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Abstract

A thorough investigation was carried out to evaluate the nutritional qualities of broiler chicken meat by
moist (boiling) and grill (dry) cooking. Samples of meat were cooked to reach two internal core
temperatures of 75°and 95°C and were evaluated for the composition, vitamin, mineral, amino acid
profile and fatty acid profile. The moisture content decreased with a concomitant increase in the other
constituents of cooked meat samples of both cooking methods. The protein, fat and ash content
increased considerably (P<0.05) with the increase in cooking temperature. Grilled meat significantly
retained (P<0.05) higher vitamin concentrations of thiamin, riboflavin, niacin and cyanocobalamin
when compared to boiled chicken breast meat. Cooking processes significantly (P<0.05) increased the
calcium, phosphorus, iron, zinc and copper content of grilled meat when compared to boiled meat. In
cooked meat, the vitamin content was inversely proportional to internal core temperature and the
mineral content was directly proportional to cooking temperature. In both cooking methods, an increase
in the internal core temperature led to a significant (P<0.05) decrease in essential amino acids content,
which might be the oxidation of amino acids. The fatty acid profile of meat samples exhibited a
decreasing trend of total SFA content and an increase in the total PUFA and MUFA content compared
to raw meat. The total SFA reduction was higher in grilled meat than in boiled meat. The meat samples
cooked at higher internal core temperatures showed significantly higher total SFA content.
Additionally, at 75°C internal core temperature in the boiled meat, higher total PUFA and higher total
MUFA content were observed in grilled meat. The PUFA/SFA ratio and n-6/n-3 ratio were increased
irrespective of the cooking methods.

Keywords: Broiler meat, cooking, amino acid, fatty acid profile, vitamins and minerals

Introduction

Meat is a form of food from animal flesh and is considered a protein-rich source with high
biological value as well as micronutrients like iron, selenium, zinc and vitamin B12 is higher.
Offal meats like liver are also crucial sources of vitamin A and folic acid (Biesalski, 2005) [,
The settlements in the Neolithic Revolution allowed the domestication of chickens, sheep,
rabbits, pigs, and cattle. It eventually led to their use in meat production on an industrial
scale in slaughterhouses. During the prehistoric period, meat was consumed raw, but today it
is usually consumed after it is cooked with delicate culinary techniques and skills. Meat
proteins have been distinguished by their essential amino acid content. Consumption of high-
quality animal protein has been reported to be associated with better human nutrition,
growth, development, and health (Wu, 2022) 581, Cooking is a vital part of the processing and
preparation of meat products and significantly affects the nutritional quality of cooked meat.
Muthulakshmi et al. (2022) 71 reported that meat cooking at high-end point temperatures
affects the meat quality by degradation of muscle proteins and changes in muscle structure.
The degree of protein denaturation was dissimilar for each cooking method's temperature and
the chicken meat parts, demonstrating a difference in protein and amino acid content.
Moreover, cooking can have a major influence on meat fat and fatty acid composition.

Heat treatment can lead to undesirable changes in the nutritional value of meat, mainly due to
lipid oxidation, changes in the protein fraction, and losses of some vitamins and mineral
compounds (Pathare and Roskilly, 2016) [*?], The unsaturated fatty acids are more heat-labile,
and as the degree of unsaturation increases, they usually become less stable, making PUFA
the most unstable (Larsen Lea et al., 2010) °1. Boiling (meat without skin) caused a slight
decrease, while grilling and oven convection roasting caused an increase of ¥ MUFA
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compared to raw goose meat samples (Werenska et
al., 2021) %1, The fatty acid compositions of the fractions
differ greatly, with polyunsaturated fatty acids located
predominately in the membrane fraction. Shehab (2016) (8]
reported that the broiler chicken breast and thigh meat
samples by pressure cooking retained the highest amount of
total essential, non-essential and total amino acids when
compared in decreasing order with boiling, microwave and
roasting methods. These different distributions of fatty acids
between storage and membrane fractions result in different
responses to cooking (Duckett and Wagner, 1998) (161, The
grilling of broiler meat had a cooking loss of vitamin B1,
B2, total vitamin B3, nicotinic acid, and nicotinamide in
meat samples by 45, 38, 46, 70, and 45 per cent,
respectively (Catak and Reyhan., 2022) %1, The vitamin B1,
B2 and folic acid content of spent hen muscle cooked by
moist heat cooking were 117.72, 6.94 and 38.75 mg/100 g,
respectively. The reduction of vitamins with increasing
cooking temperature could be attributed to thermal
denaturation (Alugwu and Alugwu, 2022) 21,

Moist-heat cooking (employing water or steam) provides
meats with a fresh, aromatic, light, delicate taste, unique
texture and colour. Steaming is now considered a healthy,
low fat option that amplifies the natural meat flavour of
products. Consumers are now adopting grilling as a ‘healthy'
low-fat cooking option which allows excess fat to cook out
of the product during heating. The rapid cooking technique
is usually reserved for tender/ select meat cuts owing to the
intensity of heat applied (Kerry, 2011) 8. The nutrient
content of cooked meat available in food composition
databases is quite limited. The present study aimed to assess
the effect of moist and dry cooking on chicken meat's
composition, amino acid and fatty acid profile, vitamins and
minerals content.

