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Abstract

Meat is an animal flesh utilised as food which also serves as the cardinal protein source vide its component
elements and amino acids. Despite this, meat wholesomeness has recently been mutilated for its perceived
association with polycyclic aromatic hydrocarbons (PAH) in smoked products and heterocyclic aromatic
amines (HAA) in cooked products. Hence, this study was aimed at assessing the biological effects,
nutritional value and safety of the differently processed beef steaks. Weanling male Wistar rats (n=63)
weighing 55+1.99 were allotted in a completely randomized design to six treatments with ten rats per
treatment. The rats were assigned to individual metabolic cages and had free access to water and assigned
experimental diets ad-libitum for 21 days. Feed intake of rats on RBS (57.66 g) was significantly higher
(p<0.05) than those on BSBS (56.02 g), SBS (50.10 g) and DFBS (46.00 g). Biological value of 91.46 % in
rats on DFBS was higher than 89.17 % for RBS, SBS (88.59 %) and BSBS (87.46 %). Moderate fat
deposition and scanty infiltration were noticed in the liver rats on DFBS and SBS, respectively. There were
observable vascular congestion and tubular necrosis in the kidney of rats on DFBS. Rats on DFBS had fat
infiltration in epicardia layer and vascular congestion. Consumption of DFBS altered kidney structure,
caused fat infiltration and congested valves of rats. Therefore, dietary DFBS could heighten the risk of

liver, kidney and heart diseases.
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1. Introduction

Human epidemiologic and animal studies have
shown that diet plays an important role in cancer
development [10, 22]. It has been reported that one
third of human cancers are related to foods [31]
which could be linked with the processing method.
Food preparation at high temperatures was reported
to elicit the formation of dangerous chemicals,
including PAHs and HAAs that could alter genetic
make-up [14, 18]. Research [1,19] showed that
roasting, smoking, grilling and barbecuing of foods
induces PAHs and HAAs which are carcinogenic.

When cooking is done at high temperatures, PAHs
production levels become elevated.

Decomposition of organic substances like
carbohydrates and proteins could contribute,
although the main concentrations of PAHs proved
to come from breakdown of fat [21].

Corresponding authors: oa.ogunwole@ui.edu.ng

The PAHs production occurs when the food
dissolved fat dropping are on the heat source, The
PAHs then settles on top of the meat which
increases smoke or meat fat are broken down as a
result of food exposure to heat [26]. The partial
burning of the fuel itself is the other likely way for
the production of PAHSs.

Partial burning of charcoal produces PAHs which
are located on top of the foods, then adsorbed [34].
The PAHSs production is known to be influenced by
the time of cooking [16] food type [11], proximity
of food from the flame source, level of the food fat
[35] and the allowed fat drip on the flame source
and the cooking temperature [7]. Among the

numerous  PAHSs identified, Phenanthrene,
Fluoranthene, Pyrene, Benzo [a] anthracene,
Chrysene, Benzo [b] fluoranthene, Benzo

[K]fluoranthene, Benzo [a] pyrene, Benzo [ghi]
Perylene and Indenol [123-cd] pyrene were the most
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[17]. 1t showed that broiled beef contained PhIP,
MelQx and 1Q while ground beef contained
DiMelQx and MelQx [9, 23, 30].

The formation of HAAs occurred as a result of fish
and meat muscle exposure to temperatures higher
than 150 °C when cooking [25]. The HAAs are
carcinogens and mutagens occurring as parts per
billion concentrations in processed meat. The amino
acids, sugars and creatinine formerly present in
meat are key initiators responsible for production of
HAA [27]. Many heterocyclic amines are tagged to
be possible carcinogens [36]. It recorded 1Q, MelQ,
MelQx and PhIP as chemicals reasonably expected
human carcinogens [36]. Research revealed that
nutritional ingestion of HAAs via consumption of
heat-processed meat heightened the danger of
breast, colon and stomach cancers in humans [20]. It
surmised that the common HAAs is PhIP that is
frequently present by levels near 40 ng/g [29]. The
author also noted that deep-frying primarily
generates bits of MelQx, 4, 8-DiMelQx and PhIP.
Concentrations of 0-3 ng/g MelQx and 0-70 ng/
PhIP were reportedly discovered in fried chicken
[14].

