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Abstract
temperature conditions. [ Methods ] Prepared pork was stored at 4, —4 and —18 °C. The volatile flavor compounds of prepared pork were determined by solid-

[ Objectives ] This study was conducted to explore the dynamic changes of volatile flavor compounds in prepared pork during storage at different low-

phase microextraction-gas chromatography-mass spectrometry (SPME-GC-MS) at days 0, 7, 14, 21 and 28, and relative odor activity value ( OAV) , principal com-
ponent analysis (PCA) and cluster analysis (CA) were combined to analyze changes in volatile flavor compounds of prepared pork during storage. [ Results] The
total number of volatile flavor compounds gradually decreased with the prolongation of the storage period, and OAV analysis identified 22 key flavor compounds
(OAV = 1). The results of PCA and CA showed that 2-methyl-1-butanol, 1-octen-3-ol, linalool, cineole, hexanal and nonanal were the main key flavor compo-
nents, and the degree of flavor degradation was low under both superchilling and freezing conditions. After 28 days of storage, the alcohol content in the chilling
group was significantly higher than other two groups, and the overall content of volatile flavor compounds was also significantly higher than other two groups, indica-
ting that the —4 °C chilling storage was more favorable for maintaining the overall flavor of prepared pork. [ Conclusions] This study provides a theoretical basis

for finding a better storage method for prepared meat products.
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Prepared pork products are meat products that take pork as
the main raw material, which is processed initially, and then sub-
jected to one or more processing methods such as seasoning, pick-
ling, rolling, starching, coating, shaping, and hot processing.
They are stored, transported, and sold under low-temperature con-
ditions. There are many storage methods for meat products, such
as traditional storage methods including drying ( dehydration ),
salting and smoking, and modern storage methods including low-
temperature storage, modified atmosphere storage, irradiation stor-
age, chemical storage and vacuum packaging. Different storage
methods have great influence on the eating quality and storage pe-
riod of prepared pork products. Low-temperature storage is a com-
mon storage method of meat products, mainly including chilling
storage, freezing storage, quick freezing and superchilling. In re-
cent years, a large number of researchers have studied the low-
temperature storage of meat products, mainly analyzing their sen-
sory indicators, microorganisms, physical indicators and chemical
indicators'' ™.

Flavor is the key parameter for determining the eating quality
of meat products”’. The flavor change of meat products is mainly
due to the degradation of flavor precursors, Maillard reaction and

fat oxidation. Under the condition of low temperature, with the
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extension of storage time, the stored meat products will be degrad-
ed due to oxidation reaction® | which will reduce meat quality
and affect its flavor, nutritional value, color and texture. In recent
years, many scholars have devoted themselves to the study of low-
temperature storage of meat products, which can maintain the orig-
inal flavor of prepared pork products to the maximum extent'”’.
Due to the low chemical reaction rate in low-temperature environ-
ment, the loss of flavor substances is correspondingly reduced,
and hence, meat products can better maintain their unique flavor
during storage. Li et al. " found that low temperature would affect
the freshness and flavor degradation of sea bass fillets by compa-
ring the flavor differences of sea bass fillets at 0 and 4 °C. Chen"”’
compared the changes of volatile flavor components of grass carp
during low-temperature storage at different temperatures, which
provides a theoretical basis for the quality changes of fish during
low-temperature storage.

In this study, a pork product cooked in vacuum at low tem-
perature for a long time (abbreviated as prepared pork) serving as
the research object was determined for volatile flavor components
under three low-temperature storage methods, namely chilling, su-
perchilling and freezing, by SPME-GC-MS, and odor activity val-
ue ( OAV), principal component analysis ( PCA) and cluster
analysis were combined to explore the variation law of volatile fla-
vor compounds in the prepared pork product under different low-
temperature storage methods, so as to provide some reference for

finding better storage methods for prepared meat products.

