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Abstract
The study aimed to evaluate the effects of Allium mongolicum Regel (AMR) and its wa-
ter- and fat-soluble extracts on the quality of fermented mutton sausages. Sausages 
were produced with mutton and fat. Four treatments: CO, without Allium mongolicum 
Regel and its extracts, used as control; AMR with Allium mongolicum Regel; AWE with 
water-soluble extract of Allium mongolicum Regel; and AFE with liposoluble extract 
from Allium mongolicum Regel, were produced and analyzed for pH, water activity 
(aw), free amino acids, fatty acids, and volatiles were, respectively, in fermented mut-
ton sausages during processing (0, 2, 5, and 7 days). The results showed that the pH 
values of the liposoluble extract from Allium mongolicum Regel (AFE), respectively, 
are lower than that of sample CO at the end of fermentation and ripening. The aw 
in all group of sausages significantly dropped to 0.88 at the end of ripening (Day 7). 
Adding Allium mongolicum Regel and its water-soluble extract can improve the serine 
(SER) content of fermented mutton sausage. The contents of five essential amino 
acids (EAA) were added when adding Allium mongolicum Regel and its fat-soluble ex-
tract. The total fatty acid (TFA) in the treatments increased during drying and ripen-
ing. The addition of Allium mongolicum Regel and its extract can increase the content 
of volatile flavor substances such as 3-hydroxy-2-butanone, 3-methylbutyraldehyde, 
hexanal, octanal, and nonanal at the later stage of maturity, so as to improve the 
flavor substances in fermented mutton sausage. Water-soluble extract of Allium mon-
golicum Regel (AWE) and AFE treatments had more intense flavor at the end of rip-
ening (Day 7). The flavor of fermented mutton sausage can be improved by adding 
Allium mongolicum Regel and its extracts into fermented mutton sausage.
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1  | INTRODUC TION

Fermented sausage produced from meat and fat particles, salt, 
spices, and condiments with starter cultures fermentation and can 
be stored for long time due to its low water activity (0.7–0.8) and 
low pH (4.5–5.5) (Sun et al., 2020). The product is preferred by many 
consumers for their strong characteristic flavors, aroma, texture, 
and taste. (Ahmad & Srivastava, 2007; Wang et al., 2015). Volatile 
compounds belong to various classes of aldehydes, ketones, alco-
hols, esters, acids, terpenoids, sulfur compounds, furans, and aro-
matic compounds (Ciuciu et  al.,  2014; Marco et  al.,  2004; Olesen 
et al., 2004). It is known that the unique flavor of fermented sau-
sage products results from the degradation of lipids, proteins and 
carbohydrates by tissue enzymes (protease and lipase) and micro-
bial enzymes, the products of lipid autoxidation and the ingredients 
added to sausage, such as spices (Ferrocino et al., 2017; Misharina 
et al., 2008). The characteristics of traditional mutton products are 
backward processing equipment and simple methods and are usually 
produced in family or workshop on a small scale in China. However, 
with the increasing improvement of people's economic living stan-
dards, there are becoming more and more obvious that the defects 
of product processing methods and product characteristics. Poor 
equipment and low technical content are difficult to effectively 
control product quality and safety. For example, fermented dried 
mutton has a heavy smell of mutton. Spices were usually added to 
mutton products to cover up the odor of sheep meat. Consequently, 
the use of naturally occurring substances is becoming increasingly 
popular to improve the quality of sausages. Extracts from natural 
plants have unique pungent odor, which can correct the peculiar 
smell of food and make it to emit fragrance (Zhao et al., 2011). Thus, 
numerous studies have explored the potential for fermented sau-
sages with natural plants and its extracts to improve quality defects 
(e.g., odor formation and production of BAs, such as diamine putres-
cine and cadaverine) (Marcos et al., 2013; Liu et al., 2021).

Results from such studies have shown that natural plant extracts 
can improve flavor and safety, physicochemical properties, as well as 
quality in fermented sausages (Lashgari et al., 2020). For example, 
Baldin et al. (2018) added microencapsulated Jabuticaba extracts 
showed that reduced the acceptance of color, but improved the sen-
sory acceptance of taste. Thus, numerous studies have explored the 
potential for fermented sausages with natural plants and its extracts 
to improve quality. Some researchers using sage as antioxidant in 
Chinese-style sausage showed protective effects on the deteriora-
tion of color and textural properties (Zhang et al., 2013).

