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Abstract

In under developed and developing country like Nigeria, meat is usually smoked at
temper ature usually above 400 °C, producing Polycyclic Hydrocarbons (PAHs) and Phenols
in meat Products. PAHs compound found in smoked meat exhibit a cancerous substance
affecting human health while Phenolsin smoked meat are responsible for the smokey aroma
andtaste. 10 kg of raw meat from semi-membranous muscles of 2 year sold male White Fulani
cattle was used for this study. The meat was cut into 2 kg each to prepare meat products
namely; Kundi, Kilishi, Balangu, Suya and Asun using traditional and oven drying methods.
Final samples were evaluated for PAHSs, phenols, proximate composition and palatability
status. Data were subjected to ANOVA at P<0.05. Results showed that, PAHs had
significantly higher values (P<0.05) in Kundi Laboratory smoked, commercially Kundi and
Kilishi (8.00pkg”, 8.80ukg”, 8.60ukg™) respectively while the least was found in Asun
(2.10pkg™) for the three samples evaluated. Kilishi had the highest phenols (P<0.05) value
(2.30pg), while the least was noticed in Asun having (0.10ug) in all the three samples
evaluated. Kundi products had values significantly (P<0.05) higher in protein and ash
content for all samplesand theleast (P<0.05) in ether extract and moisture content. Balangu
and Kilishi had the highest (P<0.05) ether extract while Asun had the highest (P<0.05)
moisture content (51.26%, 59.26% and 58.45%) for all the sampleseval uated. Balangu, Asun
and Kilishi products were rated higher (P<0.05) by the panelists while Kundi products had
the least. Irrespective of the processing methods used, the higher the temperature and
duration used in smoking, the higher the PAHs and Phenols Compound and the more
accumul ated the nutrients composition.

Keywor ds: Kundi, Kilishi, Asun, Balangu, Suyaand PAHS.

Introduction (Eyas et al., 2006) which includes methods
There is high demand for meat in Africa, such ascanning, pickling, drying and freeze-
but unfortunately, meat production falls  drying, irradiation, pasteurization, smoking,
short of demand. In Nigeria, shortage of and addition of chemical additives. Smoking
meat is not due only to absol ute scarcity of of meat produces several chemical
animals but often to spoilage as aresult of substances such as Formaldehyde, Acetic,
micro-organisms found in meat due to, Polycyclic Aromatic Hydrocarbon (PAHS)
contamination (Olaoye and Onilude, and Phenols etc, from the heat source. Some
2010). Unprocessed meat spoils within of these substances cause harmto consumers
hours or days, therefore there is need for and endanger a lot of people. PAHs are a
value addition (Annaet al., 2005). Adding group of environmental contaminants that
value to meat involves processing and emanate from incomplete combustion of
preservation of meat so as to prolong its fuel or high temperaturepyrolysisof fatsand
shelf-life and improve its acceptability oils (WHO, 2006). It is well known that
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PAHS occur during curing and smoking of
meat and they accumulate on meat products
when smoked at high temperature usually
above 400 °C over open flames (Viksna et
al., 2008). They have been extensively
researched into because of their
carcinogenicity and mutagenicity to
animals and humans (Anyakora, et al.,
2008). In 2001, PAHS ranked 9th onthelist
of most threatening compounds to human
health (Kingetal., 2002).

The preservation of food (such asmeat and
fish products) by curing it with wood leads
to incomplete combustion, which
undoubtedly generate PAHs (Codex 2005).
Originally the purpose was to preserve the
food, partly by drying and partly by adding
anti-microbiological congtituents such as
phenols from the smoke to the food. At the
present time smoking is mainly used to
achieve the characteristic taste and
appearance of smoked food with
preservation playing a minor role.
However, smoking has an influence on the
shelf life of food because smoke may
inhibit growth of some micro-organism
depending on the contents of some
components like phenols in the smoked
food.

