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Effect of Smoking Materials on the Flavor, Polycyclic
Aromatic Hydrocarbons, and Sensory Property
of Smoked Horsemeat Sausage

JIANG Lei’, WANG Yueli, SONG Jingjing, ZHANG Yanan, DING Zhenzhen, HOU Jichao, GONG Mengxin

(College of Life and Geographic Sciences, Kashi University, Kashi 844000, China)

Abstract: To assess the impact of apple wood, pear wood, peach wood, and cherry wood on the volatile flavor compounds,
polycyclic aromatic hydrocarbons (PAHs), and sensory attributes of traditional Xinjiang smoked horsemeat sausages, a
comprehensive analysis was conducted using gas chromatography-mass spectrometry (GC-MS) to quantify indicators such
as volatile flavor compounds, color, and PAHs content. The findings revealed that smoked samples exhibited decreased pH
and L" values, along with increased a” and 5" values, compared to the control samples (P<0.05), the color of smoked cherry
wood samples was redder and brighter, and there was no significant difference in water content among samples (P>0.05).
Smoking elevated PAHs content, notably phenanthrene and fluorene (P<0.05). The analysis identified 75 volatile aromatic
components in various smoked horse sausage samples, predominantly phenols, terpenes, aldehydes, and ethers. Partial least

squares discriminant analysis (PLS-DA) and variable importance in projection (VIP) highlighted substantial differences in
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volatile aroma components among smoked horsemeat sausages. Specifically, 19 compounds with VIP values exceeding 1,

notably guaiacol, 4-methylguaiacol, acetophenone, and 5-methylfurfural, were identified as distinct volatile aroma com-

ponents (VIP>1, P<0.05), acetophenone and 4-methylguaiacol contents of apple wood smoked samples were the highest,

giving samples unique woody aroma and smoke fragrance. Sensory evaluation favored the PG and YT samples for superior

sensory quality and acceptability. In summary, apple wood has emerged as a more favorable smoking material for horse-

meat sausages, although enhancements in processing techniques are warranted to mitigate the PAHs content. This study lays

a foundation for enhancing the caliber of smoked horsemeat sausages.
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Table 1 Sensory evaluation criteria for smoked horsemeat sausage
TP VISR % AR MR E MEOY)
LA GRE LI s e JH SR IRV 1AL, REMR AR, RIS SIS D, JONEIR [ 16~20
PR AL, BRI, SN RADLRE R B IRELIR 1R AL, PEMRERE i, TSR B, T IRk h 10~15
LR RS, TR RS TR R S EORR, PEE R 2, PROER TCEER A IR ik 0~9

1:10 S528M8/K e 510 F5 A FH e+ pH I pH.
1.2.4 ZMSFREESEANE B 25 Ee
I E 2 RIERR GB 5009.265-2021 B M ZE & EEK
FrRAfE £ 5 T Z F05 RN RE Y a8 S (g - BT
P,
1.2.5 ¥#ERMFRSB0ME
1.2.5.1 FERAER I EAHTZER Sk sc R 50
P4 7 25 00 BE S i iR R ARG 5K 3.0 g
FES AR BT 20 mL TRZSHE I, DA 5 pL 2-H
Fe-3-BEERAE R PIAR, (8 FHER DUl £ 075 (PTFE ) 75 %5
TRZSHE, 76 45 °C T P45 20 min, K518 7 BEIAHREE
HU(SPME) T 45 °C FIRAS#HL 35 min, 2£BU5E )5
FE 250 °C FiEFE 5 min,
1.2.5.2 GC %41 i%4: DB-5MS 3 3% & 40 £
(30 m=0.25 mm, 0.25 pm); FHEFEF: 40 °C T £-FF
2 min, Z8J5 LA 3 °C/min 0933 B FHIE 2 90 °C, £EF
5 min, #2854 3 °C/min (R EFHE ZE 200 °C, LA
15 °C/min fY3EEETFHE Z 230 °C, 45 15 min; #<
MR (He), 255 99.999%, Hii#H 1.0 mL/min, 43
TR
1.2.53 MS 4 4. Bl 25 5 75
HLFRER 70 eV; fEHLRIR B 280 °C; & F IR IR &
230 °C; Bis44iuFl m/z 45~500,
1254 EtEEEST Hisfb&WiE S5 NIST
17.0 JETREE LVAR, YEFRARMRUEE R T 80% H. 3 IR¥H:
A& P FE e Mg R i 2-FF 2k -3-BE
(0.0775 pg/pL) B NAREHE T 5407, THE A
Pis X Vo X A
A xM

