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Determination of Odour Substances in Metallic Ink-printed Paper-
boards by Headspace Gas Chromatography — Mass
Spectrometry with Chemometrics Approach
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Zhuhai 519070, China)

Abstract: A headspace gas chromatography — mass spectrometry (HS/GC — MS) with chemometrics
was developed for analysis of the main volatile substances in three raw paperboards and three metallic
ink-printed paperboard samples. The volatile substances in sample fragments were analyzed by HS/
GC -MS, followed by MS — DIAL deconvolution, NIST mass library and retention index match.
Meanwhile, the relative contents of peaks as well as the relative odour active values (ROAV) were
calculated to analyze the key odour substances and their impacts. The results obtained showed that,
a total of 63 volatile compounds were detected in all paperboard samples, of which 46 volatile com-
pounds were identified, mainly including aldehyde, ketones, alkane and alkene substances. More
aldehydes and ketones compounds were found in the paperboard samples printed with different metal-
lic inks, affecting the overall sensory evaluation. 19 key odour substances were selected, including
benzenaldehyde, n-octanaldehyde, (E, E)-2,4-hepadienaldehyde, n-decanol, 2-amylfuran, and
their models of principal component analysis (PCA) , orthogonal partial least squares discriminant
analysis (OPLS — DA) and hierarchical cluster analysis (HCA) were established, showing that the
key odour substances (ROAV > 10) had unconspicuous effect and distributed in different raw paper-
boards and the metallic ink-printed products.
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Table 1  Informations of the card paperboard samples used in the present study

No. Type Sample description Printing density (mean + SD, n=3)

Pl Coated paperboard Solid bleached sulphate(SBS) 296 gram ="

P2 Coated paperboard Chemi-thermo-machemical pulp(CTMP) 300 gram -

P3 Coated paperboard Coated two sides(C2S), 300 gram -

Gl Gold ink 1# manufacturer, one-component -

G2 Gold ink 2# manufacturer, two-component -

G3 Gold ink 1# manufacturer, one-component -
P1G1 Printed paperboard Raw paperboard(P1) printed by ink G1 0.71 +0.008
P1G2 Printed paperboard Raw paperboard(P1) printed by ink G2 0.73 + 0. 005
P1G3 Printed paperboard Raw paperboard(P1) printed by ink G3 0. 68 + 0. 005
P2G1 Printed paperboard Raw paperboard(P2) printed by ink G1 0.76 + 0. 005
P2G2 Printed paperboard Raw paperboard(P2) printed by ink G2 0.78 + 0. 005
P2G3 Printed paperboard Raw paperboard(P2) printed by ink G3 0.74 +£0.012
P3G1 Printed paperboard Raw paperboard(P3) printed by ink G1 0.71 = 0. 000
P3G2 Printed paperboard Raw paperboard(P3) printed by ink G2 0.73 +0.000
P3G3 Printed paperboard Raw paperboard (P3) printed by ink G3 0. 68 + 0. 005

* indicates none description; printing density is measured by X rite exact spectrophotometer

1.2 AFEXE

IEMBERE (C, ~ Co) TREFREVE W (1 000 mg/L, fA3%4k) , W T Sigma — Aldrich 57 547 R 23 ] (Hf
)o 7890A — 5975C ARG IE — BTG HAL . 7697A Tz BEAESS (£ E Agilent A7) ; AR224CN HL TR
P CH MBS AR 20 7)) 5 DRK203B B JEAX (55 P 1By s A2 AT IR 23 7)) 5 20 mL T9 2 3 ( S
Agilent 28 H])); MS — DIALZRAE, JiiAS Version 4. 48( H 7S Riken W 43228 AR |
1.3 /&K H

Tz 60, SPATIRE . 150 °C, ERIEEE . 160 C, L&A 170 °'C; AN : 30 min;
GCEHABITE) . 45 min; FEFERTE]: 0.5 ming JEJEHBHE] . 0. 5 mins
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GC %4t Agilent HP — SMS 4,845 (30 m X 0. 25 mm X 0. 25 wm), JE#EFELITREE . 250 °C; &1
WL 230 °C; PURRATIEEE: 150 'C; fRHIZRIEE: 280 °C; A . AR, W 1.0 mL/min; JFFEE .
I mL, A5ri; FHEFEF: WG 40 °C, {#FF2 min, LL10 C/min F+% 280 °C, f#%F6 min.

