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Application of Monascus purpureus Pigments
Produced Using Some Foed Industry Wastes in
Beef Sausage Manufacture
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HYSICOCHEMICAL propertics and sensory evajuation of beef

sausage samples containing Monascus pigments were foilowed
during 90 days of storage at —18°C. The cooking yield of control beef
sausage samples (containing 3% starch) was the lowest initial cooking
and achieved a level of 82.9% and almost the highest value of cooking
loss (17.11%). While, the beef sausage sarnples containing 0.25% dry
red rice showed the highest initial cooking yield (91.11%) and the
lowest cooking loss {8.87%). The water holding capacity (WHC) of ail
samples decreased progressively, throughout the storage period. Control
samples had the lowest WHC after 90 days of storage at -18°C when
compared with other samples containing Moaaserts pigments and all
samples tended to decrease in plasticity. The chemical constituents of
beef sausage samples were affected by freezing and storage period. The
moisture, protein and ash contents were gradually decreased with
increasing the storage period and vice versa for fat content. The results
indicated that, thiobarbituric acid (TBA} values increased with
increasing the storage period, and the control samples recorded the
highest TBA values after 90 days of frozen storage. For the total volatile
nitrogen (TVN} values, ali samples had a slight increase in TVN values
during frozen storage. Storage of different samples at —18 °C for 90 days
considerably reduced the counts of the initial total bacterial, total
Caliform and Staphylococcus sp. of beef sausage samples. The sensory
evaluation of cooked beef sausage samples indicated that, the samples
containing 0.3% and 0.45% dry biomass and 0.3% and 0.75% dry red
rice gave a higher rating than the other samples. Results indicated that,
high scores for the parameters of appearance, juiciness, tendemness,
colour, arema and overall acceptability for samples containing 0.3% and
0.45% of dry biomass, 0.25, 0.5 and 0.75% of dry red rice, 0.5% of red
corn bran and 0.73% of dry red bagasse & proteilan mixture.

Keywords: Monascus purpureus, Pigments, Physicochemical properties,
Microbial analysis, Scnsory evaluation, Beef sausage.

Fink-Gremmels ef af/ (1991) used an extract of rice cultures of the mould
Monascus purpurens DSMZ 1379 as an alternative to nitrite in frankfurter-type
sausages. They found that, colour stability was better for sausages made with M.
purpureus extract than for those made with nitrite. No adverse effect of M.
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purpureus extract on flavour or aroma of the sausages was detected. Colour of
sausages made with combinations of nitrite and M. purpureus extract was good,
and colour stability was better than for products made with nitrite alone.

Patakova — Juzlova et al. (1994) reported that, the pigments produced from
Monascus fungus have been used as colorants in the Far East for centuries. They
" are considered to be possible substitute for synthetic food dyes. In addition red
pigments produced using solid state cultures by several species of the genus
Monascus have been traditionally used in fermented foods.

Martinkova et al. (1999) reported that, the tests of M. purpureus extract from
the fungal mycelium in mice in vivo indicated its non- toxicity (mean lethal dose
(LDsg) >10 g/kg body weight) on cral administration. Similarly, oral doses of up
tc 18 g red rice per kg body weight caused no toxic effect in mice.

Madkour ef al. (2000) used Monascus pigments as natural red colourant in
beef burger. Results indicated that, the burger samples produced using crude
pigments from the biomass and from the red rice origin at the concentration of
0.32% dry biomass and 0.54% dry red rice were better sensory evaluated.

Some other strains primarily produced different hydroxyl- methyl- glataryl
coenzyme (HMG-Co A) reductase inhibitors, so calied Monacolins which help to
regulate blood lipids, decrease of total cholesterol, triglycerides, LDL-
cholesterol, and increase of HDL- cholesterol (Mandt & Ziegler, 2002). They
also found that Monascus fermented pigments are harmless and untoxic. Other
exciting applications for red yeast rice are suggested by recent discoveries
(Erdogrul & Azirak, 2004) that lovastatin and other statin drugs may be useful
for treating or preventing cancer, osteoporosis, stroke, Alzheimer’s disease and
other dementias and macular degeneration.

" The aim of this study was to utilize the crude red pigments produced from
Monascus purpureus DSMZ 1379 as an altemative food colourznt in beef
sausage and also to study its effect on the WHC, plasticity, cooking yield and
chemical, microbial and sensory qualities.

Material and Methods

Tested organism

The test organism in this investigation was Monascus purpureus DSMZ 1379
(red mold rice), which was used for the production of pigments, was provided
from DSMZ (Deutsche Sammlung von Mikroorganismen und ZellKulturen,
Braunschweig; Germany).

Wastes used for solid cultivation and pigment production

Broken rice and sugar cane bagasse were purchased from local markets,
Cairo. Starch and corn starch wastes (com bran and proteilan) were obtained
from the Egyptian Starch and Glucose Company, Mustorod, Cairo, Egypt.
Egypt. J. Food Sci. 35 (2007)
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Fermentation process

The pigments were obtained by cultivation of Monascus purpureus in the
liquid fermentation medium described by Lin (1973) and on the specified wastes
as solid fermentation media descried by Martinkova et al. (1995). All samples
were oven dried at 80°C for 24 hr according to Broder & Koehler (1980).

Beef sausage manufacture .

Meat and fat tissues were cut into pieces of about egg-size and frozen at -18°C
for 24 hr, The frozen meat and fat were ground to particles of about a rice size.
Sausage was prepared by blending (1.2 %) of spices mixture as mentioned by
Zaika ef al. (1978) with the following ingredients:- lean meat (70.0g), fat tissues
(12.0g), sodium chloride (2.3g), water as ice (9.295g), starch (3.0g), spices mixture
{1.2g), sodium nitrite (0.005g), garlic (1.0g) and onion (1.2g).

