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Effects of Edible Fungi on Pork Intestine Quality and Volatile Flavor
Compounds during Cold Storage

LENG Pingwei', MEI Yiwen', LU Huiqin', QIN Fei', ZHANG Yu’, WANG Lina', WANG Linlin""

(1.College of Food Science and Technology, Southwest Minzu University, Chengdu 610041, China;
2.College of Food Science, Southwest University, Chongging 400700, China)

Abstract: To investigate the effects of adding natural mushroom powder on pork sausage quality and volatile flavor
compounds, in this study, 7 kinds of edible mushroom powder (Shiitake mushroom, Pleurotus eryngii, Pleurotus ostreatus,
Agaricus blazei, Hericium erinaceus, and Chicken oil fungus) were added into the pork sausages as the research objects and
determined the quality change of pork sausages after storage at 4 °C for 1, 3, 5, 7 and 9 days, and the volatile flavor
substances of pork sausages were determined and analyzed by GC-MS. The results showed that there were significant
differences in the edible quality of sausage added with edible fungi (P<0.05). Among them, the effects of Chicken oil
fungus, Shiitake mushroom, Agaricus blazei and Hericium erinaceus on pH, water retention, texture and rheology were
significant (P<0.05). The emulsifying ability of pork sausage was decreased by adding edible fungi, and it decreased with
the extension of cold storage time. Meanwhile, the thiobarbituric acid value (TBARS) of pork sausage decreased with the
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addition of edible fungi with the extension of cold storage time. Alcohols, aldehydes, ketones and esters account for the

largest proportion, and they were also the most influential substances on pork sausage flavor during cold storage. On the 9th

day of cold storage, the types of volatile substances detected in the blank group were less than those in all treatment groups.

The alcohol substances detected in the Hericium erinaceus were the most, with a relative content of 70.69%, followed by

the Lentinus edodes and the Pleurotus eryngii, with a relative content of 66.22% and 64.23%. The relative content of

ketones and aldehydes detected in Agaricus blazei was the highest and the blank group was the lowest. The relative content

of esters detected in the Pleurotus eryngii group was the highest. Through the determination of various indicators, edible

fungi can enrich the flavor of pork sausage and extend the shelf life, which can meet the market demand.

Key words: edible fungi; pork sausage; quality characteristics; volatile flavor compounds; headspace solid phase

microextraction; GC-MS
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Table 1 Sensory evaluation of pork intestines
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Fig.1 Effect of different edible fungi on chromaticity of pork
sausage during cold storage
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(P<0.05).
22 FMARERBEXERB pH B95200
nE 2 PR, TERIRES 9 d B, #4540 pH AHE
JWCES 1.d 4359 FR%E 0, 0.04. 0.04, —0.07. 0.07. 0.15,
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H pH BT FRE, ST H s R ] R i e h ik
Y5 | B PR I BUK A I B4 pH AR, AbPRZH 525
FAZHEA T2 7] ERARET, 252000 pH 24 H BIAS [R) R 4t
15, L 2 £H NS il B 4H 4 35 v TS 4 (P<0.05)
JEC PR AT e 2 FH B B S g o T Rl S 3R R A
=, X 5 Choe 4509 ARG R FLAL G T s & FH B
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T
= 6.2

6.1
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Fig.2 Effect of different edible fungi on pH value of pork
intestine during cold storage
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FRER 2 AT, ZEARRIETZR T, 28 N ZH iR Rl 2k
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1 dAEEE, 4358 F B 1.42%. 0.89%. 0.78%. 0.40%.
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Table 2  Effects of different edible fungi on water holding
capacity of pork sausage during cold storage

U0 RRIRE(D) HRRIHNR (%) TR (%) &R (%)

