QUALITATIVE EVALUATION OF LAMB MEAT SAUSAGE PREPARED WITH DIFFERENT
ANTIOXIDANTS

Abstract

Consumer awareness and health consciousness has resulted in the use of natural additives or
alternative methods to extend shelf life and improve food safety. The present study evaluated the
quality and shelf-life of lamb meat sausage prepared with different natural antioxidants. The
antioxidants (Turmeric, Garlic, Honey, Moringa and Ginger at 2% each) on the yield, sensory
acceptability, chemical composition, lipid peroxidation, fatty acid profile and microbiological
assay was studied in a completely randomized design. The results reveal that the turmeric, garlic
and honey compared (p>0.05) favourably with the control in terms of yield and preferred
(p<0.05) above others for colour, flavor, tenderness and overall acceptability. All the
antioxidants have suppressing effects with lower values (P<0.05) on crude protein, ether extracts
and lipid peroxidation as compared to the control. Variation exist in all the parameters of the
fatty acid profile while the microbial loads of the lamb meat sausage samples showed a
significant (p<0.05) reduction in the Total Bacterial counts (TBC), Total Coliform Counts (TCC)
and Total Fungi Counts (TFC) for all samples prepared with natural antioxidants with the least
values (p<0.05) reported in moringa samples as compared with others. Conclusively of the
respective natural antioxidants in lamb meat sausage enhanced the cooking yield, nutrient
composition and keeping qualities of the produce and is therefore recommended for the product
quality and safety.
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Introduction

“Sausage is one of the oldest known forms of processed meat products and is very popular in
many areas around the world. Sausages were invented to make the most of the leftovers of meat
and entrails. Sausages can be defined as meat products that are manufactured by selecting,
chopping, and mincing lean and fat, with or without offal, adding condiments, spices, additives,
and starter culture” (1). “The ingredients are stuffed into casings, ripened, cured, and in some
cases smoked” (2, 3)

“Lipid oxidation and growth of undesirable microorganisms in food products result in the
development of spoilage, off-flavor, rancidity, and deterioration, rendering such products
unacceptable for human consumption” (4,-7) Das et al (8) reported that “they deteriorate the
taste, colour, texture and nutrient contents of meat and meat products™. “They also yield many
compounds that contribute to the pathogenesis of cancer, atherosclerosis, heart and allergic
diseases” (4,7).

“The most efficient and practical way to prevent oxidative and color deterioration of meat
products is to incorporate antioxidants into formulations that could be natural or artificial” (9).
“Antioxidants are compounds or substances that can retard lipid oxidation and prolong the
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product’s shelf life of meat” (10). “However, the application of synthetic antioxidants has been
recently restricted because of the suspicion that they are carcinogenic. Natural antioxidants are
various substances with different chemical characteristics, which are widely present in plants.
Antioxidants retard or inhibit the oxidation of other substances by inhibiting the initiation or
propagation of oxidizing chain reactions” (11).

“Some authors have reported that natural antioxidants do not affect the sensory characteristics of
meat and meat products. Spices and herbs have been added to food since ancient times, not only
as flavoring agents but also as folk medicine and food preservatives” (12). “Meat colour has been
reported as the most important factor when consumers assess meat quality since they relate
colour to freshness. However, colour does not correspond to differences in eating satisfaction”
(13). “Changes in meat colour are due to the oxidation of red oxymyoglobin to metmyoglobin
(MMG), which give the meat an unattractive brown color” (6, 12). “For this reason, a growing
interest has been paid to the research of natural antioxidants, among which spices occupy an
important position” (13).

This study aimed at investigating quality attributes of lamb meat sausage with different natural
antioxidants.

MATERIALS AND METHODS

The experiment was carried out at the Animal Products and Processing Unit, Ladoke Akintola
University of Technology (LAUTECH), Ogbomoso, Oyo state, Nigeria. The lamb meat was
bought from Teaching and Research slaughter slab, LAUTECH, and other ingredients such as
spices, vegetable oil, and different natural antioxidants such as Garlic, Tumeric, Honey, Ginger,
and Moringa were obtained from a local market in Ogbomoso, Oyo state.