The sausége mixtures were stuffed by hand into mutton casings. The casings
were then sealed and chipped (Shehata, 1989). The natural mutton casings were
obtained from slaughtered animals and prepared according to El-Deep (1987).

To evaluate the effects of the investigated Monascus pigments on sausage
quality, substitution of starch in the basic formula of sausage with a suitable
leve} of the selected concentrations of pigments was investigated according to
the following treatments: -

, Control: prepared with 3%

starch.

*  MI1: prepared with 0.15% * Gl: prepared with 0.25% dry red corn
dry biomass. bran. _ _

*  M2:prepared with 0.30% * G2: prepared with 0.50% dry red com
dry biomass. bran.

*  M3:prepared with 043% * G3: prepared with 0.75% dry red com
dry biomass. bran.

* Rliprepared with 0.25% * Bl:prepared with 0.25% dry red
dry red rice, bagasse, proteilan mixture.

* R2prepared with 0.50% ' * B2:prepared with 0.50% dry red
dry red rice, bagasse, proteilan mixture.-

* R3.prepared with 0.75% * B3:prepared with 0.75% dry red

dry red rice. bagasse, proteilan mixture.

The various sausage samples were packaged in polyethylene packages and
stored frozen at -18 °C for 3 months until analysis. Samples in three replicates
from each batch were subjected to chemical, physical and microbiological
analysis initially and periodically every month during frozen storage. Sensory
evaluation was carried out also every 30 days.
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Physiochemical analysis

Cooking yield and cooking loss

Cooking yield was determined on cooked sausage by calculating the welght
difference of sausage before and after cooking in boiling water for 10 min
according to George & Berry (2000) as follows:

Cooked weight
% Cooking yield = x100
Raw weight
Raw weight- Cooked weight
% Cooking loss = x100
Raw weight

Change of sausage diameter and length by cooking
The change of sausage diameter and length was measured on cooked samples
as mentioned by George & Berry (2000) using the following equations:-

Raw sausage diameter (cm}) ~ Cooked sausage diameter (cm)
(%) Change in = x 100
sausage diameter Raw sausage diameter (cm)

Raw sausage length (cm) - Cooked sausage length (cm)
(%) Change in = x 100
sausage length Raw sausage length {(cm}

Water holding capacity (WHC) and plasticity
The water holding capacity (WHC) and plasticity were measured by the filter
press method according to the method described by Voloviskaya & Kelmen {1962).

After pressing, two zones were formed on the filter paper; the outer zones
resulted from secretion of water from the samples and the internal zones were
derived from the area of the pressed meat. The zones were then measured with a
planimeter (KOIZUMI Digital Planimeter PLACOM KP-92) in cm?. WHC and
plasticity in the sausage samples were determined as area of released water in
cm’/ 0.3 g sample.

Hardness

Hardness of samples was determined according to the method described by
Sanderson ef af. (1988) by measuring tension compression using a precision
tester (model Dillon Advanced, Force Gauge, AFG-500). A probe of 1 mm
diameter was used to penetrate the sample at a head speed of 300 mm/min. The
result was calculated as g/ cm?.
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Maisiure, crude protein, lipid and ash contents
These patameters were determined for each sample according to the A.O.AC
(1993).

Thivharabituric acid value (TBA)
The TBA values were colorimeterically determined in minced sausage
samples as described by Harold et al. (1987).

Totul volatile nitrogen (TVN)
Total volatile nitrogen values were determined according to the method of
the Havold ef al. (1987). The results were calculated as mg TVN/100g sample.

Microbial analysis

The various materials and ingredients used for sausage manufacture weic
first microbiologically examined under aseptic condition. Samples were taken
immediately after processing and during storage.

Sausage samples were examined for total viable bacterial count as well as
Salmonella sp. Staphylococcus sp. and Coliform.

Sensory evaluation
Cooked sausage samples were assessed for their quality attributes by ten
panelists according to Klein & Bardy (1984).

Statistical analysis

Sausage samples were evaluated by a test panel of 10 panelists. The panelists
rated appearance, juiciness, tendemess, colour, aroma and overall acceptability using
a 1 to 10 rating scale for each attribute according to Larmond (1970). Analysis of
vanance was performed and followed by a multiple comparison using the least
significant different (LSDY) test at the 3% level of significance (SAS, 1996).

Results and Diseussion

Phvsical properties evaluation of beef sausage during frozen sroruge

Cooking yield and cooking loss

The cooking yield of beef sausage samples as affected by frozen storage is
listed in Table 1. The cooking yield of control samples (containing 3% starch)
showed the lowest initial cooking yield and achieved a level of 82.90%, While,
the beef sausage samples containing 0.25% dry red rice (R1) showed a higher
initial cooking yield (91.11%). Such a behaviour could be explained by the
damage in starch granules present in sausage and in pigments upon freezing and
thawing. This caused a reduction in the capacity of starch and all Monascus
pigment samples to absorb high amounts of water and to swell during cooking
causing higher losses of moisture to the heating media. Such hypothesis could be
confirmed by the results of Berry (1997). Results of the cooking loss of sausage
sample are also given in Table 1. The cooking loss of samples was increased as
the freezing storage period progressed. '
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TABLE 1. Percentage of cooking yicld and cooking loss of beef sausage produced
using some fermented food industry wastes by M. purpureus during
frozen storage at -18 °C,

