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Abstract

As a commonly used food additive, the quality control of honey has an important impact on the fi-
nal quality of the food. However, the traditional quality control and detection methods such as
chromatography and spectroscopy are restricted by the defects of expensive equipment and com-
plicated operation. In this paper, arrayed sensor based on nano-semiconductor gas sensing tech-
nology was used to detect the volatile components of six honey samples, and the comprehensive
characteristic odor fingerprints of the volatile components of honey samples were obtained. The
SPSS tool was used to perform principal component dimension reduction analysis (PCA) on the
obtained characteristic odor fingerprints, and successfully distinguished honey samples of differ-
ent production factors such as bee species, flower types, collection date or place of production.
The method has the advantages of low cost, convenient operation and simple analysis, and it can
be used for the quality control of honey and other food additives or flavors and fragrances with
volatile components.
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1. 51§

W e — PP B AR R FRME IR A= i, BR B CAAL, IR AR s e B
BRI K 2RI [L], AT o W 50 1 90%. UbAh, AHLER EE . Moy I AN SHS o i) S5 0 A e 1) 2
B GT o IX LR LA e T W BT B (0 AR o I8 1 R0 R o R 52 BIVE 22 R R s, 491 G 2
eI, ARSI TR, SREH . FRHI2]. R T SO RERIIA SRR E S . B, AR AT
FU 2% WH 04 B P [ 2R B & AR K 5 2 BUAE ST RPN G 3 i Tl AR A5 [3]. N TR 84 % BT LA 1 1k 22
SRR, FUOA T IEREGE M E IR, JEH A B A — L5 ko i AT A O X 4y

AR, VP2 WAL GO0 AN R e 2 1) o AT T ORI FL[4] [5] [6], BTH ik £ A AH
HWE(HPLC) [ AHAREEEL) GC-MS Z3 . THl =5 ik 0 A i (GC) M AL AN T VL (IF-IR) 5[ 7] [8] - 1X 4%
J7 1 BARRR SN I B AT P SE R AT, (R R AEERE AR, AR R A SRS G . X TV
R ERKEEA, USSR 2. H, HPLC VERRBUEEAL, ML RIRA 523
TP (R RE 5 RIS 28 0[O AN IF-IR [10] 2 fig B B bl st N 02 75 FL A R IR 150 4% ) S 36 = A8 b E AT [ 1]
tb4h, GC-MS I IF-IR X1 i fr B 4% & BHE X 70 R H A BEAE

BT S HARVE N AT IR, B FIER SR FAER, YRS E SR TR, 3k
EUHARHIESRAR S, B G AR SRR SUBE (8 — 20 0, RTSEDUS P 4 50 5 X 4y LAV
(1] Alpha MOS HLF & 441, AT UG A= B i ot AR JRUBR 22 S JEA T X 43 [12] s 3 w02 SR A1 2R RTEEAN K
FREAT AR 2E, AN SEIR T2 R R (0 4500 A SR AN R R /N5 B R IX 43 [13]s FECRM TR, 75T
18 ML) Alpha MOS HLF S in T i R v 555k B RER A I SsE MRS 20 JF, R mT iU Hi ok B 3 %
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i (HLB) A A [ R 2K o TR, I HORf 7 5F0 PCA 256 1T LAy 1 H T I e 8 (1 By [14]
[15]: AFTHEBE. 35, BRREAN SR S K SR AN R ASORRHE, 72 1) Alpha MOS HLF- 5 A] DAX X 247K
SRR R SRR AT 4325 [16]0 FTUAE H, L S R AT DA SIS 6 5 SR R 1) it T A B s, (ELIR] R 4
TAEEERE 2 AR R PO W P B
AR SCEF X B o R B EESE BRE ESRERIE R ER, H14% T 49Kk WO3. InyOs3. TiO,. SnO, #4 %},

K FH L2 W BRI J5 B i T AR AR K () R T B A4 s, T o o i S A AN R 2R AR SRS 1 e B R AR
WRARSL, HJE R SPSS HAEKHRFIE SRR SCEHR AT B B4R T2 BT, SEBL T IS R Al . SReAE
FP. REEHM AP AT — A P2 BT S 805 T 2 7 1A S 5 X 4y

2. SEIGE4Y
2.1. ¥MEiEl&E
ST o A FH 1 AT SR AU A W 4, LRI 4 B R R

2.1.1. HIEEBEHIF WO,

FERNZABFER S5, B/ A5 (12.0 g)AiRAE 100 ml L8y, 73 BB (ORI R FH AR 1O A
1£(5.0 Q)RR TG /K ZBEFIZE MR/K BRI BIR, SRJEAE 85°C HYREAE 1% 20 /NI o SR JEH FLR NI 25 1RO U
W OIERCR, R OIGHERES, B 24 /N . KR BIERIRRAELE 80°C IR T4 2 K. )a,
KT AR ST 500°C oM MBUR 3 /S, DABR 254, 53175 i) WO3.