Production of lamb meat sausage
The lamb was slaughtered, scalded and eviscerated as described by Omojola and Adesehinwa

(2006). The carcasses were deboned and trimmed off visible fat to reduce the fat content before
grinding through 3 mm plate of Breville® stainless steel meat grinder. The ground mutton mixed
with several ingredients in a food processor mixer for 3-5 minutes at 4-6 0C. The sausage batter
was then prepared as shown in Table 1 and stuffed in a casing (ruminant casing) with an
electrical operated stuffer (Breville® stainless steel meat grinder) to have 60 sausages (10 each
for the respective antioxidant and the control) with diameter 1.6 cm and length 10 cm. The
sausages were then labelled from Control, Turmeric, Garlic, Honey, Moringa and Ginger
respectively. The sausages were then held 4 hours at 40C to allow for the ingredients to
equilibrate. Afterward, the sausages were boiled at 85°C for 20 minutes, and the products were
cooled down at ambient temperature as presented in Figure 1.
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Figure 1: Processing flow chart of lamb meat sausage prepared with different natural
antioxidants

Table 1: Ingredients Composition of Lamb Meat Sausage prepared with different natural
antioxidants

Ingredients  Control Turmeric Garlic Honey Moringa Ginger
Lamb meat 65 65 65 65 65 65
(mutton)

Binder 20 20 20 20 20 20
(wheat flour)

Spices 3 1 1 1 1 1
Vegetable oil 6 6 6 6 6 6
Water 6 6 6 6 6 6
Natural - 2 2 2 2 2
antioxidants

Total 100 100 100 100 100 100

Organoleptic evaluation

It was conducted using 10-member trained panelists according to the procedures of
AMSA (14); Akinwumi and Odunsi (15). Meat preparation was done using a wet cooking
method. The prepared lamb sausages were served to 10-member taste panels drawn from
students in the Faculty of Agricultural Science, Ladoke Akintola University of Technology,
Ogbomoso. The semi-trained panelists evaluated the samples for colour, flavour, juiciness,
tenderness, and general acceptability. The assessment was based on a 9-point hedonic scale. The
score was arranged in descending order, and the maximum score of 9 was given to the extremely
like condition while the lowest score of 1 was for the poorest condition.

Chemical properties
Lamb sausage samples were analyzed for proximate composition and fatty acid profile by
the procedures of AOAC (16).

Microbial assay

The microbiological quality and safety of suya were assessed on the basis of Total Bacterial
Count (TBC), Total Coliform Count (TCC) using Nutrient agar and MacConkey agar,
respectively. The swabs from the samples were taken to the laboratory where samples were
evaluated at 0 days and four weeks for microbial assay. Gram-staining, motility test, and
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biochemical test techniques were conducted for clear identification as described by (17) while
fungi identification was carried out as described by (18 and 19).

Statistical analysis

All data collected from this study were subjected to a one-way Analysis of Variance (ANOVA)
using the SAS (20) analytical software.

RESULTS AND DISCUSSION
Table 2 Cooking yield of lamb meat sausage with different natural antioxidants

Samples Cooking yield (%)
Control 96.36°

Turmeric 95.83

Garlic 95.90°

Honey 97.35°

Moringa 93.73"

Ginger 93.25°

SEM 2.05

Table 3 Organoleptic properties of lamb sausage prepared with different antioxidants

Parameters Control Turmeric Garlic Honey Moringa Ginger SEM
Colour 4.50° 5.60% 5.00% 3.60° 4507 480" 0.84
Flavour 4.40° 4.90® 6.30°% 4.20°  4.00° 430°  0.16
Tenderness 3.60" 5.00% 5.90° 5.10*  5.60° 5.80° 0.61
Juiciness 3.30 3.80 4.40 3.40 4.00 4.20 0.25
Texture 4.50 5.20 4.30 4.40 4.80 4.50 0.26
Overall