Cooking yield
§ Treat s
period reatmen
(days
Control] Mi M2 | M3 133 R2 R3 G1 G2 G3 B1 B2 B3
82.9 187.51 |85.05 |84.67 [91.11 |90.05 |87.99 |84.82 [83.17 |82.78 |83.79 | B3.l1 |82.27
Zero
+0.830 g0.36 |£0.13 [£0.10 [£0.10 [£0.29 [+0.28 }+0.23 |£0.97 |+0.67 {+0.50 [+0.22 |+0.24
81.13 18646 [84.04 |83.17 |88.8) (88.06 8627 |83.37 | 823 |8L71 [82.24 |81,52 |B0.98
30 .
10.44 $0.49 (20,15 [£0.15 |20.51 [£0.95 {£0.17 [£0.21 |20.80 |+0.33 [20.42 [+0.20 [+0.34
7R.92 [85.04 (83.14 |82.37 |86.77 [B35.79 |84.51 [81.77 [81.34 {BC.18 [B1.34 [79.69 [79.32
&0
£0.50 p0.19 [20.11 ]20.24 [£0.19 |+0.10 [20.11 {2025 |£0.11 ]£0.16 [+0.11 [£0.24 |+0.16
76.63 [83.82 |B1.66 |80.67 |85.09 {B4.31 [83.22 |80.11 |79.6) {78.42 |78.13 [77.64 [77.28
ot
+0.39 §0.14 |£0.01 |£0.16 |£0.25 }40.19 {+0.10 |20.24 |£0.06 |+0.54 |20.32 [+0.52 |+0.4)
Cooking loss
17.11 [12.49 |14.95 1533 | 8.87 | 994 {12.001 [15.37 |16.83 |17.21 (1621 [16.90 [17.73
Zero
+0.20 0.36 [%0.17 |+0.29 |£0.21 [4+0.28 |+0.51 |10.56 |+0.69 [+£0.37 [20.19 [+0.42 [+0.17
13.87 [13.54 [15.96 |16.83 [11.18 J11.93 113.73 {1663 [1770 |18.29 |17.75 [18.47 |19.02
30
+0,25 [0.48 |£0.50 |+0.49 |+0.44 {#0.58 |+0.61 [£0.48 |£0.25 140.26 |+0.44 [+£0.36 |40.61
21.08 1496 |16.86 |17.63 |13.23 {14.21 |15.39 118.23 |18.66 |19.82 [18.66 [20.31 [20.68
60
0,70 k0.60 |+0.45 |+0.20 |£0.19 [#0.52 {£0.28 |+0.49 |20.46 |x0.56 [+0.36 |+0.71 |+0.49
23.37 |16.18 |18.35 119.35 |14.93 [15.65 |16.77 |19.92 |20.38 |21.6]1 [21.88 |22.33 |22.70
%
+0.5¢ [0.40 |+0.55 [£0.59 |+0.42 031 {+0.50 }£0.52 |£0.65 [+0.45 |+0.55 |+0.54 |£0.41

Such increases were 17.11% for the control sample at zero time, and reached
to 23.37% after freezing at -18°C for 90 days. The beef sausage samples
containing 0.25% dry red rice {R1)} showed the lowest initial cooking loss, and
the highest initial cooking loss was observed in samples containing 0.75% dry
red bagasse (B3). All sausage samples showed a slight increase in cooking loss
during frozen storage at -18°C. These results are in agreement with those
obtained by Salama et al. (1994).

Change in diameter and length of cooked beef sausage samples
Reduction percentage of diameter and length of cocked beef sausage samples
compared to the raw sample is given in Table 2. Reduction in both length and
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diameter was observed as a result of cooking of different beef sausage.
Reduction in diameter and length is an ultimate result of the losses in cooking
yield. As expected, sausage samples with low cooking yield showed the highest
reduction in diameter and length after 90 days of frozen storage. These results
are in agreement with Hanenian ef al. (1989).

TABLE 2. Percentage change in diameter and length of cooking beef sausage
produced using some fermented food industry wastes by M. purpurens
during frozen storage at -18°C.

Storage, % Change in diameter
period |
(days) Treatments
[Control] M1 | M2 | M3 | R1 | R2 | R3 |1 |G [ G3 | Bt B2 | B3
Zero = = - . c - 2 -
682 | 493595 | 653 | 563 | 588 { 626 | 588 | 653 | 784 | 465 | 638 | 821
10,31 tu.zq #0021 £0.15F +0.14] 2033 +0.32] 20.45] 2012 040} £0.00} +0.13] +0.35
30
1032 574 718 | 868 | 617 | 785 | 939 | 704 | 8506 | 958 | 759 | 882 | 9.6
0,15 10_2‘4 =0.29| 20.21] £0.24] £0.38] 20.48| =0.27] x0.23| 2027| =0.47] +0351] 2022
60 1167 593 | 7.66 { 9.1 | 6.81 [ 832 ) 981 | 828 ) 880 ) 1013} 811 | 9.35 | t0.81
+0.43 | £0.41 +£0.19] x0.27| =0.32| £0.48] £0.39| =033| x0.24] 2070 20.45| 20.55] 20.52
90
193] 643 | 8.13 | 9.72 ] 747 | 9.26 | 10.32| 8.56 | 962 | 10.86] 922 | 107 11.25
£0.40 | 030 20.31{ =0.53f =036{ =0.25] +0.31{ £0.31) 2049 2050} £0.51] +0.38] +0.40
% Change in lennth
BR7| 3.46| 587 794 633 7320 859 s.e0i 634| 884 534| 727| 334
Zere | 4p2s | 028 +021| £0.29] 2030| +0.24] =0.31] 20.17] 2031] £0.38] 2031] 2043] 020
11.67] 834 9.47| 1024 903 1136 1239 %.48] 956 1053 3849 10.5(»1 12.30
30 +0.80 | 0.3 2030] +0.07| 031] 20.35] 20.50] s0.45] 035 20.20] 2038| =0.52] :050
b341 1081 11.31) 116d 1071 11,860 12.83) 1034 109 1144 10062] 11.33F 1236
0 203053 | +0.53) £0.47| £0.53] 20.36{ =0.39] 20.09] 20.27| 20.53} 2033} 26.41] £0.29] 2039
15227 1361 14.26] 1492 1261 13.23] 1452 13561 1451 1483 13.27] 14.26] 14.76)
% +027 | +0.18 #0.50| £0.20{ *0.45} 2041} x0.3s] =0.42| +038| 2033} 038} 2023} +0.43