The PAHs and HAAs absorption of occurs in the
gastrointestinal tract when consumed, where they
are carried to most of the body viscera tissues [33].
Despite avalanche of reports linking processed or
cooked red meat products to diseases onset and
progressions, there is dearth of information on the
effect of the differently processed beef on
biological, nutritional and organ histopathology of
the teeming consumers of processed beef, which
was the objective of this study.

2.Materials and Methods
2.1.Experimental Site

The feeding trial of the rats was carried out at the rat
room, department of Animal Science, University of
Ibadan, Ibadan located on latitude 7° 26N and
longitude 3° 54’E of the equator.

Beef loin, each weighing 10kg steaks were
randomly assigned to four cooking techniques:
roasting at 200°C, deep frying at 180 °C,
microwaving at 600 watt and traditional smoking
using Tectona grandis charcoal at 300 °C. The
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internal temperature of each steak was 75 °C using
endorsed meat probe thermometer. Detail of the
different processing of the steak has been
documented [19]. The differently processed steak
was used to formulate diets for the rats. Detail of
dietary formulation for the rats is shown in Table 1.
The dietary layout is as described below.

T1- Control diet (Standard Casein diet)

T2- Diet containing boiled-sundried beef steak meal
(BSBS)

T3- Diet containing deep-fried beef steak meal
(DFBS)

T4- Diet containing roasted beef steak meal (RBS)
T5-Diet containing smoked beef steak meal (SBS)
T6- Nitrogen free diet (NFD)

The rats were purchased from the rat section,
Department of Biochemistry, University of lbadan.
Weanling male Wistar rats (n=63) weighing
55+1.99 were randomly allotted in a completely
randomized design to six treatments with ten rats
per treatment. Rats were individually housed in well
ventilated  stainless-steel  metabolic  cubicles
(Multiple Compartment Rack Feature One Cage
Model 1000, England) of 0.35 x 0.22 x 1.35 m. The
cages were set at two layers of six cubicles in a 0.95
x 0.25 x 1.35 m; four cage sets were housed in a
41.25 m? room. The rats had free access to water
and were fed ad libitum on experimental diets for 21
days.

Weekly record of feed consumption per rat was
obtained by measuring the total amount feed
consumed by each (offered feed weight minus the
left over). The rats initial weights were recorded and
were therefore weighed weekly through the twenty-
one-day period. The total weight change was
calculated by deducting the initial weight from the
final weight as shown below:

Weight change = Final weight — initial weight
21
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Table 1. Composition experimental feeds fed to weanling Wistar rats

Treatments

Ingredients

T1 T2 T3 T4 TS5 T6
Casein 11.11 - - - -
Glucose Monohydrate 10.00 10.00 10.00 10.00 10.00 10.00
Corn Starch 65.69 58.65 58.65 58.65 58.65 76.80
Vegetable Oil 5.00 5.00 5.00 5.00 5.00 5.00
Non- nutritive Cellulose 5.00 5.00 5.00 5.00 5.00 5.00
Oyster Shell 0.50 0.50 0.50 0.50 0.50 0.50
Di-calcium Phosphate 1.50 1.50 1.50 1.50 1.50 1.50
Salt 0.20 0.20 0.20 0.20 0.20 0.20
Vitamin Premix 1.00 1.00 1.00 1.00 1.00 1.00
DEBS - 18.15 -
BSBS 18.15 - -
SBS - 18.15
RBS - - - 18.15 - -
Total 100 100 100 100 100 100
Calculated Nutrients
ME (kecal/kg) 3686.77 | 3600.00 : 360002 | 360001 3600.00 @ 3766.08
Crude Protein (%) 10.25 10.05 10.04 10.05 10.05 0.00

DBS = Deep fried beef steak, BSBS = Boiled-sundried beef steak, SBS =Smoked beef steak, RBS = Roasted beef steak. T1 —
Standard rat diet (Positive Control, T2—Diet containing microwaved beef steak meal, T3 — Diet containing deep fried beef steak
meal, T4 — Diet containing roasted beef steak meal, T5- Diet containing smoked beef steak meal, T6- Nitrogen free diet (Negative

control)