2.1.2. In, O3 PR FRRIO & R

50 ml ¥ L FH I (DMIF) T8 A o, ZERE 3450 BE 1R 2547 4% InN3Og-xH,O (0.5 g), JR#(0.3 @)
R R AN (1.5 g) VS fR/E DMF . 34k 0.5 h J5, TERUETEIRR, RIEFHEZE RN EY, 75 100CH)
FAFNIIA 24 /NEF . BB ER AR ER, BOSRAGETIE. BT IGK CEEFIZ KB EIR,
7E 60°C (2SR 0 6 /NI o SR HLAE 500°C 251 N IBRE 2 /NI, 3RA5 1,05 4K Ak

2.1.3. TiO, YK BRI I &

50 ml 1 M (W & R B B OB se TR, B EIRTE 180°C FARKR 10 /N, JE I B0 3R TFRAR (1
DU, FEHTOK CEERM KRR EUR, SRIGTE 80°C FibAT H A T15, FRAFBRAER . K5 i ik
(0.1 @) AZ] 20 ml ZEEHHATHREFE ALBE, RFZE 30 204l TERRER B BT 2854 1.5 ml ¥ Ti(OBuU),
I BIBR IR BT, FERZIR S WAL S B R T R SR 12 /NI BSO15 BIPT0E, FUTiE
TooK CEERNZELRK VR BIR, WG UTTELE 450°C 2648 T IBRE 2 /NI, SRAG 2= 11 TiO, ik

2.1.4. SnO, YK B p I &

K ILPTEER & 99K SnO,, TEIESHRFEII AT T, HEE M AZE] 0.2 M 1) SnCly-5H,0 ¥+
BB pH A 9, BORBIUE, KUTEY T K LR 24K BRIk 0k, FF1E 500°C 2614 N IBRE
2.15. F/EHE

F—E B mE ., TH-RUEE, 25455, Span+# 85 MIALIE — FHER — 1E T Behl 4 BT i A WA
W, 57K 1 g [ WOs. In,Os. TiO, F SnO, S AHUERIR G, ARG EH ISRt 2 /NiF. 25d
TR T BE S SRAS AN SR, SR AE ENAT NP e LA Au 3 E B (1 L T AR IR B8 3R (96 R AL ER I )
FRIMBEAT 22 W ELRI (300 H AR AR, BUSKPEER S N 2 x 2 mm, JEEE 5 pm, A£/8%#8 RS 10 x 10 mm,
13 2 BT 75 1 BB A% SR 2R 2R AT
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2.2. MRRIE

X T A I A2K WOs. Iny03. TiO, Al SN0, #4 K}, 17E 20 Sy 5°F1] 90° 17 FEl k47 X S 2675+ (XRD-7000s)
FAE. BT Cu Kol 3855 (4 = 1.5406 A°). il it 37 & 434 H - R (FEI Sirion 200) X4 B WOs-.
IN,O3+ TiO, F1 SNO, MBI TESFEAT RAE, INid H R 10 KV,

23 BEHERES

L ONIEEREEEAR, ARG FT 1) 6 SRR IR e SRAEHSSA BTN,
1~4 SHEGMBNEF I, 1 5 AEET 2017 4F 11 A7E oM B HERGCR T, 2 5 KT 2016 4F
12 AE S RMERPCE H, 3 5 A &T 2017 4F 1 AE S BHERYCRE K, 4 5 hdhigT 2017 4£ 1
RATE =Rk 2 R KK 5 SONZE AR, HigT 2017 45 4 ATET ZREINR I 6 SO g,
Hhig T 2016 4F 10 AT ZRAEMHR .

