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Chinese Prickly Ash Affects the Microflora of Harbin Air-Dried Sausage and Therefore Its Flavor

ZHANG Gensheng, CHENG Jianbo, YUE Xiaoxia, YU Min, DING Jian
(College of Food Engineering, Harbin University of Commerce, Harbin ~ 150076, China)

Abstract: The effect of adding different amounts of Chinese prickly ash, a commonly used spice, on the microflora and
flavor of Harbin air-dried sausage was explored. Towards this goal, the selective medium was used to isolate microbial
populations from air-dried sausage. Simultaneous distillation extraction (SDE) and gas chromatography-mass spectrometry
(GC-MS) were used to determine the volatile flavor components. The results showed that Chinese prickly ash could adjust
the relationship among the growth of Lactobacillus, Staphylococcus, Micrococcus, and yeast. Chinese prickly ash resulted
in changes in volatile esters such as ethyl hydride, ethyl palmitate, ethyl linoleate and ethyl decanoate by affecting the
microflora of Harbin air-dried sausage. Addition of Chinese prickly ash effectively inhibited the increase in the total number
of colonies, significantly promoted the growth of lactic acid bacteria, and first promoted and then suppressed the growth
of Staphylococcus aureus, Micrococcus and yeast during the fermentation. Co-addition of Chinese prickly ash and another
spice(s) was more effect in promoting the growth of the dominant microorganisms and inhibiting the growth of harmful
microorganisms than Chinese prickly ash alone during the fermentation process, and was significantly better for flavor
formation in Harbin air-dried sausage than single Chinese prickly ash and blank control. Conclusively, Chinese prickly ash
had a significant impact on the microflora of Harbin air-dried sausage and thus changed the flavor of the product.
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Fig.1  Change in total number of colonies during the fermentation of

Harbin air-dried sausage
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Fig.2  Change in the number of lactic acid bacteria during the
fermentation of Harbin air-dried sausage
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Fig.3  Changes in the number of staphylococci and micrococci during

the fermentation of Harbin air-dried sausage
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Harbin air-dried sausage

2.2 HERAE KU B PR E 45 R
221 FEEART WA RN KR AL A2 A 45 2R

114 A
10
9]
8
74
6
5]
3_
2_
1_
|

10 12 14 16 18 20
I 8] /min

S 114
N
HE 5
3_
14

7 8 9 1011 12131415161718
ff 8] /min
H5 6d(A) fuldd (B) =AM THRE
Fig. 5 Ion current chromatograms of blank samples collected at
6 (A) and 14 days (B) of fermentation

F2JE (X 10%)
T

mEsaE, KT BEe d RED B fI14d (CFg
i) B IR M E 4T FREE R M RR RS, MRS, T
X RTINS E s, AR A R B Y
R -0 M. 1-F -4 (5-FIE-4-0ain g

W) PRI 3R TR AR -6- AR S IR Y . 2-F A 2L -3-
- EE) ZREY S o T )5 45 TR I (0 92 A XA 3 73 Dk
TR, SRS, 2-F RS, 3-FE TR, A
B FAkE. FASBEEMA O 1-OM R - R
Bty WHER OB 9,12-+ )\RIR ZBE  (2) -9-+ )\ )@
F-1,2,3-T8 =506 ER OBs. 36072 M5 &GN
-4 (1-HIEZIGED F8. 1-23-2.4- T HEEE,
222 AR FRMERT G KRR R B4R A AR
thah i)

15—A
134
g1
= o
< 74
a5
H 3
1—| i Jl L I

4 6 EI% 1I0 1I2 1I4 1I6 1I8 2I0
[ [H] /min

w30
10
51 Mul__m\n I : :

10 1|2 1I4 1I6 18 20
i) (] /min
E6 6d (A) Al4d (B) BAFIRENATHA
Fig. 6  Ion current chromatograms of samples with spice mixture
added collected at 6 (A) and 14 days (B) of fermentation

mE6r A, RAEFFERARNTHES d (D H
14 d CFRRESHRD BILEE 67 Fhig K%k X %55
Hmm . Be 28y F IR M RY 0 . AT &
BERAD-FERE . 3-8, TEm. S-KEE.
3-FREE-2-THE ., RO, BROWE. TR R
PR R AR B3 980 10 i, 43 5o H S )\
17-+)\EE . +NEEEAR A LLE . T /NB-9-J% R L1
TANER-9-IH IR LG AR T NERCER . IR LBE. T
g G SR A 1= . 3801 3 BT I 53 00 S A A
B\ 1-PElg, 5-FE-5F 0T,