The diameter and length of the cooked sausage samples are important
parameters for consumer acceptance. Therefore, replacement of 3% starch with
dry biomass or with dry red rice with different ratios in beef sausage production
is recommended to keep these reductions at a minimum level especially during

frozen storage.
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Change in water holding capacity and plasticity of raw beef sausage samples

The water holding capacity (WHC) in the sausage samples was determined as
the area of released water in cm’ / 0.3 g sample (Table 3). It could be noticed -
that, the WHC of all samples progressively decreased with the increase of outer
zones, resulted from secretion of water from samples, throughout the storage
period. Control sample of beef sausage which contained 3% starch had the
lowest WHC after 90 days of storage at -18°C when compared to other samples
containing Monascus pigments.

TABLE 3. Changes in water holding capacity (WHC) and plasticity of raw beef
sausage produced using some fermented food industry wastes by
M .purpureus during frozen storage at -18°C.

Water Solding capacity (WHC)*
Storage,
period Freatmenis
(days)

[fomtrol | M1 | M2 | M3 | RI R2 R3 Gl G2 G3 B1 | B2 B3
Zero 762 | 681 | 650 | 632 | 5.30 | 520 | 5.00 | 6.62 | 632 | 6.10 | 6.21 | 6.10 | 5.95

+0.27) 033 +0.47 +0.21| +0.38] +036 +0.82) +0.25| 20368 2047 +0.50] x0.1§ +0.28]

7.83 720 752 | 6.56 | 5.62 | 544 | 531 | 683 | 645 [ 615 | 6.40 | 621 | 614
+0.21{ +037 040 £0.25| £0.43| *0.29] +0.56 035 +0.38) 20.47 +0.30f +0.21] +0.28]

B.41 731720 ] 690 [ 583 | 581 [ 570 | 7.41 | 690 | 6.70 | 681 | 6.45 | 6.37
+0.34| 031 +0.58 +0.51] +0.31] +0.61] +0.55 +0.35( +0.48] +0.44] +0.26 +0.33[ +0.39

%0 890 | 80| 786 | 720 | 635 | 6.10 | 595 1 7.80 | 735 | 710 | 7.10 { 6.81 | 6.65
+0.33 205§ +0.26] 0.5 :I:0.3BI +0.33 10,77 iO.lBI +0.51] +0.45 +0.42| £048 0.39

Plasticity**

530 545] 5.73| 6.10] 4.62] 4.70] 4.85| 4.40| 4.65| 495] 431] 4380 496
+0.27] 022 +0.20{ +0.29] +0.28) +0.36 048 2036 +0.31) +0.33 =028 2038 20.30

1 sas| s30] s44f 581 433[ as0| a66] 425| ae0| as3a| a20| a30| 4as0
+0.58| 047 042 +0.28 2045 +0.25] £0.33] +031 *0.20{ +0.35 +0.25| £0.17] +0.25

60 | 485 a90| s21] sas| ars| a21] 440] 40s| 415| a20| ac0| 4is| 418

+0.41| 0.7 2047 038 £0.5) £0.44) 035 =041 0.41] £0.37] £0.45 040 =031

%0 430 s520| s40| sesp 453| a60| 46s| 385 400] 410| 80| 390] 397

+0.28| 034 +0.27| +0.24 +0.35 +0.27] +024 027 £0.55 1029 +0.02] +0.34 :HJ.ZgI

*WHC of raw meat = 8.45 cm’ / 0.3g sample.
*+Plasticity of taw meat = 5.10 e’ / 0.3g sample.

However, sausage samples containing dry red rice showed the highest
stability of WHC during storage. This progressive decrease occurred with all
samples and may be due to the protein denaturation or aggregation, or to the
biochemical changes associated with freezing of meat products, as reported and
suggested by Fox et al. (1990). The reduction of WHC values at the end of
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frozen storage could be ascribed to the loss of water by evaporation, rather than
to any improvement of water holding capacity (Hashem et al., 1978).

Plasticity (cm” 0.3g. sample) of all sausage samples under investigation
tendeds to decrease progressively during freezing at -18°C until the termination
of studied storage period (90 days). This might be explained on the basis of
denaturation and / or aggregation of protein during frozen storage, as well as to
the decrease in WHC of the studied frozen meat products. This reduction might
be due to the tightening of sausage structure because of evaporation of water.
The decrease of plasticity was clearly pronounced in the samples prepared with
red corn bran and sugar cane bagasse foliowed by control samples at the end of
the storage period. These results agree with the results of Fox ef al. {1990} and
Madkour et al. (2000).

