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Abstract: [ Objective] To investigate the effects of different addition amounts of Morchella esculenta powder on the physicochemical
properties and oxidative stability of Nanjing sausages. [ Methods] Different amounts of M. esculenta powder are added to sausages. The pH
values, nutritional components, free amino acids content, free fatty acids content, volatile compound content, color, textural characteristics,
sensory scores, 2-thiobarbituric acid value, carbonyl group value, and free thiol group value are measured and analyzed. [ Results]
Compared with the control group, the addition of M. esculenta powder increases the protein content, free amino acid content, unsaturated
fatty acid content, alcohol content, ester content, »* value, and overall acceptability score (P<<0.05), while decreasing the aldehyde content,
hydrocarbon content, " value, a’ value, hardness, adhesiveness, and chewiness of sausages (P<0.05). At the same time, the addition of M.
esculenta powder effectively inhibits the lipid oxidation and protein oxidation of sausages. When the addition amount of M. esculenta
powder is 2%, the overall acceptability of sausages is the optimal. [ Conclusion] The addition of M. esculenta powder not only enhances the
nutritional value and flavor but also inhibits the oxidative stability of sausages.
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Table | Effects of Morchella esculenta powder addition

on nutritional components and pH values of

Nanjing sausages
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Table 2 Effects of Morchella esculenta powder addition on free amino acid content of Nanjing sausages %
- 2R B R 0

0% 1% 2% 3% 4%
AR 0.5940.02° 0.63+0.01° 0.70£0.05" 0.72+0.03" 0.820.02°
A1 T2 0.20+0.01¢ 0.23-+0.02¢ 0.26+0.02° 0.30+0.01° 0.35+0.02°
HER 0.14+0.01¢ 0.1740.01 0.1940.02° 0.2140.01% 0.2340.01"
SRR 0.2040.01¢ 0.2240.02° 0.24+0.01¢ 0.2840.02° 0.3240.02°
SERR 0.340.02° 0.41+0.02¢ 0.45+0.03° 0.52+0.02" 0.580.02"
KHER 0.1540.02° 0.1740.01* 0.1940.02° 0.210.01* 0.24-0.01*
PN 0.38+0.03° 0.4540.02¢ 0.4940.03" 0.5340.02° 0.6040.02°
5 R 3.65+0.15° 3.704£0.32° 3.7540.12% 3.80+£0.20" 4.10+0.32°
RITA R 0.04+0.01° 0.05+0.01° 0.06+0.01" 0.07+0.01° 0.08+0.01"
22538 0.23+0.02¢ 0.24-+0.01¢ 0.2740.02" 0.2940.02° 0.3440.01°
A 1.8940.12° 2.08+0.02¢ 2.24+0.12¢ 2.3740.06" 2.5340.02°
HaEm 0.18+0.01° 0.200.01" 0.22+0.02° 0.24+0.02% 0.26+0.01"
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Table 3  Effects of Morchella esculenta powder addition on free fatty acid content of Nanjing sausages %
ESieap g7y I Biie
fIg 5 R
0% 1% 2% 3% 4%
Cio.0 0.070.01 0.080.01 0.060.01 0.07-0.03 0.070.01
Ci.o 0.080.01 0.080.01 0.070.02 0.070.03 0.06-0.02
Ciao 0.8520.02° 0.83220.02° 0.680.06" 0.6620.02° 0.6220.02°
Cis.0 0.09+0.01° 0.080.02" 0.07£0.01* 0.07£0.01* 0.04+0.01°
Cis.o 21.50+0.82" 21.22+1.08" 20.00+0.21° 19.88+0.41% 19.35+0.10°
Cir0 0.2120.02 0.2220.01 0.2120.01 0.2120.02 0.2020.01
Cis.o 11.40+0.39° 10.300.31° 10.2340.59° 10.0240.62° 9.5240.30¢
Cao.0 0.12+0.01 0.120.02 0.12+0.01 0.10+0.01 0.10£0.39
Cionr 1.4270.08° 1.36+0.12° 1.2240.08° 1.2340.05¢ 1.2040.02¢
Cisai 23.7040.43° 24.4040.83" 24.7041.20™ 25.0040.51° 25.4040.30°
Cao. 0.400.02 0.40-0.05 0.380.08 0.39+0.02 0.380.08
Cisr 30.404+0.95° 31.104-0.40° 32.504-0.42° 33.2040.36" 34.204-0.51°
Coo.s 0.69+0.02° 0.700.01° 0.67+0.02" 0.66-+0.02° 0.65+0.02°
Cis.s 1.1740.05 1.1840.03 1.174£0.23 1.16£0.31 1.154£0.26
Cyos 0.610.02% 0.59-0.04° 0.63+0.02° 0.60+0.01° 0.56+0.01°
Cao.e 6.840.55" 6.920.23" 6.58220.80° 6.310.58¢ 6.2270.50°
Coo.s 0.180.01° 0.180.02" 0.174£0.02° 0.16£0.03® 0.15+£0.01°
Cs 0.260.01% 0.24-+0.02° 0.25+0.03" 0.25+0.01° 0.28+0.01°
0L g U5 TR S At 34.33 32.93 31.46 31.08 29.96
LR ARG 7 R 25.52 26.16 26.30 26.62 26.98
22 AN IR R B A 40.15 4091 41.94 42.30 43.06
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Table 4 Effects of Morchella esculenta powder addition on volatile compound content of Nanjing sausages %
y SRR S i
a 0% 1% 2% 3% 4%