Phenols are produced by the prolysis of
Lignin which is a highly complex
arrangement of interlocked phenolic
molecules, they also produce a number of
distinctive aromatic elements when burnt,
including smoky, spicy, and pungent
compounds such as guaiacol, syringol, and
sweeter scents such as the vanilla-scented
vanillin and clove-like isoeugenol.
Guaiacol is the phenolic compound most
responsible for the "smokey" taste, while
syringol is the primary contributor to
smokey aroma (Hui, 2001) and it has been
researched into because of its components
as far as aromatizing meat products is
concerned.

Despite the phenols content (aromatic
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thing) in smoked meat, consumption of
PAHsin great amount have dangerous effect
to the consumers, PAHs is capable of
damaging DNA, after they are metabolized
by specific enzymesin the body, by aprocess
called bio-activation. Studies have shown
that the activity of these enzymes, which can
differ among people, may be relevant to
cancer risks associated with exposureto this
compound (Moonen et al., 2005).
Researchers found that high consumption of
well done, smoked meat or barbecued meats
was found associated with increased risk of
colorectal (Cross, 2010) pancreatic
(Andersonetal., 2002 and Stolzenberget al .,
2007) and prostate (Cross et al., 2005). In
children, the high prenatal exposureto PAHs
is associated with lower 1Q and childhood
asthma (Falco, 2003). And so, out present
products need to be check, or work on, so as
to minimize the accumulation of PAHS on
them.

Therefore, theaim of thisstudy isto evaluate
the level of Polycyclic Aromatic
Hydrocarbon (PAHS), phenolic status,
proximate composition and palatability
status in some Nigeria preserved meat
products namely; Kilishi, Asun, Suya,
Balangu Kundi.

M aterialsand methods

Sourceof meat

10kg of raw semi - membranous muscles of
2years old, male While Fulani cattle was
used for this study. The musclewastrimmed
off of external fat, excess epimysial
connective tissues, bone and bone particles,
blood vessels and nerves. The meat was cut
into 2kg each to produce locally consumed
meat products in Nigeriaand comparing the
laboratory products with the commercialy
consumed products.

Preparation of Nigeriameat products
Kundi

2 kg of meat from above was used for Kundi
production. It was cut in smaller sizes of 10
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cm by 12 cm long and 50 -80 g in weight,
boiled for 20 minutes at 100 °C and air
—dried for 1 hour. The samples were divided
into two groups; | kg of it was oven — dried
at 170 °C, for 2 hours and the other was
smoked —dried using coal as heat source at
220 -250 °C for 3 hours. An equivalent
product was purchased in the open market
asthecommercial products.

Kilishi

2 kg of meat was tiny diced into flat
samples of 20 cm by 25 cm and 100 -150 g
in weight. Spices were added (groundnut
paste called 'labu’, monosodium glutamate,
and salts) and sundried for 2 hour. | kg was
oven dried for 3 hours at 170 °C and the
other wassmoked dried for 2 hoursat 220 -
250 °C. An equivalent product was
purchased in the open market as the
commercial products.

Suya

2 kg of fresh meat was dliced into smaller
sizesof 20cm by 25cm longand 100—-150¢g
weight. 1 kg was oven dried for 1 hour at
170 °C and the other 1 kg was smoke dried
using coal for 2 hours at 220 — 250 °C, both
were then sprayed with suya ingredient
containing; onions, grinded dried pepper
monosodium glutamate, salt and groundnut
oil during processing. An equivaent
product was purchased in the open market
asthecommercial products.

Asun

2 kg of fresh meat was also dliced into 2
groups containing 1 kg each of 10 — 12 cm
long and 40 -50 g in weight. One group was
oven dried for 45 minutesat 170 °C and the
other was smoked dried for 30 minutes at
220 — 250 °C and were both mixed with
dlight fried pepper stew (fresh pepper of
tomatoes and red pepper, monosodium
glutamate, curry, thyme and groundnut oil).
An equivalent product was purchased inthe
open market asthecommercial products.

