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EVALUATION OF BUFFALO SPLEEN ABILITY TO
ALTER COLOR AND IMPROVE FUNCTIONAL
PROPERTIES OF CHICKEN SAUSAGE.

; BY
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Meat and Fish Tech. Res. Dept., Food Tech. Res. Inst., Agric.
Res. Center, Giza, Egypt.

ABSTRACT

Boiled buffalo spleen was incorporated i chicken sausage
formulation in ratio 30 and 50 % as replaced chicken meat percent
in blends B and C, respectively to alter color and improve
functional properties of samples. Chemical, physical, cooking
properties and sensory attributes of raw and cooked samples were
analyzed. Also, Hunter color values and heme pigment of raw and
cooked samples were examined.

The protein content of A control (0 % buffalo spleen) was
slightly higher than blends B and C. The WHC and emulsifying
capacity of blends B and C were higher than A (control}. An
increase in redness ( a¥), saturation index and a*/ b* ratio values
were found in raw blends B and C. The nitroso - heme and total
heme pigment values were increased with increasing level of
spleen in raw samples. The decrease in diameter and cooking loss
were less in blends B and C.~

Hunter color values of samples were significantly different (P<
0.05 ) according to the cooking methods. No significant differences
were found between odor, taste and overall acceptability in blends B
and C for all cooking methods. It might be concluded that results of
incorporated buffalo spleen 30 percent received high values in color
and functional properties of chicken sausage and received a high .
level of acceptance.
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INTRODUCTION
Spleen is more rarely consumed in the United Staies than in
certain other countries, but limited amounts of splenic tissue have
been included in some potted meat, scrapple, and certain hot dogs
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produced in some areas of the country. Many people of the
world consider spleen a delicacy (Bittel et al,,1981). They added,
external surface Hunter L wvalues determined on  freshly
manufactured product indicated that increased levels of MSS (
mechanically separated spleen) resulted in significantly darker
frankfurters and increased concentration of nitroso-heme pigment and
total pigment.

Fernandez et al., (1998 ) reported that added ingredients caused
alteration in color. Therefore, Mendenhall (1989} and Trout (1989 )
suggested that myoglobin denaturation is related to pigment
concentration of the raw products. Results by Hunt et al., (1994)
indicated that the oxidative state of myoglobin at cooking plays a
major role in cooked color. When the raw product contains more
metmyoglobin (met Mb), the cooked products will appear more
done than when the product contains more oxymyoglobin ( oxy
Mb). Moreover, Slesinski etal (2000) reported that poultry
producers can reduce pink color development in further - processed
products by selective addition of dairy proteins.

Several studies have been carried out by Hanaa and lbrahim
(2000), Zoba (1991) and Darwish (1993), they found that
incorporation of lung and spleen; lung and low nucleic acid dried
yeast improved functional properties and nutritional values of
sausage samples, respectively.

Ibrahim (1997) found that, the spleen had higher WHC
(water holding capacity) than other wvarieties of meat studied. In
addition, the high WHC value of spleen was expected because its
proteins structure having a high blood ratio which is responsible for
binding water and fat in meat emulsion (Wilson et al., 1981).

The objective of this research was to:

1-  Evaluate the ability of buffalo spleen to alter the color
of chicken sausage and improve functional properties.
2- Obtain information about the effect of cooking methods

on Hunter color values, heme pigments and cooking
properties of samples.
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MATERIALS AND METHODS
Materials :

Eight female chicken (more than one year old, with an average
weight of 3.5 kg) were obtained from the Ministry of Agric., Cairo,
Egypt. Samples were slaughtered, defeathered, eviscerated and the
edible carcasses were cleaned and put into ice box and transported to
the Laboratory of Meat and Fish Tech. Res. Dept., Food Tech. Res.
Inst, Agric. Res. Center, Giza, Egypt. The samples were
cleaned, removed the skin and fat, deboned and the muscles (
breast breast and legs ) were cut into small pieces, packaged and
stored at— 18 °C until were made sausage blends.