Materials and Methods
Materials and reagents
Pig hind leg meat, provided by Chengdu Hope Food Co. , Lid. ;
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dried red peppers, dried Sichuan pepper, cooking wine, green on-
ions and ginger, purchased in Chengdu Shilinghao Tesco Super-
market; 2,4, 6-trimethylpyridine (C8H11N), analytically pure,
Sigma-Aldrich Company, USA.
Instruments and equipment

Refrigerator BCD-452WDPF, Qingdao Haier Co., Lid. ;
precision electronic balance AL-104, Mettler-Toledo Instruments
(Shanghai) Co. , Ltd. ; vacuum packaging machine GY-2B-6202,
Jiangxi Ganyun Food Machinery Company; cooking barrel
BZZT-1V-150, Jiaxing Aibo Industry Co. , Ltd. ; constant temper-
ature water bath pot HHS-114, Medical Equipment Factory of
Shanghai Boxun Industrial Co., Ltd.; gas chromatography-mass
spectrometer 5977A-7890B, multifunctional autosampler PARSI
85tce, chromatographic column DB-WAX (30 m X250 um %0.25 pum)
and extraction fiber (50/30 wm DVB/CAR/PDMS), Agilent
Company, USA.
Sample treatment

Fresh pig hind leg meat was selected as the raw material and
cleaned. After removing anadesma, it was cut into 6 cm X6 c¢cm
pieces, about 300 g. Each piece was added with 2.67% of cook-
ing wine, 0.17% of red pepper, 1.67% of dried Sichuan pepper,
3.33% of ginger and 3.33% of scallion to marinate it for 30 min.
The low-temperature vacuum long-term cooking process was adopt-
ed. The processed meat pieces were put into high-temperature re-
tort pouches, and the vacuum degree of a vacuum packaging ma-
chine was adjusted to 0.09 MPa for vacuum packaging. Next, the
temperature of a constant-temperature water bath pot was adjusted
to 67 C, and packaged meat pieces were put into it when the wa-
ter temperature reached 67 °C. The water level was 1 cm higher
than the meat pieces. Timing was started to heat for 4 h. After
cooling to room temperature, the meat pieces were stored at 4 °C
(L), =4°C (W), and —18 C (D) for 28 d, respectively.
Determination indexes and methods
Determination of volatile flavor compounds Meng Weiyi’s
method""”’ was adopted with some modifications. The prepared
pork was homogenized, and 3.000 g of the sample was accurately
weighed and added into a 15 ml headspace bottle. Next, 1 pl of
2 pg/pl 2,4 ,6-trimethylpyridine was added as the internal stand-
ard, and the bottle was sealed for testing. The pretreatment condi-
tions of CTC automatic sampler were as follows: heating box tem-
perature 75 °C, heating time 45 min, sample extraction time
20 min and analysis time 5 min.

GC conditions; The capillary column used was HP-5MS
(30 mx0.25 mm, 0.25 pum).
(99.999 9% ), and splitless sampling was adopted. Heating pro-

The carrier gas was helium

gram of the column box: The initial temperature was 40 °C , which
was kept for 3 min and then heated at 3 °C/min to 65 °C, which
was kept for 0 min and then heated at 4 “C/min to 150 °C, which
was kept for 2 min and finally heated to 230 “C at 20 °C/min.
MC condition; Electron ionization source; electron energy
70 eV ion source temperature 230 °C; quadrupole temperature
150 °C; detector voltage 350 V; mass scanning range (m/z)

40 -500.

Qualitative analysis; When analyzing compounds, the ob-
tained data were searched and matched in NIST14. L library of the
instrument,, and the substances with a matching degree higher than
80% were selected.

Quantitative analysis: The peak areas of the total ion chro-
matogram were normalized for quantification, and the absolute

content of each component was obtained according to formula (1).

(1)

In the formula, C, is the absolute content of each volatile

xXv XA
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substance (pg/kg); p is the mass concentration of the internal
standard (2 pg/ul); v is the volume of the internal standard
(1 wl); A, is the peak area of each component; A is the peak area
of the internal standard; and m is the mass of sample (0.003 kg).
Multivariate statistics of key volatile flavor compounds

OAV calculation OAV was used to evaluate the effect of each
compound on the overall flavor of the sample. OAV refers to the
ratio of the concentration of aroma substances to their threshold.
When OAV is less than 1, it means that the substance can improve
the overall flavor; when OAV is greater than 1, it means that the
substance has a direct effect on the overall flavor; and in a certain
range, the greater the OAV, the greater the contribution of the
substance to the overall flavor. The OAV value was calculated ac-
cording to following formula.

c,
- 2)

i

In the formula: C, is the mass concentration of compound,

OAV =

g /kg; F; is the threshold of the compound in water, wg/kg.
Principal component analysis ( PCA) and cluster analysis
(CA)
(CA) were conducted referring to the method in reference
Data processing and analysis

Principal component analysis (PCA) and cluster analysis
(]

All the experimental groups were repeated three times. SPSS
22.0 software was used for data processing and significance analy-
sis, with P < 0. 05 indicating a significant difference. SIMCA
14.1 was used for principal component analysis. Thbtools vl.
098769 was used for cluster analysis. Origin 2021 was used for

correlation analysis.