1 L11£0.12%  597+1.71%  6.61+1.23%
3 1.4040.31%  18.22+0.37*  5.90+3.14*
ey = 5 1.3340.34"  11.81£2.60"°  1.19+0.30™
7 1.2340.23%  11.5242.06"°  5.05+0.415¢®
9 1.03£0.24%  9.06+£1.36"™  2.75+0.13%®
1 2.77+0.14%  6.93+£0.92°  1.90+0.09™
3 2.0240.56"°  11.88+0.47°¢"  5.63+2.58"
FhH 5 1.81£0.29"  8.61£0.39®  2.31+2.02™
7 1.64£0.43  14.15+2.04%  2.80+0.66™
9 1.35+0.18"  8.00+2.55""  5.69+0.23%
1 2.09+0.25%  6.61£2.66"°  1.54+0.12"°
3 1.85+0.20"%®  11.51+0.95%*  1.18+0.54"
Ak 5 1.71£0.15%°  8.47+0.99%°  8.04+0.65*
7 1.59+0.69%  11.24+0.36**  1.63+0.48™
9 1.20£0.12%°  8.81+2.14%"  1.59+0.04™
1 2.00£0.325%  7.38+0.83%  3.27+0.77°™®
3 1.7440.12°8  12.39+0.42%  2.09+1.28"%
Faid 5 1.63£0.32%  §.73+1.03%™  4.00+0.155™
7 1.62£0.41%°  11.2840.41%°  3.48+0.61°™
9 1.2240.17%°  10.20+3.82%%  3.71+0.63*%
1 1.52+£0.317%  7.41£1.13*°  12.0420.02*
3 1.48+0.08"5  12.15+1.25%  2.49+0.62°%
WA HZH 5 1.47£0.49"  8.68+0.63%  5.41:£0.20*5
7 1.442£0.40"  12.11£1.74*  5.45+1.09%
9 1.1240.06"  8.17+1.41%°  6.40+0.50"B°
1 1.74+0.075%  8,56+0.88*"  3.65+1.54°™
3 1.5340.214%  11.10+£0.965"  2.89+0.18*"
Wk ah 5 1.50+0.18"  8.63+1.01%  2.41+2.60°™
7 1.49+0.56"  12.55+1.74  10.21+1.38*
9 1.28+0.214*  9.24+1.85°  9.18+5.70™
1 1.60+£0.31°P*  8.00+1.95%  7.50+3.07"
3 1.55£0.374%  10.53+0.70“°  2.03+0.43%°
XS PR 4L 5 1.47+0.41%  9.3520.20%  5.79+0.244B®
7 1.46£0.35%  12.9542.16"  5.73+0.93%®
9 1.16£0.12%  7.56£1.90"°  5.55£0.124B

2.4 HIMARER AEXE RS R AR

PR JEE I i 1) SO AA R R S AR B T S AR
3. BRI AR 534 B VI 5 R P2, BRI S WA, 1 It
FE BB ROTE 7, JUHAE B At 2 A Fe bR i
PR BEEE S BE S ) SR EEFE AR, e 3 W, AbFRLH
TERIEL 1. 3.5, 7.9 d B, SR . s | 2R
PE . FRPEFNINEE X AN FE bR AL 2E SEANER ., (5
FEXT T3 AR, 45— PRSI TERE BEFE bRrh, 25
FAZH S ST S5 T R ka3, T Ak BRZH D] A Fa
RE, RIS 9 d B, 25 P 4H 4 A R G 2B IR T A B
(P<0.05), WEFATE 20 B B 52 58 vy T HAth A% 4H (P<
0.05), i B & Ao Al BES A T35 A it B2 A9

PRFRE, WEANTFELH AR s N RSIE , e Febn,
FHELZS A, B . Ay eagi g | ibAEEd | Sk ik
ZH RIS B ZH E S5 B Is PA i &P (P<0.05), o
FEIHPRLHAE VRS 7 d B, HEhMFE4A] 930.09 N,
M2 HEE 1 d P Pas 58 P a3 I T as H
ZH (P<0.05); FE3: . N PEFE IR, FHZEF AN
2 (P>0.05); ERHMEEFe bR, AH LS 4, T
A Sk ok 2H 25 W 35 R AT PR g 104 PELIE A4 (P<0.05),
] B R B R X P ZH AR T A AT AL B R v P A 4k gk A
WIS B . 25 L, U XIS R G
—E Y REIN, TR BLAEAE B —FE AR .
2.5 ARMARERAEMNERERTEERI R0
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ZZBR, TB B A Ptk HAS AT 356 (18 = i BE R 45 40 9
VIR 5 d B GMHEIA SR, TEIZA A A H R G
{E 4390 39744.51, 37245.08., 57832.88. 34860.33.
46344.17. 49990.55. 35273.00 Pa; [ ¥ it R AL 1 SiE
K, FHPERT GEESETHS G TR, 56
9 d BJALHEZH ) GEFEASEIL T25 4, BeBHa &
JH B XT 55 R iz 4 s 18] 09 GBS 18/ NWVE, 25[%
{IRE S EERCRE 1 o GEAETE D FHET R P IR 2e R
T G™MH, ULH PREEA R 04 B Mk BEVRRE 0 s T i
BT R, (AR IR AR5 S BRSSP
2.6 ARMARERAEMNERBRE MR

