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Detection of MRPM in emulsion type products is a challenge facing meat industry. Where, most of meat products processors in Egypt illegally
replace beef meat partially or totally with MRPM in meat products to reduce products cost. Commercial and experimentally produced emulsion type
sausage (traditional Egyptian luncheon) formulated with 0, 10, 30, 50, 70, 90% MRPM instead of the meat mass and cooked to different core tempera-
ture (70, 80 and 90°C) were examined for technological properties, ash, bones, cartilage and calcium (Ca) content, in addition to histological sections
stained with H&E and Trichrome blue. Results indicated that all market samples showed unacceptable texture and binding scores with high ash, col-
lagen, cartilage, bone and Ca content. Histological section showed the presence of skin and cartilage. Addition of 10% MRPM to luncheon formula-
tion could not be detected at different cooking temperatures. While the use of 30% or more MRPM to luncheon formulation, significantly changed
technological properties and chemical composition of the product. Thermal treatments of luncheon sausages changed their chemical composition as

well as induced structural changes in bone and cartilage content.

INTRODUCTION

Emulsion type sausages are widely used in the production
of meat products such as bologna, frankfurter as well as dif-
ferent types of sausages [Dingman er al., 2002]. Traditional
Egyptian luncheon is one of the most common emulsion
type product in Egypt. The legal requirements of this type
of sausage are established by Egyptian Standard Specifica-
tion [ESS, 2005/1114], where moisture, protein, fat and ash
contents are 60, 15, 30 and 3%, respectively. Meat emulsions
are one of the most expensive meat products because their
price depends mainly on high cost of lean meat. Consequent-
ly, most processors replace high quality and expensive meat
by lower quality and cheaper materials such as mechani-
cally recovered poultry meat (MRPM), used as a cheaper fat
and collagen source in production of different meat products
[Tyburcy et al., 2005].

Mechanically recovered meat means removal of any rem-
nant flesh from bone after manual deboning. It was devel-
oped in Japan at 1950 for the fish industry and extended to
the poultry industry as a result of increase poultry produc-
tion [Field, 2004]. The end product of mechanical deboning
process of poultry (MRPM) is pasty in nature, with good
binding capacity [Serdaroglu et al., 2005]. MRPM is used as
an inexpensive product, with good nutritional and techno-
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logical properties which encouraged most meat processor to
substitute meat partially or totally by MRPM in most meat
and poultry products such as emulsion products e.g. as frank-
furter and formed products e.g. burger due to its easy incor-
poration in these products [Benitez et al., 2002; Serdaroglu
et al., 2005]. Nutritional value and chemical components
of MRPM vary with raw materials (necks, backs, frames
and skin) used in its production [Navarro, 2005].

Crushing of the bones and subsequent mechanical sep-
aration leads to changes in the chemical, physical, sensory
and functional properties of the meat [Kanner, 1994; Abdul-
lah & Al-Najdawi, 2005] including the development of unde-
sirable aromas (rancidity), loss of its characteristic red color
because of lipid and pigments oxidation, loss or modification
of the muscle fiber structure, reduced stability during stor-
age as well as the functionality and processing ability [Miel-
nik et al., 2002; Bodner & Sieg, 2009]. Quality loss can also
result from the redistribution of the higher initial microbial
load which favors the growth of microorganisms which make
it highly perishable raw material [Gill, 1988]. Moreover, con-
sumer’s defense groups are concerned about the inclusion
of bone fragments in the mechanically recovered meat [Fron-
ing, 1981], where mechanical separation results in some bone
particles (@ <0.5 mm) remaining in the meat mass [EU Regu-
lation 2074/2005].

Brazilian legislation allows a maximum of 20% of total fresh
meat to be substituted by mechanically recovered meat in pro-
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cessed meat products [Brasil, 1981]. However, no Egyptian limit
exist to regulate the usage of MRPM in meat industry resulting
in products of low quality and has bad health impact on con-
sumer, therefore the present study was designed to determine
the effect of the addition of MRPM in commercial and experi-
mentally processed traditional Egyptian luncheon using techni-
cal properties as well as chemical, histological methods.