Allium mongolicum Regel is a kind of wild vegetable with rich nu-
trition and unique flavor that is native to and cultivated in grasslands 
in northern China (Du et  al.,   2019; Zhang et  al.,  2014). The main 
active ingredients of the fat-soluble extracts of Allium mongolicum 
Regel include alkanes, flavonoids, ammonia compounds, alcohols 
and acids, and some phenols with aromatic odor. The main active 
ingredients of the water-soluble extracts of Allium mongolicum Regel 
include cysteine derivatives, allicin, phenylpropylpyran derivatives, 

anthocyanin, polysaccharides, spirostene derivatives and astragalo-
side derivatives (Zhang, 2007). Some researchers have reported that 
Allium mongolicum Regel and its extracts could increase the contents 
of aromatic hydrocarbons, alcohols, ketones, aldehydes and sulfur 
compounds, and the content of alkanes, alkenes, esters and hetero-
cyclic acids was reduced in muscle (Ding et al., 2021). However, to 
our knowledge, there is no information available regarding the effec-
tiveness of the inclusion of Allium mongolicum Regel and its extracts 
to effect the quality in fermented mutton sausages. Consequently, 
the objective of the present study was to investigate the effects of 
addition of Allium mongolicum Regel and its extracts to fermented 
sausage on quality.

2  | MATERIAL S AND METHODS

2.1 | Sausage sample preparation

The materials used included raw meat from the hindquarter of 
sheep, fat from the tail of sheep in this research obtained from mar-
ket in Hohhot (Inner Mongolia, China). Starter culture was prepared 
by Lactobacillus plantarum, Streptococcus pentose and Staphylococcus 
from Meat Laboratory (College of food science and nutrition engi-
neering, China Agricultural University, Beijing, China). Allium mon-
golicum Regel was collected in Etuokeqianqi, Ordos, Inner Mongolia. 
Water-soluble extract and liposoluble extract of Allium mongoli-
cum Regel were provided by Animal Nutrition Laboratory of Inner 
Mongolia Agricultural University (Fan et al., 2019).

All of the meat and fat were weighed in advance and cut into 4- 
to 6-mm particle sizes. Four different sample groups of fermented 
mutton sausages were produced with various of Allium mongolicum 
Regel and its extracts. (1) CO: without Allium mongolicum Regel 
and its extracts; (2) AMR: with Allium mongolicum Regel (0.5%); 
(3) AWE: with water-soluble extract of Allium mongolicum Regel 
(0.5%); (4) AFE: with liposoluble extract from Allium mongolicum 
Regel (0.5%).

The sausage was prepared according to the following formu-
lation: lean mutton meat (90% w/w), fat (10% w/w), sucrose (0.5% 
w/w), salt (2.5% w/w), sodium nitrate (0.01% w/w), trite (0.007% 
w/w), glucose (0.5% w/w), and starter (2% w/w) (Sun et al., 2020). 
Mutton meat, fat, and other ingredients were mixed with 2% w/w 
starter cultures, which were made into 26-mm particle size. The 
mixed was pickled for 12 h at 4℃ and then packed into the natural 
goat sausage coat and ligated with the length of 10 cm. After ex-
hausted gas and rinsed, the sausage was suspended and fermented 
at 24.5℃ and 95% relative humidity (RH) for 36 h in constant tem-
perature and humidity culture. Then separately at the condition of 
14.5℃, 90% RH and 14.5℃, 80% RH for 36 and 48 h, the sausage 
entered drying process. Then the sausage was matured for 48 h 
at 14.5℃ and 70% relative humidity. Samples were obtained at 0, 
2, 5, and 7  days and were taken for subsequent analysis of the 
experiment.
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3  | METHODS

3.1 | Determination of pH and aw

The pH values of fermented sausages were tested using a pH meter 
(Model PB-10, METTLER TOLEDO). Added 36-ml distilled water to 
4 g of each sample, stirred for 30 min and measured pH values. Water 
activity was determined with a moisture activity meter (Model HD-
3A, Huake Instrument Co. Ltd.).