The feed conversion ratio was calculated by
dividing average daily diet ingested (kg) with
average daily body weight gain (kg) as shown in
equation below:

FCR = Average daily feed consumption
Average daily weight change

The total nitrogen in the diets and the faecal
samples of rats were determined using the AOAC
[5]. Each sample was analysed in triplicate. This
was obtained through the estimation of nitrogen
intake, faecal and urinary nitrogen (N) excretion.
The biological value was calculated as shown
below:

Biological value = NI — (F-Fo) — (U-Uo)x 100
NI — (F-Fo)

Where:

NI = Nitrogen intake of rats on test diet

F = Faecal nitrogen of rats on test diet

Fo = Faecal nitrogen of rats on nitrogen free diet
U = Urinary nitrogen of rats on test diet

U, = Urinary nitrogen of rats on nitrogen free diet
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At the end of week three of trial, six rats from each
treatment were selected and tagged. They were
denied experimental diet for 12 hours and sacrificed
by inactivation with carbon dioxide

The rats were carefully dissected. Liver, kidney and
heart were harvested, weighed, fixed in 10 %
formalin and processed for histopathological
analyses as described [6].

2.2. Statistical Analyses

Data were subjected to analysis of variance using
SAS [28] package. Means were separated using
Duncan's multiple range test option of the same
software at oo.0s.

3.Results

The biological values of differently cooked beef
steaks in rats are shown in Table 2. The feed intake
of rat fed RBS (57.66 g) was significantly higher
(p<0.05) than those on BSBS (56.02 g), SBS (50.10
g), casein (49.60 g), DFBS (46.00 g) and NFD
(24.13 g). Weight gain of rats on RBS (25.43 g)
was significantly higher (p<0.05) than in those on
BSBS (22.23 g), Casein (20.35 g) and SBS (19.57
0). However, rats on NFD had negative weight gain
(-17.25 g).
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Also, the final body weight of rats fed RBS (83.77
g) was higher than in those on BSBS (79.80 g), SBS
(74.57 @), casein (73.95 g), DFBS (68.54 g) and
NFD (36.76 g). However, the FCR of rats given
DFBS diet (3.25) was significantly higher than rats
fed SBS diet (2.56), BSBS diet (2.52) and casein
diet (2.44) while NFD was -1.40. The biological
value of casein diet (94.58 %) was higher than
DFBS (91.46 %), RBS (89.17 %), SBS (88.59 %),
BSBS (87.46 %) and NFD (-11.52 %).

3.1. Organ Morphology

The liver morphology of rats fed differently
processed beef steaks are shown in Plate 1. The
liver of rats offered casein diet had normal
architecture. The central venules and portal tracts
appeared normal and were not congested (see white
arrows). Also, the sinusoids were normal without
infiltration of inflammatory cells, the hepatocytes
showed normal morphology (blue arrow). Also, the
livers of rats fed BSBS and RBS diets were similar
with those of rats given casein diet. However, the
central venules of rats fed DFBS had moderate fat
deposition (white arrow). The sinusoids appeared
normal without infiltration of inflammatory cells.
The hepatocytes showed normal morphology (blue
arrow).

The central venules and portal tracts of rats offered
SBS appeared normal and were not congested. The

sinusoids and hepatocytes appeared normal.
However, scanty infiltration of inflammatory cells
was seen within the sinusoid (black arrow). Also,
there was a focal area of moderate tumour (black
arrow) in the liver of rats fed NFD. The central
venules and portal tracts appeared normal and were
not congested (white arrow).  The sinusoids
appeared  normal  without infiltration  of
inflammatory cells. Other parts of liver parenchyma
showed normal hepatocytes.

The morphology of rats’ kidney fed differently
cooked beef steaks are shown in Plate 2. The renal
cortex of rats fed standard casein diets showed
normal glomeruli, mesangial cells and capsular
spaces. The renal tubules (white arrow) and
interstitial spaces appeared normal. There was mild
vascular congestion noted (blue arrow). Also, the
renal cortex of rats offered BSBS showed normal
glomeruli. The mesangial cells, capsular spaces
(white arrow) and interstitial spaces appeared
normal. While some of the renal tubules lacked
lumina spaces (blue arrow). However, there was a
poor architecture with a mild to moderate vascular
congestion noted (black arrow) in the kidney of rats
fed DFBS. The renal cortex showed normal
glomeruli, mesangial cells and capsular spaces
(white arrow). The renal tubules and interstitial
spaces appeared dilated and normal, respectively.