120

Balangu

2 kg of fresh fatty meat areas were cut into
small sizesof 10cmby 12 cm having 40-50g
in weight. 1 kg each was oven dried for 45
minutesat 170 °C and the other was smoked
dried at 30 minutes at 220 - 250 °C using coal
as the heat source. Both were spray with
dried grinded pepper, monosodium
glutamate and salt. An equivalent product
was purchased in the open market as the
commercial products.

Determination of polycyclic aromatic
hydrocarbon (PAHS)

1.0g of mesat product sample was weighed
into a 250 ml besker; 10ml of carbon
tetrachloride was added and stirred with a
glass rod to mix properly. The mixture was
decanted using a separating funnel into a
glasscapped 50 ml container. Distilled water
was added and shaken vigoroudy until all
materials dissolved. The mixture was
allowed to stand out and one quarter (1/4)
phase was decanted into a clean 100 ml
conical flask. Anhydrous Na,SO, was added
to remove all traces of water that may still
have been present in the mixture. The
resultant clear solution was anayzed on
anUV Spectrophotometer using crude oil of
working standard range 0-20ppm at a
wavel ength of 420nm.

%Total Hydrocarbon =

Absorbance of sampleextract X slope X dilution factor
10000

Deter mination of phenol

0.20g of meat product sample was weighed
into a 50ml beaker, 20ml of acetone was
added and homogenize properly for 1hr to
prevent lumping. The mixture was filtered
through a Whatman No.1 filter paper into a
100 ml Volumetric Flask using acetone to
rinse and made up to mark with distilled
water with thorough mixing.1ml of sample
extract was pipette into 50ml Volumetric
flask, 20 ml water added, 3 ml of
phosphomolybdic acid added followed by




Polycyclic Aromatic Hydrocarbon (PAHS) and Phenols status

the addition of 5ml of 23% NaCO, and
mixed thoroughly, made up to mark with
distilled water and alowed to stand for
10min to develop bluish-green colour.
Standard Phenol of concentration range O-
10mg/ml was prepared from 100mg/I stock
Phenol solution from Sigma-Aldrich
chemicals, U.S.A. The absorbance of
sample as well as that of standard
concentrations of Phenol was read on a
Digital Spectrophotometer at awavelength
of 510nm.The percentage Phenol is
calculated usingtheformula:

% Phenol =

Absorbance of sample X gradient factor X dilution
factor
Wt. of sampleX 10,000

Proximateanalysis

Protein, fat, ash and moisture contents of
Kilishi, Asun, Suya, Balangu, Kundi/Tinko
were analyzed chemically according to the
official methods of analysis described by

the Association of Official Analytical
Chemist (AOAC, 18™ EDITION, 2000).
Palatabilityanalysis

A total number of twenty trained panelists
were sel ected and they range from agesfrom
27 — 45 years. The panelists were randomly
allocated to the samples. Equal bite from
samples was coded and served in an
odourless sample on a nine point hedonic
scale for tenderness, flavor, colour,
juiceness, texture and overall acceptability
(Fakolade, 2009).

Statistical analysisand design

The obtained results were subjected to
analysis of variance (ANOVA), and
significant means were separated using the
Duncan's Multiple Range (DMR) test. The
SPSS (2007) computer software was used
for al statistical analysisusing acompletely
randomized design (CRD).

Resultsand discussion

Table 1: Polycyclic Aromatic Hydrocarbon (PAHS) pkg™® and Phenols (ug) statusin meat

products
PAHs Phenal
Smoking methods Meat products
Kundi 8.00° 0.90°
Kilid 6.40° 0.80°
L ab smoked meat Balangu 2. 50 0.30°
Suya 3.20¢ 0.30°
Asun 2.10f 0.10¢
Kundi 3.30° 0.404
Kilid 3.30¢ 0.60°
Lab oven dried meat Balangu 5.30° 0.20¢
Suya 2.10f 0.20°
Asun 2.10f 0.10°
Kundi 8.80° 0.90°
Kilid 8.80° 1.30°
Commercial samples  Balangu 8.607 0.50«
Suya 4.80¢ 0.40¢
Asun 2.10f 0.101
SEM 0.001 0.001

e means of different alphabet in both the column and row aresignificantly different (P<0.05).