MATERIALS AND METHODS

Market samples

A total of 40 beef luncheon samples (emulsion type sausage)
produced by eight different meat processing plants (five samples
each) were collected from different production lots. Each sample
was represented by three packages from the same production
date. Samples were immediately transferred to the laboratory
of Food Hygiene Department, Faculty of Veterinary Medicine,
Cairo University, then kept at 4°C till investigation.

Experimental samples

Six trials based experiment (three replicates each) was
performed to produce traditional Egyptian luncheon sausage
with different MRPM percentage and cooking core tempera-
ture. For production of beef luncheon sausage, six different
meat batters were produced following the Good Manufactur-
ing Practices guidelines. The control batter was produced with
70% beef meat, 1.8% sodium chloride, 0.3% ppm polyphos-
phates, 100 ppm sodium nitrite, 10% corn starch, and 7.5%
added water. The other five meat batters were produced
similar to the control, with replacement of beef meat with dif-
ferent percentages of MRPM (10, 30, 50, 70 and 90%). All
the prepared batters were filled in polyamide casing using pis-
ton filler and cooked using humid cooking program to three
different core temperatures (70, 80 and 90°C). Then cooled
and kept in a refrigerator at 4°C till investigation.

All samples were examined for technological properties
(texture and binding), ash, collagen, calcium, bone and carti-
lage contents, as well as subjected to histological examination.

Technological evaluation (texture and binding)

Texture and binding properties were examined by 12 pan-
elists from the Department of Food Hygiene and Control, Fac-
ulty of Veterinary Medicine, Cairo University, using a 9-point
scale according to [AMSA, 1995], where 9 denotes extremely
acceptable and 1 denotes extremely unacceptable product.
Prior to the analysis, panelists were trained in the definition
and terms.

Determination of ash, soluble and insoluble collagen
and calcium content

Ash content of luncheon samples was determined accord-
ing to AOAC [1995]. Collagen was estimated according to
Neuman & Logan [1950] and Mahendrakar ez al. [1988]. Ab-
sorbance of the test samples was measured at 540 nm against
the blank using Unico (1200 Series, USA) spectrophotom-
eter. The calculation for estimating hydroxyproline (g/100 g)
in meat was outlined by Woessner [1961]. While calcium (Ca)
content was estimated as ug /w/w according to Kingston &
Jassie [1988] using atomic absorption spectrometer (Ther-

moscientic ICE 3000series, England) supplemented with deu-
terium background. Samples were first digested with pure ni-
tric acid under high pressure and temperature by microwave
sample preparation lab station (MLS-1200 MEGA).

Morphological staining of bone and cartilage

Staining of bone and cartilage was done according to
Branscheid et al. [2009] using different solutions (Solution I:
0.1 g Alizarin Red S (C.I. 58005, Chroma) + 100 mL 95% eth-
anol, Solution II: 0.3 g Alcian Blue 8 Gs (C.1. 74240, Serva) +
100 mL 70% ethanol, Solution IIT: 10 mL solution I + 10 mL
Solution 1T+ 10 mL glacial acetic acid + 170 mL 70% etha-
nol and Solution IV (Pre-staining rinsing solution): 100 mL
70% ethanol+ 5 mL glacial acetic acid). Particles obtained
from 70% ethanol were weighed, presorted by hand onto blot-
ting paper after which differentiating bone (red) and cartilage
(blue) particles were weighed separately. For documentation,
the stained particles were carefully isolated, inspected under
phase contrast microscopy (Zeiss Stemi 2000-C) and photo-
graphed using Zeiss MC 80DX camera.

Histological analysis

Duplicate 1 x1x 1 cm blocks from all investigated samples
were fixed in 10% formol saline for 24 h. Fixed samples were
washed under tap water followed by dehydration using serial
dilutions of alcohol (methyl, ethyl and absolute ethyl), then
cleared in xylene and embedded in paraffin at 56°C in hot air
oven for 24 h. Paraffin bees wax tissue blocks were prepared
for sectioning at 4 microns by slide microtome. The obtained
tissue sections were collected on glass slides, deparaffinized
and stained either by hematoxylin and eosin (H & E) [Ban-
chroft et al., 1996] or by trichrome blue [Official Standard,
1989] for histological examination.