BBV R B B S XBRN BRI —, A
TG E S E TS R I (R 4), TERE R v it 2
i, XU 23 Bl B TR] BB AR 2, FRI R D) THI B 258
ARG . TOGRE, FURET I, ALL/ Rk, TERBES 9 d BT,
FRIT OB PO as A2 SERELt . WRAATELH A
Skai el s TS F i B4 i das 41 YR MERE RSy
e P A g e s dH LIRS TS Bers I LH A7 iz
2H, Horh, SPake 539 v e 2 P A U T A Bl vA s st ]
SEA BT AR A, B A B 4H LU S W A AN 58
B2, IR e A S AU E TR AR R4, o
2 (P>0.05).
2.7 HMARERAEX BRI TR R0

AR E RS FUA R AR R S RS I oA
A WIAH ST TR AT E I BLG ReE, B n] R BRI
T B Rk BE 1 AR BB NE T i BE 15, H
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Table 3  Effects of different edible fungi on texture of pork sausage during cold storage
2053 YRR AR (d) iR (g) it (mm) PNERHE(Ns) BN NELAEE (m))
1 936.48+91.915¢ 0.77+0.06™ 0.62+0.08%* 585.51+93.51<° 451.27+£100.48>*
3 1238.30£112.98*5 0.7940.024% 0.68+0.05"5® 838.20+£31.41% 663.31£32.97™
2 HA 5 1057.96+46.645 0.79+0.09** 0.59+0.06° 626.69+86.50° 486.00+113.05™
7 824.49+116.58™ 0.8540.094% 0.6940.06" 570.98+89.01 482.67+29.08%
9 869.98::40.49" 0.84+0.05%* 0.72+0.02"* 648.47+16.82°5 546.854+29.43A8®
1 942.35+£99.785< 0.8340.024% 0.69+0.044% 645.87+73.615 538.38+73.355
3 1008.91+48.45° 0.84+0.03%* 0.75+0.04" 753.14+60.124% 632.43+71.06™
i 5 1033.69+109.155% 0.87+0.09%* 0.69+0.11%* 716.09+165.225¢ 632.86+201.44%
7 1203.94+66.26% 0.79:£0.0445 0.67+0.03"* 800.93+20.9445 632.61+15.78%
9 1060.11+88.22¢P* 0.80+0.0345 0.65+0.094 682.75+79.60"5 547.19+83.24485
1 1171.17£127.46* 0.88+0.02" 0.71+0.04" 832.69+55.98 729.74+47.734
3 1142.72+70.705¢ 0.8240.014% 0.67+0.054% 767.46+26.374% 630.63+£29.16%
A i 5 1057.13+£31.80%¢ 0.83+0.014 0.72+0.024 759.32+23.021% 628.37+12.7245®
7 1098.87+93.175¢ 0.85+0.04%5 0.67£0.11% 744.68+183.465% 635.55+184.48%®
9 1201.92+31.41% 0.74+0.08" 0.56+0.01% 670.49+33.4145 496.74+49.40*°
1 596.33+78.21> 0.80+0.06 0.74+0.03"* 440.86+36.74° 354.80+45.94"
3 1036.79+73.93 0.78+0.0245 0.66+0.054% 690.20+£92.965 540.09+86.74*
Tl 5 1139.08+12.56"5 0.79£0.05 0.58+0.09"* 661.72498.375% 525.77+95.08%
7 933.82+94.74°° 0.77+0.06% 0.64+0.02"* 597.39+57.30“ 459.25+74.77%"
9 950.89+33.95P 0.78+0.034% 0.64+0.094% 611.57£108.37™ 475.16+68.78%®
1 1032.23+92.3748¢ 0.80+0.04% 0.69+0.00"% 709.92+63.695™ 569.45+75.045®
3 1241.00£91.4245 0.8040.054% 0.67+0.0545® 831.75+124.38%® 671.38+132.944
WA EEZH 5 1237.32+113.444® 0.810.014 0.72+0.06" 891.84+57.324 720.11£54.90*
7 1060.33+137.705™ 0.8340.0245 0.60+0.024% 638.50+£99.535¢ 532.13£77.25"
9 1330.84+89.23 0.7740.044% 0.58+0.04% 774.39£102.73%% 601.62+106.80"®
1 941.45+68.045¢ 0.8140.035® 0.69+0.04% 651.69+25.028¢® 525.60+4.175
3 1135.40+42.428¢ 0.79+0.024 0.63+0.055® 712.39+£74.9978 562.71+£68.74™
WA 5 1033.43+56.195 0.88+0.054 0.6240.054 643.50+£30.328¢® 566.71+£23.36"5
7 957.21+48.76°P 0.81+0.0248® 0.66£0.04" 626.35+11.925< 505.34+22.03%
9 1051.96+29.00°P® 0.70+0.07% 0.57+0.01% 603.18+30.86™ 422.02436.55%
1 834.31+73.07¢ 0.82+0.0148%® 0.68+0.024% 570.13+35.71% 465.56+29.83°¢°
3 1286.62+59.18%° 0.77+0.055 0.62+0.025® 797.24:£22 94"B 618.05+48.19"°
XA 2 5 937.64+122.17% 0.86=0.09* 0.61£0.08" 566.78+:34.28% 488.61+63.58%
7 1436.67+63.37 0.89+0.074° 0.65+0.034 930.09+75.35 829.76+127.76™
9 1145.52+77.395 0.73+0.04% 0.57+0.03% 656.62+28.794¢ 479.55+37.4878
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Fig.3 Effect of adding different edible fungi on rheological properties of pork sausage during cold storage
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Fig.4 Effects of different edible fungi on emulsibility and ES
of pork sausage during cold storage
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Table 4 Effects of different edible fungi on sensory of pork sausage during cold storage
FE RKE(d) Jickes U e Yl R HERE HAIE