Results and Analysis
Effects of low-temperature storage on the types and contents
of volatile flavor compounds in prepared pork

The types and contents of volatile flavor compounds in the
prepared meat product stored at low temperature are shown in
Table 1. During low-temperature storage of the pork product, 7
types of volatile flavor compounds were detected, totaling 59
kinds, including 15 kinds of alcohols, 30 kinds of alkanes, 4
kinds of esters, 5 kinds of ketones, 2 kinds of benzenes, 2 kinds
of aldehydes and 1 kind of ether. Among them, alkane flavor com-
pounds were the most diverse, followed by alcohols, esters, and

ketones. In group L, 7 types of volatile flavor substances were
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identified, totaling 46 kinds, including 21 kinds of alkanes, 13
kinds of alcohols, 4 kinds of esters, 4 kinds of ketones, 1 kind of
benzene, 2 kinds of aldehydes and 1 kind of ether, with a total
content of 37 614. 038 pg/kg. Six types of volatile flavor com-
pounds were identified in group W, totaling 46 kinds of including

23 alkanes, 14 alcohols, 2 esters, 3 ketones, 2 benzenes and 2

aldehydes, with a total content of 41 461.91 wg/kg. In group D,
6 types of volatile flavor substances were identified, totaling
50 kinds, including 28 kinds of alkanes, 13 kinds of alcohols,
2 kinds of esters, 3 kinds of ketones, 2 kinds of benzene and
2 kinds of aldehydes, with a total content of 38 349.92 pg/ke.

Table 1 Effects of low-temperature storage on the types and contents of volatile flavor compounds in prepared pork

L(4°C) W (-4°C) D (-18C)

Compound

Number Total content // pg/kg Number Total conten// peg/kg Number Total content // pg/kg
Alcohol (15) 13 19 279.298 14 21 169.15 13 19 264
Aliphatic hydrocarbon (30) 21 3 155.79 23 5347.9 27 4991.901
Ester (4) 4 1110.84 2 605.09 2 789.49
Ketone (5) 4 7 002. 11 3 7 363.36 3 6 558.47
Benzene (2) 1 125.03 2 490.61 2 323.86
Aldehyde (2) 2 5980.71 2 6485.8 2 6422.2
Ether (1) 1 960. 26 0 0 0 0
Total (59) 46 37 614.038 46 41 461.91 50 38 349.92

Multivariate statistical analysis of key flavor compounds in
prepared pork stored at low temperature

Analysis of key flavor compounds In order to further study the
effects of different low-temperature storage methods on volatile fla-
vor compounds of prepared pork, the contribution degrees of vari-
ous volatile flavor compounds were calculated. When OAV=1, it
shows that the compound contributes greatly to flavor and is consid-
7). The OAV values and

odor description of volatile flavor substances stored at different low

ered as a key volatile flavor substance

temperatures are shown in Table 2. There were 22 kinds of key fla-
vor compounds in total. At storage days 0, 7, 14, 21 and 28, 10,
6, 8, 6 and 9 kinds were detected in group L, respectively; there
were 10, 9, 9, 8 and 12 kinds in group W, respectively; and 10,
11, 8, 10 and 6 kinds were detected in group D, respectively. The
results showed that with the increase of storage time, the types of
key flavor substances of prepared pork decreased and then in-
creased , which is consistent with the research results of Yue™'. It
might be due to the slow oxidation of fat in the early stage of low
temperature storage, which led to the formation of aldehydes, alco-
hols and ketones and other substances, forming the unique flavor of
pork. With the passage of time, due to the relatively poor air fluid-
ity under the condition of low-temperature storage, the moisture
film and frost formed on the surface of pork might limit the volatili-
zation of volatile substances, and some volatile substances might
gradually evaporate or lose, resulting in a decrease in their kinds.
With the further extension of storage time, the oxidation of fat in
pork might be accelerated, and more kinds of volatile flavor sub-
stances might be produced. Meanwhile, protein might be slowly
decomposed, and nitrogen-containing compounds and other flavor
precursors might be produced and converted into volatile flavor
substances in subsequent reactions.