Table 2. Biological Value of Differently Cooked Beef Steaks in Rats

Experimental Diets

Parameters SEM
Casein BSBS DFBS RBS SBS NFD
IBW (g) 53.57f 57.55% 54.43d 58.432 55.00¢ 54.00¢ 0.03
FBW (g) 73.954 79.80° 68.54¢ 83.77% 74.57¢ 36.76¢ 0.02
BWG (g) 20.35¢ 22230 14.14° 25432 19.574 -17.25¢ 0.02
Fl(g) 49.604 56.02° 46.00¢ 57.662 50.10¢ 24.13f 0.00
FCR 2.444 2.52¢ 3.25° 2.27¢ 2.560 -1.40f 0.00
BV (%) 94,582 87.46° 91.46° 89.17¢ 88.59d -11.52¢ 0.00

abed Means with similar superscripts along the row are not significantly different (P>0.05);
SEM= Standard error of mean; DFBS (Deep-fried beef steak), SBS (Smoked beef steak), BSBS (Boiled-sundried beef
steak), RBS (Roasted beef steak), NFD= Nitrogen free diet; IBW= Initial body weight; FBW=Final body weight;
BWG=Body weight gain; FI=Feed intake; FCR=Feed conversion ratio; BV=Biological value
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Plate 2: Histopathology of Rats Kidney Fed Differently Processed Beef Steaks
267
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Plate 3: Histopathology of Rats Heart Fed Differently Processed Beef Steaks

The renal cortex of rats fed RBS showed glomeruli
with normal mesangial cells and capsular spaces
(white arrow). The renal tubules (blue arrow) and
interstitial spaces appeared normal. Also, the renal
cortex of rat offered SBS showed normal glomeruli
with normal mesangial cells and capsular spaces
(white arrow). The renal tubules (blue arrow) and
interstitial spaces appeared normal. However, there
was a poor architecture in those of rats on NFD
diets. The renal cortex showed some abnormal
glomeruli with sclerosis (black arrow). The renal
tubules showed severe tubular necrosis and
epithelial degeneration (white arrow).

The Photomicrograph of heart of rat fed differently
cooked beef steaks are shown in Plate 3. The heart
of rats fed standard casein diets showed normal
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epicardia (blue arrow) and myocardial layers (white
arrow). The valve was congested and only visible at
x40. Also, the heart of rats offered BSBS diet
showed normal epicardia (black arrow) and
myocardial layers (white arrow). There was neither
haemorrhage nor any pathological lesion seen.
However, the heart of rats fed DFBS diet, showed
congested valves (blue arrow) and epicardia
infiltrated by fat (black arrow). But, the epicardia
(black arrow) and myocardial (white arrow) layers
of rats fed RBS diet appeared normal.

There was neither haemorrhage nor any
pathological lesion seen. Also, the heart of rats fed
SBS diet showed normal epicardia (black arrow)
and myocardial layers (white arrow). There was
neither haemorrhage nor any pathological lesion
seen.
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However, the heart of rats fed NFD showed
moderate infiltrated epicardia layer (black arrow)
and myocardial layer (white arrow) appeared
normal.

4. Discussion

Observations revealed that the rats fed RBS diet had
higher feed intake than those on other treatments
which showed that RBS was relatively more
acceptable compared with other diets. Perhaps,
roasting improved the preference of steaks by the
rats. Among the beef steaks based diets, DFBS had
the least feed intake, which shows that deep frying
reduced the steak preference. Also, the feed intake
of rat given RBS, BSBS and SBS were significantly
higher than for the casein diet while NFD was
lowest. The least preference of the NFD feed could
be expectedly linked to the absence of protein in the
diet.