Five buffalo spleen were obtained from slaughter - house,
Helwan, Cairo, Egypt. The samples were veterinary examined and
were found free from infection diseases and then transported to the
laboratory inside in ice box. The samples were cleaned and
precooked in boiling water solution containing 2 % salt for 20 min,
cooled, then cut in small pieces, packaged and stored at — 18 °C
until were made sausage blends.

Fat tissue ( sheep tail) was cleaned and cut in small pieces,
packaged and stored at— 18 °C.

Fine rusk, spices and salt were bought from local market in Giza
City.

Spices mixture was prepared according to Hanaa and Ibrahim
(2000).

Technological methods
Preparation of sausage formula

Three blends of sausage were prepared as in Tablel (Hanaa and
Ibrahim, 2000 ). The ingredients were mixed (emulsified ) using
laboratory emulsifier for sausage (Hobart, Model 84486, USA) and
mixing was carried out for 8-10 min. Sodium nitrite (0.015 %) was

dissolved in small amount of water before being added to the
formula. o

The obtained emulsion was stuffed in previously cleaned and
prepared natural mutton casings, then packaged in polyethylene
and stored at— 18 °C until analysis (at 0,2,4 and 6 months).
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Table 1: Formulation of different sausage blends

Ingredients % (A) control | (B) blend | (C) blend
Chicken meat 67.0 46.90 33.50
Buffalo spleen - 20.10 33.50
Minced fat tissues 15.00 15.00 15.00
Ice water (flaskers) 10.00 10.00 10.00
Fine dry rusk 5.00 5.00 5.00
Sodium chloride 2.00 2.00 2.00

| Spices 1.00 1.00 1.00 |
Cooking methods

Frozen sausage were thawed overnight at 5 °C refrigerator and
cooked according to Cannell et al., (1989). Sausage was cooked to
well — done and blotted with paper towels prior to weighing.

Boiling: Samples were boiled in water for 13 min ( sausage:
water, 1:2 w/v). The intemnal temperature reached 90 °C.

Roasting: Samples were placed on a cookie sheet and roasted in
an electric oven at 180 °C for 15 min. The internal temperature
reached 88 °C. A thermocouple ( Omega, Model 199, USA ) was
used to measure the internal temperature of cooked samples.

Cooking loss, yield and diameter measurements.

Samples were weighed before and after cooking after
equilibrium to room temperature { 20 'C ) to determine cooking
loss. Cooking loss % = (weight of raw samples — weight of cooked
samples) /weight of raw sample X100. The yield % was calculated.
The diameter of samples was measured before and after cooking

and the data were expressed as percent changes in sausage
diameter.

Fat and moisture retention

Fat and moisture retention after cooking was calculated using
the equation given by Cannel et al. (1989).
Cooked wt. Percentage xfat or moisture {from cooked)

%Retention = z :
®Retention Raw w*. X percentage fat or moistvre (from raw) X100
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Physical analysis
Hunter colour values

Hunter colour wvalues ( L*, a* and b* ) of raw and cooked
sausages were measured using colourimeter (colour Tee PCM color
Meter, colour Tec, NJ,USA). Thawed raw sausages were wrapped in
clear polyethylene, and reading were taken. Cooked sausage
samples were cooled at 20-25 "C. Small square slices were cut.
These squares were sliced parallel to the flat surface in the center of
sausage. The brown crust on the outside of the sausage was
removed. Samples were wrapped in plastic food wrap, and the
colour was measured.

The value L* was the lightness ranged from 0 to 100; a* was
chromatically where positive value indicating redness and negative
value indicating greenness; while positive value of b* indicating
yellowness and negative value indicating blueness. Four random
spots on each sample were measured and the average data were
taken. ,

Saturation index: § = (a% + b?) % higher values indicate more
vivid redness; hue angle (b/a)" "™ higher values indicate iess
redness and a* / b* ratio higher values indicate more redness were
calculated according to Ana and Joseph (1996).

Expressible water (E.W.) and water holding capacity (WHCQC)

The E.W. of sausage was determined using the centrifugation
method given by Alvarez, et al. (1992). The WHC of sausage was
calculated ( WHC % ) = (moisture %) — (E.W.%).

Emulsifying capacity ( E.C.): was determined according to the
method described by Webb et al. (1970).