3.2 | Determination of free amino acid

The free amino acid content in fermented sausages was determined 
by automatic amino acid analyzer (L-8900, Hitachi Limited) using the 
method of GB 5009.124–2016 of China (2016). Accurately weighed 
30 mg of the sample dried to constant weight (accurate to 0.0001 g), 
added 15 ml of 6 mol/L hydrochloric acid, and hydrolyzed with the 
extraction temperature 90°C for 24  h. Then evaporated to dryness 
under reduced pressure with 1  ml of filtrate and fixed volume with 
0.02  mol/L hydrochloric acid. Filtered with 0.22-μm aperture filter, 
analyzed by L-8900 automatic amino acid analyzer.

3.3 | Determination of fatty acid

The content of fatty acid in fermented mutton sausages was pro-
filed by gas chromatography–mass spectrometry (GC-MS) (6890N-
5975C, Agilent Technologies Inc.) according to the literature (O'Fallon 
et al., 2007). Briefly, 0.5 g of minced sample were added 5 ml n-hexane 
and isoacetone (3:2), added 2  ml Na2SO4 solution and centrifuged at 
3000 g for 20 min. The supernatant was dried by nitrogen and then added 
1 ml of anhydrous methanol, 1 ml of 12% sodium hydroxide methanol 
solution and 0.5 of ml n-hexane, heated with the extraction temperature 
50°C for 15 min. Cooled and added 4 ml of 10% methanol hydrochloride, 
heated with the extraction temperature 90°C for 2 h. Cooled and added 

2 ml n-hexane and 8 ml deionized water, mixed and remained for 10 min. 
Added the volume of organic layer to 10 ml and to be set aside for 5 min, 
adding 1 g anhydrous sodium sulfate, filtered with 0.22-μm aperture fil-
ter, 1 µl filtrate of each sausage was injected onto GC-MS.

In the gas chromatographic system, a HP-88 capillary column 
(100 m × 0.25 mm i.d., film thickness 0.25 μm) was used. Column 
temperature was started from 120°C and held for 10 min and then 
programmed from 120 to 230°C at the rate of 3.2°C/min for 35 min. 
Inlet temperature was kept at 250°C. At constant voltage with 
190 kpa and the detector temperature at 300℃, a sample of 1.0 μL 
was injected; the split ratio of the injector was 1.50.

3.4 | Determination of volatile flavor compounds

Analysis was performed using solid-phase microextraction (SPME) 
coupled to gas chromatography–mass spectrometry (GC-MS). Two 
gram of sample was placed into the sample bottle, added 1 ml inter-
nal standard 2-methyl-3-heptanone (1.632 μg/ml), and heated with 
the extraction temperature 50℃ for 30 min. The needle was des-
orbed in the GC injection port for 3 min at 250℃ (6890N-5975C; 
Agilent Technologies) and was extended and absorbed for 40 min at 
50℃ (Fonseca et al., 2013).

Agilent GC-MS equipped with a DB-WAX (30 m × 0.25 mm × 
0.25  μm) capillary column was used for peak detection. Helium 
was used as the carrier gas at a flow rate of 1.2  ml/min. The in-
jector was used in the splitless mode. The temperature was set 
at 40°C and maintained for 3 min, increased to 200°C at 5°C/min 
and maintained for 0  min, increased from 200 to 230°C at 10°C/
min, and the final temperature was held for 3 min. The transfer line 
temperature, ion source temperature, and fourth-stage rod were 
maintained at 280, 230, and 150°C. Mass spectra were obtained at 
70 eV and a scan range of 40–600 amu. Volatile compounds were 
identified by comparison with mass spectrum data from the National 
Institute of Standards and Technology library database (NIST 2.0) 
(Jo et al., 2017).

TA B L E  1   Change of pH and aw during the ripening of the four batches of dry fermented mutton sausages