223 AEHUZE AT P d% R XU 1 20 P 4L e B AR AH 8

134 A

£ (X109
T

! Bﬁ“‘lH

T
4 6 8 10 12 14 16 18 20 22 24 26 28
FJ ] /min



188 2017, Vol.38, No.08 Batl= X% b
13 B gkl
2 114 AR W
S 11 Sk A X
< 94 s 6d  14d  6d  14d
7 B 133 298 97 %
%
% 5 161 170 098 97 %
34 ,
fR% 1069 1573
19 LIS S I s w s | IJMI kl TJJ”T 2-FHE52.01 T4 046 222 97 96
56 7 8 910111213 1415161718 L
B} [3/min . JQ’? k 135 7
NEERELE 066 088 97 95
B7 6d(A) fuldd (B) FEWANE A : ];—m; ) 278289 9% %
Fig.7  Ion current chromatograms of samples with Chinese prickly — 166 05
ash added collected at 6 (A) and 14 days (B) of fermentation g 188 596 97 08
- )\ 2- 378 97
BT, AR T BTE6 d (o IAI14 d s Ko 1
CFIEEE A0 I % 5 IR R 1 IR 70 2L 756 i, B 091 056 9T %
Hrp iR de . BN FEH RV R, A AR ‘?F‘W@E 2 %9
REAMWRA TR, FAROE. THRZ e SR
2 — o e K==W B G Ra 1 . X
B BIRZBE. poKIEME. —t—ki. 2-HIEHES3- (27 i o s o s
J3E) Wy ARG AR IR 1 R B i/ 12 Folr, THHLE M8 29 %97
IYRIR2-F =L ARG . BEEE . EmE. 2-FUREE. 9,12#/\@1% 09 16 %5 %
(EE) -24-3 S, 1Hike. 2.5- %W, 1-¥4= e P
S N \ R H . .
B, obATHEL. A-FANIRE. 2-CLHENRNE, HiiN1 FhYIR - IR
Sl A S8 PR 221 9 9%
23 FAM. REFER . TEAEH 4 M XU K LIRER 132036 %7
ARV AT } .
SRR o oo
230 RE T AR R R 7 © b W o s w
AR 12 10 97 9%
£1 ERARTHERBERERSEL w A w8 L6l %5 o
Tablel Changes in volatile flavor components of air-dried sausage B 602
with added Chinese prickly ash during fermentation ETTRN 1'0 5 9%
i~ I 2 &1% HME% AR 245 9
| A O-Ti A B X
PRI 6d  14d  6d 14 PR 25 %
iz 3050 33.90 gk 1081 1301
FitEfs 05 229 % % TER ERTIE 57 B TR
i Msoomo 91 % T 6D s M %%
D-FPiRl 158 04 97 9% LRGN QR KT 3 31 95w
ﬁ-ifi*% 095 120 97 99 2,3440,5,6-755-3.6- F -2 (1 4-T 250,00 205 056 L6 95 9
PR 149 % do-BAED- 252 092 158 9% o
v 145 3% 97 9 1234405680506 (ZERIEAIE) BAMS684NEAT-ZEZE 055 050 95 96
[IR- (1R*AZ9S*) 4, 11,11-= FLAE-8- T A& IR 72041~ 033 9% ik 114
£l 525 654 99 98 - 114 04
e 22 38 98 99
16,10 B =0, 7,11 12 18 9% 9 _ s .
» - S, 2 oI HE A s A S R £
RS s W, AEHUL B 030 4 0
e 565 496 98 99 ZHWERD I, 57 EHML, TR TP A
JES 465 4T % P A AT . BRI SR AT L0 Bl H M
e DL B 3 DR AT 0%l B
- o AR poK RS SOV . R WA A
¥ 128 9 W RS E26.37%, IR EANT S 2 186.50%;
LR 2 97 TR BT G SARS B 2 G S S EN28.17%, i
P WM R G R083.10%. LGRE KRG RAE L, AT
B . N N \ N \ 5 | N
R 64089 9 9% HRAS AT T v IR S SRR S AIAR N S 2 A B i, X
R4 23 29 %8 % 5 MuthukrishnanZEF 7045 H OGP R = 2k [ T &



XK 53D

E6mill=

2017, Vol.38, No.0§8 189

RSB ARTT . TEMUZEL L 2 1 ZEL 08 T £ s 475 288 XU ik
SE AR (S NMRME SRR - 3-8 A
B |« D-FriEM CHKRESD « B-IkM CHES
BR) L SRRV, XL R0 R R AP AT AT A A
— 8, R RO BE IR i