Analytical methods .
Proximate composition and pH value

Moisture, protein, fat and ash contents of samples were
determined according to AOAC (1995). Carbohydrate content was
calculated by difference. The pH value : was measured using a
pH-meter (A512, USA).

Titratable acidity: was determined and expressed as ml / NaoH
0.1 N/100g sample according to Kecton and Melton (1978).
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Total volatile nitrogen (TVN): was etermined according to the
method described in ACGAC (1980).

Amino nitrogen (Amino N): was estimated using the formal
volumetric titration method as described by Kolochov (1952).

Thiobarbituric acid value { TBA value): was determined
as described by Pearson (1970).

Pigment determination

Total and nitroso - heme pigments were determined by the
method of Bittell et al. (1981 b).

Sensory evaluation

Cooked sausage blends were cut into pieces, warmed in oven
and presented to 10 staff members in the Meat and Fish Tech. Res.
Dept.,, Food Tech. Res. Inst, Agric. Res. Center. A 5. Point
hedonic scale (1being dislike very much to 5 being like very much)
was used to evaluate sensory attributes, color, odor, taste, texture
and overall acceptability of sausage blends Gelman and Benjamin
(1989).
Statistical analysis

The analysis of data was camied out by ANOVA. While,
Dumcar’s multiple range test was used to test the differences
among means (SAS, 1992).

RESULTS AND DISCUSSION

1- Proximate composition, gquality aspects and physical

properties of raw sausage blend.

Data in Table 2 show that the moisture contents ranged from
. 61.35% in A (control} to 61.84% in blend C. The ash and
carbohydrate contents were higher in blends B and C than A
(control). Protein content was slightly higher for control sample
than others. The incorporated spleen in blends B and C decreased
- the fat content . Mutkoski and Schurer (1981) reported that these
fresh edible meat by-products such as brain, liver, lung and spleen
are rich in protein, vitamins and minerals, most are cheaper than
other ineat cuts. In addition, Kiernat et al. ( 1964 ) studied the
cnemical composition of spleen tissue of raw edible offals of beef
and found 78.6% moisture, 17.7 % protein, 3.1% fat and 1.4 % ash.
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Also, data in Table 2 show some quality aspects of samples, it
was observed that the pH value of blends B and C (5.60 and 5.65)
was less than A control (5.75). The differences which found in pH
and acidity values might be due to the variation in the blends
constituents. The amino nitrogen ranged from 22.85 to 27.34
mg/100g and run in the permissible limits reported by Constantine
and Cornelio (1968) [70 mg /100g]. The TVN of A (control) was

Table 2: Proximate composition, quality aspects and physical
_properties of raw sausage blends.(On dry weight basis)

Determination contf:) D B C
Moisture (%) 6135 | 61.65| 61.84
Protein (56) 3542 | 3494} 3446
Ash (%) 6.24 8.87§ 1043
Fat (%) - 5149 | 4863 | 46.78
Carbohydrate (%) 6.86 7567 833
pH value 5.75 5601 5.65
Titratable acidity (mg Nach/2g sample) 0.91 116} 1.02
Amino nitrogen (mg/100g) 2285 | 26.13 | 2734
Total volatile nitrogen (mg/100g) 1488 | 1395) 13.52
ITBA value (mg Malonaldhyde/kg sample) 0.72 0.81] 094
Water holding capacity (WHC %) 36.24 | 37211 37.62
Expressible water (EW %) 25.11 2444 | 2422
Emulsifying Capacity (EC ml 0il/0.75g 46.55 | 47.82) 47.75
LEamp]e)

Results are average of three replicates.

slightly higher than other samples, but fall in the permissible limits
(EOS, 1985). Moreover, the TBA value of A (control) was less
than blends B and C; this might be due to the incorporated spleen in
blends B and C, which was pre-cooked before added in formula.

On the other hand, results in Table 2 reveal some physical
properties of samples. It was observed that incorporated spleen in
blends B and C improved the WHC and emulsifying capacity and
decreased expressible water. Volkert and Klein (1979) found a
strong positive linear concentration between protein solubility and
the emulsifying activity of proteins in general and in sausages in
particular. These results are in agreement with those reported by
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Wilson et al., (1981), Ibrahim (1997), Abbas and Ibrahim (1998) and
Hanaa and Ibrahim (2000).

