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RYEIZIEHE AR, AT ARG AR (near-
infrared spectrum, NIR) £ H 2L 4k 5% 3% 7 R ( mid-
infrared spectrum, MIR) ", K. AMF| L2040t
BAR A i s h 4oy & R SERE T TR, L1 R
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W 2 R PO BB A . OZBAY 2511 % MIR J7 i 5162
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WA TR bR AT E, I FE R4 43 BT Cprincipal
component analysis, PCA) PV 8 gbria] fOAH K1, F
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M AAMEER AR A ff/h T Fl)H (partial least square
regression, PLSR) i iiklP!, i rig s cp B AL I 1)
PLS jE &4 T, H% NIR Fl MIR BEAT ELERIRL &, 4R
FAER B K EREE ), BRBGIE., TaOIE
TEAF SO0 i B B AL AR bR € BRSO ST R

1 MR5REE

1.1 5 SR

WEE (3116 MEEM, HARITEE 391, BILE
27, VERRE 37, WESEE 13 At E LR
Hi R By A 7 R4 BEFRAES,, Sigma-Aldrich HFE 2
Al B REETT RGN SRR, JEaii ik
Mnwl: ALEvEEs, b IR A EARGRTTEL
Ay KO, dbxb ) &Y. WER. RAEE. B
=R L REERE. AR HIREE . A, itk
B, artran, EZGER ARG R AR SR
FEMEEE (4 99%), Sigma A#]; HEE. 4, ik
af, Vbt TR AR AR IR bRE S, 205 =
99%, Sigma-Aldrich H1[E A S246 = [ il HaiK.
1.2 Y/ MRE

{8 B AR T L A8 A, RS AR HE
AR 3 4 A 34X, 3% [ Perkin Elmer 2~ & ;0318 4
YMC-Pack Polyamine II; Venusil XBP-C18 & i 44, 18
PUN KRB F R AR WAY-2S B H 7B U4 A,
R RLEEAGE A IR AR HX-1050 fHEEHEE, 1t
HAERG R R AR AR 842 B A B AL E AL,
By - J7iE A F; pHit, PB-10, Sartorius; Orion 5-Star
SXZSHMENG W FEE TA A7 Te #rttal
AN IR, AR b A A PR ST A
TERAKS, K ZREAEET LC-20A SRGHAHE
WA, HoAT LC-20AT ¥eflii . SPD-20A il 4% . CTO-
20A 48 LC Solution TAEN,, &gt bR 2 H R A
IKZRUENE, 0.45 um, T AR/RBHECAERA R fHRK
W, b KRS Hunterlab Colorquest XE &
A A%, € E Hunter Lab A& H 10 #r K°F,
J&H 0.001 g, Sartorius, BS223S.
1.3 WA
1.3.1 #H&HRERAAE

KEFEMPIRATEIRAEE . AIEE . A A
o REHIE AR R A A7 TR, B
FRUE) IR 1~2 MR, RS CREE 1 kg, SREEMIME
i LR . SRARFE TSI AT I SR AL B
13,2 $EIH R4

LRI T 4 Bl 116 MRS FIRTRFR, PR
FH R sz D 5 3% g 1 B A A vb i E R g 32 R A
B0 A RIS R R (R, A AT T ot

HEINE ARE. REREAE . SR O IR
HIEIE. BERE. 2R S BRI E 7 VE— (kR %
Pk P, 347 7 E K s

AR, 25 °C; HERER, 20 uLs AT,
25 min; AFURE, 1 mL/min.

Koy RAYOGIE, S0 E RS A2 AR
A I 1 A a0 7RO BRBE: S THC ikl
FIEbRrp 7500 . S GB/T 18 932.15-2003
H IR, A S Ak P R B, B3R
182 MQ-cm. JEMIEHE: ST EEF J5id; 5-F2 F R
1% (5-hydroxymethylfurfural, HMF): /& GB/T 18 932.
18-2003™; FlEER: R MEE, SR SN/T
0850-20001");

pH fH: AR (20+£0.001) g W3 FE 5, FH AR 4K %
IR, EARE 100 mL A&, M pHHlE: RFE:
AR A %€ ;4 7% A Hunterlab Colorquest XE & 343
JEI A E o