Acceptability  6.20° 6.00° 4.20° 6.90° 5.60° 6.00° 0.21
Table 4 Proximate composition and lipid peroxidation of lamb sausage prepared with different

natural antioxidants

Parameters (%) Control ~ Turmeric  Garlic Honey Moringa Ginger SEM
Crude protein 36.10°  34.72° 35.28° 35.01°  34.41° 33.90° 2.31
Ether extract 11.00°  9.23° 9.00° 8.76" 8.54 9.00° 1.72
Ash 7.40 7.50 7.40 7.70 7.70 7.50 1.02
Moisture content 62.30° 74.86° 73.03° 73.08° 73.90°% 59.85° 5.23
Lipid peroxidation 1.23
(U/L) 19.61°  11.43° 11.43° 1253  12.78° 13.42°
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Table 5

Fatty acid profile of lamb meat sausage prepared with different antioxidants

Parameters

(MEqgL) Control Turmeric Garlic Honey Moringa Ginger
C12:0 SFA 4.22 6.11 4.30 2.00 4.34 6.05
C18:0 SFA 5.69 8.53 5.49 2.84 5.64 8.63
C16:0 SFA 5.42 7.79 5.16 2.56 5.12 7.69
C24:0 SFA 7.37 11.25 7.37 3.68 7.57 11.05
C17:0 SFA 5.45 8.12 5.44 2.70 541 8.21
C 20:4n-6

PUFA 6.48 9.23 6.68 3.04 6.58 9.13
C18:3n-3

PUFA 5.63 8.45 5.60 2.80 5.66 8.47
C18:1n-9

MUFA 5.67 8.47 5.65 2.82 5.55 8.47
Total SFA 15.33 41.80 27.76 13.78 28.08 41.63
Total

PUFA 12.11 17.68 12.28 5.84 12.24 17.60
Total

MUFA 5.63 8.47 5.65 2.82 5.55 8.47
Total FA 33.07 67.95 45.69 22.44 45.87 67.70

SFA- Saturated Fatty Acid

PUFA- Poly Unsaturated Fatty Acid
MUFA- Mono Unsaturated Fatty Acid
TFA- Total Fatty Acid

Table 6 Bacteria count of lamb meat sausage with different natural antioxidants

Samples Total Bacteria Total Coliform Total Fungi
Counts (TBC) cfu/g | Counts (TCC) cfu/gx | Counts (TFC)
x 10° 10* cfu/g x 10°

Control 5.54° 6.54° 6.12°

Turmeric 1.24° 4.32° 5.32°

Garlic 1.88° 3.22° 5.22°

Honey 2.92° 3.65° 5.64

Moringa 1.19° 2.76° 2.34°

Ginger 1.76° 3.54° 4.78°

SEM 0.32 0.43 1.12




RESULTS

Table 2 present the cooking yield of lamb meat sausage prepared with different natural
antioxidants. The results revealed the sausage prepared with honey had the highest (p<0.05)
coking yield (97.35%) while the least (p<0.05) value was found in those prepared with ginger
(93.25%)

The organoleptic properties of lamb sausage prepared with different natural antioxidants are
presented in Table 3. The results showed that tenderness, juiciness, and texture were not
significantly affected (p<0.05) with the different antioxidants samples, while colour, flavour, and
overall acceptability were significantly affected (p<0.05). The panelist rated turmeric, garlic, and
honey the highest (p<0.05) for colour, flavour, and overall acceptability.

The proximate composition of lamb sausage prepared with different natural antioxidants is
presented in Table 4. No significant (p>0.05) effects were reported in ash while variations
(p<0.05) were observed in Crude protein, ether extract, dry matter, moisture contents and lipid
peroxidation of the lamb sausage. The crude protein, ether extract and lipid peroxidation reduced
(p<0.05) with the addition of various natural antioxidants.