The weight gain of rat fed RBS was the highest
which could be attributed to higher feed intake as a
result of high protein content of the steak. This was
followed by microwaved beef steak, casein diet,
then SBS but NFD had a negative weight gain
which showed that the rats were depreciating and
this could be linked with the protein deficiency in
the diet. The weight change of rat reported by [8]
was higher than the values recorded in this study.
However, [3] recorded relatively lower weight
changes for Wistar rats.

There was a poor feed utilisation of rats fed DFBS
as the feed conversion ratio was significantly
higher. However, rats given RBS had the lowest
FCR and this indicates that there has been more
effective feed utilisation by the rats.

The biological value of casein diet was higher than
the other treatments, indicating that the protein
quality of casein diet was higher than in other
treatments. Among the steak diets, DFBS diet had
the highest BV and this could be due to the
improper utilisation of the amino acids as a result of
maillard reaction during cooking. This is an
indication that deep frying has a significant
influence on the consumption of steaks thereby
increasing the BV of the steaks. However, the BV
of NFD was negative and this is an indication that
the diet was of poor protein quality. [15, 4] both
recorded a range of 85 to 96 % BV for rats fed
solvent extracted neem seed cake and 93.24 to
100.98% BV for male Wistar rats fed processed
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Atlantic horse mackerel, respectively which were
similar to the values obtained in this study.

It was observed that the liver of rats fed BSBS and
RBS diets were similar with those given casein diet.
This shows that boiling-sun drying and roasting did
not have any negative effect on the liver of
experimental rats. However, the liver of rats on
DFBS diet showed moderate fat deposit in the
central venules. This is an indication that deep
frying could cause fat deposition in the liver which
is not a good sign of health. The scanty infiltration
of inflammatory cells seen within the sinusoid of rat
offered SBS shows that smoking of beef could lead
to cell membrane leakage. Therefore, continuous
consumption of DFBS and SBS may lead to liver
failure due to fat deposition and cell membrane
leakage. Also, the focal area of moderate tumour
found in rat fed NFD could be attributed to gross
dietary protein deficiency. The results above
corroborated the report of [2, 15].

The renal cortex and tubules of rats fed BSBS, RBS
and SBS diets were normal, it showed that
microwaving, roasting and smoking did not affect
the morphology of the kidney thus, lending
credence to the safety of the consumption of boiled-
sundried, roast and smoked beef steaks. However,
the mild to moderate vascular congestion noted in
rats offered DFBS is an indication that the
consumption of deep fried beef steaks is capable of
altering the structure of kidney. The renal cortex
sclerosis, severe tubular necrosis and epithelial
degeneration found in the kidney of rats given NFD
diets showed the importance of dietary protein.
These results were juxtaposed with those of [12,
15].

The normal epicardia and myocardial layer of heart
found in rats fed BSBS, RBS and SBS, appeared
normal and this shows that these three cooking
methods (boiling-sun drying, roasting and smoking)
did not influence the morphology of the heart.
Although, fat infiltration and congested valves were
noted in the epicardia layer of rats offered DFBS. It
was evident from the morphology that deep frying
increased fat deposition in the delicate organs such
as the heart which on accumulation could lead to
cardiovascular diseases or heart failure.

5. Conclusion

Dietary DFBS has tendency of heightening the
danger of heart, kidney and liver ailments as the
consumption triggered congested valves, fat
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infiltration and changed kidney structure. As a
result, the intake of DFBS should be greatly reduced
as the consumption risk is high.

Compliance with Ethics Requirements. Authors
declare that they respect the journal’s ethics
requirements. Authors declare that they have no conflict
of interest and all procedures involving human or animal
subjects (if exist) respect the specific regulation and
standards.

Acknowledgements: We appreciate  TETFUND for
funding this project. Our gratitude also goes to Prof O. A
Adaramoye and his research team at the Department of
Biochemistry, University of Ibadan.

References

1. Abdul-Shafy, H. I, Mona, S. M. and Mansour, 1., A
review on Polycyclic aromatic hydrocarbons: Source,
environmental impact, effect on human health and
remediation. Egyptian Journal of Petroleum., 2016,
25(1), 107-123.

2. Adaramoye, O. A and Akanni, O. O., Effects of long-
term administration of aspartame on biochemical
indices, lipid profile and redox status of cellular
system of male rats. Journal of Basic Clinical
Physiology Pharmacology, 2013, 27(1), 29-37.