Materials and Methods

Preparation of samples

The broiler breast meat used in this study was obtained from
the local market in the study area. The meat samples were
trimmed off to separate the fat and loose connective tissue,
then cut into 20 to 25 mm thick pieces. Further, these
samples were divided into five groups according to the
cooking methods and two internal core temperatures of each
method and one group were kept without cooking as control.
A total of 30 samples weighing approximately 200 g were
cooked by boiling and grilling methods. Samples of meat
were cooked to reach two internal core temperatures of
75°and 95°C in both cooking method. The meat sample was
boiled in a stainless steel pot by heating above 100°C after
adding water at a 1:5 ratio and the grilling was done at 150-
160°C using an electrical griddle (Model Bajaj Majesty
1603 TSS 16 L Oven Toaster Griller, Bajaj Electrical Ltd.).
The internal core temperature of the meat is monitored
during cooking using a digital probe thermometer (Testo
thermocouple, Mod. 735-1, Lenzkirch, Germany). After
cooking and cooling, meat samples were vacuum-packed
and stored at 20°C until laboratory analysis.

Composition of meat samples

The composition of raw and cooked meat samples was
determined as per AOAC (1997) Bl The crude protein
content was determined by the Kjeldahl method and the
crude fat content was determined by the Soxhlet method.
The total ash content was determined by ashing the samples
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overnight at 550°C. Moisture content was determined by
drying the samples overnight at 105°C.

Mineral content

The mineral content of raw and cooked meat samples was
determined as per the method recommended by AOAC
(2016) ™. Calcium was estimated by the permanganimetric
titration method. Phosphorus and copper were estimated by
the spectrophotometric method using the wavelength of 660
nm and 440 nm. Iron was estimated by the pyridine method
using the wavelength of 519 nm. Zinc and copper estimated
by Atomic Absorption Spectrometry.

Vitamin content

The vitamin content of raw and cooked meat samples was
determined as per the method recommended by AOAC
(2019) Bl Thiamine, riboflavin and niacin were separated
and quantified by HPLC after acidic and enzymatic
(Takadiastase) hydrolysis of the samples, following the
procedure described by Barna and Dworschak (1994) [,
The vitamin B12 content was measured by Mun et
al. (2017) B3, Analyses of vitamins were performed by
HPLC, a detector operating at 200 nm to 600 nm.
Chromatographic separation was achieved on a C18 column
(250 cm x 5um) (Simmetry Waters). The mobile phase was
phosphate buffer: methanol (gradient). Flow rate: 1 mL/min.
Identification of the peaks of interest was performed by
comparison with retention times of external standards.
Analyses were performed in triplicate.

Amino acid composition

The amino acid profile of raw and cooked meat samples was
analysed in a private laboratory using the standard amino
acids at different concentrations provided in the kit (Hewlett
Packard). The analysis was done following the procedure of
Bruckner et al. (1991) ™ in high-performance liquid
chromatography and a chromatogram was obtained.

Fatty acid estimation

Lipid was extracted from the raw and cooked chicken meat
samples as per the method followed by Folch et al. (1957)
1291, The fatty acid profile of chicken meat was analysed and
measured by Gas Chromatography (Chemito GC 8610,
India) fitted with an SP TM-2380 capillary GC Column (LX
1.D 30 m x 0.25 mm, df 0.20 um film thickness) and a flame
ionization detector. Fatty acid estimation was carried out
following the procedure of Wang et al. (2000) (54,

Statistical analysis

The result generated from this study were statistically
analysed as per the procedure of Snedecor and Cochran
(1994) and means were compared by using Dunkan’s
multiple range test (Dunkan, 1995) [*7: 501,

Result and discussion

Effect of boiling and grilling on the proximate
composition of chicken breast meat

A high level of significance (P<0.01) was noticed in
moisture, protein, fat, total ash content and energy value of
control and cooked meat samples at two different internal
core temperatures by both the cooking methods (Table 1).
Decreased moisture content with a concomitant increase
with other constituents of cooked meat samples of both
cooking methods was noticed. The findings agreed with the
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reports of Nandini et al. (2017) B8 and Muthulakshmi et al.
(2021) 81, who reported that the reduced moisture content
of pressure and sous vide cooked chicken meat samples
compared with uncooked meat. Further increase in the
internal core temperature of meat samples during the
cooking of meat samples in both methods was inversely
related to the moisture content. In grilled mutton chops, the
moisture level was significantly reduced as the endpoint
cooking temperature (51°C, 65°C, 71°C and 79°C)
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increased (Sen et al., 2014) and however, after attaining the
endpoint temperature of 65°C, no significant change was
observed in the moisture content of cooked mutton chops.
However, the higher cooked internal temperature resulted in
higher cooking losses because of the prolonged cooking
time, causing extra moisture loss via evaporation and
releasing excess juice inside the meat samples (Li et
al. 2017 and Haghighi et al. 2021) (24,