PR AL FR AR AR R AN [ o ke 1T S5 4E
AR HER 22, R BMEBEAT T 77 2501 X2 iR
WREEE S RBAT T R i, B RARPRIAI A R . £
315 43 H7 A1 222 BB AR A OriginPro 8.6 F1 Excel 2017 %5 .
1.3.3  £rsbstigsem & PLSR SR 9 5

D kR

U LLAM TS W BRAE AR FE 2, A DU b 32
A — RGBT E BT, AERENER 25~
26 °C. WIEFEMBTHAT IR B AL, iR TAHE &,
MFE AR P AERS 1 h 338 5=k, B AR .
KA MPA {8 BLH AR i 2T A6, XSG B
NIR WAL Rk, 73 A% Quartz, 43Il #% TE-InGaA.
JERE R AR E AR, el R s EE FEY 10 000~
4000 cm’, UESNSL, HEN2mm, SHEA
8em ', FHHIHIE 10kHz, TEETHE 64 1k, FRMIHE 64 1K

HLLAN G KRR S PR AT — R AR T R —
R, WEEEE A= 23~25°C, MESEA L
IK CFERRE SBEAT B BE, 7 RE B L WEHE K AT BEXT R i A
T SERIFENE, RRRASINEE S, A2E 30 s REEAT LI
o KA E AR ALAGIRAL, ARG E
B (InGaAs) fll#%; Crystals Diamond/ZnSe; ATR
BE(Fs Jeik T 4 000~500 cm ™', SREEOLEE,
FRE 4, PR 4em™s UBENSH, RS
B, MFERE ARG 0.5 h B Rk, A shH0
bR 5

2) . LM EREROR LRl

PEBIT . A AT AR ' il B AR o e B8 2 4y 1 58 B RE T -
xR R AR i & &, Sl /MNP R E i .,
ERERRETEEGIE. PAIEEE, I H
MNMEARIE ERE . R EGSMEE %2, RAEHME
) (genetic algorithms, GA) PU#H7 AR B ik, MK
B REIRGIEEE T, RIGEA AR R, RSO
T o Vi oy I A P R R 3 AT T B A% e A /D — e [l 1
(genetic algorithms partial least squares regression, GAP-

LS), HFE7E Matlab FiEH, HKFMAREEEN 100,
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PLETHITER R (CV) FIZE XIS UF A iR % (root mean
square error of cross validation, RMSECV) g Frff g %
PR RN

3) HdEabE

X e A Y AT AL EE . SRRSO A BR . TiAL
B EEFE: P, AR —. Z20iERIE.
AL, ot —MERZ R OTEL G o I AL AR AT
AR, BBk R EEAME R E. DA
D6 E L& FR AR i f /N — Bl 5 (PLSR) € B RLAY,
b, L RMSECV fl RMSEC A2 % i B E i /0 AN

45 7 Hr K A Matlab 7.8.0 # A4, FIH OriginPro 8.6 %%k
FEHEAT BUR 2]

2 GER55H

2.1 EEBUMRYE

X SR B 1A e B o (1 9% A5 A 3 AT 3 L VR A
R Al B AL P S A S BRI, TR AR
AU T ity o e 2 1) P S (L AR i 22, TP X (kAT
T I, VEWAR 1o PS80 v T4 Bl ) Ik iy i

