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Abstract

This study was performed to investigate the physicochemical and microbiological properties of isoflavone-treated
dry cured sausage from sulfur fed pork (0.3%) during storage at 15°C for 45 days. Groups were divided into three
treatments: dry-cured sausages produced with pork fed general diet as the control group (CON), sulfur-fed pork
(SUL) and isoflavone-(0.25%) treated sulfur-fed pork (ISO). Moisture content in all groups decreased dramatically
from 55-57% to 10-11% during storage, whereas crude protein, crude fat, and ash content increased (P < 0.05).
The 1SO group showed excellent antioxidant effect compared to CON during storage. Redness and lightness of 1SO
was higher than that of CON during storage. VBN in the 1SO group was significantly lower than that in the CON
and SUL treatments during 30 and 45 days of storage (P < 0.05). A total plate count of ISO was significantly lower
than that of CON at 45 days (P < 0.05). In this study, adding isoflavone to meat products indicated prevention of

lipid oxidation and improved color stability in meat products.
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Background
Functional foods have beneficial effects besides merely
supplying nutrition. Addition of functional materials can
extend shelf-life and prevent rancidity of products as
well as modulate various body functions [1]. Traditional
fermented foods have been shown to possess many of
these beneficial effects, and their extracts are often applied
to other foods after extraction and purification [2].
Dry-cured pork sausage is made by thorough mixing
with lean pork back fat and other non-meat ingredients,
including salt, nitrite, spices, and a starter. Each additive
is useful for preserving flavor, color, and water-holding
capacity in meat products. On average, dry-cured pork
sausage is 70—-80% lean and 20-30% lard, which includes
43% saturated fatty acids (SFAs), 47% monounsaturated
fatty acids, and 10% polyunsaturated fatty acids. Half of
the fatty acids in pork fat are SFAs, which significantly
contribute to cardiovascular disease [3].
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Lipid oxidation, which has a negative influence on meat
product quality [4], can be inhibited by natural or artificial
antioxidants [5]. Isoflavones, which are abundantly avail-
able in soybeans, are natural antioxidative materials. Iso-
flavones reduce blood cholesterol and LDL-cholesterol
oxidation through antioxidant and free radical scavenging
activities [6]. Further, lipid oxidation must be considered
during the drying period of dry-cured sausage due to its
high lipid content. Therefore, many researchers have
investigated ways to prevent lipid oxidation in order to
increase the quality and safety of these meat products.

The aim of this study was to investigate the effects of
isoflavones on the physicochemical and microbiological
properties of dry-cured sausage during the drying period.

Methods

Formula and chemical composition of diet

A total of 90 three-way crossbred pigs (Landrace, Duroc,
and Yorkshire) from Yang-ju Federation of Livestock
Cooperatives in the Republic of Korea were used. Experi-
mental protocol was approved by the animal care commit-
tee of Konkuk University of Seoul, Republic of Korea.
Detailed feeding and rearing procedures as well as the
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Table 1 Common components of the meat mixture

Ingredients Percentage (%)
CON SUL IsO
Materials Lean pork 75 75 75
Pork back fat 25 25 25
Salt 28 28 28
Black pepper 025 025 025
Pickle Rosemary 005 005 005
Sodium nitrite 002 002 002
Glucose 1 1 1
Isoflavone 0.25
Starter culture Staphylococcus carnosus M17 025 025 025

Pediococcus pentosaceus ATCC 33314

CON and SUL groups were divided from the level of processed sulfur. Sulfur
levels in diets were controlled by crude fiber content. (SUL: 0.3% sulfur).

composition of the feed were reported previously [7]. The
pigs, which weighed 110 kg each at shipment, were divided
into three groups based on the level of dietary processed
sulfur (0%, 0.3%) fed for 3 months before shipment. Proc-
essed sulfur was used as received from Ebatha Co., Ltd.
The control (CON) was not supplied processed sulfur,
whereas the SUL group was supplied with processed
sulfur at 3 g/kg feed for 3 months before shipment.
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Weight, average daily feed intake, weight gain, feed
efficiency, and carcass grade

