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Determination of Odour Substances from Three Adhesives Based on
HS-GC-MS and Sensory Evaluation
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ABSTRACT: The work aims to evaluate the volatile odour substances in adhesives used to paper packaging materials and
their effects. Three adhesive samples were sniffed by ten sensory evaluators to assess odour intensity. The method of
headspace-gas chromatography-mass spectrometry (HS-GC-MS) was applied to collect data on volatile substances.
MS-DIAL deconvolution, NIST mass library and retention index were used to conduct qualitative analysis on the sub-
stances. The relative content of peaks and the relative odour activity value (ROAV) were calculated to determine key
odour substances and their impacts. The results showed that the three adhesive samples had distinctive sensory effects. A
total of 45 volatile compounds were detected, mainly including esters, alcohols, ketones and aromatic hydrocarbons sub-
stances. Eight key odour substances, for instance butyl propionate, butyl acetate, 3-methyl-4-heptanone and ethylben-
zene, were determined, which mostly contributed to the odour of adhesive samples. The odour intensity from adhesive
samples mainly originates from the complex chemical components, which should be paid with great attention during their
production and processing.
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Har, BREF LA e e 2Z8) 1z
5T, Vera ZEMNffi T 25 [F AHAEHL ( Headspace Solid
Phase Extraction, SPE ), Th%s [#A## HX ( Headspace
Solid Phase Microextraction, HS-SPME ) 15 4H (41—
ML i B 1 ( Gas Chromatography-Olfactometry-
Mass Spectrometry, GC-O-MS ) X} F T & 5 2% 4
B ERAE RS (HM ) | SH6-BSTR 3R Y ( VAE)
it RO OHEBE (PVA) JiE . PI&RR (ACR) A
TEM (Starch ) BEAEH R L MEA LG WA T 058 73
B, & 3BV AN (] 288 78 Jie 266 AR o 22 vt R Az )
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1.1 ##

FEAEL: 3 PURRIAE S, 5 A1—A3,
ELRBE S R R AR LR 1.
1.2 KFI 5[

FERA . EMERE (C7T—C40 ) RA IR
(1000 mg/L) , Sigma—Aldrich 5254 R/ #] .

FHAULS . 7890A-5975C A AH (03— [ 1% 166 1
1%, 7697A BT =S JEAERS , 2 Agilent /A A ; AR224CN
AU IOF, i N S {3 A FR A |] s DRK203B
ARUEA, v I e i v { X A R

1 HRPEFEAERHEEER
Tab.1 Details of adhesive samples used in the
present study

Zh B/

i HEmR ESE/% pH
(mPa-s)
afi s
Al ﬁiﬁi‘ﬁﬁﬁ 56.9+£0.12 2 051.7+£18.41 4.52+0.12
L
A2 ?Ll%@?ﬁi‘ 52.2+0.08 8 400.0+86.41 7.72+0.05
AL
RS
A3 (k/;,é/jﬁﬁ 52.9+0.36 8 100.0+£81.65 8.06+0.05
FLE

1.3 N=_&HE

HS 4. S fi 15 5 AN S iy B 8] 43 1) 15 o0
150 °C .30 min; & 1 ¥ il B ML 26 IR B 0 591 R 160
170 °C; FERERFTR] . H 3 -k [B) A GC PG ERA ] Ay
0.5. 0.5 1 45 min,

GC £ i Agilent DB-5SMS UI ( 30 mx0.25 mmx
025 pum) O3S SEAT YR 4> B RIPERE O R U
250 °C, BEAASAIERNBA, OIEHEE RSN
1.0 mL/min, N R#FEREE R 1 mL; HEMARATHE
R, PIURIREE R 40 °C, $F4E 2 min J5 L4 10 °C/min
1) A T T & 280 °C, /4% 6 min,