Table 1. Information sheet for honey samples

* 1 BEMHRESER

MR RS SRAL H Fi FE SRAER ]
1 LS Iy 7 R MR Bk 2017 F 11 J
2 LS Iy P R MR Bk 2016 4F- 12 JJ
3 ST rhg SR MR 201741 H
4 B Ll = A % 201741 A
5 L g 2R 2017 4E 4 H
6 HEAE i 2R 4B 2016 4 10 JJ

2.4. SEMR

il P S5 = 1 0T A A B e & B BT A E OB SR IS, 0 AN R PO e B i AT I
M P HI 75 E AT, 1 1 il s

—

Solenoid Test Chamber

jﬁr’

Figure 1. Schematic diagram of test method for saturated headspace method
Bl 1 taRmeEn i SR EE

FEFE 1 ob, TR 5B R A R B B o BT RE T AR, 2008 2 g AEDNTTAA T,
A AMBEN, St ot IR 2 JE IR AL (S B N B IR A5 D o (A TR A5 5 A
SEJE, SREHBAR DR, AR BSOS, RO ORI A A A Y, R
I b gEAT AN, o A AT R AT
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2.5. B ELH

A 1,057 WO3. SnO, Hil TiO, 1 VY Fh R T T 75 HL PR ) i AT FRLAL VSR B I P BEL . A%
JEREAEVE 195 AU AR E B FBPH BN Ry, NI R BT I SRR N Ry, % U TO N i 2
FEM I RAE S MTHE AN S = (Ro/Rg — 1), TETHERERAT R DY e [ AF 2 HE S oA BHK R A8
FALER. EALEE . EALES IR 2> 5 5 1. 2. 3. 4 SREHIFESUR, &AM B 23 i e DU RS okt
BRI TR LA I AR Se AT — 0N, B e E B R — AN UL, AN R & DY AR
TSR —F,

2.6. PCA RS ik

I EE T SPSS FAF PCA FE R 0T, RARRIE SUBR HEAT 3 — B B b o B FH 3R R AR
IBM SPSS Statistics 25.0. Xt #rifEfbJa B AT FEL4E AT, S T, B IEE e N 1, JEx
PR FiEAT e
3. ZER5VR
3.1 MRIFRIEER

XFTE RIIAK 10,05 WO3. SnO, I TiO, #1KH, H XRD Bl 2 frow, 45 In,05 1) PDF Axifk
£ (JCPDS f: 22-0336) . WO; [ PDF #5:#-< (JCPDS - : 43-1035). SnO, (] PDF 451 - (JCPDS - : 41-1445).,
TiO, [¥] PDF #3#E-R(JCPDS = 21-1272), IXLEAPEFRIHRFALIE S50 55 %5 N[ XRD R R AHET .

I“ J WO, JCPDS card: 43-1035
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Figure 2. XRD patterns of the prepared In,03, WO3, SnO, and TiO, materials
B 2. H#IR1SHI In03 WOsy SnO, F TiO, #1484 XRD ik

%4 T2 I 28K SnO,. Ins. TIO, Al WO, FHEY, EMBAINIE 3 Bik, Hrh(@) 99K SnO, i
WS049S MR, ST 209 60 nms (b) 45K IngOs FYROUTE S35 HOTRE, <5209 50 nm (c) 4
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K TiO, MO TE S 351 ST kL, RSF 24979 45 nm; (d) 492K WO3 IIBIOIIES N otk , RsE2924 500 nm,
JEFE #3750 nm.

Figure 3. SEM morphology of the prepared nano-Sn0O,,In,03, TiO, and WO; materials
[ 3. FIEREBHIK SN0, In,050 TiO, F WO, #4H1H9 SEM F25R &

3.2. SHMRAERE IR

321 BEHREYE

ARAE MR A (VF LB SR), 1 Mg B R S FR U (I 4 B, Hoda i 1 SRS, bRy 2
SHEERENL, ¢ 3 BIREAES, d N4 SRR, e N5 SIEEREN, 6 SIEEMM). MEFTT
DA, AR ZERE R IR SRR S AMIF, B 3 SR 4 SHESITRSURARME AARLAN, Hofh 54 5
ZRIAEAE R 2 5

3.2.2. BEDHER

FH LT SPSS B A5 AU AT 3 iy B 4E R T o0 M i 25 S a0 1] 5 B

MNP B X2 15 0 T AR AR s 45 3«

(1) 1~4 SEFHF IR A I BTEE R A T RIX, 558 6 SHEMINBIEEER P A LEX, %
FARE B, X T B A S0 AR5 AT R IX 43 AN [F] R AL S e ) e A

(2) 1~3 S EFH I B AE AR L2 B AFAE R B B X 4, b 150 2 SRS I 2 3O RAE AN
[Fl, 2 51 3 S FE S IR A B D R g, X3 B A S8 R nf [ e 2 RR AR L e BT S 30
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mh R ZE R REATIX 0
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L o
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Figure 4. Fingerprint of honey samples
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Figure 5. Overall discrimination results for honey samples
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3.2.3. SHWH