Dry-cured sausage preparation

Pork meat and fat were trimmed off with a sterile knife
and refrigerated overnight at about 4°C. The composition
of the meat mixture is shown in Table 1. The basic formula
was 75% lean pork and 25% back fat with curing ingredi-
ents. The trimmed meat was ground using a 2.7 mm plate
meat mincer and mixed with other curing ingredients.
Starter culture at 0.25% (Staphylococcus carnosus M17:
Pediococcus pentosaceus ATCC 33314 =1:1) was added
into the mixed sample. This original mixture was then
split into batches, after which 0.25% isoflavone powder
obtained from SOLGAR® (Seoul, Republic of Korea) was
added to the ISO group. Finally, the minced meat was filled
into collagen casings (150 mm long, 30 mm diameter), and
all samples were ripened for 45 days at 15+2°C and a
relative humidity of 80+ 3% in a chamber. Sampling was
performed by randomly choosing each sausage group after
0, 15, 30, and 45 days for physicochemical and micro-
biological analyses [8].

Physicochemical analysis of dry-cured sausage

Proximate compositions (moisture, crude fat, crude pro-
tein, and ash) of the sausage samples were determined by
the AOAC method [9]. Water activities (a,,) of the samples
were determined using a water activity measuring device

Table 2 Effect of isoflavone on the change in moisture, crude protein, crude fat, and ash contents in dry-cured pork

sausage during storage (%)

Proximate Storage Treatments P-value
composition (%) period (days) CON SUL ISO SEM Treatment Storage
Crude protein 0 172N 8 16.9° 1748 045 076
15 30N A 316" 319 263 095
30 383N ¢ 385" 376 237 077
45 36.8° € 34207 326° " 148 *
Crude fat 0 198° ¢ 16.3°¢ 17.9% ¢ 093 0.1
15 384N A8 37.28 386" 046 0.08 s
30 399N A 384° 383° 143 0.18
45 453NA 433" 448" 1.94 044
Moisture 0 55704 5734 579724 047 *
15 182N B 1818 18.03° 076 095 »
30 112N ¢ 121¢ 1240° 294 073
45 115N < 11.1¢ 1044° 051 0.24
Ash 0 31508 364° € 327°°¢ 0.03 e
15 6.32M A 6.23" 6.46° 0.29 0.86
30 6.15° 4 7.20% % 592°8 033 007
45 665 * 752" 735" 066 044

1) CON, Dry-cured sausage processed with 100% commercial diet fed pork; SUL, Dry-cured sausage processed with 0.3% sulfur fed pork; 1SO, 0.25% isoflavone +
dry-cured sausage processed with 0.3% sulfur fed pork. 2)NS; Not significant; a-c means within a row with different letters are significantly different, P < 0.05; A-D
means within a column with different letters are significantly different, P < 0.05. Significance level of treatment is given by ***(P <0.001); **(P<0.01); *(P<0.05)

*All values are mean + standard deviation (n = 3).
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Table 3 Effect of isoflavone on the pH and water activity (a,,) change in dry-cured pork sausage during the ripening

period
Storage Treatments P-value
period (days) CON suL IS0 SEM Treatment Storage

pH 0 6.00° " 603" 6.06° " 0012 *

15 591N 8 5928 599° 0.008 0.064 "

30 AV 6.16¢ 6.10¢ 0038 0.369

45 6.23°P 6.26° P 6230 0.027 0.23
aw 0 097N A 097" 0.99" 0.001 0.123

15 0.69° & 072°8 0.72°8 0.009 0.096 »

30 0.69° B 07128 07128 0.005 *

45 065 ¢ 068° ¢ 0.66° © 0.002 ok

1) CON, Dry-cured sausage processed with 100% commercial diet fed pork; SUL, Dry-cured sausage processed with 0.3% sulfur fed pork; ISO, 0.25% isoflavone +
dry-cured sausage processed with 0.3% sulfur fed pork. 2)™°; Not significant; a-c means within a row with different letters are significantly different, P < 0.05; A-D
means within a column with different letters are significantly different, P < 0.05. Significance level of treatment is given by ***(P <0.001); **(P<0.01); *(P<0.05)

*All values are mean * standard deviation (n = 3).