Change in hardness of raw beef sausage samples

Hardness is an important physical and organcleptic characteristic of
processed meat products such as sausage and patties. It is an indicator of the
force needed by the teeth and jaws to chew meat products, Table 4 represents the
values of hardness obtained for the sausage sampies. Control sample of the raw
sausage showed a hardness valuc of 250 g/cm’ at zero time, the maximum values
were achieved by addition of red sugar cane bagasse followed by red corn bran
(ranged from 260 to 310g / cm’).

Frozen storage has generally increased the hardness values of raw sausage
samples. However, sausage samples prepared with 0.75 % red sugar cane
bagasse (B3) had the highest value of hardness (360g / cm? sample) after 90 days
of frozen storage at-18°C. These samples “which were prepared with dry biomass
and dry red rice had the lowest hardness values at the end of storage (90 days).
These results are in agreement with those results obtained for cooking yieid and
WHC of sausage samples (Tables ! and 3).

TABLE 4. Degree of hardness (gicmz) of raw beef sausage produced vsing some
fermented food industry wastes by M. purpurens during frozen storage

at-18 °C,
Srarame Treatments
period I3
Ways) |7%™ Imr|m2 imMs [ma [R2 R} JGL [GL (G (M |B2 |83

Lero 250 230 [ 250 | 260 | 2406 | 260 | 270 | 260 | 280 g | 2 | 280 | 310

30 70 250 | 260 ! 270 ] 250 | 270 | 280 | 280 300 320 380 | 310 | 340
60 280 260 1 270 | 280 | 250 | 270 { 290 | 280 | 300 { 330 | 280 320 | 350
90 2%0 260 | 270 | 200 | 250 | 270 | 300 | 290 30 | 3s0 300 1 330 | 360

L
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Chemical changes of beef sausage samples

Proximate chemical analysis of raw beef sausage containing different kinds
and concentrations of Monascus pigment sources are listed in Table 5.

TABLE 5. Proximate chemical analysis of raw beef sausage produced using some
fermented food industry wastes by M. purpureus during frozen storage
at-i8 °C.

Treatments
Storage

period
days) [Control M1t | M2 | M3 | Rt | R2Z | R3 | GI { G2 | G3 | BI B2 B3

Constit-|
uents

Zere | 62 6263.31 | 63.94 |64.61 | 63.11|64.22 | 64.35 | 62.68 | 63.77 | 65.11 | 62.68 | 62.71 | 63.92
+0.43 | £0.45 [ 40.49 | 20.48 | £0.51 [ £0.51 [ £0.12 { £0.45 | £0.44 | £0.46 | £0.56 | +0.37 | x0.70

59.21 [ 59.43 1 59.66 { 60.44 | 59.76 1 60.22 | 60.67 | 59.41 | 59.83 | 60.11 | 59.42 | 59.71 ] 59.86

* £0.16 | £0.30 | £0.49 ] £0.36 | £0.31 | £0.43 | £0.56 | £0.20 | £0.29 | £0.47 | £0.38 [ 20.40 | +0.39

15.13 115,33 [ 15.44 | 15.52 | 15.18 | 15.31 | 15.50 ] 15.05 [ 15.23 [ 15.34 | 15.14 [ 15.28 ] 15.35

Protein Zero £0.39 | £0.54 | £0.34 | £0.31 { £0.43 | £0.30 | £0.36 } +0.57 | £0.58 | £0.56 | £0.79 | +0.65 | +0.68

1341 13.91 | 14.07 ] 14.62 | 13.66 ] 13.68 ] 14.18 [ 13.54{13.52[13.72[13.30 | 13.82 | 13.82

% +0.40 | £0.44 | 20.65 | 0.51]£0.38 | £0.41 [ 20.64 | £0.49 | +0.36 | £0.61 | +0.27{ 2040 | x0.46

1331 ] 13.65 [ 13.83 [ 14.08 | 13.43 | 13.63 [ 13.82 §13.41 [13.62|13.71{13.37] 13.44 | 13.54

Zero 0,30 | £0.20 | £0.35 [ £0.81 [ +0.10 ] £0.51 | £0.39 | £0.37 [ £0.21 [ £0.35 | £0.34 [ +0.33 | £0.22

Fat R 3s2) 1401|1426 (147111388} 14.07] 1436 |13.75 | 14161 14.19 | 13.62 | 13,92 13.96

£0.31 | £0.36 | £0.42 | £0.34 | 20.67 | £0.24 | £0.22 | £0.48 | £0.52 | £0.35 | £0.55 | 20.34 | +0.32

Zero | 319 | 223 | 237 {246 | 224 | 238 [ 253 [ 220 | 240 | 2.60 | 2.20 [ 2.26 | 236

o 20.40 | £0.44 | <0.19 | £0.30 | +0.32 | 20.17 | £0.32 | 20.52 | £0.28 | £0.39 | £0.22 | £0.42 | +0.47
L1

198 1199 (205 [ 212 | 1.99 | 209 | 236 | 1.98 | 2.10 | 2.23 | 1.97 | 2.03 | 2,06

+0.35 {031 {2040 12029 £0.20 } £0.14 | £0.38 | +0.24 | £0.35 | +0.31 | £0.16 | £0.21 } +0.41

Changes in moisture content of raw beef sausage samples
Control samples {3% starch) contained less moisture content (62.62%) than
other samples, which contained moisture in the range of 62.68 to 64.61%.

In conclusion, raw beef sausage prepared with dry Monascus biomass and dry
red rice showed higher moisture content than the control samples after 90 days of
frozen storage. These results agree with results obtained for WHC and cooking
yield of sausage samples, and are in harmony with Cheng & Ockerman (1998).