K p, M EMEG Y BT EWE, ng/kg; p, WIS
YR, pg/uls Ay HAREG PR vV, A
PRI, uls Ay PIBRP0I TT AR MR B i Jo
kgo
1.2.6 EEIF  S%EP GB/T 23493-2022( =X
A o re 3 W YU S X 57 AENT [ AL BRI E TR
Ik, BEAEE Y. PEE /D B =2l & R EE I
11 AR, ARYEITS5-40 M X BE L iz iR 3 2 B 6, . MR
AR, TR, PER . B2 BRI T 2 4ERE PR,
AT H KT 20 43508, VFArdRlan 1 Bos . BE
PPRE B S 2 T i 3R R A T B A FIE SR R TS, SR
JE R I 1 em?® B/ NS R .

pi(ng-kg™) =

1.3 HIELE

FTAT IR AT 3 IR, 455 DA I (e i 22
Z7R; {i /] IBM SPSS Statistic 29 X547 i 354
43 #r, Ducan #6556 (P<0.05); i@ i Origin 2021 Pro £
El; i/ SIMCA 14.1 #47 PLS-DA Fl1 VIP 43#7,
2 HBRESHh
2.1 AEMEEMRIRILIERR

4 FIREER B K 43 . RTZE ML 4z 5L 4F
HEFR SN 2 FN . HEARFIEREA (R 7K o i
EETRURFINE R AR (P<0.05), BT RBIAIE 7K
H5 PAHs & AETEAHICHE" . SERAKRMLTF4ER
FIA T 26 & & 1 35 5 T A A B (P<0.05), 43511 R
49.45% FN 22.64%, Rk ML 4R S Efvm, N
29.54%, R Z Il Ssr- AR ST, LT 4EZR 10
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Table 2 Water, cellulose, hemicellulose, and lignin contents
in different smoking materials

izt FR HEA FRA (P37 %N
K53 (%) 8.66£0.52°  10.24+0.43" 8.87+0.47°  9.31%0.32°
YR (%) 36.32+£1.01° 39.87+0.67° 49.45£1.01° 41.21+1.08°
LLFYER (%) 21.38+0.89° 28.71+0.34°  25.12+1.23°  29.54+0.67°
KIFEZE (%) 15.65£1.20° 11.57+0.74° 22.64+0.87° 10.89+0.22°

TE: [FATAN )b R e b I A S 2 22 57 (P<0.05), #3~3R51].

2.2 EDRBEMIBIENR

2 3 JBIRN T AS[A]MH SR A A} 2B ] 1) R A i R
Bt pH FIZK S S, ST REAESA AR L, SN B S
WS REFM LEEEFEIN(P<0.05), TM #f5 LH
Fe B, 336 AT AR P A AR B A R P AR S5 R [ S A E I A
FRIATNE AL BEAE AR . A MH B AR S o E R bY(E
47 W 2 TR BRAEE i (P<0.05), 4T TE Nffa . g
FESK S 0 35 25 5 (P>0.05), BEHHZEAHR] T

®3 MR AEBIE., pH KRS
Table 3 Color, pH and water content in smoked horsemeat
sausages

FE KB LM PG ™ YT
K5 (%) 16.70£0.24° 16.34£0.21° 17.2120.18" 16.24+0.31* 17.05£0.52°
pH  631£0.05° 6.24+0.10" 5.98+0.12° 5.77+0.04° 6.12+0.11°
L 70.12+0.33" 64.28+0.47° 66.71+0.51° 59.12+0.32¢ 67.49+0.49"
a’ 5.24+0.12¢ 21.54+0.71° 23.17+0.59" 18.21+0.78° 24.87+0.44°
b" 24.76+0.52° 33.18+0.47° 37.15+0.64° 40.34+0.55" 39.78+0.71°
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e pH PICFXF HEAE 5, TM AE 5 pH HBAIK, Hak
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23 AEMEEMRINED PAHs 2 E8IF0