(Aquaspector, AQS-31, NAGY, Gaeurfelden, Germany)
The a,, values were determined in triplicate in order to
optimize the weights of samples at 25°C until equilibrium
was reached.

The pH was measured using a pH meter (pH 900, Precisa
Co, Deitikon, Switzerland) in a slurry made by homogeniz-
ing 2 g of sample with 18 mL of distilled water for
90 sec using a Bag mixer 400 (Interscience Co, St Nom la
Bretéche, France).

Thiobarbituric acid (TBA) values of dry-cured sausage
stored for different times were determined by following
a modified method of Witte et al. [10]. The absorbance of
the supernatant was measured at 532 nm using a spectro-
photometer (Optizen 2120UV, Mecasys, Seoul, Korea).
Results are expressed as mg malonaldehyde (MDA)/kg
sample. Volatile basic nitrogen (VBN) was determined
by the micro-diffusion method of Conway [11] for dry-
cured sausage stored for different times. Results were
expressed as VBN value % mg (mg/100 g meat). The
color values of dry-cured sausages were expressed as
Hunter L-, a-, and b-values using a Handy colorimeter
(NR-300, Nippon Denshoku, Tokyo, Japan). All experi-
ments were performed in triplicate.

Microbiological analysis

Sample (2 g) and 0.85% NaCl (18 mL) in sterile deionized
water were transferred to a sterile stomacher bag and ho-
mogenized for 90 sec using a bag mixer (Interscience Co,
France). A 10" dilution was then used for subsequent
serial dilutions. An aliquot (0.1 mL) of the appropriate
dilution of sample was spread in triplicate onto agar
plates. After serial dilution, the solution was inoculated
onto Petrifirm Aerobic Count Plates (3 M, Korea) and cul-
tured for 48 h at 35°C, after which the colony number was
converted into a log value. The samples were treated as
described above and inoculated onto Petrifirm E. coli

0157:H7 Count Plates (3 M, Korea) for 48 h at 35°C.
Lactic acid bacteria were treated as described above, inocu-
lated onto MRS agar (OXOID, England), and then cultured
for 24 h at 35°C. Staphylococcus aureus bacteria were
treated as described above, inoculated onto Baird-Parker
agar (OXOID, England), and then cultured for 24 h at
35°C. Salmonella bacteria were treated as described
above, inoculated onto MacConkey agar (Difco, USA),
and then cultured for 24 h at 35°C.

Statistical analysis

Analysis of variance (ANOVA) was conducted to deter-
mine significant differences among the groups and stor-
age times. All analyses were performed on all variables
using the General Linear Model (GLM) procedure of SAS
version 9.2 (SAS Institute Inc., Cary, NC, USA). All analyses
were conducted in triplicate, and significant differences
were detected using Duncan’s multiple range test (p <
0.05).

Table 4 Effect of isoflavone on the change in thiobarbituric
acid values in dry-cured pork sausage during the ripening
period (Malondialdehyde mg/kg)

Storage Treatment P-value
(days) CON SUL ISO SEM Treatment Storage
0 014 009°C 011*C 001 *
15 018*% 0168 015°® 0007 * »
30 023" 021" 020°* 0031 0.19
45 020** 0168  011°¢ 0022 0.19

1) CON, Dry-cured sausage processed with 100% commercial diet fed pork;
SUL, Dry-cured sausage processed with 0.3% sulfur fed pork; ISO, 0.25%
isoflavone + dry-cured sausage processed with 0.3% sulfur fed pork. 2)N%;
Not significant; a-c means within a row with different letters are significantly
different, P < 0.05; A-D means within a column with different letters are significantly
different, P < 0.05. Significance level of treatment is given by ***(P <0.001);
**(P<0.01); *(P<0.05)* All values are mean =+ standard deviation (n = 3).
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Table 5 Effect of isoflavone on the change in volatile
basic nitrogen (VBN) in dry-cured pork sausage during
the ripening period (mg %)