Lab. Smoked Meat: Laboratory Smoked Meat
Lab. Oven dried Meat: Laboratory Oven dried Meat

Commercially Purchased Samples: Meat products purchased from open market
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Table 2: Proximate composition of different meat products (%)

Smoking methods M eat Protein Ash Ether Moisture
products Extract
Balangu 38.15¢ 7.05° 12.672 42.69°
Suya 51.47¢ 3.13¢ 10.10° 35.50°
L ab smoked meat Asun 33.25¢ 6.24° 10.07° 51.26%
Kundi 78.73% 10.072 5.24¢ 7.02¢
Kilishi 63.57° 8.13° 12.207 14.89¢
Balangu 36.55¢ 5.06¢ 10.06° 36.47¢
Suya 47.66° 2.12¢ 10.17° 43520
Lab oven dried meat Asun 32.10¢ 5.10¢ 15.172 54.26%
Kundi 77.742 9.032 5.02° 7.10°
Kilishi 60.74° 8.23% 14.012 16.15¢
Balangu 38.73¢ 7.04° 14.00° 42.29°
Suya 48.29° 3.06° 10.01° 38.50°
Commercial samples Asun 33.43 7.04° 10.13° 50.45°
Kundi 79.042 9.13° 8.09° 6.09¢
Kilishi 65.17° 8.14%® 13172 13.04¢
SEM 0.01 0,02 0.04 0.00
e means of different alphabet in both the column and row aresoficaty different (P<0.05)
Table 3: Palatability status of different meat products (%)
Smoking Meat Colour Flavour Tenderness Juiceness Texture Acceptability
methods products
Balangu 4.50*°  5.00° 6.50° 6.00° 7.25° 7.50°
Suya 1.75° 5.25% 5.00° 3.25¢ 3.25° 6.00°
Lab smoked Asun 2.25° 5.00° 4.00° 4.75° 4.75° 7.25°
meat
Kundi 1.00¢ 1.00° 1.254 1.504 1.254 2.00°
Kilishi 1.75° 5.502 4.50% 4.50° 4.50° 7.00%
Balangu 5507 4.00° 4252 4.00° 4252 7.002
Suya 1.75° 6.25% 3.50% 3.25¢ 4.75% 6.80%
Lab oven Asun 375  4.00° 4.00° 4.50° 4752 5.00°
dried meat
Kundi 1.25¢ 1.50° 1.25° 1.25¢ 1.50° 2.50¢
Kilishi 1.50° 5.75% 3.00° 5.502 4,752 6.602
SEM 0.05 0,09 0.08 0.08 0.09 0.07

acd means of different alphabet along the column are significantly different (p<0.05),

Polycyclic aromatic hydrocarbons (PAHS)
are said to be a group of environmental
contaminants that emanate from
incomplete combustion of fuel or high
temperature pyrolysis of fats and oils
(WHO, 2006). In Table 1, the PAHs content
in al the meat products ranges from
(2.10pkg™ - 8.80ukg™). In smoked
laboratory and commercial samples of
Kundi and Kilishi meat products had the
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highest amount of PAHs (6.40 — 8.80ukg™)
and these values were noticed to exceeds the
maximum tolerable limit values set by the
Commission Regulation in (2011) for (Bap)
Benzo(a)pyrene which is 5.0ukg”’ an
indicator for the presence of PAH's. The
results obtained were lower than the value
(10.5 pkg™) reported for PAHs in smoked
fishsamples(Anyakoraet al., 2008) and a so
10.50 — 66.9ukg™ reported in Kundi meat
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products (Alonge, 1988). The values
observed in this study fell within the values
reported by Marta and Mieczyslaw (2007)
on PAH's content in four groups of
industrial and traditionally produced meat
products; ham, cooked cureloins, raw cured
loins and medium - ground sausages.
When the products were oven dried the
valuesof PAH'son the productswerelower
than the set limit of 5.0 except for Kilishi
with (5.30 ukg™) valueand thiscould beasa
result of the heavy groundnut paste used,
which could have added oily substances to
the surface of the products. Thisshowsthat
processing meat products using oven dried
method could be the best processing
method to produce safe meat products for
the populace, sinceit contains lower values
of PAHsthan the exact lower limit that was
recommended and aso lower than the
smoked and commercia products. It was
also observed that the values obtained for
Asun, Suya and Balangu were far lower
than the maximum limit 5.0ukg™
recommended, which could probably mean
that, no matter the type of processing
method used, these products will aways
have low PAHs and as such they are fit for
human consumption. Since the time taken
to produce Kilishi and Kundi products is
lesser, it is advisable to use oven-dried
method under controlled temperature, so as
to set PAHSs in such products under the
maximum limit recommended. All
processing used in thisstudy were subjected
to temperature under 400 °C because PAHs
concentration becomes high due to
pyrolysis of organic matter at high cooking
temperaturesabove 400 °C, duration of time
used, amounts of fat and oil present and
type of cooking (Perez et al., 2004). The
presence of high content of PAHSs in
laboratory smoked Kundi and Kilishi meat
products may be asaresult of the time used
in processing, direct exposure to flame
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which lead to more accumulation of PAHs
formation and according to data reported in
the literature on PAH's on smoked foods are
highly variables. (Mottier et al., 2000; Marta
and Mieczydaw, 2007).