Statistical analysis

The values given in each treatment category are the mean
values from three replicate. Mean = standard errors (SE)
were calculated. Data were subjected to analysis of variance
(ANOVA). Comparison of means was carried out by Dun-
can’s multiple-range test and significance was considered
at p<0.05. Analysis was performed using a SPSS package
(SPSS 19.0 for Windows, SPSS Inc, Chicago, IL, USA).

RESULTS

Marketed samples

The results of technological evaluation (texture and bind-
ing properties), ash, collagen, calcium, bone and cartilage
content of the marketed samples were represented in Table 1.
It was noticeable that the scores of texture and binding prop-
erties ranged from 1.00 to 2.1 and from 1 to 2.33, respectively,
which indicated low overall acceptability of the products.
Rough texture was detected in all examined samples together
with cracks seen in luncheon slices during rolling. The ash
content ranged from 2.9 to 3.7% with mean value of 3.4%.
Collagen content varied greatly among the examined samples
as it ranged from 0.2 to 1.22% with 0.4% as a mean value,
while Ca content ranged from 341.16 to 2756.25 ug/g with
a mean value of 1063.00 ug/g.
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TABLE 1. Mean values of texture and binding properties and chemical composition of marketed samples (mean + SD).

Industry name Texture Binding /é;al)l Coé};)gen (ug /gc\igl:vlg ) B((%;n)e Ca{;ial)a &

1 2.00:=0.20 1.5020+0.40 3.00¢°=0.09  0.200**=0.01 358.31:+68.27 0.23++0.01 0.002+0.00
11 1.7320+0.30 1.60%°+ 0.40  3.12a2¢=0.07  0.212°+0.10 362.18*+19.87 0.002+0.00 0.3122+0.01
I 2.100£0.25 2.332% 0.40 2.880+0.22 0.51°=0.12 341.16°+27.09 0.00°=0.00 0.10°=0.01
v 1.7320+020  1.502v+020  3.34%c=0.09  0.242°+0.04 536.552+13.00 0.102*+0.06 0.292+0.01
A% 1.13¢=0.10 1.00°=+0.00 3.66%°x0.06 0.412¢+0.20 1457.29°+52.71 0.14++0.01 0.3920+0.01

1.30°%0.20 1.7022+0.52 3.64%+0.09 1.229+0.04 1309.08°+88.61 0.2282+0.01 0.3920+0.01

Vil 1.00c+0.00 1.00°+0.00 3.48%x0.14 0.20*2+0.10 1383.19°+88.61 0.34°+0.01 0.27°x0.01
VIII 1.00¢+0.00 1.00°+0.00 3.739+0.07 0.20°+0.02 2756.25°x133.29  0.19+°x0.01 0.85°+0.01
Mean 1.50+0.10 1.44=0.12 3.40%0.10 0.40%0.10 1063.00+187.52 0.15+0.02 0.32+0.49

*d: Means with different superscript within the same column differ significantly at p<0.05.

FIGURE 1. Histological sections stained with H&E (A:E) and Trichrome blue (F:K).

(A) skin; (B) bone of marketed luncheon; (C) experimental control luncheon muscle; (D) 70% MRPM experimental luncheon cartilage; (E) market
samples cartilage and conective tissue; (F) experimental control luncheon muscle; (G) 70% MRPM experimental luncheon conective tissue; (H) 90%
MRPM experimental luncheon bone; and (I) 90% MRPM experimental luncheon conective tissue.
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TABLE 2. Chemical composition of raw materials (beef and mechanically recovered poultry meat) used for production of luncheon (mean = SD).