g 3.854+0.08°  2.69+0.10° 1.91+0.12¢ 1.43+0.05¢ 1.08+0.03¢
2-H B -1 7S bt B 0.4840.01°  0.34+0.03" 0.23+0.02° 0.2040.05° 0.1240.01¢
5 2.64+0.08°  5.23+0.18° 7.3940.59° 9.7940.82"  11.604+0.37"
13- be- 1 0.540.03*  0.42+0.02°  0.34£0.01° 0.22+0.01¢ 0.11+0.02°
LRI 17.6440.88° 23.82+0.24" 30.15+0.63° 35.89+0.57"  40.36+0.98"
KL 5 B S 1.024+0.19°  0.86£0.12° 0.68+0.08° 0.4340.05° 0.2340.02°
AU 7S i T 0.28+£0.03*  0.20£0.02°  0.14£0.03¢ 0.09+0.02¢ 0.05+£0.01¢
A 1.49+0.08° 1.18+0.05" 0.9540.03¢ 0.7320.03¢ 0.5920.02°
4-(1-H1 3 2 356 ) 4% P 0.9240.04°  0.68+0.05" 0.51+0.02¢ 0.3940.03¢ 0.2140.02°
LR LT 0.71£0.03°  1.05£0.06° 1.240.03¢ 1.40+0.05" 1.5840.04°
TR W B 1.33+0.03¢ 1.58+0.06° 1.600.05¢ 1.724+0.02° 1.99+0.03°
9-+ )\ I 2 (Z) -75 W1 g KA 0.18+0.02° 0.2140.01° 0.41+0.02° 0.6540.03"
MR 3-(1 /U SR U3 ) T Sk iR 0.88+0.01¢ 1.2340.03° 1.2840.03"  1.3340.02° 1.5840.03"
12, 15-F/\ s i 11 g 0.56£0.03°  0.70+£0.01°  0.9240.02° 1.15+0.03" 1.38+0.02°
10, 13-+ /N e H g KA 0.154+0.01¢ 0.2840.03° 0.3140.02° 0.4340.05°
N-"R B -2- % e £ R T i 0.17£0.02°  0.260.05° 0.3540.01° 0.44+0.02" 0.5240.05"
RAN o LT 0.18£0.01¢  0.20+£0.02°  0.43+0.01° 0.60+0.03" 0.96+0.06"
1, 13- 510 -5- 2 4 12 1 g 0.2140.01¢  0.22+0.03¢ 0.5140.08° 0.750.04" 0.910.05"
2-H AN T R R AR 0.3840.05¢ 0.5240.01° 0.6940.02° 0.870.04"
VANGIE- SN UIPEE=R e 1.3940.12°  1.08£0.05"°  0.8540.02° 0.63+0.02¢ 0.380.02¢
(32— he 3k ) 7R 0.914+0.05°  0.70£0.02° 0.661+0.02"°  0.59+0.03° 0.4040.02¢
| B 3 A R U 3.3640.21°  2.384£0.14° 1.52+0.06° 0.9840.05° 0.6440.02°
T R B S R 1.37+£0.11° 1.154£0.08"  0.9540.05° 0.67+0.04° 0.41+0.02°
1,3-0RUT 3R 3.034+0.28°  2.58+0.16" 1.7240.09° 1.214+0.06° 0.08+0.02¢
I B A AU 0.2940.03*  0.15+0.02° 0.1240.01  0.1040.01° 0.0440.01¢
175 R T ik e 0.19£0.01*  0.16£0.01"  0.14%0.01" 0.09+0.02° 0.060.01¢
TN e S L Tk S 1.12£0.10°  0.860.08"  0.7240.01° 0.58+0.02¢ 0.45+0.03¢
O BEOE 0.2940.01*  0.26+£0.02"  0.25+0.01° 0.2240.02*°  0.2040.02°
W R 4.5240.57°  6.1440.21¢ 8.22+0.14° 9214028  11.8140.03"
PITH 220+0.03*  1.70£0.05" 1.24-0.03¢ 1.05+0.04¢ 0.92+0.05¢
iy 1.37+0.45¢ 1.39+0.10° 1.73+0.12° 1.89+0.14° 2.0940.09"
2,6-(1, - H 3 2,35 ) -4-(1-5 AR 38 ) K 3.2540.18°  2.134£0.22° 1.01+0.02¢ 0.8640.02° 0.6340.03°
LHEF 2F 1244015 1.56+£0.11¢ 2.060.10° 2.65+0.16" 2.9340.09"
B 0T A 26.45 33.56 40.84 48.05 53.55
T 2 ) o el A 2.41 1.86 1.46 1.12 0.80
iR 28 ) o e o 431 5.95 6.06 8.80 10.87
JE AL ) 11.95 9.32 6.93 5.07 2.66
HoAb iy o B 12.58 12.92 14.26 15.66 18.38