2- Effect of incorporation of buffalo spieen in raw sausage
blends on:
One- Hunter color values
Data in table 3 demonstrate the differences in Hunter color
between samples. It can be seen that lightness (L*) values were
significantly different between samples, the highest value was
found in A (control) and the lowest value was found in blend C. An
increase in redness (a*), saturation index and a*/b* ratio values were
found in blends B and C due to incorporate the spleen in blends
when compared to A (control) which had the lowest value. Also, the
yellowness (b*) value of blend B was ;figher than blends A and C.

Table 3: Hunter color values (L¥, a*, b*) of raw sausage blends.

Sausage { Saturation Hue a*/b*
blends index angle | ratio

L* a* b*

Afconirol) | 52.47a | 507b | 974b | 1098b | 6250 | 0.52¢
1069 | 050 | 134 | +£208 | 1022 %029

B 4325by 11.10a | 11.41a | 15.92a | 4579 | 0.97ab
+196 | £092 | £092 +1.73 +487 | £0.18
C 3530c | 936b | 936a 14.66a | 39.69c | 121 a

+2.13 | £0.71 ] £1.10 =+ (.98 +526 |*£0.18
abc Means in a column with different letters are different (P< 0.05).
Results are average of three réplicates. -

Regarding, the hue angle values significant differences were
observed among treatments, the highest value was found in blend A
and the lowest value was found in blend C. These results revealed
that incorporated spleen in sausage blends decreased the values of
hue angle which indicate more redness in samples. Sharaf (1993)
found that all meat cuts ( beef and camel) had higher absorbance
value at 542 nm than chicken meat. This could be due to its high
myoglobin content. Moreover, Bittle et al., (1981 b) found that the
mereased intensity of brown-red pigmentation of frankfurters with
increased level of MSS ( mechanically separated spleen) was most
probably a result of abundant quantity of hemoglobin in the MSS. In
addition, Cofrades et al., (2000) reported that an increase in the
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proportion of plasma protein produced a significant (P < 0.05)
increase of L * and b* values. These results are closed to those
reported by Ibrahim (2001) and Slesinski et al (2000).

b-interaction effects for heme pigment
The interaction effects for total and nitroso - heme pigment
determination are presented in Table 4.

Table 4: Interaction effects for heme pigment of raw sausage blends.
(ppnvhematin)

Sausage blends | Nitroso heme pigment | Total heme pigment |
A (control) 8.70 183.60
B 16.82 231.20
C 21.17 427.72

Results are average of three replicates.

The inttial total pigment concentration increased linearly with
increased level of buffalo spleen (30-50 %) in sausage blends,
which ranged from 183.60 in (A control) to 427.72 ppm /hematin in
{blend C). As the same trend, the nitroso-heme pigment values was
increased with increasing level of spleen in samples, values ranged
from 8.70 in (A control) to 21.17 ppm / hematin in (blend C ).
These results indicated that incorporated spleen in sausage blends
increased the values of heme pigment than control sample which
had the lowest values. These results are in agreement with those
found by Bittel et al., (1981b) and Fernandez et al., (1998).

3- Effect of cooking methods on yield, diameter change and
cocking properties of sausage blends.

Data presented in Table 5 reveal that yield wvalues were
increased in blends B and C than blend A (control) in all cooking -
methods, but the yield values of boiled were higher than roasted
samples.

The degree of shrinkage is important in maintaining quality
standards of beef patties prepared in food service establishments.
Therefore, changes in diameter and thickness must be considered
when benefits of meat additives are evaluated (Ana and Joseph,
1996). The results in Table 5 demonstrated that the decrease in
diameter were less in blends B and C than A ( control ) afier
cooking. Field and Riely (1974) reported that incorporation MSS
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into finely comminuted products improved émulsion stability,
texture score, and reduced shrink in bologna due to lower
connective tissue content of machine deboned mutton.

