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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
(a,), 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 a,,
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 | INTRODUCTION

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 | MATERIALS 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 Etuokegiangi, 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°C 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°C and 95% relative humidity (RH) for 36 h in constant tem-
perature and humidity culture. Then separately at the condition of
14.5°C, 90% RH and 14.5°C, 80% RH for 36 and 48 h, the sausage
entered drying process. Then the sausage was matured for 48 h
at 14.5°C and 70% relative humidity. Samples were obtained at O,
2, 5, and 7 days and were taken for subsequent analysis of the

experiment.
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3 | METHODS
3.1 | Determination of pHanda,,

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-um 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 Na,SO, 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
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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-um aperture fil-
ter, 1 ul filtrate of each sausage was injected onto GC-MS.

In the gas chromatographic system, a HP-88 capillary column
(100 m x 0.25 mm i.d., film thickness 0.25 pm) 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°C, a sample of 1.0 pL

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 pg/ml), and heated with
the extraction temperature 50°C for 30 min. The needle was des-
orbed in the GC injection port for 3 min at 250°C (6890N-5975C;
Agilent Technologies) and was extended and absorbed for 40 min at
50°C (Fonseca et al., 2013).

Agilent GC-MS equipped with a DB-WAX (30 m x 0.25 mm x
0.25 pm) 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 O 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)
(Joetal., 2017).

TABLE 1 Change of pH and a,, during the ripening of the four batches of dry fermented mutton sausages

Ripening time

(days) co AWE AFE AMR
pH 0 5.67 + 0.04°A 5.72 + 0.04** 5.70 + 0.02** 5.65 + 0.01°*

2 5.22 + 0.02"¢ 5.24 +0.02%¢ 5.18 + 0.01<¢ 5.22 + 0.02°¢

5 5.29 +0.02%8 5.21 + 0.01°¢ 5.21 + 0.01°¢ 5.27 + 0.01%8

7 5.30 + 0.02® 5.29 + 0.01°8 5.38 + 0.01%8 5.24 + 0.02B¢
Aw 0 0.988 + 0.001°A 0.991 + 0.001%A 0.990 + 0.001%°A 0.990 + 0.0012°A

2 0.979 + 0.0012°8 0.985 + 0.002%® 0.976 + 0.002°® 0.975 + 0.002"®

5 0.911 + 0.002%¢ 0.905 + 0.003°AB 0.885 + 0.001°¢ 0.883 + 0.001°¢

7 0.837 + 0.01%° 0.812 + 0.0019¢ 0.834 + 0.01%P 0.826 + 0.003°

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).



ZHAO ET AL.

WILEY-

172

"[98ay wnajo8uow wnjjjy Wodij 30e43X3 3|gnjosodi] YIm ‘J{y {98y wnojjoSuow wnijjy/ J0 10B11X3 3|GN|0S-131EM UHM ‘JAAY {989y WndijoSuow wnlj|y YHM ‘YA {[043U0D Se UOIHppe OU ‘OD) SUOIIeIASIGIY