Ripening time 
(days) CO AWE AFE AMR

pH 0 5.67 ± 0.04bA 5.72 ± 0.04aA 5.70 ± 0.02aA 5.65 ± 0.01bA

2 5.22 ± 0.02bC 5.24 ± 0.02aC 5.18 ± 0.01cC 5.22 ± 0.02bC

5 5.29 ± 0.02aB 5.21 ± 0.01bC 5.21 ± 0.01bC 5.27 ± 0.01aB

7 5.30 ± 0.02bB 5.29 ± 0.01bB 5.38 ± 0.01aB 5.24 ± 0.02cBC

Aw 0 0.988 ± 0.001bA 0.991 ± 0.001aA 0.990 ± 0.001abA 0.990 ± 0.001abA

2 0.979 ± 0.001abB 0.985 ± 0.002aB 0.976 ± 0.002bB 0.975 ± 0.002bB

5 0.911 ± 0.002aC 0.905 ± 0.003bAB 0.885 ± 0.001cC 0.883 ± 0.001cC

7 0.837 ± 0.01aD 0.812 ± 0.001dC 0.834 ± 0.01abD 0.826 ± 0.003cD

Abbreviations: CO, no addition as control; AMR, with Allium mongolicum Regel; AWE, with water-soluble extract of Allium mongolicum Regel; 
AFE, with liposoluble extract from Allium mongolicum Regel; a–d means significant differences in different upper-case letters of the same column 
superscript data in the table (p < .05); A–D means differences in different lower-case letters of the same column superscript data in the table 
(p < .05).
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3.5 | Statistical analysis

Excel and SPSS 18.0 software were used for data statistics and significant 
difference analysis. The obtained data were analyzed by the general linear 
model procedure considering treatment as the main effect. Means were 
compared using Duncan's multiple range test, with a significance of p < .05.

4  | RESULTS AND DISCUSSION

4.1 | Effect of Allium mongolicum Regel and 
its extracts on pH and water activity (aw) of dry 
fermented mutton sausages

The results for pH and aw determinations are reported during rip-
ening time of all samples in Table 1. pH values varied from 5.18 to 

5.72 during the ripening of fermented sausages. The initial pH of 
all groups was 5.7, and the pH value of fermented mutton sausage 
declined rapidly during the fermentation stage. During the process 
of drying and maturing, the pH value increased in all groups. Similar 
trends in pH were observed in study by Li et al.  (2013) and Zhang 
et al. (2017). The pH value of sausages began to rise after 42 days of 
storage and stored at 20℃ was basically higher than that of sausage 
stored at 4℃ in our study. An increase in pH was possibly connected 
with protein hydrolytic activity of the starter culture, Allium mon-
golicum Regel and its extracts to form peptides, amino acids, and 
ammonia (Komprda et al., 2001).

The decrease in aw values was small, and there was no obvious 
change at the end of fermenting (Day 2). The water activity of the 
sausage samples decreased steadily throughout ripening. At the end 
of ripening, the aw values of all groups decreased to <0.85 that was 
similar to that found by Karwowska and Kononiuk (2018). The aw 

TA B L E  4   Concentrations (µg/100 g) of volatile flavor during the ripening of the four batches of dry fermented mutton sausages

Time Volatile flavor

Odor property (Venskutonis, 2010; 
Smit et al., 2009; Yang et al., 2020)

Ripening time (days)

0 2 5 7

CO AWE AFE AMR CO AWE AFE AMR CO AWE AFE AMR CO AWE AFE AMR

7.03 Acetic acid ethenyl ester – – – – 47.91 6.79 14.5 12.68 – – – – – – – –

7.17 2,3-Butanedione Sweet cream – – – – 42.34 58.03 97.99 75.3 – – – – – – – –

8.159 Acetic acid Sour – – – – 96.52 14.94 8.17 13.08 – – – – – – – –

9.527 3-methyl-butanal Nut – – – – 10.95 7.93 9.07 15.53 4.46 3.53 3.87 5.55 12.03 12.36 28.94 13.75

9.863 3-hydroxy-2-butanone – – – – 1128.59 318.68 534.55 513.20 87.15 86.94 62.63 112.63 85.20 161.44 278.13 168.56

10.593 2-Pentanol – – – – 52.57 3.22 10.41 3.90 – – – – – – – –

10.666 3-methyl-1-butanol – – – – 22.23 3.46 11.65 – – – – – – – – –

11.036 Dimethyl disulfide Garlic, onion – – – – – – – – – 1.95 4.94 2.30 – – – –

12.609 2,3-Butanediol – – – – 26.29 5.27 1.10 9.05 32.89 17.15 28.88 19.87 25.96 18.30 129.49 17.10

12.733 Hexanal Grass, green 29.00 9.63 24.94 12.73 432.66 54.57 114.16 218.38 95.14 72.6 52.95 110.93 154.81 155.60 365.04 148.78

14.642 (E)-2-Hexenal Green, apple – – – – – – – 199.69 – – – 2.80 – – – –

15.307 o-Xylene Sweet, flower, geranium – – – – – – – – 3.75 5.46 1.92 3.03 – – – –