Table 5: Effect of cooking methods on yield, diameter change and
cooking properties of sausage blends (%).

Decréasei
Sausage |Cooking | Yield n Cooking | Fat Moisture
blends methods diameter loss retention | retention )
A (control}) 68.39 | 10.50 [ 31.61 49.15 65.38
B Boiling | 83.77] 4.76 16.23 54.13 81.54
C ' 88.07 | 456 11.93 60.93 85.59
A (control) | 6041 22.03 | 3959 | 4645 | 5657
B Roasting [ 78.75 1 19.53 21.25 57.22 74.61
C 8246 | 14.29 17.54 63.29 78.54

Results are average of three replicates.

The effect of cooking methods on cooking properties ( cooking
loss, fat and moisture retention ) are presented in table 5. These
results show that, cooking losses percentage of blend B and C were
less than A (control). Gillett et al.,, ( 1976 ) reported that salami
made from desinewed meat exhibited less shrinkage, improved
panel ratings, and the absence of jelly pockets in contrast to salami
made from nondesinewed meat. Also, the results reveal that the
« higher percentage of fat and moisture retention were found in
blends B and C than blend A (control) for all cooking methods.
Most of losses at low fat level have been attributed to moisture
losses, while that at higher fat_ levels being mainly fats losses
(Cannell et al., 1989).

In general, These results in Table 5 revealed that the
incorporated buffalo spleen improved the percentage of yield, fat
and moisture retention. Moreover, it decreased the cooking loss
(%) and reduced shrink in sausage.

4- Effect of cooking methods on Hunter color values (L*, a*
» b*) of sausage blends.
Data in Table 6 reveal the differences in Hunter color between
~samples. Lightness (L*) values of samples were significantly
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different (P<0.05) according to the cooking methods. Lightness
value in roasted sausage was less in blends B and C than boiled
sausage, but A (control} was not significantly affected with both
boiled and roasting methods.

Significantly higher values in redness (a*), saturation index and "*
a*/b* ratio were found in blends B and C than A (control), but the
values of boiling method were less than the roasting method. The
vellowness ( b*) values were not significantly different in A
(control) and B for both boiling and roasting methods, - but
significant variation were found in C blend and it had the lowest
values.

Table 6: Effect of cooking methods on Hunter color values (L*,a*, b*)

of sausage blends.
Boiling l Roasting
Determina- A A
tion (control) B C {control) B C
L* 57.02a | 37.71b | 3546b | 49.11a | 26.82 ¢ | 24.55¢
+401 | £2.74 | +£1.65] £096 | *228| +£1.69
a* 754c | 1235b | 1460b) 8.75¢c | 21.07a |16.54ab
+1.42 | £2.19 [ £249 | £095 £2.60 | £2.22
b* 11.06a | 10.83ab} 9.89b} 1555a | 10.96ab | 9.52b

097 | £0.85 +£125| £032 | £089 | £1.03
Saturation | 13.39b | 16.43ab | 17.63ab | 17.84ab | 23.75a ]| 19.08a
Index +168 | £1.38 1.77 +1.57 { £0.69 | £1.89
Hue angle | 55.72a | 41.25b| 34.11b | 60.63a | 2748 ¢ | 29.92¢
344 | £461 | £6.15 +£256 | £739 | £7.18
a*/b*ratio | 0.68b [1.14ab | 1.48a .56 b 192a | 1.74a |
+0.08 | £061 | £035 £030 | £092 [ £0.75
Results are average of three replicates.
abc Means in a raw with different letters are significantly different
(P<0.05).

Also, the data presented in Table 6, illustrated that the hue angle
values was significantly varied between treatments according to the
cooking methods. The values of blends B and C in roasted samples
were less than blends B and C in boiled samples, but the highest
values of hue angle was found in A (control) in both boiled and
roasted samples. These results revealed that the incorporated
buffalo spleen in blends B and C increased the redness, satiration
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index and a*/b* ratio values and decreased the lightness and hue
angle values when compared with A (control). These results are in
agreement with those reported by Fernandez et al, (1998) and
Ibrahim (2001) who found that addition of some ingredients in
rahbit burger effected Hunter color by improving the redness,
yellowness, saturation index and a*/b* ratio than control sample.