3. Adaramoye, O. A, Adesanoye, O. A, Adewumi, O. M
and Akanni, O., Studies on the toxicological effect of
nevirapine, an antiretroviral drug, on the liver, kidney
and testis of male Wistar rats. Human Experimental
Toxicology published online, 2011, 25 October. DOI:
10.1177/0960327111424304.

4. Adeyemi, O. T., Osilesi, O., Adebawo, O. O.,
Onajobi, F. D., Oyedemi, S. O., Afolayan, A. J .,
Serum  Electrolytes, Creatinine (CRT) and
Hematological (Hg) Indices of Rats Fed on Processed
Atlantic Horse Mackerel, Journal of Natural Sciences
Research, 2015, 5(3), 156-168.

5. Association of official Analytical Chemists, Official
Methods of Analysis, 15th edition, Kenneth Arlington,
1990, Virginia, USA.

6. Bancroft, J.D. and A. Stevens, 1990. Theory and
practiceof histopathological techniques. Churchill
Livingstone, London.

7. Costa, M., Viega, O., Melo, A., Petisa, C., Pinho, O.
and Ferreira, 1. M. P. I. V. O., Heterocyclic aromatic
amines formation in barbecued sardines (Sardina
Pilchardus) and Atlantic salmon (salno solar). Journal
of Agricultural and food chemistry, 2009, 57, 3173-
3179.

8. Essiet, G. A., Ogbonna, O. J., Okwesileze, N. C. and
Abe, P. N. 2016. Comparative analysis of meat and
vegetable based meals in wistar rats. Advanced
Biomedical Pharmacology, 2016, 3(2), 108-114.

9. Essumang, D. K., Dodoo, D. K. and Adjei, J. K.
2012.Polycyclic aromatic hydrocarbon contamination
in smoked-cured fish products. Journal Food
Composition and Analysis, 2012, 27, 128-138.

270

10.Goldman, R. and Shields P. G., Food mutagens. J
Nutr., 2003, 133, 965S-973S.

11.Guy, Y. S, Kim, I. S., Ahn, J. K., Park, D. C., Yeum,
D. M, Ji, C. L., Mutagenic and carcinogenic
heterocyclic amines as affected by muscle types/skin
and cooking in pan roasted mackerel. Mutation
Research, 2002, 515, 189-195.

12.lsabagh, R. A., Amin, R. A. and Amin, A., Health
risks of some meat additives on male rats. World
Journal of Dairy and Food Sciences, 2014, 9(2), 285-
298.

13.lyanda, O. D., Evaluation of quality and acceptability
of meat patties from different meat types extended
with plant proteins. Ph.D. thesis in the Department of
Animal Science, University of Ibadan, 2016, 80.

14.)agerstad, M. and Skog, K. 2005. Genotoxicity of
heat-processed foods. Mutation Research, 2005,
574(1-2), 156-172.

15.James, D. B, Ameh , D. A., Agbaji, A. S. and
Ibrahim N. D. G., Biochemical and Histologic Effect
of Dietary Substitution with Solvent Extracted Neem
Seed Cake of Albino Rats (wistar strain).
International Journal of Animal and Veterinary
Advances, 2009, 1(1), 1-5. ISSN: 2041-2908.

16.Jautz, U., Gibis, M. and Morlock, G. E,
Quantification of heterocyclic aromatics amines in
fried meat by HPLC/UV-FLD: a comparison of two
methods. Journal of Agricultural and food chemistry.
2008, 56, 4311-4319.

17.Jinap, S., Mohd-Mokhtar, M. S., Farhadian, A.,
Hasnol, N. D. S., Jaafar, S. N. and Hajeb, P., Effects
of varying degrees of doneness on the formation of
heterocyclic aromatic amines in chicken and beef
satay. Journal Meat Science, 2013, 94, 202-207.

18. Jegede, O. B., Ogunwole, O. A. and Omojola, A. B.
2018a. Quality attributes and safety of processed meat
products in Ibadan, Nigeria. Nigerian Journal of
Animal Production, 2018a, 45, 210-221.

