethyl)-4- 2,6-3 (1,1-=F &K THK) 4-
101 4224 1640 FAHK  14035-34-8  CsHp0, 262 0.18+0.14 - 0.09+0.05
(1-oxopropyl)phenol (1-RAK) KBy
102 44.67 1700 Heptadecane IE R PER TS 629-78-7 Cy7H36 240  0.58+0.20  0.12+0.03 0.53+0.21
103 4691 1800 Octadecane E+ AN PER TS 593-45-3 CigHsg 254 - 0.05+£0.02  0.11«x0.05
104 47.04 1792 2,6,10,14-Tetramethylhexadecane 2,6,10,14-m9 F X + Xk wIEE  638-36-8 CyoHan 282 - - 0.12+0.12
7,9-Di-tert-butyl-1-oxaspiro(4,5) 79-—RTHE-1-R%EFEF (45)
105 4845 1923 BiF & 82304-66-3 C;7H,4,0; 276 1.51+0.62 - 1.15+0.68

deca-6,9-diene-2,8-dione

26,9-—H5-2,8-—FA
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Fig.3 Differences in the relative amounts of main Volatile
compounds in three kinds of characteristic honeys from
Yunnan province
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Fig.4 Scores for PCA of honey samples of three kinds of
characteristic honeys from Yunnan province
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