AL PLSR ZE SRR (ARG A 1 o

R 1 2RBEEHFRINTIRUFIERENLE R

Table 1 Physical and chemical indicators description of all the honey samples
HALFEbR FEASL FHME Bttt 2 5 /ME PN E
Physicochemical index Sample number Average value Standard deviation Minimum value Maximum value
FBE Fructose F/(g-(100 mL) ™) 116 39.546 4776 19.634 47.000
#I B Glucose G/(g-(100 mL) ") 116 28.909 3.834 1.559 34.551
JEHE Sucrose S/(g-(100 mL) ") 116 1.487 0.719 0.329 4.402
2 48 Maltose M/(g-(100 mL) ") 116 1.443 0.545 0.403 2.888
& JEHE Reducing sugar RS/(g-(100 mL) ™) 116 69.89 7.51 21.97 78.83
FUBE/ 4 %) 8¥ Fructose/glucose F/G 116 1.469 1.057 0.958 12.590
TEREE{E Diastase number DN/(mL-(g-h) ™) 115 15.32 5.25 5.59 26.90
¥4 H 3L RS HMF/(mg-kg ™) 118 0.749 0.597 - 2.607
1 5% Electrical conductivity EC/(uS-cm ') 118 265.11 185.39 100 708
pH {8 pH value 118 4.43 1.34 3.46 7.22
7K 4> Water content WC/(%) 118 21.94 3.274 16.940 31.768
A FE R Titration acidity TA/(mg-(100 g) ) 118 15.097 7.584 3.347 34.886
ZH B Viscosity V/(Pa-s) 118 3.724 3.180 0.254 16.455
Jii% 2 Proline P/(mg-kg ") 118 293.96 98.09 112 500
% L* Color L* 115 95.29 1.13 92.10 96.53
% a* Color a* 115 -0.358 0318 -1.260 0.100
% b* Color b* 115 3.356 3.519 0.363 13.165

FE A B B R AE 55 SCHR AR A [ Py &1 5 s o 5 1
FARFUS 100 e sek gt ORI, ARG SR A 1 i 2 A
WS R IER, BREAEEAES ER S TSR,
FEMEAIZZ 20 & B AR, HARR TSGR & . 5k
g BAHE, BSR\IRIER (NF 800 uS/cm) s pH
EYEHEIER @A) KodEhme, CERE 17~
18% e Ai, b Al e b 2 — S <20, 4 <24,
ARIRIGPEAR SRR (21.94), H 4 2R s & K
FEEIAR 28, X F B H AL RN R E A
Ry FLUCRE B WAL 7 M X B R AR s AR A Il
P18 15.324 mL /(g'h), T GB14963-2011 F1
8 N STHR A PR ES M, 2 AR 6 R 4R 110 e B i R
i . HMF A& 38 F 48 s BRI AR AL S B R F8 7R =4 T Ak
T B ARG RE R, VAR, (HN 24 50 mg/kg! 7,
HMF [ & & 45 Ut B A0 R AR (1 e 28 b R s v, T B
FEUF. MHRRR T DU B i BRI AR S &, S
i B P R
2.2 ERSTONER

Xof A SR HA R AR S 45 AT E A . B R
B AT B4, SREVEUD B TRy, ATTHI T SRR KR

PRIALR ST, BRI, &2 A8 MELiEFR
SERMH KRB, MRRECN 1, RRTBAILEMR,
N1, RRFEEFAK, N0 RRTEEAMK. Rl
LB, g, mSRMpHE, =FZH, WK
MR B, AN AR T 0 )0 2 e G 2
i, HESREDBSmED,

pH {8 AT AT 52 R 2 00U R A 0%, pH (B BRI,
W RE M. Ky SRESEEEHE MK, Ky
D, MR .
2.3 MEEFIRLIERE
2.3.1 iELTdAER

TS RE SO FE B, 15 380 fr) 4 30 e 2R i I 214
W B 1 RET, RFEMEERES, B PSR,
NIR BIfFfE 2SR, HhZkashseik—i.
2.3.2 wLsRiER

S ERRE S I R AL A A L 2. BRI 2,
MIR i P i (I A i AN %082 NIR £, 2 000 em ' i
LTSGR, J6iEE RE P 1600~750 .
1 450~800 cm™" i [X F) 35 B S W 1 SRBE L 4 R A
B G R, e 900~ 750 em™! AR AR S R AL IX
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e 1153~904 cm ' FHZ I A C-O F1 C-C KRR
1, 1474~1199 cm™' iz Wk B F O-C-H. C-C-

H fl C-O-H 11725 fi¥R5h, 2934 cm™" Fi I [ W U5 s s A
NS EIERR RIS B,

* 2 IBIEAREIRNE X REER

Table 2 Correlation matrixes of physical and chemical indicators

EizEa)