o AT TR R B35 25 57 (P<<0.05) .

JoE A S AT R AR T o AR L S« S R R
P22 By | 208 B CHC A 3 P 5, 3k 6 4 T A SR T A
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0 Jo P I

AR T . A5 RS Wang
4R BARLY . T Qing 25 By BF 9T
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Table 5 Effects of Morchella esculenta powder addition

on color parameters of Nanjing sausages

KRS FHEARMEAREREAERSSUREENFM

*o FHEMEANMEMERERRANZM
Table 6 Effects of morchella esculenta powder addition on

textural characteristics of Nanjing sausages

;?;L L' a'fi b'fH ;;gﬁj fifl B /N b /N /N
0 39.8040.11°  16.3820.08" 11.930.10° 0 113.76£0.26" 0.730.01" 70.2540.22" 51.53+£0.25"
1 33.17£0.12° 12.77+0.11"  12.60%0.05° 1 108.5940.19° 0.8040.01° 61.0940.13" 47.79-+0.12°
2 31.644-0.14°  11.3220.09° 12.7540.11° 2 96.4240.17° 0.792-0.01* 54.08=-0.12° 45.784-0.17°
3 28.75+0.11¢  10.81+0.12¢ 12.8240.08" 3 89.3340.24" 0.7840.02* 51.29+0.16° 40.75+0.18*
4 27.4940.08" 10.05+£0.07° 12.8640.12° 4 48.47+30.00° 0.78£0.01* 47.7140.27° 35.95+0.20°

T FFNE RN KRR 3 25 7 (P<0.05) .

R7 FHEBHTIMENERERR

T RSN PR SR 35 28 57 (P<0.05) .

BiIFM B

Table 7 Effects of morchella esculenta powder addition on sensory scores of Nanjing sausages

TR R SN 4 /% i, iy S JENUS AR 7
0 8.5240.25" 8.360.13° 6.5440.15° 6.85+0.17° 7.860.22¢
1 8.6040.31° 9.04+0.15" 7.0240.12¢ 7.58+0.22¢ 8.0140.15°
2 8.62+0.18" 9.3240.19" 7.5540.16° 7.860.13¢ 8.96+0.10°
3 8.2640.21° 7.5240.22¢ 8.06+0.18" 8.25+0.21° 8.3440.12°
4 8.02+0.15¢ 6.85+0.17° 8.3240.14° 8.66+0.20° 7.1240.21°