Mechanically Recovered Poultry meat Meat
Min Max Mean Min Max Mean
Ash (%) 1 1.2 1.13%0.50 0.52 1.32 0.87+0.04
Collagen (%) 0.89 1.00 0.96+0.55 0.30 1.01 0.63=1.15
Ca (ug/g) 1998.88 2558.031 2223.10+133.30 201.70 290.00 245.66=23.0
Bone (%) 0.09 0.54 0.31+0.60
ND ND ND
Cartilage (%) 0.11 0.55 0.37+0.60
ND: not detected
TABLE 3. Mean value of technological properties of experimental samples (mean = SD).
Texture Binding
Samples
70°C 80°C 90°C 70°C 80°C 90°C
Control 8.00:4+0.58 9.00:4+0.58 9.00:4+0.58 9.00:4+0.58 9.00*4£0.58 9.00*4x0.58
10% MRM 6.75404£0.58 777004 +0.58 7.9200A+(.58 7.83804+0.58 8.00:04+0.58 8.80:4x0.58
30% MRM 5.5004+0.58 6.5004£0.58 7.000¢4%0.58 6.834x0.58 775004 +0.58 8.0040.58
50% MRM 3.70¢4x0.58 3.80¢4x0.58 5.9048+0.58 6.50"4x0.58 7.00°4+0.58 8.00:40.58
70% MRM 3.44¢4x0.58 3.72¢4+0.58 3.7744+0.58 3.33¢4x0.58 3.804B+(.58 5.33%8+0.58
90% MRM 3.00:4x0.58 3.204+0.58 4.0044x0.58 2.00:4x0.58 2.50°4x0.58 2.66°4x0.58

*&: Means with different superscript within the same column differ significantly for different concentration of MRPM at p<0.05. ## Means with differ-
ent superscript within the same row differ significantly for heat treatment at p<0.05.

Histological analyses of the marketed samples stained
with H&E showed great variability between the different pro-
cessing plants especially in bone, cartilage and skin contents.
Low content of muscular tissues with diffusely dispersed
bone, cartilage tissues and high content of skin were evident
in all samples (Figure 1, A and B). Moreover with Trichrome
blue, the connective tissue content was more higher than
the muscular tissue content in all marketed samples (Figure 1,
E) where connective tissue appeared blue and muscular tissue
appeared red.

Experimental samples

Results of chemical analysis, bone and cartilage of the raw
materials used in the production of luncheon sausages (Ta-
ble 2) showed that the mean values of ash, collagen, calcium
were 1.13%, 0.96%, 2223.10 pg/g for MRPM and 0.87%,
0.63%, 245.66 ug/g for beef, respectively. Bone and cartilage
contents of MRPM were 0.31 and 0.37% respectively, whereas
both bone and cartilage particles were not detected in beef.

Technological properties (texture and binding) of experi-
mental luncheon samples were presented in Table 3. The level
of MRPM significantly (p<0.05) affected texture and bind-
ing properties of luncheon sausages immediately after pro-
cessing. It was clear that increasing the addition of MRPM
in luncheon formulations from 30% to 90% caused signifi-
cant reduction in the texture score compared with the con-
trol and 10% MRPM group. The product with 50% MRPM
had unacceptable scores for both texture (3.70 and 3.80 at

70°C and 80°C, respectively) and binding (3.33, 3.80 at 70°C
and 80°C, respectively). Many panelists were able to detect
bone and cartilage particles easily at 30-50% MRPM (un-
published observation recorded by most of the panelists).
Increasing cooking temperature of experimentally-produced
luncheon sausages from 70°C to 90°C showed no difference
(p>0.05) in texture scores in all formulations; except for 50%
MRPM incorporated sausage that showed significant im-
provement in texture score at cooking temperature at 90°C.
Moreover, addition of 10% MRPM in luncheon formulation
revealed no significant difference (p>0.05) in texture score at
all cooking temperatures compared with the control group.
Regarding binding scores, no difference (p>0.05) could
be proved among MRPM incorporated luncheon sausage
cooked at different cooking temperature (70°C, 80°C, 90°C)
except for 70% MRPM group which showed significant im-
provement in the binding score at 90°C.

Ash, collagen, Ca, bone and cartilage content of ex-
perimentally-produced luncheon were tabulated in Table
4 and Table 5. There was no (p>0.05) change in ash content
of the luncheon with the addition of MRPM except in 90%
MRPM group at all cooking temperatures.

Increasing MRPM in experimentally-produced luncheon
caused increase (p<0.05) in collagen, Ca, bone and cartilage
contents. Although the application of high temperature dur-
ing cooking decreased significantly (p<0.05) collagen con-
tent, it did not affect (p>0.05) the Ca, bone and cartilage
contents.
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TABLE 4. Mean contents of ash (%), collagen (%) and calcium (ug/g) in experimental samples (mean = SD).