Storage Treatment P-value
(days) CON SUL ISO SEM Treatment Storage
0 g gof 82° 0304 022
15 1098 1100 108" 0459 093
30 1ngr  114% 101°" 029% *
45 90°¢  86®% 78°F 0216 *

1) CON, Dry-cured sausage processed with 100% commercial diet fed pork;
SUL, Dry-cured sausage processed with 0.3% sulfur fed pork; I1SO, 0.25% isoflavone +
dry-cured sausage processed with 0.3% sulfur fed pork. 2)%; Not significant; a-c
means within a row with different letters are significantly different, P < 0.05; A-D
means within a column with different letters are significantly different, P < 0.05.
Significance level of treatment is given by ***(P <0.001); **(P<0.01); *(P<0.05) *All
values are mean = standard deviation (n = 3).

Result and discussion

Physicochemical qualities

The initial moisture content of all dry-cured ham samples
was 54.71-57.97%, which declined to 10.4—11.56% in the
final product (Table 2). In the initial phase, moisture con-
tents of the ISO and SUL groups were significantly higher
than that of the CON (p < 0.05). This result could be due
to the higher water-holding capacity of sulfur-fed pigs
[12]. The reduction of moisture content was accompan-
ied by elevation of the other components during the
drying period. Crude fat contents of the SUL and ISO
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groups were lower than that of the CON during storage.
Promotion of lipid metabolism and reduction of intramus-
cular fat have been observed in animals fed dietary sulfur
[13]. Crude protein contents of the CON, SUL, and ISO
groups increased significantly (p < 0.05) until day 30,
followed by a decrease. The processing time of dry-cured
ham depends on the product. Specifically, longer process-
ing time results in more intense muscle proteases activ-
ities, leading to extensive protein breakdown [14].

pH value and water activity (a,,)
The pH values of all groups decreased during 15 days of
storage but increased during the experimental period
(Table 3). The pH value of the ISO group was significantly
higher than that of the CON group at the beginning of the
drying process (p < 0.05), possibly due to inhibition of lac-
tic acid production caused by addition of isoflavones [15].
Reduction of the pH values of all samples during drying
can be mainly attributed to lactic acid bacterial growth in
the initial phase [16]. Many researchers have indicated
that production of lactic acid in tissue leads to pH reduc-
tion in meat, resulting in less water [17]. After 15 days,
elevation of the pH value could also be due to the accu-
mulation of non-protein nitrogen or amino acid catabolic
products [18].

The a,, of all three groups decreased significantly during
45 days of storage (p <0.05, Table 3). The a,, of the SUL

Table 6 Effect of isoflavone on the change in lightness coordinate (L*), redness coordinate (a*), and yellowness
coordinate (b*) in dry-cured pork sausage during the ripening period

L* (Lightness) Treatment P-value

Storage (days) CON SUL ISO SEM Treatment Storage
0 62.1° 4 64.7°* 64.2° A 0447 *
15 486" P 47.2¢ 494° 0633 0.130
30 49.1M°¢ 504° 514 0692 0.134
45 512°°8 528%° 544°° 0.806 0073

a* (redness) CON SUL ISO

Storage (days)
0 6.1N ¢ 6.8° 65°¢ 0361 0435
15 126" A 115" 1204 0567 0453
30 102N A 106° 11.0% 0457 0518
45 giNo B 9.1¢ 9.1® 0555 0412

b* (yellowness) CON SUL ISO

Storage (days)
0 132°¢ 169°® 1410 0470 o
15 176° % 15404 185°# 0481 **
30 15708 1540~ 17328 0337 *
45 148° 8 1534 168° ¢ 0436 *

1) CON, Dry-cured sausage processed with 100% commercial diet fed pork; SUL, Dry-cured sausage processed with 0.3% sulfur fed pork; 1SO, 0.25% isoflavone +
dry-cured sausage processed with 0.3% sulfur fed pork. 2)NS; Not significant; a-c means within a row with different letters are significantly different, P < 0.05; A-D
means within a column with different letters are significantly different, P < 0.05. Significance level of treatment is given by ***(P <0.001); **(P<0.01); *(P<0.05)