MS & BT . VOB RIS a2 T B o 3] i
A 230, 150 1280 °C, EI HLEHERE N 70 eV, 4
FH B ETEE (m/z) H 35~550,

1.4 FHik
1.4.1 AR ¥EN K A & Ak 38

RIBHC15.0 g IREEFIAEM (A1—A3) £EHE
90 mm. HEHN 16 mm IR E RIS, B
FEIRFMALH N W5, PEATRE SR ) R L
1.4.2 RPFNRIEMNFRAE

PERE 10 DR 51, 43501 % e 26 AU i R A T
MRHEIF I o VRO HE IR DL R EN R T . ok nR B 2 b
E AR 0 43 BEERSE S AR H TCIR I 1
g1 R B R W R 2 4 S SR
WRIEIHT N 3 4y BASRAUREHRIE TN 4 50,
1.4.3 GC-MS it # G412

g3 1a] 20 mL T ZS AR P HERR I 1.0 g e %6
FIEEST (FEUEZR 0.001 g), BNFEMER 3 1 F1T,
FrHEfT HS-GC-MS 4387 -

1.4.4 MS-DIAL EHES

SCrP g NIST %)% . MS-DIAL 454 1% B 551
5 B E MR AT HT BB R B R R R AR S . BB
100 pL i B B IEA BERAR M W 10 mg/L )T 20 mL
TG 28, R BRS04 (1.3 1) d617
A PFREI . FIF GC-MS ChemStation T AEVE & IF
10K 45 IE M e IR Y H e B RO RE sk 0], PR B 38
QiR -
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MS-DIAL( http://prime.psc.riken.jp/compms/msdial/
main.html ) BEXTEGERIEFI TGN HEAIERTST, S50k
BTN BEAHUEKES MS 2S5

(40~550 u ), WEFRFAELSR/NEE D 2 0005 WA 5E PR OR
FTREA 220 20, Ffitb 250 0.5u, EI U
HRLEARMLT 80%, BRI TAILT 80%; 44 g {7
P I () FEAT X 55, PR P I () 25 2280 4 0.075 min,
EI HLBSRE  AHUEE R T 80%. 38— Fa i e X 5% i Pk
4R, WD, R AR AR, BRI
FRIRE L TC R ) 350
1.4.5 HENSKFEEETENTE

SCR LIRS BRIGPEE (ROAV ) RIEPEN AR
JER AR i SRR A STk AR U SR A
Xof WA TR RR 2 e e % 2 R e T AR 5 e T AR 9 ) —
PP, JFRYEC (1) TS 2IH ROAV, Hifr, 4
FARYIT ROAV=1, RICHIZY TR RTAE Sl (13
PRSI S EZ 5T AE A, S0 H ROAV=10
AR B by B O ) R B R M R B

d
R, =100x 2 x ¢ (1)
Cl X

A RN TGS (ROAV );
o MW A I AR B i, %; o SRR (i
= ROAV #1J51 ) BIARXTIETE A & i, %; d AR
R R, mg/m?; d N2 IRY) A SR B (E , mg/m’,

2 #FERS5HMH
21 RBESH

10 £ 003 G AL IR 3 IR RIRE Sl A TR
SREERYIEAL , AR 1 F7R . REBOFH LR EE
AL BYSRSEE /N T HAR 2 FhEEA B SRSRIE , IR HS
URICER ORI . 78 3 Fes b, IERRIRE b

A3 BRI o XA B X HRE R A B
PIET, 3 FEES (A1, A2, A3) AYPESM(E 5
h 175, 240, 3.15, VA FJERESSREN, 3 FhREE
FEM B ARSREIEANTE AT, R A3 IS REFIF
SR, FESD AL R A2 FRERIL AR TN Uk

2.2 HmHpEXKEMRS

XF3 B AR R A R YA A W AT
HS-GC-MS 431, HLUnkedh A3 H kb S i e
TURELE 2, SRIEHIH MS-DIAL #fA Rk i o ey
TR TR e PEDCRC AT SFAR R, KR A
BRGERHRX A BRI ( https://www.flavornet.org/ ) ),
FEHIF R AR B AT TR & 8 ROAV, H
FAERHA AR, 255005 2,

1 3 PR FIRE S, Zad MS-DIAL 43#r 1 F
kAT, b ErEn 45 MEL LAY . Hid,
FEA[ SR 15 PR . 7 RS R . 6 FhEESE
&Y. 8 PR ZSH b AW AL A 9 Rk B, 0
Bl 3 i, Bk 2 R I 2 A0 0 %) AR i i AR 38
1, X 0 T AR R ) P R R L BRI DS A A
Yo RS AL PIERSS . ERREE AL A i AE T
LS 4000 R 35.00% . 26.72%F1 17.64% . A 5
A2 FEEREERAEY (72.00% ), HKEELRLE
Y (23.34%), L, FES A3 TPRYERE FIEE 1L
B AR 0 TE AR 5 50.00% . 40.61%.