As can be seen from Table 2, for group L, the variance con-
tribution rate of the first principal component was 45.3% , and the
variance contribution rate of the second principal component was
29. 1%,
74.4% . For group W, the variance contribution rate of the first

and the cumulative variance contribution rate was

principal component was 44. 6% , and the variance contribution
rate of the second principal component was 37.3% , and the cumu-
lative variance contribution rate was 81.9%. As to group D, the
variance contribution rate of the first principal component was
47.1% , and the variance contribution rate of the second principal
component was 31% , and the cumulative variance contribution
rate was 78.1%.

Through the principal component analysis based on the OAV
value of the prepared pork, the separation situation of volatile fla-
vor substances in the prepared pork at different storage tempera-
tures at different time points could be seen from the PCA score
chart in Fig. 1. In the 4 °C score chart of Fig. al, the 0 and 28 d
groups are obviously separated, and the distance between the 7, 14
and 21 d groups is close, indicating that the flavor was significant-
ly different between 0 and 28 d at 4 °C , and the volatile flavor sub-
stances in the 7, 14 and 21 d groups were similar. There was cer-
tain correlation between the principal component score chart and
the position of the load chart. In Fig. a2, it can be seen that non-
anal, 2-methyl butanol, a-terpinene, linalool and (1R)-()-a-pi-
nene had a high contribution to the 7, 14 and 21 d groups;
sabinene, camphene, 3-hydroxy-2-butanone, pinene and terpinen-
4-ol contributed highly to the O d group; and octane, 3-octanone,
ethyl isovalerate, isoamyl acetate and (2R,3R)-(-)-2,3-butane-
diol had a high contribution to the 28 d group. In the —4 °C score
chart of Fig. bl, the 0 and 7 d groups are obviously separated,
and the distances between the 14, 21 and 28 d groups are close,
indicating that the flavor was significantly different between the 0O
and 7 d groups at —4 °C, and the volatile flavor substances in the
14, 21 and 28 d groups were similar. Combined with the load dia-
gram b2, it could be seen that (E)-B-ocimene, phellandrene, a-
terpinene, nonanal, sabinene, d-limonene and linalool had a high
contribution to the 7 d group; isoamylol, 2-methyl-1-butanol, pi-
nene, camphene, methyl heptenone, 3-hydroxy-2-butanone and
terpinene had a high contribution to the 0 d group; and a-terpine-
ol, octane and terpinen-4-ol contributed a lot to the 14, 21 and
28 d groups. In Fig. cl, it can be seen that the separation
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between the 0 and 14 d groups is obvious, and the distances among
the 7, 21 and 28 d groups are close, indicating that under the con-
dition of storing at —18 °C, the difference in flavor between the 0
and 14 d groups was significant, and the volatile flavor substances
in the 7, 21 and 28 d groups were similar. From the load chart ¢2,
it can be seen that 2-methyl butanol, nonanal, terpinen-4-ol, a-
terpinene, a-terpineol, phellandrene and linalool had a high con-
tribution to the 7, 21 and 28 d groups, while isoamylol, sabinene,
2-methyl-1-butanol, 3-hydroxy-2-butanone and pinene had a high
contribution to the 0 d group, and (E)-B-ocimene, phellandrene,
myrcene and (2R,3R)-(-)-2,3-butanediol had a high contribu-
tion to the 14 d group.

4°CPCAMI (PCAX)

Table 2 Characteristic roots and variance contribution values of various
principal components under low-temperature storage

Group Principal - Va.riance ‘Cun.mlative
component contribution rate // %  contribution rate // %
L(4°C) 1 45.3 74.4
2 29.1
W (-4%C) 1 44.6 81.9
2 37.3
D(-18C) 1 47.1 78.1
2 31.0
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Fig. 1 PCA score and load charts of volatile flavor compounds in prepared pork stored at low temperatures