*All values are mean + standard deviation (n = 3).
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Table 7 Effect of isoflavone on the change in microbial counts in dry-cured pork sausage during the ripening period

(log CFU/g)

Composition Storage Treatment P-value
(days) CON suL IS0 SEM Treatment Storage

Total aerobes 0 58N 8 58° 58° 0.044 **
15 73 7.4 VAR 0027 * .
30 46N C 47“ 43¢ 0.179 033
45 47° ¢ 47°¢ 43P ¢ 0.179 097

Lactic acid bacteria 0 568 53° 54° 0018 *x

15 58°4 5904 6.0° " 0.104 *x »
30 47N ¢ 51¢ 46° 0.184 0.13
45 45N ¢ 45¢ 45¢ 0.097 075

E. coli 0157:H7 0 - - -
15 - - -
30 - - -
45 - - -

Staphylococcus aureus 0 - - -

15 - - -
30 - - -
45 - - -

Salmonella spp. 0 - - -
15 - - -
30 - - -
45 - - -

1) CON, Dry-cured sausage processed with 100% commercial diet fed pork; SUL, Dry-cured sausage processed with 0.3% sulfur fed pork; ISO, 0.25% isoflavone +
dry-cured sausage processed with 0.3% sulfur fed pork. 2)°; Not significant; a-c means within a row with different letters are significantly different, P < 0.05; A-D
means within a column with different letters are significantly different, P < 0.05. *All values are mean + standard deviation (n = 3).

2P means with different superscripts in the same row are significantly different (p < 0.05).

Significance level of treatment is given by ***(P <0.001); **(P<0.01); *(P<0.05). *All values are mean + standard deviation (n = 3).

and ISO groups were significantly higher than that of the
CON during storage (p < 0.05). Meat products can be clas-
sified as intermediate moisture meats when their a,, values
range from 0.60 to 0.90 [19].

Thiobarbituric acid reactive substances (TBARS)
TBA value of dry-cured pork sausage is shown in Table 4.
TBA values of all samples increased significantly during
storage (p < 0.05), which corroborates the results of a pre-
vious study [20]. The ISO and SUL groups showed signifi-
cantly lower TBA values than that of the CON (p < 0.05).
This result could be attributed to the antioxidant effects of
sulfur-containing compounds and isoflavones [12,21].
Song et al [22] reported that dietary sulfur administered
to pigs causes an increase in sulfur-containing antioxidants.
Addition of isoflavones reduced the TBA value compared
to that of the CON and SUL groups. According to Jiang
et al. [23], this result could be due to addition of isofla-
vones, which increases pH and prevents lipid oxidation.
Maximum MDA content values were observed in all sam-
ples on day 30, after which values decreased. This result

could be attributed to decomposition of MDA by bacteria,
which can selectively breakdown and utilize carbonyl com-
pounds such as MDA [24,25]. The reduced TBA value by
day 45 could be due to lipid oxidation products such as
organic acids and alcohols, which did not form colored
compounds when TBA reacted with MDA [26].

Volatile basic nitrogen (VBN)

The VBN values of all dry-cured sausages increased sig-
nificantly (p < 0.05) during storage (Table 5). The range of
VBN values is 7-18 mg % in Chinese style dry-cured saus-
age during the ripening period [27]. The VBN value repre-
sents the total growth of aerobic bacteria in meat products
[28]. In our results, the VBN value of the ISO sample was
significantly lower than that of the CON during days 30—
45. This result can be attributed to addition of isoflavones,
which have antimicrobial effects [28]. The VBN value may
also be an indicator of spoilage [21,29]. VBN values de-
creased in all samples on the last day of the ripening
process compared to day 30, suggesting inhibition of
VBN by lactic acid bacteria [30].
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Color

Changes in the color of dry-cured pork sausage during
storage are shown in Table 6. The rate of meat product
discoloration is related to oxidation and reduction of
metmyoglobin in meat as well as the effects of its three
derivatives (myoglobin, deoxymyoglobin, oxymyoglobin)
onL’, a’, and b values [31,32].