MIBN TS, A PRI E R AR, P AR A, AT A3 3R IR PR,
T EUL AR 1 7 W L BT v i A B AR 8 FI B Ros 0B N BEHE R M R 2 S, FL /LA 1R300 i 1t 2 [
A TR R TR B 1) RS AL (151 O A O BT 44 , I AN IR AR L 17 AR R 1 BT, AR IR EE RS
S B8 1) 7 00 P BELRR /S I B 28 [ 28 AR A Ry IBIT AR S = Ry/Ry — 1 KAt B4 BB ye i i BE B 1
(1 B AE S

{E R S — A R AR B ik v, 6 AN RSB 2 P A B, AN DI AL PR R /N TRV R
BHATIX Ay o ST ARMEI SRR A TAE, BARTE, X0 B R W) AN [R1 20 4 B30 B 1 i) A
[, R IR 8 DU b Aok S8 BN B 1) TR 0 e B P R AT SO, T SRASHIE B R RFAE AR S0 T L
W) FH i S TR e DA S I AE AL P2 4 v PR 8 T R DX 43, A5 B PCA =5 043 R 448 43 BT 125 RE A% S ki
BERFIE SRR BB 1 TR0 HT, AT 20 28 ot i 2 1 10 B 11

3.3. &g

Lo BRI AT, 6T AT B B b R AR AT DR 2R T 9K B - SRR B
JEE B 51 T o e B PO R VR BB AT ARG, M 2 Bl Bk A BT AL B T A5 e SRR AE R R S0, S
X i s R A SRAERPIE, A R A AT — A P B R T S B 2 R A R S X 7).

BB

AR FEAEE] T CNTC i H 1 3 H (%05 2016 TX04) . 78 ik s e b RBHEL K2 7 Al o
Mt XRD RAEE SEM JESRRAL, Bkl R -5 48 H AR [ 5% 8 55 S2 080 = S0 FF o
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Table Al. Response data for honey sample # 1 (100%)
F AL 1 SHEEH R R EEE(100%)

Sno;, TiO, 1,03 WO,
4.6366 1.3704 5.0813 8.2754
5.4520 3.1439 9.8803 16.2445
2.6425 1.8806 4.5664 8.9290
3.0277 1.7019 5.1269 7.5404
3.1407 1.8301 5.1257 7.8455
Table A2. Response data for honey sample # 2 (100%)
T A2. 2 SHEE R AN R {E B (100%)
Sno, TiO, In,03 WO,
12.0060 4.9103 8.3466 11.2604
11.6534 4.3735 7.6051 11.1665
10.2663 3.6344 6.3097 9.4132
9.6753 3.7771 6.0273 8.8335
8.5354 3.2612 5.1140 7.9519
Table A3. Response data for honey sample # 3 (100%)
= A3. 3 SHEEHE MmN R {E H#E(100%)
Sno, TiO, In,03 WO,
7.2320 8.8913 14.0480 12.0973
7.0027 9.0376 13.3656 12.2194
6.4715 8.1774 13.0909 11.9358
5.9608 7.9844 11.6575 11.0777
5.8457 7.5435 11.1982 10.4008
Table A4. Response data for honey sample # 4 (100%)
" A4 4 SHEER A R {E B (100%)
SnO; TiO, In,04 WO,
8.2476 14.6626 21.6422 18.5565
6.8561 10.4308 17.8638 15.0058
6.5820 9.6441 15.0924 13.8650
5.5069 8.5077 12,8854 11.7461
4.8233 6.7398 10.9928 10.2555
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Table A5. Response data for honey sample # 5 (100%)

= A5. 5 SHEE R AN R {E 2 (100%)

Sno, TiO, In,03 WO,
4.0279 6.8816 6.7859 6.8509
4.2042 5.2623 5.7428 6.4906
3.9315 4.7204 5.2588 6.1216
3.8766 43730 5.2664 6.0962
3.3553 3.7699 4.3041 4.4843
Table A6. Response data for honey sample # 6 (100%)
5 A6. 6 SHEEEHE SR R T HE (100%)
Sno, TiO, In,03 WO,
5.4857 7.7214 8.8110 9.8178
4.6216 6.6354 7.7990 8.6310
4.6230 5.7807 6.9656 7.7566
3.8365 5.3898 6.2130 6.9879
3.6269 4,7394 5.7907 6.4626
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