3 TS AR v RGN S 8 v AR X 0 T L
BB G LA TR T HE IR Tl . TR T HRSE,
SRR . ARG NS 1 R, LR L BRxT
R S AR PR TR AR i AT B i ke . LAk, 3 FhRE
s FPERIN R A Y, 5 O T FRAFER IS
FNREA M TALEN . 7ERES A2, A3 RN /i
PP TR S, ATVE A = BB R i B A L . TR
RS oE TR v i 22 36 O BN I R ok 14 A B 7k
AR HARERE, ERES AL AR 2, 2, 4-
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Fig.1 Sensory odour evaluation of three adhesive samples
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FEIRIRIE | VRIB AR IBERA b VR R P, AEFLI
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2.3 SKMEBESH

2R ZR Y XU B S5 19 3t R0 SCRa , SC R B A 4%
KAV G PRI TE s 22 ARy R (L&
2), FESL AL Y 2-CU R (19.29% ). NBRS T fig
(8.55% ). 2, 2, 4——=HIH1, 3L WS T RES
(8.55% ). LIRTTHE (6.72% ). 2—2FHi (5.96% ) %
AR B AT B AR I T AR S i, T RR A A2
FEARY LT TER (15.43% ) FINIEER T e

80

(9.72%) %, i A3 WY FEZESRY) R N IR
TTHE (34.97%) FINR TES (11.25% ).

IR TG, RS THEE . NER T HEA TR T Mg nl
AESEoR [ I BE I RE S R RI AR B, o B M B 1)
AR | BHBR B AL AR R SR SRRRE . AN, BARHR
R [ 2> 175 3% LE g 2R AL A W 38 2 RN 28 5 31, A
I Z2 BRSSO W i 1 Sl 5k B PR R BRI
i, B EER S KB AR TR A SR Z AR . AN, T
TRl FE AT RE ST B — S8R B A R TR 90 I, DT 52
i) SR 5 0 0 B A 7 i B SR A MR TR IR S
Fit ELAT A N SRR AR, (EZ % R 8 A T 0
ME R, DA AR AL P AR A A R AR R A
MR . — e IF IR LAY, Hena] R
CFRAE I H PN ) 55 B

W5, ¥ ROAV KT 10 fRY) FAE A e Zh
FIRE S EEA R STk R, LA 4, 2-CF ., A
FRSE T HE . 3—FH JL4-peli . NFR T HEAN 2,2 4-—=H
FHo-1, 3R EENUT T RER SRR Al B EZR
Mok, Hidp 2,2 4-—=H 31, 3 T EEXUT T FR IR
HA AN ROAV, RIH —FPEWREHIE, SR, £
i A2 BYRBE FE T 3-H R4 (ROAV K
100) HYZKIRBR . NIR S T ER AR BRI IR,, o2
AR FU S B RIRERES R, MR TFES A2
RO B B AR . FESY A3 I R ESIRY) R S A
i A2 P EARAL, IR S T TR Y ROAV e k.