MS A HET: Bl WERER: 70eV; WHIER: 3 min; FUEFRITER : mz 35 ~ 550,
1.4 XIGFHE
1.4.1 FHEROE GRS EEMAEL S5 mm x 5 mm B, S BIERFRE2 cCHHIE0.01 g), TN
20 mL I02S BERE G S L, RRINE . RIS PATI0E 31K,

1.4.2 FRBIEHITE BUEWRERFRESTEER 10 mg/L, BU100 nL BIAZHEHORE S, #2 FaRss
I S A TASIN , ) FH MassHunter TAESH NIST 17 35 M2, Ffic sk IEM G 10 H A 8 % (- 5 1)
), RAHGHETHR ARG ERS TP SR EIRE(RD , HTHEFEME" ",
100(t, — ¢,)
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[8), min; 1, FRERECH n+1 BYIER) SRR PREEBSTR), min,
1.4.3 HEXNSKEKEEEENTE R IRGEPEE (Relative odour activity value, ROAV) A
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! %, d,
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AEIRIEA AR . RN, S5 A ORI IEEORINIST B E M . BB EHRZEAR “Centroid data”, i
BOATIER 4740 ~ 600 Da, He/MEETEE #2000, 7ECREIEENAZEME P20, Fifaftb A 2Z{E40.5 Da
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2 #HR5IL

2.1 HREFERPELZED RS
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Fig. 1 Total ion chromatogram of volatile compounds in typical paper sample(P1G1)
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Fig. 2 Categories and their relative contents of volatile compounds in raw paperboard samples
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Table 2 Analysis results of odour compounds and relative odour activity value in all paperboard samples

Sensory thresh- Relative odour active value(ROAV)
Odour RS
No. Compound characteristios?! old in air
(mg/m®) P1 P2 P3  PIGI PIG2 P1G3 P2G1 P2G2 P2G3 P3Gl P3G2 P3G3
Alkanes
1 Tridecane Alkane (BElRBE) 42.00 . - - - - - - — — - — -
(+=%¢)
2 Tetradecane Alkane (SEfEH ) 5.00 0.05 0.52 0.02 0.12 0.12 0.01 0.39 0.17 0.17 0.05 0.07 0.08
(Fruke)
3 Hexadecane Alkane (BEkEE) 0.50 - - - - = - 085045 07 050 1.20 2.39
(F75%8)
4 Octadecane Alkane (et ) 0.02 .06 435 563 0.49 0.48 0.09 3.58 1.99 4.59 11.93 22.91 37.80