S- Effect of coocking methods on interaction effect for
heme pigment.

Data presented in Table 7 reveal the effect of cooking methods
on heme pigments of sausage samples. It was observed that values
of nitroso heme pigment were increased in boiled and roasted
samples, but the level of increased values was higher in roasting
than boiling cooking. Therefore, Mendenhall (1989 ) and Tourt
(1989) suggested that myoglobin denaturation is related to pigment
concentration of the raw product.

Table 7: Effect of cooking methods on interaction effect for heme
pigment. (ppm/ hematin).

Sausage Nitroso heme pigment | Total heme pigment
blends boiling roasting boiling W roasting

A (control) 22.16 35.25 125.45 198.75
B 44.95 71.34 162.52 267.24

C 54.25 93.76 295.66 475.68

Results are average of three replicates.

Also, it was observed from data in Table 7 that the cooking
methods affected the values of total herme pigment of samples. Values
of total heme pigment were increased after roasting samples,
but the values of it were decreased after boiling samples, this might
be due to the concentration of pigment after roasting which
resulted from evaporation of moisture by heating, while some
pigments were dissolved in water during boiling process,
respectively. These results are in agreement with those found by

Hunt et al., (1994).
6-Scnsory evaluation of cooked sausage blends

Data presented in Table 8 show the effect of cooking methods
on sensory evaluation of sausage blends.
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The color values of sausage were significantly different
(P < 0.05) between treatments, the data revealed that blend B had
higher scores than blend C, and the lowest values of color were
found in blend A (control} for all cooking methods.

Table 8: Sensory evaluation of cooked sausage blends.

= Overall
Sausage |Cookingm | Color Odor | Taste |Texture [acceptabi-

| blends | ethods : lity

A (control) 1.72d | 3.52b [ 3.46b| 4250 232¢

B Boiling | 4.55a §420a | 436a| 449a 458 a

C 1.88b | 422a | 420a) 4150 4.40 a

A (control) |Roasting | 1.88d | 3.75b | 3.75b| 437b 2.50¢

B 500a | 436a 445a| 5.00a 5.00a

| C ¥.38ab | 435a | 436a| 450ab | 442ab

Abc Means in acolumn with different letters are significantly
different (P< 0.05).

No significant differences were found between odor and taste in
blends B and C, but significant differences were found between
samples and blend A (control) for all cooking methods. However,
the texture scores were varied between samples, where the highest
values of texture were found in blend B for all cooking methods.

The overall acceptability scores, revealed that the highest values of
score were found in blend B, and the lowest values of score were
found in blend A.

These results demonstrated that increasing levels of buffalo
spleen in sausage blends inversely affected the increase in color,
but not effected other qualities panel evaluation of samples.
Overall, these results indicated that as.much as 30 % spleen could
be incorporated in sausages without seriously altering or decreasing
consumer acceptability. In general, methods of cooking appeared to
have little impact on sensory analysis between samples.

These results are closed to those reported by Bitte! et al.
(19€1b) their results illustrate that increasing the level of MSS in
products intensified color score and decreased firmness score, but
addition of 15% MSS had a detrimental effect on the characteristics of
frankfurters  particularly  binding, texture and overall
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acceptability, and after heat processing, no fat caps were observed on
any of the products, lacked the “snap” and “bite” of the more
acceptable frankfurters. Blaker et al., (1959) reported that beef
roast cooked in foil nay have steamed flavour.

These results are in agreement with those reported by Field and
Riley (1974) and Gillett et al., (1976).

CONCLUSION

Jt could be concluded that incorporation of buffalo spleen as 30 %
percent in chicken sausage :
a- Improved the percentage of yield, fat and moisture retention,
decreased the cooking loss (%) and reduced shrinkage in sausage.
b- Increased redness ( a* ), saturation index and a*/ b* values in
chicken sausage. ¢- Increased nitroso - heme and total heme
pigments values in chicken sausage samples. d- Samples remained
darker on each surface and contained more pigment than control

sample after cooking methods, and received a high level of
acceptance.
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