Ikeme (1990) reported that about 27 poly —
cyclic aromatic hydrocarbons are present in
smoked meat, out of these are benz(a)pyrene
and dibenz(a,h)anthracene which have been
found to be carcinogenic. He also noted that
the decomposition of lignin that favour the
production of benz(a)pyrene and other poly
— cyclic hydrocarbons and production of
phenols are greatest at temperature above
400 °C. It was then suggested that the best
quality smoke is produced at a combustion
temperature ranges from 300 — 400 °C,
which could reduces the level of
carcinogenic substances. Alonge (1984)
also deduced that what is responsible for
level of Polycyclic Aromatic Hydrocarbons
(PAH's) is not only the lignin or cellulose
content of wood but the smoking
temperatures.  Alonge (1984) describe
pyrolysis of wood and that wood consists of
approximately 50 % cellulose, 25 %
hemicelluloses and 25 % lignin which burn
at 200—500 °C. He also describe the 4 stages
of pyrolysisof wood; stage 1, at temperature
up to 170 °C, thorough drying of wood take
place, stage 2; at 200 -260 °C, pyrolysis of
hemicelluloses, at thejunction, alight brown
condensate which contains pentasanes,
apha cellulose carbonase and acetic acid is
formed. Stage 3; at 260 —310 °C, pyrolysis of
cellulose, cellulose is broken down forming
Co,, acetic acid and formal acids. Stages4; at
310 - 500 °C, pyrolysis of lignin becomes
exothermic forming a reddish brown
condensate containing large number of
compound. At stage 4, PAHs is often
produced, that iswhy smoking or processing
below 400 °C as reported by Ikeme (1990)
could help to reduced PAHs in meat smoked
or processed.
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Table 1 also shows the phenol compound
present inall themeat productsandthey fel
between (0.10ug — 1.30 ug) having the
highest level phenol compound in Kilishi
for commercialy purchased samples and
this could be as aresult of the spices used
and the way it was prepared. The levels of
phenolsweresignificantly lower inAsunin
the three samples evaluated, and this could
be dueto themethod of preparation of Asun
which requires a shorter duration for the
processing. It was also observed that the
values obtained for oven dried methods of
al the meat products are low in phenols
which could mean that phenols could
mostly be found in wood, since coal was
used as the heat source. Wilkipedia (2002),
noticed that about 20 phenols have been
isolated from wood smoke and identified.
Alonge (1984) also reported that about 45
phenolic compounds are present in wood
smoke and they are formed by pyrolysis of
lignin which degrades to ferulacid and
sinapinard which are further decomposed
to produce the main components of
phenols; guaiacol and syringol. Toth et al.
(1984) said soft wood produces guaiacol
and itsanal ogous substitutes while syringol
and its derivatives appear mainly in the
smoke of hard woods. Hamm and Pothast
(1976) discovered that the total phenol
contents of smoke rises from 380 - 600 °C
and drops again as the temperature
increases above 700 °C. In this study, the
temperature used for al the products
produced are less than 300 °C leading to a
very low amount of phenolsinthe products,
except for commercially produced Kilishi.
Phenols are very important in meat
products since it act as antioxidants,
contribute to meat colour, add smoky taste,
have bacteristatic effect and contribute to
theflavor of theproducts.