9189 L08'0L [LLEO0L  [IVOL  [T6TL SLVTL  T98°CL SOV'SL  6L0L  6ITOL ST9'89  [06TL  E¥9TL  TY90L  9ZTTL  T65°S9 VV4L
65Tr  ¥68Tr  ZT6Ty 968y ZSTTY 9S'Zy  9ST'EY 8Lty TI86TF  6ZSTY  9W/OF  TECEY  YOTEY  €0TTh  IEYTy  688°8E vVaN
977’87 €168C SS¥'8T  1ZS'8T  SL96T LT06T 90162 [T00S  686'8C 65'8T  698/T  G/S6T  6SY6T  808'ST  G69'8T  TOL9T vv3
65T  629T  L09T  189C 1942 EILT  90LT YeLT  619C 60LT  EILT 19LT 18T €9LT  SSLT  vPST OYd
voy  Te8Y  L69F  LOLY  $98'% S69y  98L% 906y  SWLY Y9y EISY vh8'y Y06t 6TLy  S8LYV  ELEV YV
152 €I1€T  ¥9TT  6LTT  £6TT 618T 10T LIET  SYTT 6v2T  €81C 1zeT 52T 857 ¥TT  L60T SIH
86L'9 589 999 ¥599 1269 z9L°9 1869 Y69 7699 659  SEV9 6LL9 LTL9 6059 1259 009 SAT
1567 SY0'E  TO0S  L66C 80T'c 9€0'c  ¥80°C vPT'e  TE0°€ S66T  £16T 850t ¥80°€ € £00¢€ 8C IHd
S10°C SITZ 60T 9667 [TTT 720°C T61C EYT'T  L007T ST6T /187 S0€T SYT'T 700  950C  ¢S8°T AL
1109 L029  TLO9  [¥09  ¥9T9 Zr9  ¥9g9 (889  8ET9 S56'S 961G 129 L5T°9 66 6v09 ¥9's N3l
987'c [TV'S  [8S€  SL¥YE  6V9E 925’ 6LS°E 929t [ES°E e zéee 8e9°c £29°¢ 9/'e 805’  8TEE ER
Ev6T 610C  £¥6T 1887 vET'T 666'T 621 88Tz IETT ZeTT 90T 61T WT'T 00T  ZITT 1861 TE
£68'c  TO0F €46  ¥OTY 08TV UTY 680 90zv 80" 09Tv  ¥80% ez Y 61T 6Ivy  TLTY  8T6¢E VA
ovT'T IETT  0S0T 8601 pST'T ve0'T 9eT'T 0¥80  OVOT 890'T /560 a 081 9eTT  YOZT  S60T SAD
90y 95Sv  9Z¥y  SSYv 2S9% 6197  ¥651 w9y 68%F ory  TevY 585Y €L5Y 6OYy vy STTY Vv
887'¢  GEEE  €8TC  6VvTE 8TH'e VS ¥STE Z0s'€  ¥9TE 667€  £évE ger'e  vov'e obY'E  6EVE  L60°€ A19
SZ9TT  S8IFTT  696TT  8S6TT  99G°TT £90CT  SYETT 662°CTT  9L0CT  688TT  C6STT  YELCT  S6ZCT  ¥68TT  8¥0CT  2ZSO'TT n1o
[S8C  €LLT  €06T  ¥8LT  065T €18°C 656C 0S6T  8LLT 1197  885T 989°Z z8LT zeLT  9TLT  £OVT ¥3s
vov'e 8/  SIFE  S9gE  €IEE 86£€ 085S zes’e  s/e€ 987'c  v8TE 8ve's ETr'e vIe'e  TZee  T20°¢€ dHL
8/99 €089  ¥69°9 60,9  [T89 1909 8879 §869  8IL9 0£9'9  85¥9 LLLY 5689 1699 YIL9 1929 dsv
YNV 3y AMV 0o YNV 31V IMV 00  dAV 4V IMV 02 YNV 34V IMV 02 pioe
oujwe 23.4
L S z 0

(sAep) swy Suiuadry

sagesnes uojINW pajuawLIdy AJp Jo saydleq noy ays jo Sujuadil ay3 Sunp pioe oujwe 3344 Jo (8 0OT/8w) suonesjuaduo) z 379V.L



173

-WILEY

ZHAO ET AL.

*1939y wnojjofuow wnijjy wodj 32e41xa a|gnjosodi| Yim ‘J4Y [989y wndijoSuow wni||y 4O 30.JIXd 9|qN|0S-191eM YHM ‘JAAY {[289y wndjjoSuow wnlijyy YHM YAV |0J3U0D Se Uolippe ou ‘0D :SuoljeiAaiqqy