The lightness (L*) values of all samples were between
62—64 and decreased (p < 0.05) to about 15 during the
ripening period. This reduction of the L-value resulted
in dark coloration due to browning reaction in all dry-
cured hams. It was previously reported that metmyoglobin
generated by pigment oxidation reduces lightness value
while pigment oxidation shows a positive relationship with
lipid oxidation during the ripening period [33,34]. There-
fore, the high lightness value of the ISO group could be
due to prevention of pigment oxidation during storage.
The redness (a) values of all samples increased signifi-
cantly compared to that of the initial meat product (p <
0.05), but a* values decreased slightly in all samples after
15 days. Similarly, Kayaard: and Gok [33] reported that
a-values of dry-cured ham increase during the initial
ripening period, after which they decrease during further
ripening. Additionally, pH and redness have a proportional
relationship in meat products. A similar result was ob-
served by Fu et al [35]. However, no significant differences
were observed among the three groups. Redness (a*) was
not affected by isoflavone or sulfur content.

The yellowness (b*) value of the meat was between
13-18 during ripening. All b* values decreased slightly
during the ripening period. This result corroborates the
yellowness of Spanish sausage, which decreases during
the ripening period [36]. No significant differences were
observed among the groups during fermentation.

Microbiological assessment

Microbiological analyses of the dry-cured sausages during
the 45-day storage period are shown in Table 7. Total plate
counts increased during the initial phase and then de-
creased until day 45. Total aerobic bacterial counts were
significantly lower in dry-cured sausage containing isofla-
vones compared to other sausages during the entire ripen-
ing process. This result may be due to the antimicrobial
activity of isoflavonoids, as many researchers have reported
that isoflavones are representative flavonoids with antibac-
terial activity [37,38]. The number of lactic acid bac-
teria increased by day 15 and then tended to decrease
in all dry-cured sausages until day 45. Visible lactic acid
bacteria counts in the ISO group were significantly
higher than those in the other samples by day 30. Other
studies have also found that conversion of isoflavone
glycosides to aglycones has beneficial effects on the growth
of Lactobacillus [39]. The results of the microbial analysis
during sausage fermentation can be a measure of the
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quality of meat products such as pH and physicochemical
properties [40].

Conclusion

The results demonstrated the antioxidative and antimicro-
bial effects of isoflavones on dry-cured sausage during rip-
ening period (15°C). The combination of isoflavones and
sulfur-fed pork showed the best results in terms of a,, and
TBA values, which are the main concerns in dry-cured
meat products during storage. These beneficial effects are
related to inhibition of lipid oxidation and product spoil-
age. Isoflavones may have commercial potential for extend-
ing the shelf-life of meat products without other additives
such as nitrites. Further research could demonstrate the
antimicrobial effect of isoflavones on lactic acid bacteria
during meat fermentation by optimizing the quantities of
isoflavones used in this study.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors helped to draft the manuscript, as well as read and approve the
final manuscript.

Acknowledgment

This research was supported by the Technology Commercialization Support
Program, IPET (Korea Institute of Planning and Evaluation for Technology in
Food, Agriculture, Forestry and Fisheries), Ministry of Agriculture, Food and
Rural Affairs, Republic of Korea.

Author details

Konkuk University of Food Science & Technology, Seoul 143-701, Republic
of Korea. *Konkuk University of Animal Science & Technology, Seoul 143-791,
Republic of Korea. *Eulji University of Food Technology & Services, Sung-nam
461-713, Republic of Korea.

Received: 23 September 2014 Accepted: 23 September 2014
Published: 11 October 2014

References

1. Marcel BR: Concepts and strategy of functional food science: the
European perspective. Am J Clin Nutr 2000, 71:1660-1664.

2. Kotilginen L, Rajalahti R, Ragasa C, Pehu E: Health enhancing foods:
opportunities for strengthening the sector in developing countries, Agriculture
and Rural Development Discussion; 2006:30.

3. INRA: Repertoire general des aliments. Table de composition de corps grras.
Paris, France: INRA; 1987.

4. Eburne RC, Prentice G: Modified atmosphere- packed ready-to-cook and
ready-to eat meat products. In Shelf Life Evaluation of Foods. Edited by Man
CMD, Jones AA; 1996:156-178.