Table 3, shows the proximate composition
of meat products produced. Kundi had the
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highest (P<0.05) protein content (77.04 —
78.73%) than other samples evaluated while
Asun had theleast value. The highest protein
in kundi products corresponds with the
report by Soniran and Okubanjo (2002) for
protein content of pork loin (69.8— 79.1%).
Kumar and Alsberg (2008) who reported
protein content for sun dried and oven dried
Kundi ranges from (68.1 — 71.8%). The
results gotten could be due to the
conformational changes of protein on
heating which is known as denaturation,
followed by structural changes which occur
during heating which arereferred to protein-
protein interactions, resulting in the
aggregation of proteins (Tornberg, 2005).
Also, the duration used in producing these
and the temperature used had effect on the
accumulation of their nutrients. Kundi and
Kilishi spent longer time than the other
products. The time spent and temperature

used could bedescribe accordingly; Kundi —

Kilishi - Suya—» Baangu— Asun. Ash
content isanindicator of themineral content
of meat or the mineral profilewas observed
to follow the same trend as the protein
content and this could aso be due to longer
time of drying process and the temperature
degree used and the accumulation of mineral
from the coal which could have stick to the
surface of themeat. The ash content obtained
fell within the range of 10.6, 15.2 and 7.4 %
for cure ham, meat vegetables extract and
jerked Dbeef, reported by (Fermandez —
Salgueroetal., 1993).

Ether Extract content were observed highest
in Balangu and Kilishi products (12.67 —
15.17) and (12.20 — 14.01) respectively. This
increase could result from the meat and
method used in processing, while the least
values are observed in Kundi products (5.02
- 6.01%). The meat used for balangu isfatty,
while during Kilishi processing, vegetable
oil are often sprinkle. Thevauesobtainedin
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this study are lower than the values (10.9 -
29.6) reported by Vania (2006) for fat
content of aheria meat. Asun had the
highest (P<0.05) value of 20.45 - 54.26 %
for moisture content while the least value
was observed in Kundi with 6.09 -7.10 %.
The values obtained are in line with (40.17
—57.17%) reported by Edema et al. (2008)
for moisture content of smoked meat
products. Hedrick et al. (1994) reported an
inverse relationship between moisture and
fat content of the meat. However in this
study, the products with more ether extract
were noticed to have more moisture
content.

Table 4, shows the palatability
characteristics of meat product used. The
results obtained showed that Balangu,
Kilishi and Asun had the highest value for
overall acceptability in both the laboratory
smoked and oven dried processing method.
The panelists rated both processing for
Balangu products higher (P<0.05), since
Balangu had the highest ether extract
content in the proximate composition and
fat modifies the perception of flavor
compounds by influencing, release of
flavours and by affecting their distribution
and migration (Das et al., 2009). Kilishi is
aso highinflavour anditsacceptability are
(5.63 and 6.50%) which could be dueto the
value added eg, groundnut paste and
spices. It was observed that for the three
product rated, the flavor, texture and
juiciness were rated higher by the panelist
than the rest products, which had a strong
effect on the overall acceptability. Lowest
level for acceptability was obtained in
Kundi meat in all the palatability statusand
this could be due to it texture (very dry)
having 1.25 and 1.50 values and low
perceptive of the products because Kundi
unlike other products need no spices,
ingredient or salt to improve the flavor or
tasteof theproducts. InNigeria, Kundiisa
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ready-to-cook meat products while others
produced are ready-to-eat products. The
process used in this production reduces the
moisture content which in turn affects the
juiceness of the meat, thereby affecting the
overall acceptability, since overall
acceptability depends on Juiciness, texture
and flavor of meat products. (Fakolade,
2011).