Change in protein content of raw beef sausage samples

The protein content of control samples (15.13%) was close to the protein
levels of other beef sausage samples (from 15.14 to 15.52%). The data showed
that a continuous decrease in protein content in all sausage samples throughout
the storage period. This decrease in protein content may be due to protein
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hydrolysis by natural meat enzymes (cathapsins) and bacterial enzymes that are
produced before freezing as well as the loss of water soluble protein with
separated drip. These results are similar to that obtained by Wagner (1976) and
Madkour et al. (2000).

Change in fai content of raw beef sausage samples

The fat content of raw control sausage was 13.31% and those containing
Monascus pigments ranged from 13.37 to 14.08%. The fat content increased
during storage due probably to water loss. This increase of fat content was
observed in samples prepared with (0.45%) dry Monascus biomass (from 14.08
to 14.71%), which had a higher fat content from the start to the end of frozen
storage period. This finding was observed by Hunt ef al. (1950).

Change in ash content of raw beef sausuge samples

Results indicated that, samples prepared by (0.75%) red rice contained the
highest value (2.16%), followed by the sample prepared with (0.45%) dry biomass
(2.12%) after 90 days storage. The ash content was slightly decreased in all
samples. The loss in ash content affected by frozen storage may be due to the
decrease of mineral content, which are soluble in water and lost in separated drip.
These results are in agreement with the results obtained by Barbut ef al. (1984).

Thiobarabituric acid (TBA)

The thiobarabituric acid (TBA) test has been widely used to estimate the
extent of lipid oxidation in meat and meat products (Wu et al, 2000). TBA
values (expressed as O.D) of beef sausage containing different Monascus
pigments were measured during frozen storage of different samples and the
results are given in Table 6. All sausage samples had similar TBA value at zero
time of storage. During storage, TBA values tended to increase and the control
samples recorded the highest TBA values after 90 days of storage. The TBA
values increased as a function of storage time, indicating some fat oxidation
during storage. These results are in agreement with Cheng & Ockerman (1998)
as well as Madkour et al. (2000).

Total volatile nitrogen (TVN)

Total volatile nitrogen values were used as an indicator for protein hydrolysw
the results are given in Table 6 and showed that, all sausage samples had similar
TVN values at zero storage (12.56 - 12.58 mg TVN /100g sample). A slight
increase in TVN was observed during storage of different samples (13.92 to 16.64
mg TVN /100g sample). The increase in TVN during frozen storage of sausage
samples might be attributed to the break-down of nitrogenous substances by
microbial activity. These results are in agreement with those of Madkour et al.
(2000).
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TABLE 6. Thiobarabituric acid (TBA) and total volatile nitrogen (TVN) of raw beef
sausage produced using some fermented food industry wastes by
M.purpureus during frozen storage at -13 °C.

Thiobarabituric zcid (TBA)
Storage
period Treatments
W) eonrot an [ M2 | M3 [ R (R2 R3[| Gzloal m || B3
Zero
0.037 10,632 [ 0.033 | 0.035 | 0.034 | 0.034 | 0.035 | 0.036 | 0.017 | 0.037 | 0.033 | 0.035 | 0.036
#0.005 [+0.001[x0.002+0.002}=0.001 |£0.002[+0.003|+0.002 | +0.001 | 2:0.002 | £0.004 | +0.003 | £0.003
30 0081 {0051 (6052 {0071 | 0.066 | 0.071 | 0.086 | 0.076 | 0.08] | 0.092 | 0.066 | 0.076 | 0.082
20.004 |+0.005]20.005 ] £0.0041£0.002 | +0.004 | £0.002 | £0.001 | 20,004 £0.003 | 0 002 1 20.00t {£0.002
60 0316 (0243 {0296 [ 0.307 [ 0.289 | 0.306 1 0.362 | 0.296 | 0.301 { 0.316 | 0.299 | 0,301 | 0.316
£0.007 1+0.006] £0.006 | 20,001 {£0.00510,0031+0,010]|£0.0:03| 0.003 } £0.003 | £0.004 | £0.003 } £0.004
0385 | 0309} 0.326 | 034) 0322 [0.341 |0.376 | 0.306 | 0.317| 0.357 | 0.302 { 0.311 | ©.326
9c
40,006 |4:0.004| 10,004 {£0.004 [ =0.004 | £0.005 | £0.012}£0.006 | £0.006{+0.005 { £0.009 | 20.005 | £0.007
Total volatile nitropen (T¥N)
Ze
ro 1256 | 1257 | 1257 [ 125811257 | 12,57 | 12,58 [ 1257 | 1258 | 1258 | 1258 | 1258 | 12.58
20,15 | 20.20 | 2038 | 20,13 | £0.26 | 20.30 | £0.20 ] 0.35 | £0.31 { 041 | £0.25 | =025 | 206.32
30
1361 [1297113.06 13.11 | 12.96112.97112.99 (1295 1308} 1301 | 12.81 |1 1296 | 13.09
+0.17 [ =037 1 1048 | £0.66 | 0.41 | £0.46 | £0.65 | £0.36 | 0,20 | £0.39 | £0.15 | 20.33 | £0.30
60
E5.80 (134201481 [1531 0132611331 01361113981 14.031 14001 13.693 1386 | 1421
+0.57 | 20,46 | £0.41 | £0.51 [ £0.41 { 20,25 ] £0.2] | £0.31 | £0.29 | 20.39 | +0:21 | 20.55 | *0.i8
1664 [ 1452 ] 15.09 [ 15.62 {13.92 [ 14.09 | [4.23 | 14.52 [ 14.67 | 14.83 | 14.60 ] 1481 | 1506
9%
2039 1036 | 0.26 | 2026 | £0.31 [ £0.36 | =042 § £0.29 | £0.22 | £0.40 | L0.48 | +0.58 ; =0.61