1 9.00£0.714* 8.40+0.55% 8.20+0.84 8.60+0.554 8.80+0.454

3 8.20£0.844" 7.20£0.844° 7.60£0.554® 8.60+0.554 8.40+0.554

FHA 5 7.60+0.55%° 7.20+0.84%° 7.40+0.55%% 8.00+0.71 6.80+0.84°
7 7.40+0.55%° 6.60+0.55" 6.80+0.84"° 8.00+£0.717 5.40+0.89%°

9 6.40+0.55% 5.8+0.84%¢ 5.20+0.84 7.60£0.714° 5.20+0.84%

1 9.00:£0.71"% 8.40+0.55% 8.60+0.554 8.80+0.84 9.40+£0.55"

3 8.40+1.147% 7.20£0.84%° 7.40+0.55%° 8.40:£0.55% 8.40+0.55%°

F i 5 7.60+0.554% 6.80+0.84"° 7.40£0.554° 8.40+0.55%® 6.60+0.55%
7 7.20+0.454 6.20£0.847% 6.80+0.84"° 8.00+0.714 5.40£0.89"

9 6.40+0.55™ 5.40+0.55% 5.30+£0.55% 8.00£0.55%° 5.20+0.84*

1 9.60+0.55" 8.20:£0.84* 8.20£0.84 9.00+0.714% 9.40+0.89%*

3 8.20+0.84° 6.80+0.84"° 7.40+0.55%% 8.60+0.55%® 8.40+0.554

Al 2 5 7.60+0.55%° 6.60+£1.14% 7.40+0.55% 8.40+£0.55% 6.80+0.84"°
7 7.40+0.554° 6.20£0.84"" 6.800.84%° 8.00£0.714% 5.40+0.894