T BN RN SR 835 22 5 (P<C0.05) .
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Table 8 Effects of morchella esculenta powder addition on

lipid oxidation and protein oxidation of Nanjing

sausages
S RIRERA TBA fH/ e W5 28 B AL/
Jntt/%  (mg MDA-kg ') (nmol'mg ')  (nmol-mg ')
0 0.1840.01° 1.2340.07° 40.3940.96°
1 0.14=0.01° 1.04=40.05° 46.8240.57¢
2 0.11+0.01° 0.8240.06° 53.60+0.82°
3 0.09--0.01° 0.66+-0.08¢ 60.20-0.63°
4 0.0640.01¢ 0.4540.03° 66.15+0.91°
T NG FRR T RN B3 25 7 (P<0.05) .
AR A . AN B T & A B 2 4 A G 25 4 B
EARP iR i
3 5B
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B bR B SE AT E TE RS e o S5 AR, S X IRALAT T
I TR B T A B v A A U S A R e
8 T R ROHR SR B R B T A M B KUK A
SR IY , e H T AR j%i@m%%ﬂ’]??%"{ﬁ%ﬂé
PRATHE 32 M o LA, 2 R RS B0 S g BE A 8 il 7
Ol U AN B SRR . SR R AR — R TR Y

Ty RE PR AR S 0 2 A b, AT A B T B R A
HEMMBT T A A WX AR e ROR AT
FEH TR TR RO PG R 2 0 L 2 B 2R R PR S
gl b, I HORL T T 4 i 0 BE R AT 5T L TR A ) ] HE X 7 B
S A 7R A VB E 2 TRL

5% 30k

[1] Carlotti F, Bazuine M, Kekarainen T, et al. Lentiviral vectors
efficiently transduce quiescent mature 3T3-L1 adipocytes[J].
Molecular Therapy, 2004, 9(2): 209-217.

[2] Lapidot T, Granit R, Kanner J. Lipid peroxidation by free iron
ions and myoglobin as affected by dietary antioxidants in
simulated gastric fluids[J]. Journal of Agricultural and Food
Chemistry, 2005, 53(9): 3 383-3 390.

[3] Estévez M. Protein carbonyls in meat systems: a review[J].
Meat Science, 2011, 89(3): 259-279.

[4] Saito M, Sakagami H, Fujisawa S. Cytotoxicity and apoptosis
induction by butylated hydroxyanisole (BHA) and butylated
hydroxytoluene (BHT) [J]. Anticancer Research, 2003, 23(6):
4693-4701.

[5] Wang X P, Zhou P F, Cheng J R, et al. Use of straw mushrooms
(Volvariella volvacea) for the enhancement of physicochemical,
nutritional and sensory profiles of Cantonese sausages[J]. Meat
Science, 2018, 146: 18-25.

[6] Hibbett D S, Binder M, Bischoff J F, et al. A higher-level

classification of the Fungi[J].

phylogenetic Mycological

195



196

% K Fl DEVELOPMENT & APPLICATION

Research, 2007, 111(5): 509-547.

[7] 5K 5. T 22 0 A SR IR I3 2 S5 M R AE L T S AL BT ST [D].
I WK A, 2023: 1.

Zhang J. Study on extraction, isolation, structural characterization
and antioxidant activities of polysaccharides from Morchella
esculenta[D]. Liaocheng: Liaocheng University, 2023: 1.

[8] Seoung R L, Hyun-Soo R, Seul L, et al. Bioactivity-guided
isolation and chemical characterization of antiproliferative
constituents from morel mushroom (Morchella esculenta) in
human lung adenocarcinoma cells[J]. Journal of Functional
Foods, 2018, 40: 249-260.

[9] Mirzadeh M, Arianajad M R, Khedmat L. Antioxidant,
antiradical, and antimicrobial activities of polysaccharides
obtained by microwave-assisted extraction method: a review[J].
Carbohydrate Polymers, 2020, 229: 115421.

[10] Yang C L, Meng Q F, Zhou X, et al. Separation and
identification of chemical constituents of Morchella conica
isolated from Guizhou province China[J].
Systematics and Ecology, 2019, 86: 103919.

(1] 2R, R0, A, 45 . FR 1 30 v A A= 7 R AR 55 1 ] o
FEH AR T[] (25T, 2021, 29(6): 461-465.

Li C D, Wu L, Wang S W, et al. Production scale and key field

Biochemical

cultivation techniques of Morchella in China[J]. Edible and
Medicinal Mushrooms, 2021, 29(6): 461-465.

[12] EAR, BAR, B, &5 . AR 4 7 200 2 I 17 5 A9 52 TR
[9]. 25 4, 2024, 32(2): 109-117.