Microbial analysis of beef sausage during storage

The various beef sausage samples were microbiclogically evaluated for total
viable bacterial count, total viable Coliform count, and viable count of
Staphylococcus sp., also detection of Salmonella immediately after processing as
well as during storage for 90 days at -18°C, ard the resulis are given in Table 7.
The initial total viable bacterial count, total Coliform count and Staphylococcus
sp. count at zero time of storage period ranged from (S x 10° to 3 x 10%). (5 x 10°
to 2x 10),and (2 x 10% to 2 x 10) cfu/ g of tested samples, respectively.

Detection of Salmonella was determined in all sausage samp]e/é;ld the results
were negative for Salmonella. These results agree with the results of Rao ef al.
(1984).
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TABLE 7. Total viable bacterial count (cfu /g), total Coliform count (cfu /g) and
viable count of Staphylococcus sp. (cfu/g) of raw beef sausage produced
using some fermented food industry wastes by M. purpureuns during
frozen storage at -18 °C.

Total viable bacterial couat (cfu /g)
Storage

period Trestments
{days)

Conirel M1 Mz M3 RI R2 R3 Gi G2 G3 1] B2 B3

Zevo [ox10° | 7x100 [ax 10t 1 x10* ] 5x 105 | Tx 00t [3x 10t Sk 10Y 2x 10" | Tx 10" {3x10f [ 9x10° [5x10°

Ca0 0 [3x10° rax 108 x 10 57 x 107 0 x 16* 16 x 1099.2 x10%} 6 x 16° J8.6 % 10423 x 10'8 4 x 10%.6 x 109 9 x 10

60 . Jogx 10t 6x10 [12x10%) 9 10" 24 x 107 8x10"|3x10° Bz x10f 2x 107 | 8x10° {43 x10* o6 x40%| 5x10°

90 [7ex10*] 5x10* [23x10"]1.3 x10%[6.3 10711 4 x40%] S x 10 7.6 11081 5.5 x10°)1.2 2107 | 8.7 x10*] 3 x00* | 2 x10%

Total Cs count (cfu /g)

“Zere | 310® | 2x10° | 5x167 | ox10 | 2¢10° | sx10 | 2x10 | 3010? | 3x0® [ 2010t | sx10® | a0t { a0}

30 2.6x10° [92.2x10% | 1.4x107] 6x10 | 7.6x10 ] axio | 8x10" j8.3x107 | 1L.6x10?] 6.7x10 | 1.3x10° [ 8.4x10% | 2x10°

& 0.8x10° | 6.2x10% | 8.6x10 | 3.2x10 | 3.6x10 | 1.8x10 | 3x10” |4.4x10%| 7.2x10 | 3.1x10 ] 8x10® [ 2.8x10° | 9.3x10

90 4x10° | 2x107 | 410 | 9x10° | 7x10* | ND ND | BxI0 | 3=xI0 | 6x10° | 4x10? { xIG | 2x10

Vinble count of Staphyfececcus ap. (cfu'g)

Zero | 2x10° | 7x10 | 2xto | ND | 2x10 | ND ND | 2x10° | 6x10 | ND | 1x16° | 6x10 | ND

30 73X10f 3X10 | 6X10" | ND | ™10 | ND ND |9.3x10}24X16] ND | 7.6x10 | 21xt0 | 0

60 26xi10 | 1.6x10 | ND ND ND ND ND | 44x10| 9$x10° ND 13310} 11510 | ND

9% 7x10° | 4x10® | ND ND ND ND ND | 7x10" | 3x10° | ND |6.8x10°] 4x10° | ND

Sensory evaluation of beef sausage during frozen storage

The sausage samples prepared with various Monascus pigment sources were
conducted to sensory evaluation of appearance, juiciness, tendemness, colour,
aroma and overall acceptability.

Appearance s

Means of appearance of sausage samples prepared by using different sources of
Monascus pigments stored at -18°C for 90 days are shown in Table 8. The mean
appearance score values of sausage control samples were 7.2 at zero time and 6.6
after 90 days of frozen storage. In contrast, the sausage samples prepared with dry
biomass {M1, M2 and M3) had mean appearance scores of 8.4, 9.1 and 9.1,
respectively before storage, whereas the samples prepared using red rice (R1, R2
and R3) the mean score values slightly increased t0 9.1, 9.4 and 8.8, respectively.
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Control beef sausage which contained 3 % starch had the lowest mean values
of appearance from the start to the end of frozen storage period, and the samples
containing 0.25% and 0.5% dry red rice (Rl and R2), 0.3% and 0.45% dry
biomass (M2 and M3) had a higher scores.

TABLE 8. Means values for appearance, juiciness, tenderness, colonr, aroma and overall
acceptabiiity scores of cocked beef sausage produced using some fermented
food industry wastes by M. purpureus during frozen storage at -18 °C.