9 6.40+0.55% 5.40+0.55"¢ 5.20+0.84 7.40+0.55"¢ 5.40+0.84

1 9.20:£0.84"* 8.20:£0.84 8.20£0.84 9.20+0.84"* 9.40+0.55"

3 8.20+0.844° 7.00£0.714° 7.40+0.554 8.60+0.554® 8.600.894

R 5 7.60+0.554° 6.80+0.847% 7.40+0.554% 8.00:£0.714% 7.40+0.894°
7 7.40+0.55%° 6.60+0.55" 6.80+0.84"° 8.00:£0.714% 5.20+0.84%

9 6.40+0.55% 5.80+0.84 5.20+£0.84% 7.20+0.45% 4.40+0.55%¢

1 9.00:£0.71"% 8.40+0.55% 8.20£0.84 8.60+0.55% 8.80+0.45

3 8.20+£0.84% 7.20+£0.84%° 7.60+0.554% 8.60:£0.55% 8.40+0.55

ARt 5 7.600.554° 7.20£0.844° 7.40£0.554 8.00+0.714 6.80+0.84%°
7 7.40+0.55%° 6.60£0.55" 6.80+0.84"° 8.00+0.714 5.40+0.894

9 6.40+0.55% 5.80+£0.84"¢ 5.20+0.84 7.80:£0.45" 5.20+0.84

1 9.00+0.714* 8.40+0.55% 8.00+1.00% 8.60+0.55 8.60+0.55

3 8.40+0.55%® 7.20+0.84"° 7.60+0.554 8.60+0.554 8.20+0.84

Mk ai A 5 7.80+0.454% 7.00+£0.714° 7.40+0.55" 8.00+0.717 7.00+£0.714°
7 7.40£0.55% 6.40£0.55% 6.40+0.554° 7.80:£0.45" 5.40+0.89%

9 6.40+0.55" 5.80+£0.84"¢ 5.20+0.84 7.80:£0.84"* 5.00+0.714

1 9.00:£0.714° 8.20:£0.84 8.20£0.84 8.60:+0.55% 8.60+0.554

3 8.200.844" 7.00£0.714° 7.60+0.554 8.60+0.554 8.40+0.554

X3 T 4 5 7.60+0.554° 6.80£0.84 7.40+0.55%% 8.00+£0.714® 6.800.84*°
7 7.40+0.55%° 6.40+0.55" 6.80+0.84"° 8.00:£0.71% 5.20+0.84%

9 6.40+£0.55% 5.60+0.55% 5.20£0.84 7.60+£0.554° 4.20+0.45"
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Table 5 Types and relative contents of volatile flavor substances in pork sausage with different edible fungi during cold storage