5. Gray JJ, Gomaa EA, Buckley DJ: Oxidative quality and shelf life of meats.
Meat Sci 1996, 43:111-123.

6. Ruiz LMB, Mohan AR, Paganga G, Miller NJ, Bolwell GP, Rice ECA:
Antioxidant activity of phytoestrogenic isoflavones. Free Radic Res 1997,
26:63-70.

7. Kim JH, Lee HR, Pyun CW, Kim SK, Lee CH: Changes in physicochemical,
microbiological and sensory properties of dry-cured ham in processed
sulfur-fed pigs. J Food Process 2014. in press.

8. Han KH, Park JK, Lee CH: Manufacture and product evaluation of
fermented sausages inoculated with freeze-dried kimchi powder and
starter culture. Korean J Food Sci Ani Resour 2006, 26(4):486-490.

9. AOAC: Official Methods of Analysis. 17th edition. Gaithersburg, MD:
Association of Official Analytical Chemists; 2002.

10.  Witte VC, Krause GF, Bailey ME: A new extraction method for determining
2- thiobarbituric acid values of pork. Food Technol 1970, 8:326.



Kim et al. Journal of Animal Science and Technology 2014, 56:21
http://www.janimscitechnol.com/content/56/1/21

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Conway EJ: Microdiffusion Analysis and Volumetric Error. London: Crosby
Lockwood and Son Ltd; 1950.

Lee JI, Min HK, Lee JW, Jeong DJ, Ha YJ, Kwack SC, Park JS: Changes on the
quality of loin from pigs supplemented with dietary sulfonyl methane
during cold storage. Korean J Food Sci Ani Resour 2009, 29:229-237.

Park JH, Ryu MS, Lee YE, Song GS, Ryu KS: A comparision of fattening
performance, physic-chemical properties of breast meat, vaccine titers in
cross bred meat type hybrid chicks fed sulfur. Korean J Poult Sci 2003,
30(3):211-217.

Fidel T: Proteolysis and lipolysis in flavour development of dry-cured
meat products. Meat Sci 1998, 49:101-110.

Lee YB, Hargus GL, Webb JE, Rickansrud DA, Hagberg EC: Effect of
electrical stunning on postmortem biochemical changes and tenderness
in broiler breast muscle. J Food Sci 1979, 44:1121-1122.

Bloukas JG, Paneras ED, Fournitzis GC: Effect of replacing pork back fat
with olive oil on processing and quality characteristics of fermented
sausages. Meat Sci 1997, 45:133-144.

Puolanne E, Peltonen J: The effects of high salt and low pH on the
water-holding of meat. Meat Sci 2013, 93:167-170.

Maurice R, Didier A: Culture method to study fungal growth in solid
fermentation. Eur J Appl Microbiol 1980, 9:199-209.

Leistner L, Rodel W: The stability of intermediate moisture foods with
respect to microorganisms. In Intermediate Moisture Foods. Edited by
Davies R, Birch G, Parke K. London: Elsevier Applied Science; 1976:120-137.
Fanco |, Prieto B, Cruz JM, Lépez M, Carballo J: Study of the biochemical
changes during the processing Androlla, a Spanish dry-cured pork
sausage. Meat Sci 2002, 78:339-345.

Kumar P, Kumar S, Tripathi MK, Mehta N, Ranjan R, Bhat ZF, Singh PK:
Flavonoids in the development of functional meat products: a review.
Vet World 2013, 8:573-578.

Song R, Chen C, Wang L, Johnston LJ, Kerr BJ, Weber TE, Shurson GC:

High sulfur content in corn dried distillers grains with soluble protects
against oxidized lipids by increasing sulfur-containing antioxidants in
nursery pigs. J Anim Sci 2013, 91(6):2715-2728.

Jiang ZY, Jiang SQ, Lin YC, Xi PB, Yu DQ, Wu TX: Effects of soybean
isoflavone on growth performance. Meat quality and antioxidation in
male broilers. Poult Sci 2007, 86:1356-1362.