Indicator pH wC TA v P L* a* b* F G S M F/G RS HMF DN
EC 097 -050 —0.67 0.63 0.39 —0.91 -0.94 0.95 -0.19  -0.29 0.57 -0.17 0.04 -0.30  —-0.60 0.61
pH 1.00 -0.51 -0.79 0.60 0.35 -0.86 —0.96 0.92 -0.13  -0.39 0.64 —0.24 0.17 -0.31  —0.65 0.52
WC 1.00 0.59 -0.80 —0.52 0.57 0.51 -047 -042 -0.16 -0.61 —043 -025 -042 -0.06 —0.58
TA 1.00 -0.47 —-0.25 0.55 0.78 -0.61 —0.28 0.43 —0.67 0.27 —0.54 0.03 0.45 —0.32

v 1.00 0.40 —0.65 —0.60 0.61 0.05 0.08 0.50 0.31 —0.01 0.10 —0.08 0.58
P 1.00 -0.52  -0.30 0.43 0.11 0.28 0.37 0.45 —-0.10 0.26 0.07 0.62
L* 1.00 0.81 -0.97 0.17 0.10 -0.52 —-0.05 0.07 0.17 0.44 —0.64
a* 1.00 —0.89 0.12 0.40 —0.63 0.27 —0.18 0.31 0.59 —0.48
b* 1.00 -0.24  -0.26 0.55 -0.12 -0.02 -032 -0.56 0.57
F 1.00 0.18 0.31 0.23 0.71 0.84 0.20 0.03
G 1.00 —-0.29 0.68 —-0.57 0.68 0.43 0.16
A 1.00 0.14 0.47 0.10 —0.26 0.35
M 1.00 —0.28 0.60 0.56 0.29
F/G 1.00 0.21 -0.14  -0.09
RS 1.00 0.41 0.13
HMF 1.00 —0.04

o
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Fig.1 Transmittance NIR spectra of honey
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Fig.2 FT-ATR-MIR spectra of honeys
2.4 LIOMEEEERN

2.4.1 #r4roh ik PLSR AEA!

AL T 17 ANEFRE PLSR R, RS 1 fle Ab i R %
BRER, £ 3 NARKSHN PLSR bR 1. %
TR AR F8 AR R 70 TR (NTR) AT 2L S 300 58 A1 3 5 1
K 3. 4 iR

B 3 B A B ], A A A T AR A OC R K
T 0.9 K4EbR A FHE (RMSEP=1.123 g/100 g) . Sh#/4
%k (RMSEP=0.043 g/100 g). 7K%> (RMSEP=0.497 %) .
% ¥ (RMSEP=0.662 Pa's) . pH{f (RMSEP=0.321) .
BZ) L* (RMSEP=0.471) Fla* (RMSEP=0.150), i}iH
X BEFE AR AR ALRE BE AR AR AT B

MO A O R BB 1, (H A AL ) RMSEP N
49.27 pS/em, FHEIGUFSERIIME (268) FUEHEK, HEWT
FEJFRAEARAE RN A S wEbE . i &
PR AL () A 5 MEAE 0.6~ 0.85 2 [A], RMSEP 43 5| A
1.559. 0.126+ 3.742 g/100 g, ZEE%5E 3 NMEFRAIME
A9 R EOF RMSEP, A4 PLS AR X IX 3 AN F5 b (1) T
Mg vl DAz, (ARAURE AN 2.

i 2 B2 V€ K B (E 1 HMF (1) B8 M ¢ R
RMSEP &5 R, AR FERLZE, TZ: RS A .

MEE 3. 1, Lot ide 28 3 FAL FR AR 1 D e BUE 1 22
B, AR N, WA, R JENE . BMEA AR, K
gy . pHEAMGZERA RIFME &R /1. Xl
FE FENE. ZEE. TSR, R R Az,
ALK FE e F T ol e M. WRHVER BRAE . 2R
FIHMF, 88 Sk R A
2.4.2 dr4rdlkiE PLSR AEA

4 N AR 1S E B AL FTMIR-ATR A I (1)
PLSR IR AL A R 45 5, & 5. 6 g 4% 101 B Ak 35 A 465 704 T
MfE (FTMIR-ATR) A2l S A i . AR
NIR &5 SRR —5, XM B, K. BEER, &
PEL L BIHAR, WS . JEN B A HMF (1) E Bk
EAR .
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Table 3 PLSR model results for physical and chemical indicators determined by FT-NIR