=i Fidl Az 21 Tk U /NERAE ek i 41 X3 A 4
5’}% %M(d) LH Y4 H Y2 SENORE e s A A ik A
1 2 2.55 2 0.89 1 2.05 2 1.26 — — 1 1.89 1 1.70
3 6 2.38 2 3.38 1 0.27 — 0.09 — — 2 0.82 1 0.10
P 5 2 3.21 — — — — — — — — — — 1 0.28
7 1 0.11 2 0.58 1 0.18 — — — — — — — —
9 4 0.72 1 0.20 — — 1 0.12 1 0.83 — — — —
1 3 0.64 3 1.85 3 1.61 3 2.42 1 0.56 3 236 1 0.62
3 1 0.38 2 1.43 1 0.82 2 1.41 3 1.81 1 0.60 3 0.43
i 5 2 0.92 3 1.99 2 0.44 1 0.25 2 0.71 4 1.32 1 0.38
7 3 1.99 2 0.54 2 0.76 2 0.80 2 0.38 2 0.68 2 0.88
9 2 2.65 2 1.14 5 3.02 1 0.47 2 0.60 1 0.42 2 0.87
1 — — 1 2.03 — — 1 1.98 1 1.97 — — — —
3 1 131 — — 1 2.34 1 3.73 1 1.70 1 238 1 0.61
S 5 — — 1 0.85 1 0.59 1 0.31 1 0.42 1 0.38 — —
7 1 0.52 — — — — — — — — — — — —
9 1 0.21 — — — — — — — — — — —
1 2 0.36 2 0.30 2 0.50 1 0.48 2 0.64 2 0.78 2 1.52
3 — — 2 0.72 2 0.44 2 0.61 1 0.36 2 0.50 2 0.31
i 5 1 0.12 2 0.54 2 0.27 2 0.22 — — 2 0.26 2 0.23
7 1 0.07 2 0.41 2 0.21 2 0.23 1 0.27 2 0.34 — —
9 1 0.06 2 0.54 2 0.33 2 0.33 1 0.53 2 0.64 — —
1 6 25.11 3 7.38 4 13.00 4 12.33 4 12.19 4 10.22 4 10.80
3 6 20.84 4 14.33 4 14.31 4 12.26 4 10.34 6 12.48 4 5.40
(S S 5 5 21.67 4 7.28 4 6.19 3 4.55 2 225 3 2.54 3 1.72
7 5 10.16 3 4.08 4 3.32 4 3.35 4 4.80 3 3.20 4 321
9 3 222 3 4.17 3 4.17 4 3.36 3 5.06 3 3.47 5 4.15
1 6 31.79 5 26.72 5 28.33 4 21.57 6 28.90 5 30.60 4 23.02
3 9 43.05 5 22.72 5 2430 5 21.25 11 47.04 11 39.98 9 57.73
fE 5 5 31.88 9 26.09 11 59.17 11 61.28 9 55.24 12 63.47 12 62.47
7 12 62.57 13 62.73 12 15.85 9 17.20 11 66.49 13 19.61 8 15.08
9 8 23.57 12 66.22 12 64.23 9 17.07 11 59.98 15 70.69 10 23.70
1 2 1.61 1 322 1 2.62 1 1.93 1 4.04 — — 1 2.83
3 1 1.57 1 3.44 2 321 1 233 2 457 2 0.96 1 1.97
(72 5 — — 1 0.89 3 1.69 3 434 2 131 2 2.58 3 221
7 2 3.52 2 5.81 3 243 1 1.39 3 1.12 2 2.14 2 3.20
9 1 1.35 1 3.95 1 1.35 1 0.93 2 2.56 3 1.28 1 0.69
1 3 291 2 2.81 2 3.26 2 2.97 2 2.62 2 2.73 3 2.88
3 2 322 2 3.70 2 428 2 3.85 3 2.99 3 3.26 3 1.88
fig 5 3 3.55 4 3.02 3 2.76 1 0.92 3 1.18 3 1.75 2 0.72
7 4 2.26 1 0.67 3 1.38 3 1.79 1 0.52 2 1.13 2 0.88
9 4 1.10 1 0.65 3 2.10 3 1.78 2 1.46 1 0.46 3 1.86
1 — — — — — — — — — — 1 0.34 — —
3 — — — — 1 0.09 — — 1 0.11 1 0.13 1 0.10
F57S 1 1.45 1 0.25 1 0.05 1 0.04 — — — — 1 0.05
7 1 0.18 1 0.07 1 0.06 1 0.24 1 0.08 — — — —
9 — — 2 0.25 1 0.06 2 0.11 1 0.12 — — — —
1 2 0.39 1 2.09 1 251 1 2.14 1 2.64 1 2.79 2 2.85
3 1 0.63 2 2.82 2 2.96 3 2.86 2 2.20 2 2.79 3 1.42
wEK S — — 1 1.89 2 1.75 1 0.84 2 1.57 2 1.11 1 0.47
7 2 0.44 1 0.86 1 0.47 1 0.37 1 0.71 1 0.56 2 0.99
9 — — 2 1.25 1 0.80 1 0.42 1 0.81 1 0.62 2 1.01
1 2 4.12 2 1.96 3 8.25 2 1.84 3 5.54 1 0.80 — —
3 3 2.50 3 4.92 3 5.10 2 6.45 2 2.82 1 131 1 0.55
[IEES 5 3 2.14 2 291 1 0.47 3 2.19 1 131 1 1.25 2 0.82
7 2 1.04 3 2.34 1 0.57 — — 3 2.83 2 1.13 1 0.53
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