(HA\%E)
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Sensory thresh- Relative odour active value(ROAV)
Odour )
No. Compound o) old in air'
characteristics (mgm®) Pl P2 P3 PIGI PIG2 PIG3 P2GI P2G2 P2G3 P3G P3G2 P3G3
Olefins
5 1-Heptene - 1.50 - - - 018 0.17 0.03 - - - 0.01 0.24 3.49
(IEPEH)
6 Styrene Balsamic, gasoline 0.14 - 18.63 - 008 1.27 0.02 9.52 7.33 5.01 0.83 10.73 2.27
(RZH) (B . TUhR)
7 4-Phenyl-1-cyclo- Pungent odour 0.01 - - - 280 574 0.4 - - - 5.60 29.09 40.01
hexen (4-74 J- RIS
1-HR )
8 1-Decene - 1.50 - - - - - - 046 030 043 - - -
(IEZ%05)
9 Undecene Wine (157 ) 570 - - - - - — 0.003 0.002 0.002 - - -
(1)
Aldehydes
10 Heptanal Fat, citrus, rancid 0.26 0.86 3.3  0.20 1.36 1.44 0.61 2.00 1.28 2.17 0.72 2.41 5.81
(BEEE) (Befitk . MG
TR, BRIUE SLIR)
11 Benzaldehyde Almond, burnt sugar 0.61 0.62 28.01 1.08 0.65 1.79 0.33 11.56 12.51 8.73 1.44 10.04 4.06
CRHTEE) (kL Fahing)
12 Octanal Fat, soap, lemon 0.02 5.77 10.35 0.15 14.8014.83 5.61 - - - 13.0325.6041.05
(IESFE) Gi7 SN = SN
Frliok)
13 (E,E)-2,4 Nut("RHAFER) 0.06 0.04 45 111 - - 113 - - - 114 0.81 43.00
Heptadienal
((E, E)-2, 4-
BT
14 m-Tolualdehyde - 0. 60 - - - - 021 - - - - - - -
(Ji] F R T )
15 Nonanal Fat, citrus 0.02 19.76 100.00 18.16 26.77 31.20 8. 34 100.00 100.00100.00 24. 10 58.80 100.00
(T-8%) (BRI . M)
16 (E)-2-Nonenal Cucumber, fat 0.0036 4.25 96.62 2.05 15.0116.76 7.37 - - - - - -
((E)2-THl)  CEJRBR ., RIR)
17 Decanal Orange peel, lemons 0.0026 19.76 100.00 18.16 60.38 56.27 9.22 - - — 100.00100. 00 66. 84
(551%) (RERZIR . A5k)
18 (E, E)-2, Fat, fruit 0.0002 100. 00 - 100 100 100 100 - - - - - -
4-Nonadienal (R 7))
(E, E)-2, 4-
T IR
19 Undecanal Citrus (AT 0. 14 - - 017 0.49 0.63 0.08 - - - - - -
(%)
20  Lauryl aldehyde Oil, piquancy, 0.01 3.07 17.13  0.99 9.87 9.61 1.24 20.01 8.51 5.49 - - -
(1) sweet (VIR |
FHRR . FITA)
21 Heptenal Biscuit, cream 2.40 0.05 - - - - - - - - 0.01 0.02 0.96
((E)-2-PHiil)  (PRFuk. Whidingk)
Ketones
22 2-Heptanone Soap(IL ) 0.02 .48  0.21 6.54 12.3416.05 3.34 6.16 4.98 5.39 7.28 51.5745.44
(2-B )
23 Acetophenone  Must, flower, almond 1.50 0.07 2.87 1.03 0.04 0.41 0.38 1.77 2.46 1.43 0.45 3.31 1.36
(CRZT) (€17 S N
)
24 Fenchone Fruit, flower 2.30 - - - 001 0.2 - - - - - - -
(1) CRAE . L)
25 2-Decanone - 0.11 - - - 0.30 0.33 0.05 - - - - - -
(2-%5Tii )
26 2-Nonanone Milk, soap 0.03 - - 0.36 - - - - - - 0.78 10.98 2.32
(2-T-fii ) (5 . HERRIE)
Alcohols
27 Heptanol Chemical 1.00 0.03 - - 0.06 0.07 0.46 - - - - - -
(IEBE) (i)
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Sensory thresh- Relative odour active value(ROAV)
Odour )
No. Compound characteristics old in air
(mg/m®) Pl P2 P3  PIGI PIG2 PIG3 P2GI P2G2 P2G3 P3Gl P3G2 P3G3
28 Oct-1-en-3-ol Mushroom 0. 05 0.12 - 0.07 2.61 2.3512.14 - - - 1.06 2.9432.72
(143 CHEZEMR)
29  2-Methyl-3-penta- - 0.42 - - - 0.01 1.47 0.19 - - - 1.05 9.33 9.52
nol (2-H1 ££-3-%,
Ji)
30  2-Ethylhexanol - 0. 40 - - — 0.70 0.80 0.07 3.68 2.78 2.24 1.55 5.78 3.78
(2-ZHEC )
31 1-Octanol Grease, citrus 0.02 0. 36 - - 7.24 4.33 1.49 - - - - - -
(IEFEL) (iR AR )
32 Decan-1-ol Flowers, grease 0.01 - - - 28.827.07 1.79 - - - - - -
(IEZ8ME) (7 . AEMR)
33 1-Dodecanol Grease (JHARER) 1.20 0. 04 - 0.01 0.04 0.05 0.01 0.22 0.01 0.07 - - -
(O RERE)
Esters
34 Methyl palmitate  Grease (HI§ 1) 2.00 - - - 3.293.77 0.83 0.01 - 0.31 0.02 - 2.18
(AR H g )
Aromatic hydrocarbons
35 Ether - 0.03 - - - 6.75 1.15 0.5029.419.30 9.72 - - -
(%)
36 m-Xylene Aroma 0.05 - - - - - - 11.034.72 3.91 - - -
(] ZH2%) 7 &)
37 Cumene Aroma 0. 04 - - - - - - 2.88 1.50 1.34 - - -
(5NH) OF FFR)
38 Naphthalene Tar(£EIfIBR) 0.45 0.14 1.74 0.36 - - - 0.17 0.03 0.16 1.07 3.36 2.62
(%)
Furans
39 2-Amylfuran Green bean, butter 0.27 3.11 8.8 1.86 5.48 6.1731.444.02 2.34 8.52 1.67 5.49 73.58
(2-peHEnkmg)  (FEW . Jhmok)
40 2-Butylfuran Pungent odour 0.01 - - - - - - 9.72 8.7017.92 - - -
(2- T HEIk R ) CRBPE R )
Other
41 1, 3-Diaminopro- Ammonia 12 400 — - - 0.03 0.03 0.08 - — — — — -
pane(1, 3- (A5
)