Table 5 shows the Fatty acid profiles of lamb meat sausage prepared with different natural
antioxidants. The result showed that there were difference values in all the fatty acids analyzed
except in a few parameters of the samples that have the same values. The highest value was
observed in turmeric (11.25) found in lignoceric acid and the lowest was observed in honey with
(2.00) in lauric acid. Control that has no inclusion of natural antioxidants has close values similar
to garlic in all the parameters analyzed. Turmeric and ginger have the same values of (8.47) in
oleic acid, also the same values were observed in control and garlic (7.37) in lignoceric acid.
Ginger has the highest values in all the parameters except in palmitic acid and lignoceric acid
turmeric values were higher.

Table 6 shows the microbial load of lamb sausage prepared with different natural antioxidants.
The results showed significant (p<0.05) differences in the microbial load of the lamb sausage
samples as the highest values (p<0.05) were reported in the control for TAC, TCC and TFC
compared to those prepared with the antioxidants. However, the least values (p<0.05) were
observed in sausage prepared with moringa.

Discussion
In general, lamb meat sausages treated with different antioxidants were rated better in colour,

flavor, and overall acceptability than the control. These are the criteria the consumers see in a
product before buying and consuming the products. Colour is one of the foremost sensory
attributes for meat and meat products consumers since it is associated with freshness and quality
(21, 22) hence, the colour rating with this study favours the inclusion of antioxidants in lamb
meat sausage. The results were also in agreement with Mohamed and Monsour (23) who
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reported that “the flavor score of patties prepared without the addition of antioxidants was
significantly (p<0.05) lower than those of other samples treated with antioxidants and panelists
detected a rancid flavor in the patties formulated without the addition of antioxidants”. Lorenzen
et al. (24) demonstrated that “51% of consumers rated tenderness as the most important sensory
trait they look for in meat and meat products”. The natural antioxidants obviously worked on the
products resulting above the control. The insignificant differences (P>0.05) among the various
treatments for most sensory attributes (juiciness and texture) indicate that mutton sausages
prepared by the addition of antioxidants were equally preferred as the control by consumers.

Similar findings of moisture content were obtained by Ahmed, et al (25), and Alamin (26) which
were 68% and 70.32%, respectively. Lower results for protein contents were reported by
Gonzalez-Tenorio et al. (27), and Alamin (26) which were 18.2%, and 18.53%, respectively.
“The high moisture content could be due to the presence of fresh vegetables added to the in there
study was attributed to adding too much filling of non-proteinaceous materials in the formulation
of the product like the wheat flakes, root beet as a coloring and filling material which is
consequently reflected in the final protein and meat content of the product” (28). “The high-fat
content of samples reported could be due to the unhealthy way of processing and extra fat-
containing spread added to the burger samples. The high ash value could be due to the addition
of spices as a seasoning, high fiber vegetables, starches, cereals, soy proteins, and salt. Soft bone
and other parts in the patty could also increase the ash content due to the presence of calcium and
other macrominerals” (28). “The values reported in this study, compared favourably with the
standard reported by Khairy et al., (28) where moisture, protein, fat, ash, and yield are 60%,
15%, 30%, 5%, and 60%, respectively”.

The PUFA/SFA ratio is one of the major parameters used to assess the nutritional quality of the
lipid fraction of foods. “Nutritional guidelines recommend a PUFA/ SFA ratio above 0.4 (29)
although several researchers reported that this ratio must be considered together with PUFA n-
6/n-3 ratio due to the beneficial effect of linoleic acid (n-6) on health that is produced only when
PUFA/SFA ratio is no greater than 1.5. SFA are considered to raise plasma cholesterol, except
for stearic acid which reduces total and LDL cholesterol; therefore, the content of this fatty acid
(stearic) is subtracted from the SFA fraction when the association between food saturated fatty
acids and risk of heart diseases is studied”. Moreover, “MUFA have hypocholesterolemic effect,
but they do not decrease HDL cholesterol, which protects against cardiovascular diseases.
Therefore, PUFA/SFA-stearic ratio if calculated for these products as shown in Table 5 were
similar to those reported by other researchers, such as traditional Spanish fermented sausage:
0.43 (30), Brazilian salami 0.44 (31), Spanish salchichon 0.49 (32), and Italian salami 0.50” (33).
It was observed from the values obtained in honey that its chemical composition has a low
significant effect on all the parameters of fatty acid analyzed while the sample with ginger
suggests its chemical component greatly contributes to the fatty acid analyzed.