16.108 Styrene Balsamic, gasoline – – – – 10.82 – – 7.17 6.98 10.85 8.05 8.68 13.91 3.50 8.06 6.40

16.308 Heptanal Fat, almond, green 7.01 2.71 5.84 16.31 65.64 11.41 22.40 32.27 20.75 18.39 12.93 13.69 26.57 32.27 84.21 23.56

16.997 Methyl2-propenyl disulfide – – – – – – – – – – 2.82 1.74 – – – –

17.601 1R-à-Pinene – – – – – – – – 10.87 7.11 9.99 6.46 12.45 8.50 15.79 12.89

18.601 Benzaldehyde Cherry, nutty, almond苦杏仁味 – – – – – – – – 2.28 6.16 5.48 1.48 – – – –

19.01 Dimethyl trisulfide – – – – – – – – – – 5.29 2.19 – – 5.32 3.92

19.173 á-Pinene – – 18.3 19.17 31.62 17.91 24.62 31.63 10.69 7.74 10.78 10.62 31.07 17.91 44.47 18.86

19.421 á-Myrcene – – – – 36.87 4.96 – 9.14 6.19 3.35 6.54 3.36 25.74 9.71 29.03 7.71

19.834 Octanal Green, sweet, nut 1.96 2.55 1.79 19.83 16.72 3.61 5.402 5.25 5.22 4.57 3.59 6.22 10.48 11.75 21.26 8.45

20.039 à-Phella-rene – – – – – – – – 3.24 2.18 3.23 – 13.22 – 8.08 –

20.251 3-Carene 1.15 7.54 36.75 20.25 56.79 48.68 46.79 66.32 42.77 31.77 54.19 23.11 103.42 68.81 155.43 43.71

20.728 m-Cymene 4.54 4.59 12.27 20.73 16.51 15.76 18.30 19.93 10.54 17.3 19.77 13.71 32.78 16.58 35.57 12.11

20.869 D-Limonene Green, apple, citrus, min 4.65 4.45 54.34 20.87 58.23 60.06 50.07 70.79 45.86 38.24 64.68 24.8 187.38 79.92 212.41 74.02

22.882 3,4-dimethyl-styrene – – – – 3.71 1.86 5.75 4.64 – 1.25 6.02 5.88 – – – –

23.158 Nonanal Fat, citrus, green 2.60 1.88 3.62 23.16 18.11 6.86 4.88 8.36 7.79 7.79 6.90 8.52 21.16 21.76 46.17 16.15

32.745 Caryophyllene 41.54 9.56 13.96 10.61 7.04 3.57 3.94 6.36 7.44 5.91 13.94 1.26 41.54 9.56 13.96 10.61

Abbreviations: CO, no addition as control; AMR, with Allium mongolicum Regel; AWE, with water-soluble extract of Allium mongolicum Regel; AFE, 
with liposoluble extract from Allium mongolicum Regel.
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value of all the experimental groups of fermented sausage samples 
was lower than that of the CO group (p > .05), which indicated that 
Allium mongolicum Regel and its extracts had impact on the aw values 
of fermented mutton sausage.

4.2 | Effect of Allium mongolicum Regel and its 
extracts on free amino acids of dry fermented 
mutton sausages

Free amino acids play an important role in improving the taste of 
sausages. The analysis of free amino acids (FAA) (expressed as 
mg/100  g of dry sausage samples) of dry fermented mutton sau-
sage is reported in Table  2. It shows dry fermented with higher 
THR, MET, LEU, PHE, LYS, and other five essential amino acids in 

the AFE treatment group compared with the control group during 
fermentation, and the contents of total free amino acids (TFAA) in 
the AFE treatment group were also higher compared with the con-
trol group. The contents of arginine (ARG) were 4.821 mg/100 g and 
4.74 mg/100 g in AFE group and AWE group, respectively, higher 
than the CO group (4.707 mg/100 g), indicating that the active com-
ponents increased the content of ARG in the extract of Allium mon-
golicum Regel. The content of serine (SER) in AFE group and AWE 
group is higher than in CO group; the contents of glycine (GLY), me-
thionine (MET), tyrosine (TYR), and lysine (LYS) in AFE, AWE, and 
AMR treatment groups were higher than those in CO group. The re-
sults showed that the active components of Allium mongolicum Regel 
and its extract were beneficial to the release of these amino acids of 
fermented mutton sausage. The four flavoring amino acids, glutamic 
acid, glycine, valine, and proline, showed a downward trend contrary 