“—" indicates no detected or none description; sensory threshold for the air medium is used only

PFERR 47 % AL G PR AR AR R TR e b, B 3 B, AEER R 3 FiCAS 6] 20 7342 Je Tk
(Gl G2, G3)JG, AMRFES BRI, WEMG AL Sl R3S, B2 . ESR AL S A
RSN, ML A . BRZSORRT S R TC AR, MikER 2 b A s b . P1ATHRED i
A G35, WRIRZRAL SRR & B IEH) 22. 07%, X— BN & BAMLEIAE IR A PR G3 &
ENRIE 4k (P2G3 . P3G3) . IbAh, AHELJEAGHR, P3G3 HkmZib SR &8 4 21. 94%, P2G3
HHIR I 2 A AT 8 R 9. 66%. ARFEPIGT. P1G2 HEEZM B AH T A 5 2430k 13. 58%. 16. 51%,
M P3G1., P3G2 AL AP HIAENT &5y Mk 21. 24%., 24.22%., P1JEARHAH L S ANFI R R 40, 15:
2L A PR A S R, CE P32 S AR S R s Ol 17, 19% ), 2l 53 il 25 G3
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A [m] S AR AR B FO T A ED ARz [ A4k 5 B W B 28 5 o TEAH IR ARAR AR S, A PIGL, P1G2,
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R 2 A A, AE P2 JRARAR P A AR, JRIRAE BRI AR AR R R Y, X VT RE A SR AR
B, KA 2. 3FRAMRINAEFEE S AR R Arr T, Hpit S EmEk .
2 LA B R 254k A 1 8 2 S M S i DA
2.2 RIFEPFXBSHEI RS

ARSCEE p AR T ROAV 7E 10 LLE R 19 F SR, A A RAFE AR I i 20Tk
Wik, MEARTR, ETAESGREY, TR, (E, £)-2, 4-T 058 . (E)-2-TWEE 2R BAT ) At
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BRAH S SRIE VR . EEAE P2 AR B HL BN R H B A & ey, RV e 0 R B {4
H, WESWNIVERL (E, £)-2, 4T 2058 (E)-2-TMEERIZSRER) SR BIE AR, ERKRET
WS ANIRGEE, Y FURE VRN HA A RIR RKHE, FEONNENE . L RWREAER, o]
FE AL X AR T A 2 D DA VR 45 SR ) SE SRR . Wik 2 R CAARIR LR b O E S ) St
HRERIETAGKA L | AR AR b S B ERoR T 4 T B R AL 59

918 101 263 1199 919 314 260 147 174 1103 502 318  Alkanes 520
=
: 15

000 005 060 183 229 066 375 365 331 067 281 574 Olefins
10

1323 515 1260 1358 1651 894 1049 1325 1037 = 2124 1263 Aldehydes
5
149 206 | 1719 354 605 214 296 501 295 108 | 1807 420 Ketones 0

089 014 053 548 702 402 184 148 128 | 1057 1354 754 Alcohols
000 000 004 037 032 25 001 000 081 038 00l 470 Egers
023 012 068 LIS 015 019 164 074 076 456 094 030  Aromatic hydrocarbons

7.53 1.33 4.78 9.76 9.17 3.83 241 9.66 4.67 4.52 2194 Furans
0.20 0.39 0.00 0.00 0.00 0.00 1.31 0.76 3.27 0.00 0.00 0.00  Other
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Fig. 3 Heatmap visualization of volatile compound categories in paperboard samples
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s <ol DN RS [ U 18 e I ATy bt B g B & S AN 572 €1 AP ST 6ol N i 8 31
TR AT FORMAE AT, 7 TS AU K i & DX b o 2- )R B AT B ) 5 A
AR, 1 2- T SRR I s Z R A, SRR TR AL SRR F a2 A R
2.3 {kEitE=0H

A R TR R AR b, LIS UE bR i 0 SR TR A SR AR 5 T 25 B e 4RAR A
ZIHZE SRR . K AT (PCA) RO HR AR B HEA T BRAL 7 22403, DU AREHE i &2 e PR Fn 4
E s g E AR s/ 3R A S AT (OPLS — DA ) A2 3 i doe /Bl A A RNE A5 5 B IE A 7 e s 28
ST, DR Z AN RIS S o) B A ShZH PRI 22 552 s )2 RS M (HCA) BERS IS B A AR fk
FAS ERPARIR DS, RIUFEAR Z )R S
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Fig. 4 Three-dimensional bar graph of odour substances(ROAV > 10) in paperboard samples
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