Wang J, Xia L L, Xie L, et al. Effects of different drying
methods on the quality of Morchella[J]. Edible and Medicinal
Mushrooms, 2024, 32(2): 109-117.

[13] Wang X P, Xu M Y, Cheng J R, et al. Effect of Flammulina
velutipes on the physicochemical and sensory characteristics of
Cantonese sausages[J]. Meat Science, 2019, 154: 22-28.

[14] Fu Q Q, Zhang W, Chen Q Z. The effects of Hypsizygus
marmoreus powder on the physicochemical properties, sensory
characteristics, and oxidative stability of Chinese Cantonese-
style sausages[J]. Journal of Food Processing and Preservation,
2025, 2 025(1): 4346162.

[15]Fu Q Q, Song S X, Xia T L, et al. Effects of cherry
(Prunuscerasus L.) powder addition on the physicochemical
properties and oxidation stability of Jiangsu-type sausage
during refrigerated storage[J]. Foods, 2022, 11(22): 3 590.

[16] Laranjo M, Gomes A, Agulheiro-Santos A C, et al. Impact of
salt reduction on biogenic amines, fatty acids, microbiota,
texture and sensory profile in traditional blood dry-cured
sausages[J]. Food Chemistry, 2017, 218: 129-136.

[17]Fu Q Q, Yang J T, Lv L Y, et al. Effects of replacing chicken

on the

breast meat with Agaricus bisporus mushrooms

qualities of emulsion-type sausages[J]. LWT-Food Science and

B 2998 | 2026 F 9 A | RGBS

Technology, 2023, 184: 114983.

[18] Fu Q Q, Shi H B, Hu D X, et al. Pork Longissimus dorsi
marinated with edible mushroom powders: evaluation of
quality traits, microstructure, and protein degradation[J]. Food
Research International, 2022, 158: 111503.

[19] Shi H B, Zhang R Y, Zheng J B, et al. Reduction of NaCl in
oxidized myofi brillar protein by substitution with chloride
salts: underlining the gel changes and gastric digestive
properties[J]. Food Science and Human Wellness, 2026, 15
(1):9250331.

[20] Qing Z L, Cheng J R, Wang X P, et al. The effects of four
edible mushrooms  (Volvariella  volvacea, Hypsizygus

marmoreus, Pleurotus ostreatus and Agaricus bisporus) on

properties of beef paste[J]. LWT-Food

Science and Technology, 2021, 135: 110063.

[21]Lee K H, Kim H K, Kim S H, et al. Effects of mushroom

physicochemical

extract on textural properties and muscle protein degradation

of bovine Longissimus dorsi muscle[J]. Bioscience,
Biotechnology, and Biochemistry, 2017, 81(3): 558-564.

[22] Montanari C, Bargossi E, Gardini A, et al. Correlation between
volatile profiles of Italian fermented sausages and their size
and starter culture[J]. Food Chemistry, 2016, 192: 736-744.

[23] Mottram D S. Flavour formation in meat and meat products: a
review[J]. Food Chemistry, 1998, 62(4): 415-424.

[24] Jelen H, Wasowicz E. Volatile fungal metabolites and their
relation to the spoilage of agricultural commodities[J]. Food
Reviews International, 1998, 14(4): 391-426.

[25] Diamantopoulou P, Papanikolaou S, Aggelis G, et al
Adaptation of Volvariella volvacea metabolism in high carbon
to nitrogen ratio media[J]. Food Chemistry, 2016, 196:
272-280.

[26] Guan G P, Zhang G Q, Wu Y Y, et al. Purification and
characterization of a novel serine protease from the mushroom
Pholiota namekol[J]. Journal of  Bioscience and
Bioengineering, 2011, 111(6): 641-645.

[27] Cui L, Liu Q H, Wang H X, et al. An alkaline protease from
fresh fruiting bodies of the edible mushroom Pleurotus
citrinopileatus[J]. Applied Microbiology and Biotechnology,
2007, 75(1): 81-85.

[28] Han M Y, Bertram H C. Designing healthier comminuted meat
products: effect of dietary fibers on water distribution and
texture of a fat-reduced meat model system[J]. Meat Science,
2017, 133: 159-165.

[29] Jo K, Lee J, Jung S. Quality characteristics of low-salt chicken
sausage supplemented with a winter mushroom powder[J].
Korean Journal for Food Science of Animal Resources, 2018,

38(4): 768-779.