Conclusion

Kundi and Kilishi had the highest
percentage nutrients, phenols and PAHs for
smoked dried and commercial produced
products. The Oven dried samples are safe
for consumption, having valueslessthan the
maximum recommended limit 5.0pkg” set
by the Commission Regulation (2011).
Balangu, Kilishi and Asun were rated
highest having the highest flavor, texture,
juicinessand higher ether extract.

References

AOAC 2000. Association of officia
Analytical Chemist. Official
Methodsof Analysis.

Anna, A. M., Lackshmannan, V.,
Mendiratta, S. K., Anjaneyulu, A.
S. R. and Bisht, G. S. 2005.
Development and quality
characteristicsof extruded tripe snack
from buffalo rumen meat  and corn
flour. J. Food Sci. Technol., 42, 263-
267.

Anderson, K. E., Sinha, R. and Kulldorff,
M. 2007. Meat intake and cooking
techniques; Association with
pancreatic cancer. Mutation
Research; 506 —507; 225 -231.

Anyakora, C., Arbabi, M. and Coker, H.
2008. “A Screen for Benzo(a)pyrene
in Fish Samples from Crude Oil
Polluted Environments,” Am. J.
Environ. &ci. 4, 145-150

Alonge D. O. 1984. Smoke preservation of



Fakolade, |jiwade and Adeniyi

meatsin Nigeria; quality and public
health aspects. A Ph.D thesis,
University of |badan.

Alonge D. O. 1988. Carcinogenic
Polycyclic Aromatic Hydrocarbons
(PAH) determinedin Nigerian
kundi (smoke dried meat). J.sci food
Agric;43:167-172

Codex Committee on Food Additives
and Contaminants (CCFAC),
2005. Discussion paper on the
polycyclic hydrocarbons
contamination. 37" session, the
Hahue, the Netherlanda.

Cross, A. J., Ferrucci, L. M. and Rish, A.
2010. A large prospective study of
meat consumption and colorectal
cancer risk; An investigation of
potential mechanism underlying this
association, Cancer Research; 70
(6); 2406-2414.

Cross, A. J., Peter, U. and Kirsh, V. A.
2005. A prospective study of meat
and meat mutagens and prostrate
risk. Cancer Research; 65 (24)
11779-11784.

Das,A.K.,Anjaneyulu,A.S.R., Thomas,
R. and Kondaiah, N. 2009. Effect
of different fatson the quality of goat
meat patties incorporated with full-
fat soy paste. J Muscle Foods. 20:37
-53.

Edema, M., Osho, A. T. and Diala, C. I.
2008. Evaluation of microbial
hazards associated with the
processing of Suya, a grilled meat
product. <cientific Research and
Essay3(12),621-626

Fakolade, P. O., Afolabi, K. D.,

Akinsoyinu, Olajide R. and
Akinleye, S. B. 2009. The
requirement for energy and protein
by the Nigerian local hen.
Proceedings of the 34" Annual
Conference of Nigerian Society

126

for Animal Production, University
of Uyo, Uyo, Pp: 392 -395.

Fakolade, P. O, 2011. Physical and sensory
characteristicsof organictraditional
smokedMeat for Beef and Camel
Meat. |JORD. International
Journal of Organic. Agriculture
research and devel opment. 3:Pp.40-
49 :

Fermandez — Salguezo, J., Rafael, G. and
Miguel, A. C. 1993. Water activity
of Spanish intermediate — Moisture
meat product. Meat Science 38
(1993) 341 -346.

Hamm, R. and Potthast, K. 1976. Final
report research projects. Federal
Res. Centre Paper NumbersHa 517
/11 and Ha 517 / 14. Federal meat
Res. Centre, Kulmbash, wesh
Germany. Pp46-64.

Hedrick, H. B., Aberle, E. D., Forrest, J.
C., Judge, M.D.and Merke, R.
A. 1994, Principles of Meat <ci.,3rd
ed., Kendall Hunt Publishing Co,
Dubuque, lowa.