TA B L E  4   Concentrations (µg/100 g) of volatile flavor during the ripening of the four batches of dry fermented mutton sausages

Time Volatile flavor

Odor property (Venskutonis, 2010; 
Smit et al., 2009; Yang et al., 2020)

Ripening time (days)

0 2 5 7

CO AWE AFE AMR CO AWE AFE AMR CO AWE AFE AMR CO AWE AFE AMR

7.03 Acetic acid ethenyl ester – – – – 47.91 6.79 14.5 12.68 – – – – – – – –

7.17 2,3-Butanedione Sweet cream – – – – 42.34 58.03 97.99 75.3 – – – – – – – –

8.159 Acetic acid Sour – – – – 96.52 14.94 8.17 13.08 – – – – – – – –

9.527 3-methyl-butanal Nut – – – – 10.95 7.93 9.07 15.53 4.46 3.53 3.87 5.55 12.03 12.36 28.94 13.75

9.863 3-hydroxy-2-butanone – – – – 1128.59 318.68 534.55 513.20 87.15 86.94 62.63 112.63 85.20 161.44 278.13 168.56

10.593 2-Pentanol – – – – 52.57 3.22 10.41 3.90 – – – – – – – –

10.666 3-methyl-1-butanol – – – – 22.23 3.46 11.65 – – – – – – – – –

11.036 Dimethyl disulfide Garlic, onion – – – – – – – – – 1.95 4.94 2.30 – – – –

12.609 2,3-Butanediol – – – – 26.29 5.27 1.10 9.05 32.89 17.15 28.88 19.87 25.96 18.30 129.49 17.10

12.733 Hexanal Grass, green 29.00 9.63 24.94 12.73 432.66 54.57 114.16 218.38 95.14 72.6 52.95 110.93 154.81 155.60 365.04 148.78

14.642 (E)-2-Hexenal Green, apple – – – – – – – 199.69 – – – 2.80 – – – –

15.307 o-Xylene Sweet, flower, geranium – – – – – – – – 3.75 5.46 1.92 3.03 – – – –

16.108 Styrene Balsamic, gasoline – – – – 10.82 – – 7.17 6.98 10.85 8.05 8.68 13.91 3.50 8.06 6.40

16.308 Heptanal Fat, almond, green 7.01 2.71 5.84 16.31 65.64 11.41 22.40 32.27 20.75 18.39 12.93 13.69 26.57 32.27 84.21 23.56

16.997 Methyl2-propenyl disulfide – – – – – – – – – – 2.82 1.74 – – – –

17.601 1R-à-Pinene – – – – – – – – 10.87 7.11 9.99 6.46 12.45 8.50 15.79 12.89

18.601 Benzaldehyde Cherry, nutty, almond苦杏仁味 – – – – – – – – 2.28 6.16 5.48 1.48 – – – –

19.01 Dimethyl trisulfide – – – – – – – – – – 5.29 2.19 – – 5.32 3.92

19.173 á-Pinene – – 18.3 19.17 31.62 17.91 24.62 31.63 10.69 7.74 10.78 10.62 31.07 17.91 44.47 18.86

19.421 á-Myrcene – – – – 36.87 4.96 – 9.14 6.19 3.35 6.54 3.36 25.74 9.71 29.03 7.71

19.834 Octanal Green, sweet, nut 1.96 2.55 1.79 19.83 16.72 3.61 5.402 5.25 5.22 4.57 3.59 6.22 10.48 11.75 21.26 8.45

20.039 à-Phella-rene – – – – – – – – 3.24 2.18 3.23 – 13.22 – 8.08 –

20.251 3-Carene 1.15 7.54 36.75 20.25 56.79 48.68 46.79 66.32 42.77 31.77 54.19 23.11 103.42 68.81 155.43 43.71

20.728 m-Cymene 4.54 4.59 12.27 20.73 16.51 15.76 18.30 19.93 10.54 17.3 19.77 13.71 32.78 16.58 35.57 12.11

20.869 D-Limonene Green, apple, citrus, min 4.65 4.45 54.34 20.87 58.23 60.06 50.07 70.79 45.86 38.24 64.68 24.8 187.38 79.92 212.41 74.02

22.882 3,4-dimethyl-styrene – – – – 3.71 1.86 5.75 4.64 – 1.25 6.02 5.88 – – – –

23.158 Nonanal Fat, citrus, green 2.60 1.88 3.62 23.16 18.11 6.86 4.88 8.36 7.79 7.79 6.90 8.52 21.16 21.76 46.17 16.15

32.745 Caryophyllene 41.54 9.56 13.96 10.61 7.04 3.57 3.94 6.36 7.44 5.91 13.94 1.26 41.54 9.56 13.96 10.61

Abbreviations: CO, no addition as control; AMR, with Allium mongolicum Regel; AWE, with water-soluble extract of Allium mongolicum Regel; AFE, 
with liposoluble extract from Allium mongolicum Regel.
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to the CO group; the Maillard reaction may be the reason for the 
decrease or increase in these amino acids (Cordoba et al., 1994).