19.Jegede, O. B., Ogunwole, O. A., Omojola, A. B.,
Olumide, M. D. and Mosuro, A. O., Effects of
different cooking methods on chemical composition
and quality indices of beef steaks. Journal Food and
Public Health, 2018b, 8(5), 107-113.

20. Kampman, E., Slattery, M. L., Bigler, J., Leppert, M.
and Samowitz, W., Meat consumption, genetic
susceptibility, and colon cancer risk: A United States
multicancer case—control study. Cancer
Epidemiology, Biomarkers and Prevention, 1999
8(1), 15-24.

21.Knize, M. G., Sinha, R., Brown, E. D., Salmon, C. P.,
Levander, O. A. and Felton, J. S., Heterocyclic amine
content in restaurant-cooked hamburgers, steaks, ribs,
and chicken. Journal of Agricultural and Food
Chemistry, 1999, 46, 4648-4651.



Jegede, O. B. et.al. / Journal of Agroalimentary Processes and Technologies 2021, 27(3)

22.Kulp K. S, Fortson, S. L, Knize M. G, Felton J. S.
(2003) An in vitro model systems to predict the
bioaccessibility of heterocyclic amines from a cooked
meat matrix. Food and Chem Toxicol., 2003, 41,
1701-1710.

23.Liao, G. Z,, Wang, G. Y., Xu, X. L. and Zhou, G. H.,
Effect of cooking methods on the formation of
heterocyclic aromatic amines in chicken and duck
breast. Journal Meat Science, 2010, 85, 149-154.

24, 0motoso, A. B. 2015. Fluoroquinolone residues in
some meat types in Ibadan and effects on selected
biochemical indices of broiler chicken. Ph.D. thesis in
the Department of Animal Science, University of
Ibadan, 2015, 90.

25.0z, F. and Kaya, M., The inhibitory effect of black
pepper on formation of heterocyclic aromatic amines
in high-fat meatball. Food Control, 2011, 22, 596—
600.

26. Phillips, D. H., Polycyclic aromatic hydrocarbons in
the diet. Mutation Research,1999, 443(1-2), 139-
147.

27.Puangsombat, K. and Smith, J. S., Inhibition of
heterocyclic amine formation in beef patties by
ethanolic extracts of rosemary. Journal of Food
Science, 2010, 75(2), T40-T47.

28.SAS. Statistical Analysis System. SAS Stat. Version
9.2 SAS Institute Inc. Garry, 2002, NC, USA

29.Skog, K., and Solyakov, A. Heterocyclic amines in
poultry products: A literature review. Food and
Chemical Toxicology, 2002, 40, 1213-1221.

30. Starvic, B., Biological significance of trace levels of
mutagenic heterocyclic aromatic amines in human
diet: A critical review. Journal Food and Chemical
Toxicology, 994, 32(10), 977-994.

271

31. Sugimura T., Food and cancer. Toxicology, 2002,
182, 17-21.

32.World Health Organization, Obesity: Preventing and
Managing the Global Epidemic. Report of a World
Health Organization Consultation. WHO Obesity
Technical Report Series no. 284. Geneva: WH, 2000.

33.World Health Organization, Use of quinolones in
food animals and potential impact on human health,
1998, Geneva: Report of a WHO Meeting: 1-8.
Available at http://www.who.int/emc.Accessed 8
February, 2014.

34.Wu, J., Wong, M. K., Lee, H. K., Shi, C. Y., & Ong,
C. N., Determination of polycyclic aromatic
hydrocarbons in rougan, a tradition Chinese
barbecued food, by capillary gas chromatography.
Environmental Monitoring and Assesssment, 1997,
44, 577-585.

35. Zaidi, R., Kumar, S. and Rani, R. P., Rapid detection
and quantification of dietary mutagens in food using
mass spectrometry and ultra-performance liquid
chromatography. Journal Food Chemistry, 2012, 135,
2897-2903.

36. U.S. Department of Health and Human Services, U.S.
Department of Agriculture. Dietary Guidelines for
Americans,Home and Garden Bulletin No. 232.
Washington, D.C.: U.S. Government Printing Office,
2005. www.healthierus.gov/dietaryguidelines



http://www.who.int/emc.Accessed
http://www.healthierus.gov/dietaryguidelines