Cluster analysis of key flavor compounds Cluster analysis is a
multivariate statistical method which reflects differences between
samples. In order to judge the flavor differences between groups,
the volatile flavor substances with OAV=1 were clustered, and the
results are shown in Fig. 2. The horizontal axis represents 22 fla-
vor compounds with OAV=1, and the vertical axis represents three
groups of samples at different time points. The red, yellow and
green colors in the heatmap represent the contents of different sub-
stances. The darker the red color, the higher the content of the
compound , and the darker the green color, the lower the content of
the compound. The color of unique flavor compounds among differ-
ent groups is the darkest™’. It can be seen from Fig. 2 that alco-
hols and aldehydes played a key role in the overall flavor during

low-temperature storage, mainly including 2-methyl butanol, 1-oc-
ten-3-ol, linalool, cineole, hexanal and nonanal. Among them,
the key flavor substances in group L were isoamyl acetate and hexyl
isovalerate; and hexanal was the key flavor substance in group W
and myrcene in group D. In addition, it was also found that 2-
methyl butanol in group L at days 7, 14 and 21 d and in group L at
day 28 was significantly different from other groups.

From the clustering results, it could be seen that day 0 was
clustered with day 14 of group W and day 14 of group D, indica-
ting that the flavor at day 14 of groups W and D during storage was
not significantly different from that of day 0, and the attenuation
was not obvious, while day 14 of group L was clustered with day 28
of groups W and D, indicating that there was no significant difference
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in flavor between day 14 of cold storage and day 28 of slight freez-
ing and freezing conditions. Therefore, with the extension of the
storage time of prepared pork, superchilling and freezing condi-
tions were more conducive to maintaining the flavor of prepared
pork and delaying flavor attenuation than chilling conditions. The
key flavor substances could be divided into two categories. The
first category included nonanal, 2-methyl-1-butanol, terpinene,
isoamyl acetate, ethyl isovalerate, octane, isoamyl alcohol,
n-hexanol, d-limonene, myrcene, 3-octanone, terpinen-4-ol,
phellandral, (1R)-()-a-pinene, 3-hydroxy-2-butanone, pinene,
and methyl heptenone, totaling 17 kinds. The second category of
flavor substances included 2-methyl butanol, 1-octen-3-ol, lina-
lool, cineole and hexanal, totaling 5 kinds.

o rrrree
N L S e Sl d

PRTRTI)
S

EEN

gz
2

(ST T

3.00
2.50
2.00
1.50
1.00
0.50
0.00
-0.50
-1.00

] ]
|wiwivivivjvj
e e[S TS TS

sg<
[\l S]]
00000
G.C'LQ.
LI

v
[S1T)
200000
oW
D=L

[ ][]

?.Q-
=0

£EE2220 TS
FrTES

vlwlw]

D & &>
& O & 2% OL
ShSEF® A0S

&

P P&
S & Q2
~ Ly -&,}BGA
\«\'\“"&\-e S

“% HNNEREEN

e
s,
%057
G
'%.0,
%
00
e
2de
%, %
%%
X
2, f/
2,0,
G
25 00/
£

Fig. 2 Heat map of volatile flavor compound OAV in prepared
pork during low-temperature storage

Conclusions

In this study, the volatile flavor compounds of prepared pork
under three low-temperature storage methods, namely chilling
storage,, superchilling and freezing, were analyzed at days 0, 7,
14, 21 and 28. The results of SPME-GC-MS showed that 46, 46
and 50 kinds of volatile flavor components were detected under the
three low-temperature storage conditions, and among them, alco-
hols contributed the most to pork flavor, followed by aldehydes,
ketones and aliphatic hydrocarbons. OAV analysis showed that
there were 22 key volatile flavor compounds (OAV > 1), among
which 2-methyl butanol, 1-octen-3-ol, linalool, cineole, hexanal
and nonanal contributed greatly to the overall flavor of prepared

pork stored at low temperatures. Combined with principal compo-
nent analysis and cluster analysis, it was found that there were
four characteristic flavor substances under different low-tempera-
ture storage conditions, namely isoamyl acetate, hexyl isovalerate,
hexanal and myrcene. On the whole, the overall flavor of prepared
pork decreased during low-temperature storage , but compared with
the conditions of 4 C and —18 °C, the alcohol substances in the
-4 °C group were significantly higher than those in other two
groups after 28 days of storage, and the overall content of volatile
flavor substances was also significantly higher than that in other
two groups, indicating that superchilling storage at —4 °C may be
more beneficial to maintain the overall flavor of prepared pork.
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