6600 ¢L00 600 1/0°0 €¢00 8€00 TvO00 8500 9600 8OTO 1600 600 1800 G800 €800 ¢60°0 v4S/v4Nnd
€0C'TT 79001 9106 990F 1506 969V sy vvEl 6668 L0L'8 98901 ¢0'0T 8/1°CT 152 ¢08°0T €91°0T V44l
£LLS°0 12340 Sy¥’'0  ¢IT'0  SIT0 6900 ¢LO00 S00 T¥FO  S9V0 §G¢s0 €6¥°0 €50 6v€°0 LLYO 86%°0 v4nd
SLLY £89°€ 1¢8€ Pv/E€C T66€ S8LC €89¢C c¢r'0  §96€ V16 vov'y SS0'v 600°G 6¢0°€ 165V wev V4NN
168°S ov6'S SLY 89T 9¥6vy <Cv8'T 9SLT ¥/80 €651 8CEV LSL°S ELV'S G€9'9 eeTy VELS vev's v4S
8000 9000 ¢10'0 9000 - - - - - - - - - - - - gu9:zed
£00°0 9000 G000 ¥000 9000 - - - - - - - - - - - €us:0e2
LEOO £20°0 6¢0'0 €00 - - - - 9€00 6700 G500 9¥0°0 9€0°0 ¢e0’0 6200 LEOO gug:0ed
9000 - - 000 £000 SO00 SO00 - - - - - - - - - ¢-0¢2
¢S0°0 8€0°0 ¥€00 S¢00 ¥¥0O0 LZOO S¢O0 8000 9€00 TEOO 6€0°0 1€0°0 S¥0°0 8¢0°0 LEOO LEOO gug:gTo
7000 8100 - 9000 S000 - - - - - - - - - - - QuggTd
ST¥'0 €0€°0 €60 £LO00 €100 100 6000 GE€00 ¢€e0 <¢seo L6€°0 8/€°0 91¥'0 ¢9¢0 LE0 ¥8€°0 92¢:812
€v0°0 €€00 9€0'0 8200 Tv¥0O0 8¢00 €€00 £LOOO [LEOO vEOO 9€0°0 8€0°0 £LE00 8¢0°0 8€0°0 T¥0°0 91¢-8T2
€000 ¢000 ¢000 - ¢00'0 100 6000 - - - - - - - - - 6UT:CCd
¥10°0 ¢100 8000 6000 ¥I00 SO00 SOO0C ZOOO £20OO - 6200 - ¢c00 - - 1200 1-:02°
14574 961°€ ¥9C'€ 680C L9¥'E€ TOV'C €0€C 6CE€E0 6CVE 90€°€ 6C8°¢ 0S¢ 69€Y 8/S°C ¢88°¢E 9°¢ 621:812
8050 G6€°0 ¢ov'0 vLC0  61IV0 1€0 80€0 900 <¢I¥'0  CIv'0 (44740 €S¥'0 9050 S1€0 £L8¥°0 615°0 631:812
€800 G900 £90°0 ¥0'0 T1/00 6¥00 ([¥O'O TI00 £L0'0 ¢/LTO €400 6900 9800 SET'0 610 .00 1972
€200 9100 £10'0 T100 8100 TI00 <¢I00 +I00 8200 SCOO ¢e00 €00 £20°0 - €€00 ¢e00 T-v12
5000 5000 1¢0'0 ¥00'0 £I0O0 <CT00 <C100 - €00 §200 9200 6¢0°0 ¢v0'0 - £20°0 ¢e0’0 0:1¢2
G100 ¢100 ¢10'0  £00'0 <¢I00 6000 6000 - - - - - - - - - 0:0¢2
¥81°C 9€LT SLLT  8IT'T  €98T ¥veE1l 6ICT 8910 6891 +0O9'T v6'T €98'T 9¢tr'c 98C'T £20°C vSLT 0-8T2
6v6°C €6€¢C LGE€C  9€00 9¢v'c vv¥0O0 8000 €00 98C¢C 9ST¢C 659°¢C 8L¥'¢C 8G0°¢ 1947 8/S°C S'¢C 0:91°
1650 LLVO 891°0 6¢0 90 91€0 S¢€0 ¥STO ¥PPO TIVO 950 6/7'0 6590 €0 8670 6670 0-¥12
9900 €500 1500 T€00 1500 ¥E€00 LEOO /YOO 9¥00 €¥00 8900 7500 8/0°0 9€0°0 7500 £50°0 0:¢T2
€00 8¢0°0 9¢0'0 SI100 £C00 ¢0'0 8100 €¥00 £ZO0O 1200 €€0°0 9200 LEOO - €00 T1€0°0 0:0T2
8000 €8¢C'T Iv00 600 #8000 €900 8¢T0 6500 T/L00 S900 17440 v¥S0 GE90 600 615°0 ¢SS0 02

dNV 3dv IV 0D UV 3dv IMV 0D UV 34v ANV (o) ANV 34v ANV 0D  pideApe)asly

L S 4 0

(sAep) swiy Suluadry

sadesnes uojInNw pajusawIay Aup Jo saydleq anoy ayj Jo Suluadis ay3 Sulinp pioe Ajje) 9aly Jo (3/3w) suoljesjusduo) ¢ 319V.L



ZHAO ET AL.