Smith LJ, Alfod JA: Action of microorganisms on the peroxides and
carbonyls of rancid fat. J Food Sci 1968, 33(1):93-97.

Moerck KE, Ball HR: Lipid autoxidation in mechanically deboned chicken
meat. J Food Sci 1974, 39(5):876-879.

Stapelfedt H, Bjorn H, Skovgaard IM, Skibsted LH, Bertelsen G:
Warmed-over-flavour in cooked sliced beef. Chemical analysis in relation
to sensory evaluation. Z Lebensm, Unters Forsch 1992, 195:203-208.

Lin KW, Lin SN: Effects of sodium lactate and trisodium phosphate on the
physicochemical properties and shelf life of low-fat Chinese style sausage.
Meat Sci 2002, 60:147-154.

Jung S, Choe JH, Kim BN, Yun HJ, Kruk ZA, Jo C: Effect of dietary mixture
of gallic acid and linoleic acid on antioxidative potential and quality of
breast meat from broilers. Meat Sci 2010, 86:520-526.

Chen WS, Liu DC, Chen MT: Determination of quality changes throughout
processing steps in Chinese-style pork jerky. J Anim Sci 2004, 17:700-704.
Yin LJ, Pan CL, Jiang ST: Effect of lactic acid bacterial fermentation on the
characteristics of minced mackerel. J Food Sci 2002, 67:786-792.
Quervedo R, Valencia E, Cuevas G, Roneros B, Pedreschi F, Bastias JM: Color
changes in the surface of fresh cut meat: A fractal kinetic application.
Food Res Int 2013, 54:1430-1436.

Lindahl G, Enfalt AC, Seth GV, Joseli A, Ingela HV, Andersen HJ,
Braunschweig M, Andersson L, Lundstrom K: A second mutant allele
(V1991) at the PRKAG3 (RN) locus- ii. Effect on colour characteristics of
pork loin. Meat Sci 2004, 66:621-627.

Kayaardi S, Gok V: Effect of replacing beef fat with olive oil on quality
characteristics of Turkish soudjouk (sucuk). Meat Sci 2003, 66:249-257.
Faustman C, Sun Q, Mancini R, Suman SP: Myoglobin and lipid oxidation
interactions: mechanistic bases and control. Meat Sci 2010, 86:36-94.

Fu AH, Molins RA, Sebranek JG: Storage quality characteristics of beef rib
eye steaks packaged in modified atmospheres. J Food Sci 1992, 57:283-287.
Perez AJA, Sayes BME, Fernandez-Lopez J, Aranda-Catala V: Physicochemical
characteristics of Spanish type dry-cured sausage. Food Res Int 1999,
32:599-607.

Page 7 of 7

37. Hong HK Landauer MR, Foriska MA, Ledney GD: Antibacterial activity of

the soy isoflavone genistein. J Basci Microbiol 2006, 46(4):329-335.

38. Narayana KR, Reddy SM, Chaluvadi MR, Krishna DR: Bioflavonids

classification, pharmacological, chemical effects and therapeutic
potential. Indian J Pharmacol 2001, 33:2-16.

39, Pham TT, Shah NP: Effect of lactulose on biotransformation of isoflavone

glycosides to aglycones in soymilk by lactobacilli. J Food Sci 2008,
73(3):M158-M165.

40. Licke FK: Utilization of microbes to process and preserve meat.

Meat Sci 2000, 56:105-115.

doi:10.1186/2055-0391-56-21

Cite this article as: Kim et al: Changes in physicochemical and
microbiological properties of isoflavone-treated dry-cured sausage from
sulfur-fed pork during storage. Journal of Animal Science and Technology
2014 56:21.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Formula and chemical composition of diet
	Weight, average daily feed intake, weight gain, feed efficiency, and carcass grade
	Dry-cured sausage preparation
	Physicochemical analysis of dry-cured sausage
	Microbiological analysis
	Statistical analysis


	Result and discussion
	Physicochemical qualities
	pH value and water activity (aw)
	Thiobarbituric acid reactive substances (TBARS)
	Volatile basic nitrogen (VBN)
	Color
	Microbiological assessment

	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgment
	Author details
	References