Hui, Y. H. 2001. Meat Science and
Applications. New York: Marce

Dekker. ISBN 978-0-8247-
0548-0.
Ilkeme, A. |. 1990. Meat Science and

Technology. Acomprehensive

approach. Onitsha; publisher Ltd.

NigeriaAfricanaFep 320.
King, S., Meyer, J. S. and Andrews, A. R.
J. 2002. “Screening Method for
Polycyclic Aromatic
Hydrocarbonsin Soil Using Hollow
Fibre Membrane Solvent
Microextraction,” J.
Chromatogr, 982, 201-208.
M. G. and Felton, J. S. 2005.
Formation and human risk of
carcinogenic heterocyclic amines
formed from natural precursors in
meat. Nutrition Reviews;

Knize,



Polycyclic Aromatic Hydrocarbon (PAHS) and Phenols status

63(5):158-165.

Kumar, S. and Alsberg, B. 2008. Food
Comp. and Anal. 19 302-310.

Marta, C. and Mieczyslaw, O. 2007.
Influence of smoking proceed on
Polycyclic Aromatic
Hydrocarbons content in meat
products. Acta <ci, Pol. Technol.
Aliment. 6(4), 17 -28.

Mottier, P., Parisod, V. and Turesky, R. J.
2000. Quantitative determination
of Polycyclic Aromatic
Hydrocarbons in barbecued meat
sausages by gas chromatography
coupled to
massspectrometry. J. Agric. Food
Chem., 481160- 1166.

Perez-Chabela, M. L. and Mateo-
Oyague, J. 2004. Frozen meat:
Quality and shelf life. In:
Handbook of Frozen foods. Pp:
205.1SBN: 0-8247-4712-7.

Soniran O. G., and Okubanjo,A. O.2002.
Physio-chemical and sensory
characteristic of pork loin
roast cooked to three internal
temperatures, Nig. J. Anim. Prod.
29138-141.

Stolzenberg-Solomon, R. Z., Cross, A. J.
and Silverman, D. T. 2007. Meat
and meat -mutagen intake
and pancreatic cancer risk in the
NIH-AARP cohort. Cancer
Epidemiology, biomarkers and
prevention. 16 (120; 2664 2675.

Tornberg, E. 2005. Effect of heat on meat
protein-implications on structure
and quality of meat products. Meat
Science70: 493-508.

Torres E. A. F. S., Shimokomaki, M.,
Franco, B. D. G. M., Landgrant,
M. 1994. Parameter
determining the quality of charqui
an intermediate moisture meat
product, Meat Sci 38: 229-234.

127

Toth, L., Wittkowski, R. and Balts, W.
1984. Analysis of phenolsin smoke,
smoke preparations and smoked
meat products. Annual Report,
1983. Bundesanstalt fleisch
forshing. Kulmbash West Germany
Pp9-21.

Viksna, I. S., Morozovs, A., Bartkevics, V.
and Kukare, A. 2008. “Levels of
Benzo(a)pyrene (BaP) in Fish,
Smoked According to Different
Procedures,” LLU Raksti, Vol
21(315),24-29

Venia, F., Joana, B., Sandra, V., Ana, M.,
Fatima, M.and Maria, J. M. 2006.
Chemicaland microbiological
characterization of aheira: atypical
Portuguese fermented sausage with
particular reference to factor
relating to food safety, Meat Science
J. 73570-575.

Wenzel, T., Simon, R., Kleiner, J. and
Anklam, E. 2006. Analytical
methods for PAH in food and the
environment needed for new food
legidlation in the European Union.
TrendsAnalytical chemistry 25:716-
725

WHO, 2006. “Polycyclic Aromatic
Hydrocarbons. In Air Quality
Guidelines (2ed.),” Copenhagen:
World Health Organization.

Wikipedia, 2002. Food preservation.
http://enwikipediaorg/wiki/meat.

Received: 10" May, 2017
Accepted: 21° August, 2017