“The sausage products studied have n-6/n-3 ratios higher than those suggested by International
Health Organizations, which is in agreement with Jimenez-Colmenero (34), who reported that
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meat products show n-3 PUFAs are present in very low levels”. Fatty acids from each sample
(control, turmeric, garlic, honey, moringa, and ginger) were affected by the inclusion of a
specific natural antioxidant. An increase was observed for turmeric and ginger, while honey
values decreased. An increase in polyunsaturated fatty acids (PUFAS) after cooking has been
observed in other studies. Maranesi et al., (35) observed an increase in polyunsaturated fatty acid
(PUFA) in the ribs of loins after boiling and microwaving followed by final grilling. Some
authors (36) have found an increase in polyunsaturated fatty acid (PUFA) levels of meat and
meat products after cooking due to the lipid losses, containing mainly triacylglycerols of adipose
tissues with relatively more saturated fatty acid (SFA) than polyunsaturated fatty acid (PUFA),
as suggested by Romero et al. (37).

“The addition of antioxidants is, therefore necessary to increase the storage stability, sensory
quality, and nutritional value of animal products” as reported by Romero et al. (37).). “Due to the
positive health effects of long-chain n-3 polyunsaturated fatty acids (PUFA), there is an
increased interest to produce meat products rich in n-3 polyunsaturated fatty acids” (37).
Increasing the amount of easily oxidized polyunsaturated fatty acid (PUFA) in animal products,
however, will also require a higher content of antioxidants in the end-product to protect the
nutritional valuable fatty acids (FA).

“The nutritional composition of meat products provides an appropriate environment for the
growth and proliferation of food borne pathogens” (38). “Therefore, pathogen bacteria may
contaminate sausage during processing which has contributed to food borne disease globally.
Moreover, these products are known as a high risk food group. It is known that microorganisms
can contaminate sausage from meat, spices and other ingredients as well as the environment,
handlers and equipment, particularly slicing machines and cutting utensils during processing that
can have an important effect on the microbiological properties of the products” (38). “Based on
epidemiological and microbiological studies, cross-contamination during processing and
subsequent bacterial growth is the major reason of meat product contamination and disease.
Absent sanitizing and washing and improper cleaning procedures of slicer blades would lead to
contamination of slicing machines that increase food borne disease in consumers” (39).
“Therefore, training and supervision are hereby encouraged to ensure appropriate hand washing,
proper cleaning and sanitizing in order to reduce cross-contamination” (38). “The present results
showed that the total bacterial count decreased significantly (P<0.05) with natural antioxidants
included as the average bacterial load of the fresh and frozen samples of camel sausages were (3
x 10° and 2x10® CFU/gm) respectively. The sample with moringa has the lowest counts. This
result was in agreement with that reported by Siham and Daoud” (40). The present results
showed that total bacterial count decreased significantly (P<0.05) with natural antioxidants
included, this result is matching with that reported by Siham and Daoud (40).

CONCLUSION

It is observed from the result of this study that natural antioxidants in lamb meat sausage
had varied levels of fatty acids. Turmeric sausages had highly increased levels of fatty acid due



to their chemical composition and therefore have a noticeable effect on the improvement of
public health.

For bacterial load, it is observed that the control (sample without natural antioxidants)
had the highest load while moringa sausage with the least value greatly reduced the number of
loads.

RECOMMENDATION

This study, therefore, stresses the use of natural antioxidants to reduce the number of
microbes that may likely affect the quality and quantity of the meat product. A natural
antioxidant is a very good food additive and therefore it should be incorporated into human
foods.
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