PAHs MB#EFRIF E S 53 N80T PAHs FIH i
PAHs, H T PAHs tb55/5T PAHs R I H 58 08T
B, (B3 PAHs N2 xE, 5 i1k v & R
PAHs™ 21, H 3% 4 v, 75 28 T g v K Y 8 b
PAHs, Kk PAHs TEREUEMAIT [a] B, T
4 PR EE AL RS 572 2R 053 [a] B8, 76 B AR
T 5.0 pg/kg WIARHER, FERE By 8 Fh PAHs {2
&6 P B /NWER BT PAHS, fUFEZE . JE. 2.
JE . EUE . B [FIERE T RIT (0) DRI (k)2
B2 PP EE BT PAHs, (H & E AL, B & EA4E 0.24~
1.20 pg/kg, MHEEXT AT (b) 2 BRI (k) Bl & &
FIRZIREL/N(P>0.05) . FEASFE ST, PAH4(CRIF(b)
T RFE () BB I () L JAD) B A RN TFRR
WEBRELAY 12 pg/kg™Y, AFEAEIT(b) 9 BURIARAS HI Y
I (a) BB . AT (a) BRI . AR INEE Y S R HF W
PAHSs & i K TR 5 19 5 R (P<0.05), X
#4r PAHs W] GESRIE T JFR}, Hitzel 55 SR JHEE
fY Salami 75 iz MW [RIFER H T 250 PAH, 7EAGH
f 6 Ff2 5T PAHs o7, HUA LM AF S P g 28 & 2%
Fas IR, HAVINEE RS 58T PAHs 8=+
AAHFE RIS, F_IH 3525 575 (P<0.05); PG AR
FE = W 35 v AR 3 R R BB A4 ) B ) 9 AR 5
(P<0.05), & & 119.11+4.50 pg/kg; YT FES4L . LM
FEMAT TM FERIES B B3R T PG B4 (P<0.05),
{EA)S i 35 i T 28 XTI (P<0.05); YT BESL AN LM AE
M2 EAHKE, PGS T EERE, T8N
47.91+1.53 pg/kg. PG FE 44 PAHs Bl i =, 18
212.81+8.30 pg/kg, HE YT ££44(100.70+£7.57 ng/
kg) A1 LM £ 5 (99.42+3.08 pg/kg) , TM FE 5 &L
PAHs & H K (77.89+3.73 pg/kg), (B B3 & T

K4 AFPHEM R 205 R (ng/kg)
Table 4 Polycyclic aromatic hydrocarbons content in different
smoking materials (ug/kg)

PAHs KB LM PG ™ YT
2.01£0.05° 0.87+0.08% 2.67+0.09° 3.70+0.05* 2.12+0.07°
2.81+0.06° 5.34+0.18° 11.02+0.66° 3.96+0.28° 6.08+0.08"
7.85+0.14° 8.81+0.45" 10.44+0.26° 7.38+0.18° 9.93+0.58"
11.57+0.62% 33.26+1.32° 47.91+1.53* 22.27+1.33° 31.09+1.37°
26.80+1.21445.03+0.28" 119.114+4.50° 36.58+1.32° 45.89+4.14°
1.16£0.07¢ 5.40+0.43% 20.47+1.00° 3.77+0.48° 4.81+0.53%
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0.23£0.12° 0.24£0.12° 0.57£0.14* 0.16+0.04" 0.32+0.28"
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B
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z "

0.230.05" 0.48+0.21* 0.63+0.10° 0.08+0.06° 0.45+0.52®

o

i
[oi:

52.67+2.31499.42+3.08° 212.81+8.30° 77.89+3.73° 100.70+7.57°

g
il

PAHSs!

25 A X R (P<0.05) o AR EE 3 F h A4 e} 7= 25 JH 25 19
PAHs & & 5HAR R SR AUE L, IR BT 2
ErEOE R, BT PR AR MM ZE Y PAHS R, TS S0 R
FA) PAHs SR INCY, HORRERE & & m T
FHABRA(P<0.05), IX W B T3 PG #£5 PAHs &%
SR AL
24 AEMEEMHRINEDFIZLMES RS HIEN
th 2 5 AT, Sl 2B S 10 S A HF P 2 RS
5 HEAH LL, AELH RGBS AR i 25 5 (P<0.05),
A S L iR S A He S 2 75 R R MR ASONSY, B
FEEESS 7 Fh L EESS 15 PP BR2E 6 Bl W3 9 B M
25 9 Fh WSS 17 b BRI G 7 RO LA S R
fb A& o FE X HERE S P RS HY 45 B, YT A 4 48
AL LM A£G 24 Bl TM 5 46 Bl PG #4548 Fi,
B LM A5 LASE, H e M B A o 5 X B L R4S )
SRR A2, A LAY B AP AN [R] . AN
I, SRS R MR LA S | RS |
eSS Y/