Storage Means * of appearance scores
period
{days) [Control M1 | M2 | M3 [ R1 { R2 | R3 | GI [ G2 | G35 | B1 | B2 | B3 |LsD*
7o 72184 |91 |91]91|o4|88|81]81]|80]{80](79]81 149
1 ¢ fabc| ab | ab a a ab | abc | abc | abc | abc | be | abe ’
% 66 751791798087 1796887173 |73}78]78 203
b ab | ab | ab } ab a ab | ab a ab | ab | ab | ab ’
Means * of juiciness scores
Zero 76 1838719119091 {91|382(84)801]{81]|81178 147
b ab | ab a ab a a ab { ab | ab | ab } ab ] ab !
20 64 | 79|87 (8279190 8669|8779 7438185 1.55
d |abed| ab | abe [abed| a ab | ¢d | ab [abcd| bed | abe | ab ’
Means * of tenderness scores
Zero 7318487192190 911(90[82|83(80E811!811738 1.45
b ab | ab a a a a ab | ab [ ab | ab | ab | ab ’
%0 63| 7683182 (78|87 |83)165(86(79]75)78]{83 170
¢ |[abc]| a ab | abc | a a be a |abe |abec |abc | a ’
Means * of colgr scores
1
Zero 69|81 8893191195191 {7478 |85|82]82] 82 133
¢ (bede)labc | ab | abc | a jabc | de | cde | abed jabedejabedejabedel
% 63|79 |84 |85 (83190 |84 738476174 (83|82 148
’ c ab | ab | 2b | ab a ab [ be | ab [abc | be | ab ab ’
Mieans * of aroma scores
Zero 78 [ 84 {88 192]|91]|95(9¢]79179|79 8118483 1.28
d labcdiabed! ab Y abec} a labed} ed | cd | cd | bed | abed | abed i
o0 627584878489 |83 (72 |85|78|[75]183]80 1.27
d bc |abc [ ab {abe | a |abc | ¢d | ab {abc | be { ab | abc .
Means * of everall acceptability scores
Zero 74 18419093 [915]94[92 (815807 80 [825( 84 815 126
C ab¢ { ab a ab a ab jabc ) bc | bc | abc b abc | abc )
% 62 [ 78|83 [865|82)92|85)71187178|75¢:83]|38.1 1.27
d bec |abc | ab labc | a ab [ cd [ ab | be | be | abe | abe :

*Means in the same row showing the small letters described the effect of treatments are not
significantly different (P > 0.05).
** L.8.D: least significant different.
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Juiciness

There were no significant differences (P > (.05) observed in the panel scores
of juiciness (Table 8) between sausage samples prepared by different sources of
Monascus pigment, but the control sample showed significant differences
compared with (M3, R2 and R3) samples at zero time and had the lowest scores
from the start to the end of storage period. Sample prepared by 0.5% red rice
{R2) had higher means of scores after 90 days storage.

Analysis of variance indicated that, the sensory juiciness scores were
insignificant decreased (P> 0.05) by time as would be expected. Cheng &
Ockerman (1998) found the similar results, indicated that the sensory juiciness
evaluation decreases with increased storage time.

Tenderness

Data in Table 8 show that the tendemess scores followed similar trends as
Juiciness. The juicy samples were found to be more tender and those with lower
juiciness scores were more tough and dry. There were no significant differences
between samples with Monascus pigments, but the control sample had
significant differences (P<0.05) compared to M3, R1, R? and R3 treatments and
ha.! the lowest scores. Analysis of variance indicated that, the sensory tendemness
scores of all samples were insignificantly decreased with increasing storage
petiod to 90 days at -18°C. In conclusion, the higher or lower juiciness and
tenderness scores might be due to the closely parallel percent of fat indicating the
relationship between juiciness and fat content. These results are in harmony with
Cheng & Ockerman (1998).

Colour

Colour is one of the most important aspects of sausage because colour is one
criterion a consumer uses to select sausage from the grocers shelf. The colour of
sausage samples is primary provided by pigments. The mean data in Table 8
indicates that controi samples had the lowest scores from the start to the end of
storage, and that samples prepared with (.3, 0.45% dry biomass and 0.25, 0.5
and 0.75 dry red rice had higher scores. The data showed no significant
differences for colour with increasing storage period, but all samples slightly
decreased with the increasing of storage periods, Fabre ef al. (1993) indicated
that Monascus pigments remained stable when stored for three months at 4°C
under vacuum for sausage and decrease of hue value during the first 45 days was
due to dehydration of the product.

Aroma

Data of Table 8 indicate that control samples had lowest scores from the start
to the end of storage. In the same time at zero storage time, samples of sausage
prepared with (M3, R1 and R2) have the highest scores. At the of storage period
90 days all sausage samples, except (G1) have highest scores compared to
control samples.
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Overall acceprability

Control samples had the lowest scores from the start to the end of storage
(Table §). At zero storage time, samples of sausage prepared with (M3, R1 and
R2) had the highest scores. At the end of storage period (90 days) all sausage
samples, except (G1), had higher scores compared to control samples. On
contrary, the mean scores (6.2) of control sample were lower at the end of time
of frozen storage at -18°C. In contrast, the R2 and M3 had higher mean scores
{9.2 and 8.65, respectively) comparcd with the other treatments.

In conclusion it is to be noted that, the samples prepared with dry biomass
and dry red rice had the overall acceptability of beef sausage samples in
concentrations of 0.43% and 0.5%, respectively, followed by the samples
prepared with dry red rice and dry red com bran in concentrations of 0.75% and
0.5%, respectively.

Conclusien

The use of dry biomass in concentrations of 0.3 and 0.45%; dry red rice in
concentrations of 0.25, 0.5 and 0.75% in preparation of beef sausage samples
improved the water holding capacity, plasticity, cooking yield, hardness and also
sensory properties of the produced samples especially during frozen storage.
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