RAh, SR AHME, TERUEE BN . Oy
FERE . a-AATHEE . B-Fa i B AT A2 SR I BB R . 4R
M, 75 AR EETE JRT i R BRI I T AR A R T 4 i 3
WA B B, RSB RAE1.05%, X588 R 0%t
AN [F) 7= b R A G RSUIE 545 R PR O 0l BT 7= B A A ) 9
R R R AR S R B E R, X T AR RN
ININE R T RO A R, BEE R HEAT AR R
RASR, WnlRe ST 1A 58 a-fATHEE . B-Failh
P R MG B, A5 — R AR 0k, 75 38 ARG T A R
FE P 2 . X R R A AN FRRE BT E L
FMIERER, AR TRIEE MR EMEH % e, 5
A, BP0 A A e R A e, T, R
Ji v R INAE AR CRAIE R i 1A o R R 2 4 () 7 LK
232 AR KA A YT BRI R AR R
AT

P 28 T BORIR T AR M R R 5 IR 2R 2 1A AT
(TG A S I o 25 2L A A U S 1) T 28 4 A M XA 47 Jof T A
BRI, WV A Gligrk) - FANERAER Clilig
MO L EIMER 4B CHARRE) . BRLEE GRH AR
S, X EERESRYR KRR A RIE TR R B R (1 — R 5
SN ST = PN A1 =5 PN 077 LR E N SN BN
PR RN &SRBk E, 25 A BRSNS ENS Tk
A Kga i, KEN B A20.16% 08 /0 29.66%;  TERUZEAS H
9 Fl, AHXSF R N18.96%IE M15220.22%; T IR T
BERAERAR, TSR R KR, R ER S R A
PR RIRTE RS AT D RIS . 5 RRH, Frkh
WINERT XTIk RN A SMERAK, T H—
WSINAER, VBE R FREAF TR RNA MY A
K, (e SIS R AR B, = A 2 e
PR 5 A8 AT 1) XU B AT, T P P 40 1)
NIRRT A

3 5 #

A S BT FE T e 2R T M A R A S R
ABUCR 8 T 5 X R i i 3 R v ) T AR B IR 8 R
P fi B A SRR BLR T S W AR KR R, e
WA I R 1 v S B, BB (gt T AR
PR AE G, 0 8 T R AN TROER 1R . B BB R et S
M EAERT . B RREINE A A TR R A A 28 )
A, fedtBE RS MR AR AR L, 7 2

TR e, TR, WM K. 25 LR
FAE RN KA IR o VB 75 3 Rh R R i e e ik 7 P A
T AR B S A B R AR A T R — A
PRURIAE R, 0 IR g IR P 52 Ml 0 B S 53 1 fE AR ZE 2
I, AX T —I e, JB& 7 R0 A R
TR B B RR T, TR i R R I 1 R
B RS, BR R 08 T 5088 T T U,
PR A

SE -

(11 2RSS, EAF. KRG R R E]. fmFe, 2011,
32(3): 247-251.

21 FRARZE. PN THORIM]. MR RROETT RS HOR HARAL,
1998: 247.

[31  B2EsE. 4if TR W& I A () BT e s R ()], TSR Dl
2001(8): 45-47. DOI:10.3969/j.issn.1008-5467.2001.08.021.

[4] W, AR T 15 a5 R BT R A IR A A B L
JERCHEFE[D]. WEATRERE: A 5805 ROk K2, 2009. DOL:10.7666/
d.y1474302.

[51  BUZ 5, A6, RS, T & R R A BT E )
SBWFARLT]. &R, 2008, 29(10): 115-117. DOI:10.3321/
j.issn:1002-6630.2008.10.020.

(61  Zr5tm, XSRE, AR, 5. T & RIS E LR
WFI]. PEAL 252224 &, 2001, 16(6): 261-262. DOI1:10.3969/
j.issn.1004-2407.2001.06.012.

(71 SLEHR, MIRR. F R RS IS R[] b E R R A,
2010, 35(4): 39-42. DOI:10.3969/j.issn.1000-9973.2010.04.005.

81 R, Kiglh, KAk, 5. KB AW R T ].
RN, 2011, 32(24): 311-315

[99 HELLE W, GIANG T T H, MARGEY T, et al. A new
benzophenanthridine alkaloid and other bioactive constituents from the
stem bark of Zanthoxylum heitzii[J]. Fitoterapia, 2016, 186: 351-361.
DOI:10.1016/j.jep.2016.03.054.

[10] LI Keyou, ZHOU Rui, JIA Wangwang, et al. Zanthoxylum bungeanum
essential oil induces apoptosis of HaCaT human keratinocytes[J].
Journal of Ethnopharmacology, 2016, 109: 196-200. DOI:10.1016/
jfitote.2016.01.012.