The degradation of protein is an important biochemical reaction 
in the process of fermented sausage, which is affected by the tem-
perature and humidity conditions in the process and the pH value 
and moisture content of the product. During the ripening process 
of fermented sausage, protein is degraded to form peptides, non-
protein nitrogen and free amino acids, and decarboxylation, de-
amination or Maillard reaction will further occur to produce small 
molecular volatile compounds, which plays a great role in the forma-
tion of taste and smell of fermented sausage. Free amino acids di-
rectly affect the formation of basic flavor of dry fermented sausage. 
Moreover, as a precursor of volatile compounds, FAA can generate 
amines and organic acids through decarboxylation and deamination 
and then form volatile flavor substances in the end product through 
a series of changes. Many free amino acids have taste, among which 
the sweet amino acids are glycine (GLY), threonine (THR), serine 
(SER), proline (PRO), and alanine (ALA); The fresh amino acids are as-
partic acid (ASP) and glutamic acid (GLU); Valine (VAL), leucine (Leu), 
isoleucine (ILE), phenylalanine (PHE), arginine (ARG), and histidine 
(HIS) are bitter (Casquete et al., 2011). Diaz et al. (1997) believed 
that the deamination of amino acids during sausage maturation was 
mainly due to microbial action. A series of chemical reactions such 
as oxidative deamination, reductive deamination, and esterification 
have taken place under the action of specific enzymes, or volatile 
substances such as aldehydes, alcohols, ketones, pyrazines, and 
sulfur compounds have been directly synthesized. During the fer-
mentation process, the contents of TFAA in the AFE group were sig-
nificantly higher than those in the CO group. The increase in content 
was mainly caused by the increase in essential amino acids (EAA). 
This may be because Allium mongolicum Regel and its extract pro-
mote the degradation of myofibrillar protein (Feng et al., 2017; Xza 
et al., 2020).

4.3 | Effect of Allium mongolicum 
Regel and its extracts on fatty acids of dry fermented 
mutton sausages

A different trend was noted for TFA in Table 3. The total fatty acids 
(TFA) were 10.163, 10.082, 7.51, and 12.178 mg/g during 0 days in 
the CO group, AWE group, AFE group, and AMR group, respectively. 
The contents of TFA decreased obviously in the middle stage of dry-
ing (Day 5) in the CO, AWE, and AFE samples. At the end of ripening 
(Day 7), TFA increased in all samples. The content of TFA in the three 
treatments was higher than that in the CO group; this may be that 
Allium mongolicum Regel and its extracts can increase lipase activity, 
promote fat hydrolysis, and accumulate fatty acids in the ripening 
stage of fermented mutton sausage.

In relation to the saturated fatty acid (SFA) fraction, the AWE, 
AFE, and AMR were 4.75, 5.946, and 5.851 mg/g of extracted lipid, 
respectively, at Day 7 and higher than the CO (1.58 mg/g of extracted 
lipid), the same results for polyunsaturated fatty acid (PUFA) fraction 

and monounsaturated fatty acid (MUFA) fraction. This may be due to 
Allium mongolicum Regel and its extracts can promote the decompo-
sition of SFA to a certain extent, thus increasing the content of unsat-
urated fatty acids in sausages and improving the quality of fermented 
sausages. The fatty acid composition of each group in the process of 
mutton fermented sausage processing is very similar, among which 
palmitic acid (c16:0), stearic acid (c18:0), oleic acid (c18:1), and lin-
oleic acid (c18:2) are the main fatty acids, which contributes greatly 
to the accumulation of fatty acids. Adding Allium mongolicum Regel 
and its extracts can reduce the content of stearic acid (c18:0), oleic 
acid (c18:1), and sheep waxy acid (c10:0) and increase the content of 
palmitic acid (c16:0) and linoleic acid (c18:2c6), which can significantly 
affect the sausage flavor. In the process of maturation and drying, it 
is decomposed into fatty acids and low-grade glycerides by endog-
enous lipase and microbial lipase. These substances can affect the 
flavor of sausage and can be used as substrates to further produce 
flavor substances (Coutron-Gambotti & Gandemer, 1999; Hernández 
et al., 1998).