Calcium (ug/g)

90°C

80°C

70°C

Collagen (%)

90°C

80°C

70°C

Ash (%)

90°C

80°C

70°C

Samples

2.99:A8+0.08 2.9248+0.08 0.21+8x0.04 0.1645C+0.03 0.104¢+0.00 201.70*4+23.18 254.65*A £32.23 299.18*4 £32.23

3.052A8+(.12

Control

3.0184x0.12 2.99:4+0.12 0.320420.08 0.29424+(.03 0.20424+(.04 327.2124+64.69 370.40*4+45.80 433.84*4+8.12

3.0544+0.030

10% MRM

3.1644x0.251 3.1444x0.251 0.3984+0.04 0.35:0A8+().06 0.25¢08+(.01 902.24*A4+92.67 1011.55"4+33.34  1056.31%4+37.27

3.1944x0.12

30% MRM

3.2124+0.10 3.2284+0.10 0.62°48+0.01 0.47°A8+0.09 0.29°8+0.08 1069.18>¢A+74.85  1095.27°A+56.56  1392.06°+148.31

3.25¢4+0.30

50% MRM

1712.55¢8+79.30

1690.85¢8=16.71

1227.45¢4+51.64

0.64*28+0.02 0.48°8C+0.12 0.29€+0.09

3.2930A+(.11

3.35:0A+0.11

3.3644x0.15

70% MRM

2317.42¢4+94.58

2210.1744+36.67

2034.7244x111.49

0.34°8£0.04

3.65°4+0.06 0.76*4+0.13 0.60>*8x0.19

3.69°4+0.06

3.8304+0.17

90% MRM

=& Means with different superscript within the same column differ significantly for different concentration of MRPM at p<0.05. ¢ Means with different superscript within the same raw differ significantly for heat

treatment at p<0.05.

Regarding the histological examination, control luncheon
sausages stained with H&E showed the presence of muscular
tissue and adipose cells only (Figure 1, C). Muscular tissue,
adipose cells with very few connective tissue, skin, cartilage
comprised the largest part of luncheon sausage produced with
10% MRPM. Connective tissue, skin, cartilage and bones
comprised the largest part of the products produced with
higher percentages of MRPM while the content of muscular
tissue decreased. Moreover, the bone and cartilage contents
increased proportionally with increasing percentage content
of MRPM (Figure 1, D). Moreover, staining the samples with
trichrome blue substantiated the results of H&E where con-
trol luncheon sausage showed the presence of high content
of muscular tissue and low amount of connective tissue (Fig-
ure 1, F). Addition of MRPM increased the content of con-
nective tissue (Figure 1, G) and cartilage as well as and de-
creased the content of muscular tissue (Figure 1, H and I).
The product formulated with 90% MRPM showed almost
absence of muscular tissue with high content of connective
tissue and cartilage (Figure 1, I).

DISCUSSION

The massive increase in poultry production worldwide,
parallel to the change in consumers eating attitude from
consumption of whole chicken to cuts and fillets, resulted
in huge amounts of skin, frames and necks. Mechanical re-
covery process provides the magic utilization of these left-
over materials [Froning, 1981; Dawson et al., 1988], with
production of MRPM that has good nutritional and techno-
logical properties, which enhance its use in poultry and meat
processing industry [Serdaroglu et al., 2005]. Regulation
of MRPM used in poultry and meat industry has been estab-
lished in some countries [EU Regulation, 2005], while stays
still unclear in Egypt. This encourages most of meat proces-
sors to use MRPM as an inexpensive material to substitute
meat in poultry and meat products, with high percentage
reached to total meat replacement [Emara, 2005] without
any care to its health hazards to consumer or product qual-
ity and shelf life.

Scores of texture and binding properties of the marketed
samples indicated low overall acceptability of the products.
The rough texture of all samples could refer to the presence
of bone particles in high amount as a result of using MRPM
in the production of luncheon sausage. Also, the cracks
found in luncheon slices indicated poor binding capacity
of the product. This finding was confirmed by Field [1988]
and Raphaelides ef al. [1998], who found that meat products
with over 30% of mechanically recovered meat had grainy
texture, and the extent to which this occurs depends upon
the size and amount of bone particles contained in the final
meat product.