[11] JI Kailong, GAN Qingxiao, XU Youkai, et al. Protective effect
of the essential oil of Zanthoxylum myriacanthum var. pubescens
against dextran sulfate sodium-induced intestinal inflammation
in mice[J]. Phytomedicine, 2016, 23(9): 883-890. DOI:10.1016/
j-.phymed.2016.05.006.

[12] S, H, HEAE, 5. IR COL s & 2 MALBUE R Rk
PRSI [T]. iR, 2009, 30(8): 201-203. DOI:10.3321/
j.issn:1002-6630.2009.08.042.

[13] 15, R, w3l LR MAmEE B E]. iR,
2009, 30(21): 128-130. DOI:10.3321/j.issn:1002-6630.2009.21.030.

[14]  #HMED, 2508, kAT, 55, FEREE R B IRECL 200 B Ui s
PSP HTI]. &SR, 2014, 35(18): 13-16. DOI:10.7506/spkx 1002-
6630-201418003.

[15] JARER, AR, Boeh i, & VETERUH M sl & LS i e
PEL]. £ AL, 2013, 34(16): 46-51. DOI:10.7506/spkx1002-6630-
201316010.

[16] BRRAT, KNI, FLORHE, &8 BARREE KT ds il R A
PR BEALPE ST 3BT ). £ iR, 2010, 35(1): 137-140.



190 2017, Vol.38, No.08

E6mild=

XRS5 53 B

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

AT, R, EEE, S ISR AR 0 4 s s e ML
T 5 2R 1 20 LA (], @R, 2015, 36(1): 174-178.
DOI:10.7506/spkx1002-6630-201501033.

TR, BREEAR, BN, FH T LR 1 40 5 % 1 10 Ll % 9% 2k (1 0
3k KN [I). £ R RRE, 2007, 28(9): 374-378.

BARMWEF[I]. &ME, 2008, 29(8): 410-413. DOI:10.3321/
j.issn:1002-6630.2008.08.093.

Thbsse, JoAR, WRIGEBE, S5, FAT ) R LR 1 1) O i B A
PR HTT). & S RHE, 2012, 33(1): 162-165.

A B E Y AR BT S K E - GB 4789.2—2010[S]. b
5 T EBRAE AR AL, 2010.

TAES. A PARE SRS S AR I GB 4789.17—
2003[S]. Jbgt: o E bxvf AL, 2003.

RS& AR, DU IR PRI L0 b Ak L G A P = 2 R 1
FAEE AT FE[D]. BAR: DU 1AL K2, 2008: 35-39.

TR AR S i e SUF I R B B RN D). 4700
PN K2, 2014: 35-38.

ZHAO Lijuan, HU J, HUANG Yuxiong, et al. '"H NMR and GC-
MS based metabolomics reveal nano-Cu altered cucumber (Cucumis
sativus) fruit nutritional supply[J]. Plant Physiology and Biochemistry,
2016, 99: 44-48. DOI:10.1016/j.plaphy.2016.02.010.

[26]

(27]

(28]

[29]

(30]

[31]

[32]

MIKAEL C, RAPHAELLE B, KHADIJA O, et al. Comparison of
GC-MS and GC-C-IRMS analysis for in vivo estimates of metabolic
fluxes[J]. Analytical Biochemistry, 2016, 500: 63-65. DOI:10.1016/
j.ab.2016.02.005.

CARLA C U, JORIS B, ANTHONY M, et al. Data from mass
spectrometry, NMR spectra, GC-MS of fatty acid esters produced
by Lasiodiplodia theobromae[J]. Data in Brief, 2016, 8: 31-39.
DOI:10.1016/j.dib.2016.05.003.

TN ZE, {23k, 4% oo A, A T [ AH AR B - 0D V2 5 e /R
TEELI R R M AR [J]. fr iR, 2012, 33(10): 232-236.
PR, SR, BF507. & FRHRIUE WA il g
FIEIRTTELT]. £t TR, 2012, 33(6): 409-413.
MUTHUKRISHNAN S, SUBHA P, SENTHILKUMAR 8, et al.
Phytochemical profile of Erythrina variegata by using HPLC and GC-
MS analyses[J]. Journal of Acupuncture and Meridian Studies, 2016,
9(3): 142-166. DOI:10.1016/j.jams.2016.06.001.

BFA. TERAE SR BT [D]. ER: PR R K S, 2005:
24-28.

RESR I, WKL AERUR H 2R R R B a3 A (], B R RL
24417, 1992, 19(4): 301-306.