ZE LRTIR, 3 R ERFIAE G AR ERIEANTR], B
b A3 FIRES AT TR 51 3R R HE S5 s AR AR A9 i
BE o BCE VRN A5 SRS AR Y TR I ) 25 R B — 3K
M, BEMEAH ERRCIRE . EAEEANE, FE A2 I
A3 MR 27 R H A BEE ROAV & LIS R 1A,
WA [ (1R 5% BA R T BE AR AR, T AE SCHR A LURH X i T
BUEAT AR T i, 2550715 R SR T 45 R AN
WEME . BB IR HS-GC-MS 77 I REME 1 20 B
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Fig.3 Relative peak area content of different volatile compounds in adhesive samples
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Tab.2 Analysis of odour substances in three adhesive samples
po— Al A2 A3
SUNE /
G LB CAS Ak AR — i i
(mgem ) RRH ooy IUREA - poay STV oAy
NS5/ % &5 /% NS 3= /%
1 ZFRTHEE 123-86-4 /KIEBR. Fiek 0.7 6.7240.222 1.57  15.43£0.129 19.08 0.31+0.030 0.14
2 NERSTHR 540-42-1 BN S 0.11 8.55+0.407 12.73  9.38+0.115 73.80 34.97+3.402 100.00
: z
3 TWERTHEE 590-01-2 EHHEQ;I%‘ 0.19 4.61+0.115 3.97  9.72+0.022 44.28 11.25+0.592 18.62
LR AVR
] N N
. 4 TS TE 539-90-2 Eﬁ% f% 0.0094  0.00£0.007 0.08  0.08+£0.003 7.29  0.06:0.002 2.08
i SEJ B BRI
e
o0
5 T]RTE 109-21-7 TEAT bR 0.028  3.89+0.256 22.74  2.29+£0.021 70.90 3.01+0.075 33.78
J A=
6 ng‘”ﬁ 103-11-7 Ml <k 0.55 — — 0.01+£0.001  0.01  0.18+0.013 0.10
= E]
2,2,4-=H
H1,3-%
7 6846-50-0 U 0.014  8.55+0.878 100.00 — — — —
TENSRT
R i
2-H -1
8 i i 105-30-6 FiMk, AR  0.10 1.96£0.249 320  0.04+0.000 0.37  0.01+0.001  0.03
w 9 IECE  111-27-3 TR BT 0.034  0.0840.040 0.37  0.08+£0.002 2.09  0.01+0.002 0.08
703
N bl] Zily
10 2-Z 32 104-76-7 VR 0.8 0.26+0.031  0.05 — — 1.50+£0.092  0.59
T
11 2-C' i 591-78-6  NHHA M 0.098  19.29+0.785 32.22  0.03+£0.001  0.25  0.02+0.002 0.07
. 12 FGER 120-92-3 Al EEER 31 0.22+0.062 0.00  0.07+0.012 0.00  0.05+0.080 0.00
P'S 3-HiJk—4-
13 i 15726-15-5  JKAF:Mk 0.001 8 0.23£0.049 20.85  0.21£0.002 100.00 0.50+0.019 87.27
b f —hi
14 2-°FFR 111-13-7 EE’EJZE@E‘%@% 0.23 5.96£0.166 4.24  0.06+0.005 0.22  0.01£0.001 0.01
A~ )
15 HEE 98-01-1 ”4%‘;635 2.8 0.05£0.027 0.00  0.03+x0.002 0.01  0.09+0.006 0.01
S T
4 AT R
16  FEHEE  100-52-7 Bk, F4. 0.085  0.34£0.045 0.65  0.19+0.006 1.95 0.67+0.056 2.49
LS
H A il B (1
17 2 108-88-3 Eﬁm%ﬁ?m‘ 0.30 0.31£0.044 0.17  0.93+£0.005 2.68  0.2840.005 0.29
18 V.S 100-41-4 R 0.026  1.11£0.019 6.96  2.01+0.013 66.91 4.05+0.199 49.01
" 19 [BHZX  108-38-3 PR AU 0.18 0.03+0.013  0.02  0.19+0.002 0.93  0.18+0.015 0.32
s
20 AFHE 95-47-6 5 A 1.6 0.27+£0.018  0.03  0.09+0.001  0.05  0.61+0.007 0.12
21 HHA 98-82-8 FFR 0.041  0.04£0.023 0.16  0.13+£0.003  2.69  0.55+0.045 4.25
3 1| & 1k
22 IEEAE 103-65-1 Eﬁm;‘iﬁm‘ 0.019  0.05£0.015 0.39  0.10+£0.002 4.33  0.42+0.034 6.93
e TR P AR
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