WE Fa bR F AL oAb #E 77 2 eI S FEAHL R BT %
Measurand Number of principal components PCs Pre-processing mode Date set Simple size RMSE(C/P)
s Cal 78 0.931 1.042(g- (100 mL) ")
RHE Fructose 13 SNV Val 2 0908  1.123(g:(100mL)™")
g Cal 79 0.854  1.092(g-(100mL) )
W& Glucose ? SNV Val 2 0.695  1.559(g-(100 mL)™)
Cal 76 0.883  0.157(g:(100mL) ™)
HERE Sucrose 13 2nd D(5, 5)+SNV Val ’s 0906 0.126(g (100 mL)")
gy Cal 77 0.642 0.320(g-(100 mL) ")
3 Maltose 5 SNV Val 26 0.612  0.346(z:(100 mL) ")
S : Cal 82 0.688 3.243(g-(100 mL)™'
LI Reducing suger ¢ SG(7, 3NV Val 27 0.414 3.742225100 mL;’I;
, ; Cal 81 0.944 0.043
SRR/ 7 SNV Val 27 0.916 0.076
0,
A2 W o : T
R Cal 81 0821  3.22(mg(100g) )
W] MR Titration Acidity 7 SG(7, 2)+MSC Val 24 0.783 3.20(mg-(100 g)”')
A S D Cal 71 0.614 53.87(mg-(100 g) ")
Z & Prol + _
& AR Proline 4 SG(7, 3)+SNV Val 2 0.530 54.95(mg-(100 ) )
e . Cal 81 0.618 3.387(mL-(g'h) )
VEREHE Diast b ~
jE Fi A Diastase number 8 SNV Val 26 0641 3.248(mL-(-h) )
Cal 60 0.598  0.318(mg-(100 kg) ")
HMF 3 SG(7, 3)+SNV Val 19 0241 0.440(mg-(100 kg) )
H1 93 Electrical Conductivity 14 SNV & 5 0.983 2501 175(%SS;cInn;)
FJ¥ Viscosity 9 SG(7, 3)+SNV & ? 0080 0403 Pas
Cal 83 0.984 0.172
pH 1 pH Value 13 SNV val ped 0.947 0321
8% L* Color L* 13 SG(7, 3)+SNV \C,";} ;3 83?8 8;2‘2%
. Cal 78 0.898 0.101
{12 a* Color a* 7 SNV+Autoscale Val 24 0.734 0.150
{22 b Color b* 1 MSCrAutoscale Vi > 080 1333

: SNV, bV —1k; MSC, Z LB KL IE; SG, Z Wi T4, D, B3 Cal KR IEEE; Val, BiL%E; C. P 0% Cal. Val [fIfH.
Note:SNV, standard normal variate; MSC, multiplicative signal correction; SG, savitzky golay; D, derivative; Cal, calibration set; Val, validation set, C, P are value of Cal and
Val.
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H Y {HMeasured value/(grmL™")
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Tl {EPredicted value/(g-mL™")
i { Predicted value/(g-mL™")
P (& Predicted value/(g-mL™")
i {f Predicted value/(g-mL ")

a. ALHk b. HAIH c. JiEHE d. 222k
a. Fructose b. Glucose c. Sucrose d. Maltose
5 5 .
£ E s
2 2 E
E 3 = 30
e E 3
= = 5 25
2 2 ks
2 3 £ 20 v
[=9)
Z 2 &
£ £ = 20 25 30
= 55 60 65 70 75 80 = 1.0 1.2 14 1.6 18
& ES{HMeasured value/(gmL™") B EL:{HMeasured value/(g-mL ™) EL5{l Measured value/%
. FHH - HAI 4 22 2 £ R g KRG
e. Fructose + Glucose + Maltose f. Fructose/Glucose g. Water content