PUFA was found to decrease in control samples from 0.498 mg/g 
at day 0–0.112  mg/g at day 7 which indicated the susceptibility 
of PUFA to oxidation due to oxidative and hydrolytic reactions 
(Channon and Trout, 2002; Feng et al., 2020). It was observed that 
AMR samples contained a significantly higher proportion of PUFA 
after 7 days of refrigerated storage, which were 0.577 mg/g, respec-
tively, compared with control (0.112 mg/g), indicating the protective 
effects of Allium mongolicum Regel to lipid oxidation during storage. 
It was also noted that no significant difference was observed be-
tween AWE and AFE samples.

4.4 | Effects of Allium mongolicum 
Regel and its extracts on volatile flavor during 
fermentation and ripening

The volatile flavor components of fermented sausage mainly come 
from spices, lipid oxidation, and flavor compounds formed by tissue 
enzymes (proteases and lipases) and microbial enzymes to degrade 
lipids, proteins, and carbohydrates. The results showed that the 
flavor substances of fermented meat products included aldehydes, 
ketones, alcohols, esters, acids, terpenoids, sulfur compounds, 
furans, and aromatic compounds (Marco et  al.,  2004; Mateo & 
Zumalacárregui, 1996). 9, 21, 23, and 17 kinds of volatile flavor com-
ponents were detected in fermented mutton sausage after enema 
(Day 0), fermentation (Day 2), mid-drying (Day 5), and ripening (Day 
7) (Table 4).

Vinyl acetate and acetic acid are unique volatile substances at 
the end of fermentation, which were not detected in the stage of 
drying and ripening. Volatile compounds 3-hydroxy-2-butanone 
and 2,3-butanediol from carbohydrate metabolism; heptalde-
hyde, octanaldehyde, nonanal, 3-methylbutyraldehyde from 
protein degradation; and pinene, 3-carene, m-umbelliferone, D-
limonene, and caryophyllene from spices are the main volatile fla-
vor substances of fermented mutton sausage. At the end of drying, 
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dimethyl disulfide, methyl 2-propylene disulfide, and dimethyl tri-
sulfide were detected in AFE and AMR samples, without it in CO 
and AWE samples. It is concluded that dimethyl disulfide, methyl 
2-propylene disulfide, and dimethyl trisulfide are the main volatile 
flavor compounds in Allium mongolicum Regel and fat-soluble sam-
ples. A large number of pinene, 3-carene, m-cymene, D-limonene, 
and caryophyllene were detected at the end of ripening (Day 7). 
Terpenes in AFE samples were higher than in control group and 
other treatments. Adding Allium mongolicum Regel and its extracts 
can increase the content of volatile flavor substances such as 
3-hydroxy-2-butanone, 3-methyl butyraldehyde, hexanal, octanal, 
and nonanal and also increase the volatile flavor substances such 
as dimethyl disulfide, methyl 2-propylene disulfide, and dimethyl 
trisulfide for improving the flavor substances at the end of ripening 
(Day 7) in fermented mutton sausage.

5  | CONCLUSIONS

The use of the Allium mongolicum Regel and its extracts resulted in 
a change in some of the free amino acid, fatty acid, and volatile fla-
vor composition and an effective decrease in pH and aw. The pH fell 
quickly during fermentation (Day 0 to Day 2, Table 1) and together 
with a lower aw (0.83 at Day 7), assured the safety and improved the 
quality and shelf life of dry fermented mutton sausages.

It can be concluded that Allium mongolicum Regel and its extracts 
can improve the nutritional advantages of dry fermented mutton sau-
sage with higher SFA, MUFA, PUFA, PUFA/SFA, and TFFA compared 
with the control at the end of ripening (Day 7). The contents of TFAA in 
the AFE treatment group were also higher compared with the control. 
Adding Allium mongolicum Regel and its extracts can increase the con-
tent and types of volatile flavor substances at the end of ripening (Day 
7), thus improving the flavor substances in fermented mutton sausage.
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