7 | wiLEy-

TABLE 4 Concentrations (ug/100 g) of volatile flavor during the ripening of the four batches of dry fermented mutton sausages

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

Time Volatile flavor
7.03 Acetic acid ethenyl ester
7.17 2,3-Butanedione Sweet cream
8.159 Acetic acid Sour
9.527 3-methyl-butanal Nut
9.863 3-hydroxy-2-butanone
10.593 2-Pentanol
10.666 3-methyl-1-butanol
11.036 Dimethyl disulfide Garlic, onion
12.609 2,3-Butanediol
12.733 Hexanal Grass, green
14.642 (E)-2-Hexenal Green, apple
15.307 o-Xylene Sweet, flower, geranium
16.108 Styrene Balsamic, gasoline
16.308 Heptanal Fat, almond, green
16.997 Methyl2-propenyl disulfide
17.601 1R-a-Pinene
18.601 Benzaldehyde Cherry, nutty, almond & 7~ kk
19.01 Dimethyl trisulfide
19.173 4-Pinene
19.421 4-Myrcene
19.834 Octanal Green, sweet, nut
20.039 a-Phella-rene
20.251 3-Carene
20.728 m-Cymene
20.869 D-Limonene Green, apple, citrus, min
22.882 3,4-dimethyl-styrene
23.158 Nonanal Fat, citrus, green
32.745 Caryophyllene

Ripening time (days)

0
co AWE AFE AMR
29.00 9.63 24.94 12.73
7.01 271 5.84 16.31
- - 18.3 19.17
1.96 2.55 1.79 19.83
1.15 7.54 36.75 20.25
4.54 4.59 12.27 20.73
4.65 4.45 54.34 20.87
2.60 1.88 3.62 23.16
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.

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 (a,) of dry
fermented mutton sausages

The results for pH and a,, 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°C was basically higher than that of sausage
stored at 4°C 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 a,, 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 a,, values of all groups decreased to <0.85 that was
similar to that found by Karwowska and Kononiuk (2018). The a,
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co AWE AFE AMR co AWE AFE AMR co AWE AFE AMR
4791 6.79 14.5 12.68 - - - - - - - -
42.34 58.03 97.99 75.3 = - — — - — — —
96.52 14.94 8.17 13.08 - - - - - - - -
10.95 7.93 9.07 15.53 4.46 3.53 3.87 5.55 12.03 12.36 28.94 13.75

1128.59 318.68 534.55 513.20 87.15 86.94 62.63 112.63 85.20 161.44 278.13 168.56
52.57 3.22 10.41 3.90 - - - - - - - -
22.23 3.46 11.65 - - - - - - - - -

= = = = = 1.95 4.94 2.30 = = = =
26.29 5.27 1.10 9.05 32.89 17.15 28.88 19.87 25.96 18.30 129.49 17.10

432.66 54.57 114.16 218.38 95.14 72.6 52.95 110.93 154.81 155.60 365.04  148.78

- - - 199.69 - - - 2.80 - - - -

- - - - 3.75 5.46 1.92 3.03 - - - -
10.82 - - 7.17 6.98 10.85 8.05 8.68 13.91 3.50 8.06 6.40
65.64 11.41 22.40 32.27 20.75 18.39 12.93 13.69 26.57 32.27 84.21 23.56

- - - - - - 2.82 1.74 - - - -

- - - - 10.87 7.11 9.99 6.46 12.45 8.50 15.79 12.89

- - - - 2.28 6.16 5.48 1.48 - - - -

- - — — - - 5.29 2.19 = - 5.32 3.92
31.62 1791 24.62 31.63 10.69 7.74 10.78 10.62 31.07 1791 44.47 18.86
36.87 4.96 = 9.14 6.19 8.8 6.54 3.36 25.74 9.71 29.03 7.71
16.72 3.61 5.402 5.25 5.22 4.57 3.59 6.22 10.48 11.75 21.26 8.45

- - - - 3.24 2.18 3.23 - 13.22 - 8.08 -
56.79 48.68 46.79 66.32 42.77 31.77 54.19 23.11 103.42 68.81 155.43 43.71
16.51 15.76 18.30 19.93 10.54 17.3 19.77 13.71 32.78 16.58 35.57 12.11
58.23 60.06 50.07 70.79 45.86 38.24 64.68 24.8 187.38 79.92 212.41 74.02

3.71 1.86 5.75 4.64 = 1.25 6.02 5.88 = = = =
18.11 6.86 4.88 8.36 7.79 7.79 6.90 8.52 21.16 21.76 46.17 16.15
7.04 3.57 3.94 6.36 7.44 591 13.94 1.26 41.54 9.56 13.96 10.61

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 g, 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
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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 O 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; Hernandez
etal., 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 &
Zumalacarregui, 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 a,,. The pH fell
quickly during fermentation (Day O 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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