W e R IESE; VI IGIESE, THE.
Note: e: calibration set; V¥ : validation set, the same below.
B3 RAE. WEAE. BAR. AR, LRAE. RAB/F A, Ko PLSR AZR FAMA (NIR) A= A 500 S1AH % B
Fig.3 Scatter plot of fructose, glucose, sucrose, maltose, reducing sugars, fructose/glucose and water content between measured and
predicted (NIR) values by PLSR models
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E E 2o e
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Table 4 PLSR model results for physical and chemical indicators determined by FTMIR-ATR
W5E F AR F R AL oAb #7572 e FEAREL R YRR
Measurand PCs Pre-processing mode Date set Simple size RMSE(C/P)
j Cal 81 0.834 1.651(g-(100 mL) ")
B Fruct 5 NV _
ructose S Val 27 0.785 1.934(g-(100 mL) ")
) Cal 81 0.869 0.993(g-(100 mL) )
i Gl _
Hi % % Glucose 7 None Val 25 0.813 1.185(g-(100 mL) ")
) Cal 77 0.870 0.179(g-(100 mL)™")
HERE S 6 SNV ~
ucrose Val 25 0.735 0.240(g-(100 mL) )
poy Cal 81 0.926 0.147(g-(100 mL) ")
# Malt + B
# ZEP% Maltose 4 SNV-+Autoscale Val 2 0798 0.204(g-(100 mL) ")
S . Cal 75 0.757 2.765(g(100 mL) ™)
I8 JF BE Reducing sugar 4 SG (7, 3)+SNV -
ucing sug (7,3) Val 27 0.711 3.106(g-(100 mL) ")
4 } Cal 83 0.905 0.056
RbE = F/G 5 None Val 25 0942 0.043
Cal 84 0.932 0.883%
PANZSE=N
7K 43 & & Water content 4 SNV Val 27 0.925 0.858%
\ o Cal 82 0.973 1.234(mg-(100 g) ')
PG o2 R
W] ¥ %€ B8 Titration Acidity 9 MSC Val 5 0.890 2.333(mg (100 g)°)
s D1 Cal 75 0.632 58.63(mg-(100 g) ™)
Jii% B2 Prol + _
% Proline 5 8G (7. 3)tSNV Val 20 0.443 63.92(mg-(100 g) ™)
- . Cal 81 0.867 1.948(mL-(gh) )
b D
VEN B {H Diastase number 3 2nd D (7,3) Val by 0641 3.033(mL-(gh) )
Cal 61 0.729 0.250(mg-(100 kg) ™)
HMF 4 1ndD(7.3) Val 16 0.555 0.291(mg:(100 kg)")
= . - Cal 82 0.993 16.35(uS-cm)
H1 5 3 Electrical conductivity 9 SNV Val 25 0.926 54.10(uS-cm)
EERE Ve Cal 74 0.895 0.880 Pa‘s
RiJ% Viscosity 5 SNV Val 23 0.907 1225 Pa-s
Cal 79 0.938 0.350
pH {# pH Value 6 2nd D (7,3)+SG (7, 3) Val 2 0932 0381
; Cal 77 0.860 0.449
.7 L* Color L* 3 Ind D (7,3)+SG (7, 3) Val 25 0855 0.439
; Cal 84 0.968 0.057
4% a* Color a* 6 Autoscale Val 27 0.914 0.114
; Cal 79 0.958 0.620
4% b* Color b* 7 SNV Val 26 0.925 0.825
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BEAE (V52 RS A I s (., 0.799, 7, 0.695, RMSEC
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Table 5 Results of GAPLS models predicting proline and diastase value

Eiz oy RiF Tk X IAES TR R 2 AR AL FEAE FE e ViR %
Index Cumulative contribution rate CV /(%) RMSECV Number of variables Sample set Sample size Mean RMSE(C/P)
it 2R KIE 79 202 0.825 38.68/(mg-kg™)
Proline 9371 0206 70 Bt 27 286 0.664 49.57/(mgkg )
o IE 1 1452 0799 2.57/mL-(g'h)"
VER A E 95.18 0218 12 L 8 52 0.799 (mL-(gh) )

Diastase number

Tl 26 1525 0.695 3.02/(mL-(g-h)™)