High ash and Ca contents are noticed in all marketed
samples. Ash content exceeded the permissible limit stated
by the Egyptian Standard Specification [ESS 1114/2005]
which indicated high mineral content. This was referred to
the addition of high amount of MRPM in the formulation
of luncheon sausage, which could be correlated with high
bone content in the examined samples [Field, 2000]. Also
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TABLE 5. Mean bone and cartilage contents of experimental samples (mean =SD).

Bone (%) Cartilage (%)
Samples
70°C 80°C 90°C 70°C 80°C 90°C

Control 0.00:4+0.00 0.00:4+0.00 0.004+0.00 0.00:4+0.00 0.00:4+0.00 0.004+0.00
10% MRM 0.00:40.00 0.00:4+0.00 0.0040.00 0.1644+0.01 0.16"x0.01 0.00+B+0.00
30% MRM 0.00:40.00 0.0024+0.00 0.0040.00 0.35204+0.01 0.31¢6+0.01 0.07°¢+0.01
50% MRM 0.51224+0.01 0.37°%+0.01 0.27°¢+0.01 0.442>4x0.01 0.38¢8x0.01 0.10-¢£0.00
70% MRM 0.5804+0.01 0.46°+0.01 0.27°€=0.01 0.52:24+0.01 0.33¢8+0.01 0.144¢+0.00
90% MRM 1.04°4+0.58 0.5444+0.01 0.44¢/4+0.01 1.0204+0.58 0.51%4+0.01 0.22¢4+0.00

*¢ Means with different superscript within the same column differ significantly for different concentration of MRPM at p<0.05. #¢ Means with different
superscript within the same raw differ significantly for heat treatment at p<0.05.

the high collagen content of luncheon sausages (Table 4) in-
dicates that MRPM are incorporated in luncheon formula-
tion, moreover it may contain high amount of skin and bone
[Abdullah & Al-Najdawi, 2005]. The wide variation in ash
and collagen content (Table 1) among samples from dif-
ferent processing plants may result from different quantity
and quality of MRPM used in production of luncheon sau-
sage. Chemical composition of MRPM depends on many
factors as breed, age of animal, origin of the material used
and the mix of raw materials subjected to deboning [Na-
varro, 2005], as well as settings and type of deboner used
for the mechanical separation [Henckel ez al., 2004]. Salman
[1995] reported that MRPM had lower moisture and pro-
tein but higher fat and ash contents than the manually re-
covered meat.

Although the application of high temperatures dur-
ing processing of luncheon sausage significantly (p<0.05)
lowered collagen content, due to the conversion of collagen
in the product into soluble gelatin [Pearson & Gillett, 1999].
On the other hand, Ca content was unaffected (p>0.05)
by different cooking temperatures. These results were in har-
mony with that reported by Seiquer ez a/. [2010].

The presence of bone and cartilage particles is one
of the most important physical hazards. Most of marketed
samples contain both bone and cartilage, which indicates that
most processors use high amounts of MRPM in luncheon
production. Numerous approaches have been employed to
differentiate mechanically recovered poultry meat from hand
recovered meat by presence of bone [Pickering ef al., 1995;
Beraquet, 2000; Field, 2000; Hildebrandt et al., 2006; Bran-
scheid et al., 2009].

The obtained photomicrographs in the present study
(Figurel) met the observation of Anon [2006] and Bran-
scheid [2007] that standard histological examination is one
of the methods used for quality control of meat products
in general, and for the detection of MRPM in particular.

CONCLUSION
Incorporation of MRPM in Egyptian luncheon adversely

affected its chemical composition and quality attributes, so
the detection of MRPM in emulsion type products is very

important. Addition of 10% MRPM to luncheon formula-
tion could not be detected through technological proper-
ties, chemical composition or histological section at differ-
ent cooking temperature. While use of 30% or more MRPM
could be correlated well with low texture, binding, high cal-
cium and ash content, presence of bone and cartilage. Also,
histological technique with H&E and trichrome blue stain can
be used as a safe and accurate method for detection of adul-
teration of meat emulsion products.
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