AT R A2 S5t AR I S IO, S B AR
BRINEE SR B2k —, RO GREA I
Kith o FhEZIb59, PG PRI SIS & e
(1482.37+£50.24 ng/kg) , LM ¥ 5 He Ik ( 766.38+
70.45 ng/kg), EEAFE @A | 4-H I @ OUA®E; |
(] BRIy . B H AN 2,6- — S 3E 1, A iF o 2RI A a)
A, 4- P I BIAE A 2,6~ FF A KL P2 0 =
AERUBRA TR, RIS AR BT AN SR B, T A
il ER R AR, [RI 9 FhEy IS Ab A AE 2S 4T
JEREAR RS . REAM G R AT AL
G, BFEEZAL G AL G, nEaE R T
At i i A LT 4 22 FNLT 4 2R PR R, a4~
PRI E R DTRRPY, ZEAREE N B S AR T A
11 PG, SR B AL B S () FE AR AR I
A EYIB R I B 2 VR (P<0.05), EERIAE(E)-
2-CLIFEE . RN (E,E)-2,4-F G L 5
AT, X AT HES= R M R A B 2 A A e T S
R SIS M ROV A T 46670 TR
A FH AR EE T R A A R A A R R, I T T
gt R G, G AR LM 5 PG AR
ZENRFE AR Y 5- FR ORI | Rl 2 I, JHCrPoRge v S A
BEAR AP Y B R MR RO, HAT R L R T
WAFFEEED, B TM RSN, H PR E 5
B2k &9 & A e, JUHDE PG HEARE R
B, FERINAEIR S I A K 3-H 32
(5H) -WK IR A1 2, L BRI Tl 554 S5 ) T s IEAE,
PG 5 928 R & B b s (P<0.05), FLEA nimME
BEESREFNER

S N S A o 3 i S T TR SR A R A e A T
Sz hdede e i 17 P& G4, B0 b e
%, X 5 URITIT Sl R, 1 IR R
158 (i 3 A SR %o Rl il e JXUBAR (1) DR AS R4, (B 5 s
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Table 5 Volatile aroma components in different smoked horsemeat sausage samples
o AT LY BEIRE (ng/ke)
KB YT LM ™ PG
Al 1E 110.01+4.79 nd nd nd nd
A2 EC B 84.50+4.06 nd nd nd nd
A3 1E P 40.15+4.15 nd nd nd nd
A4 12705 -3- T 195.61+13.97 nd nd nd nd
A5 R 47.92+1.97 nd nd nd nd
A6 RS nd 303.70+22.78" 264.0249.45 207.44+24.30° 349.96+19.39°
A7 2,3-T nd nd nd nd 95.42+3.28
PSS B o R 487.19+28.94° 303.70+22.78° 264.02+9.45° 207.44+24.30¢ 445.38+22.67
Bl LIRITHERR 47.42+4.17° 21.38+2.04¢ 34.55+7.98° 27.84+4.77° 64.31+1.71°
B2 ZIRFAIHER 42 .44+4.74° 19.49+1.67° nd 27.90+4.50¢ 61.46+2.33"
B3 R 11.42+1.08 15.12+3.16 307.94+29.47° 13.34+0.98" 23.85+1.08"
B4 RHERR 2 TR 1.76+0.13 2.1140.47° 42.59+1.78" 2.11+0.30° nd
B5 LR T HWR nd 15.05+1.60° 54.39+3.26" 10.53+1.96° 13.91£9.22°
B6 LRSI nd nd nd nd 20.27+1.40
TR BT VR 103.04+10.12° 73.15+8.94¢ 439.47+42 49" 81.72+12.51¢ 183.8015.74°
Cl EC 945.03+44.85° 74.33+1.33¢ nd 357.65+26.03" 344.16+34.07°
2 (E)-2-C M 87.96+3.88 nd nd nd nd
C3 1E B 85.45+5.27 nd nd nd nd
C4 (E.E)-2,4-C Mt 78.95£17.05 nd nd nd nd
(o] (E)-2-Piiie 79.50+6.58 nd nd nd nd
c6 AR 174.57+19.41 nd nd nd nd
c7 (E,E)-2,4- B Ittt 162.82+12.60 nd nd nd nd
c8 1B 76.13+5.02° 11.83+0.73° nd 27.15%5.57° 10.61+0.35°
9 R 18.89+2.29° nd nd 11.71£2.62° 34.48+2.58°
C10 (B)-2- ¢4l 101.91+8.78 nd nd nd nd
Cl1 TR 113.81+9.43° 25.72+7.85° nd 63.19+11.68° 118.19+5.00°
C12 e nd 125.61+£17.53° 61.94+5.22¢ 304.77+3.55° 214.68+11.30°
C13 A2 nd 11.45+1.48 nd 13.7242.74° 37.23+1.01°
Cl4 L nd 5.60:4.13% 8.99+£0.74% 7.4542.11% 20.08+1.76"
Cl15 5-FH e nd nd nd 208.38+2.03" 456.71+17.56°
DS R TRV 1925.02+135.16° 254.54+33.05¢ 70.93+5.96° 994.02+56.33¢ 1236.14+73.63"
DIl LR nd 49.88+4.80° 68.91+13.60° 41.81%7.06 75.22+4.03"
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