3 i it

1) KT AT AN G 2 B A 1 T 11 A 0 7 T 1
RE JJBEAT B L. NIR TN RS F 56 = @0 48 An . R BE
(R*=0.908, RMSEP 4 1.123 g/100 g), HEHE (R*=0.906,
RMSEP 4 0.126 g/100 g), /K43 (R*=0.975, RMSEP Ny
0.497%), HS%E (R*=0.935, RMSEP Jy 49.27 uS/cm) ,
i (R=0.949, RMSEP N 0.662 Pa's), pH{i (R=
0.947, RMSEP } 0.321) . MIR Tl 5 & e bR oA -
H & HE (R*=0.813, RMSEP N 1.185 /100 g), # f4#
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SEP $40.043), AER (R*=0.890, RMSEP 4 2.333 mg/
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Rapid detection of the physicochemical properties of honey
based on infrared spectroscopy

ZHANG Guanggqi'?, GAN zhilin¥**, YANG Yang®, GAO Weiman'~

(1. College of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, China; 2. Beijing Key Laboratory of
Forest Food Processing and Safety, Beijing 100083, China; 3. Beijing Convenience Bee chain Business Co. LTD, Beijing 100089, China)

Abstract: Taking 116 honey samples as the research object, this study aims to rapidly detect the physicochemical properties
of honey using infrared spectroscopy. The physicochemical properties of honey samples were determined, including the
carbohydrate (fructose, glucose, sucrose, maltose, and lactose), moisture content, titration acidity, pH, electrical conductivity,
viscosity, amylase value, HMF, proline, and color (L*a*b*). Principal component analysis (PCA) was implemented to explore
the correlation among various physicochemical indexes of honey. Near Infrared spectrum (NIR) and mid-infrared spectrum
(MIR) were used to obtain the three-dimensional information of "compound, aroma and taste" of honey samples. The Partial
least squares (PLS) models were established using physicochemical indexes after NIR and MIR. Correlation coefficient (R)
and predictive root mean square error (RMSEP) were used to evaluate the quantitative accuracy of NIR and MIR indexes. The
quantitative analysis of physicochemical properties was also implemented to compare the quality evaluation. Proline and
amylase values were taken as the indicators, in order to clarify the effects of spectral technology fusion on the quantitative
analysis at the level of information source (data) fusion. The results showed that there was a positive correlation between the
color (L*a*b*), electrical conductivity, and pH, indicating the high mineral content with the deeper color and the higher
conductivity value. A negative correlation between pH and titration acidity, namely the pH was low, while the titration acidity
was high in honey. There was also a negative correlation between the water content and viscosity. The lower the water content
of honey was, the higher the viscosity was. some indexes of honey were interrelated as well. The NIR and MIR models were
established with the excellent ability of quantitative analysis for the fructose, glucose, reducing sugar, fructose/glucose, water
content, viscosity, pH, and color (L*a*b*) (R*>0.9). The R’ and SEP of the model were acceptable for the electrical
conductivity, sucrose, maltose, and titration acidity, indicating better precision in the rapid quantitative analysis. There was a
low quantitative accuracy of amylase value content, proline, and HMF. There was a low accuracy of the improved model for
the amylase value, proline, and HMF after the rapid quantitative analysis. The indexed with the higher prediction accuracy of
NIR were ranked as fructose(R*=0.908), sucrose(R’=0.906), water content(R’=0.975), electrical conductivity(R*=0.935),
viscosity(R*=0.949), and pH(R’=0.947). The indexes with the higher accuracy of MIR prediction were the glucose(R*=0.813),
maltose(R°=0.798), reducing sugar(R’=0.711), fructose/glucose(R*=0.942), titration acidity(R°=0.890), amylase
value(R*=0.641) and Color, L*a*b*. The R, of the proline quantitative model increased from 0.614 to 0.825, whereas the
RMSEP decreased from 54.95 to 49.57 mL/(g-h) after the fusion of NIR and MIR in the data layer. The quantitative model of
amylase value was not optimized during this time. From the perspective of instruments, accessories, and spectral acquisition,
the ATR accessories used for the MIR spectral acquisition were large and expensive, particularly only limited to laboratory use.
The NIR can be expected for the practical application of rapid detection of honey quality under comprehensive conditions.
Therefore, it is feasible for the NIR and MIR to rapidly quantify some physical and chemical indexes of honey. Data fusion can
posed a positive impact on the prediction model in the implementation process.

Keywords: NIR; rapid detection; MIR; honey; partial least square regression; quantitative analysis
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