Table 1: Effect of boiling and grilling on the proximate composition chicken breast meat

Composition (n =6) Raw Boiling Grilling
Control T1 (75°C) T2 (95°C) T3 (75°C) T4 (95°C)
Moisture (per cent 74.17°+0.04 67.74°+0.02 65.55+0.17 68.61%+0.05 52.442+0.03
Protein (per cent) 23.842+0.02 31.96°+0.03 32.769+0.14 27.89°+0.04 43.57¢+0.02
Ether extract (per cent) 0.662+0.00 0.97°+0.00 1.25%+0.00 0.81°4£0.01 2.45%+0.01
Total ash (per cent) 1.002+0.00 1.24°+0.01 1.75%+0.01 1.35°+0.01 2.089+0.01

Superscripts within classes do not differ significantly (P<0.05). n =6 for each treatment.

As per the reports of Heymann et al. (1990) 21 and Cobos et
al. (2000) 14, the cooking process caused an increase in the
dry matter of the meat because of the reduction in the water
content and the same situation was observed in all kinds of
meat samples. Breast meat cooked by boiling, grilling, pan
frying without fat or oil, pan frying with oil, deep-fat frying,
oven and microwave showed a very significant (P<0.01)
increase in the protein content as reported by Oz and Celik
(2015) 421, Further, the similar increase in protein content of
grilled, roasted, fried and sous-vide cooked, pressure
cooked, sous-vide cooked samples were also reported by
Silvaet al. (2016) ™ Nandiniet al. (2017) F® and
Muthulakshmi et al. (2021) 6 respectively. The higher
protein content of grilled meat cooked at higher
temperatures might be due to higher moisture loss.

A significant difference (P<0.01) in fat content between raw
and cooked samples has been reported in this study. There
was a higher fat content in cooked meat samples reported by
Verma (2012) %1, Asmaa et al. (2015), Nandini et al. (2017)
1381 and Muthulakshmi et al. (2021) & %1, The elevated fat
content of the grilled meat sample might be due to higher
moisture loss during the cooking process and the present

results agree with Hussain et al.(2013), Nandini et al. (2017)
1381 according to Muthulakshmiet al. (2021) B8, who
reported a higher ash content in grilled, boiled, fried,
microwave cooked, pressure cooked and sous-vide cooked
chicken meat samples. Verma (2012) B3 also reported no
notable change in the ash content of broiler meat samples
cooked by different methods. The sous-vide cooked desalted
chicken charqui showed a significantly lower ash content
(Silva et al., 2016) 191,

Effect of boiling and grilling on the vitamins content of
chicken breast meat

A significant difference (P<0.01) in thiamin, riboflavin,
niacin and cyanocobalamin content of control and cooked
chicken (Table 2). Further, a decreasing trend in the various
vitamin content is exerted due to the cooking process
(Boiled and Grilled). The higher internal core temperature
significantly reduced cooked chicken meat's thiamin,
riboflavin, niacin, and cyanocobalamin content. The grilled
chicken meat had a higher thiamin, riboflavin, niacin and
cyanocobalamin content than boiled chicken meat.

Table 2: Effect of boiling and grilling on the vitamins content of chicken breast meat

Vitamin content (n =6) Raw Boiled Grilled
Control T1 (75°C) T2 (95°C) T3 (75°C) T4 (95°C)
Thiamin (mg/100g) 0.073+0.00 0.032+0.001 0.011+0.00 0.042+0.00 0.020+0.00
Riboflavin (mg/100g) 0.092+0.00 0.081+0.00 0.055+0.00 0.086+0.00 0.079+0.00
Niacin (mg/100g) 7.23+0.021 4,933+0.021 4.267+0.042 5.533+0.021 5.267+0.076
Cyanocobalamin (pg/100 g) 1.233+0.021 0.637+0.002 0.397+0.002 0.93+0.004 0.673+0.002

Superscripts within classes do not differ significantly (P<0.05). n =6 for each treatment.

The reduction of thiamin content of cooked meat in the
current study results is in agreement with the results of
Yang et al. (1994) %9 who reported beef strips cooked by
three methods to the same internal temperature of 71°C
(160°F), the mean thiamin contents were 70.2% for stir-
frying, 63.9% for microwaving, and 61.8% for broiling. The
true retention value of thiamin was significantly higher in
strips cooked by stir-frying than in those cooked by
microwaving or broiling. Polidori et al. (2021) ™4 reported
that the cooking procedure decreased the vitamin B complex
content, mainly thiamin by thermal degradation, becoming
hard to detect in the cooked meat when analyzed. The
reduction of riboflavin content of cooked meat in the current

study agrees with the findings of Gerber et al. (2009) 29,
who reported that riboflavin losses in grilling, boiling and
braising were 48.60 to 53.40, 83.40 and 67.60 per cent,
respectively. Lombradi-Boccia et al. (2005) found that the
raw and pan-cooked chicken breast samples' riboflavin
content was 0.03 and 0.01, respectively. However,
Polidori et al. (2021) ™4 reported the riboflavin content of
raw and cooked (Cooked in an oven at 170°C for 45 min)
donkey meat as 0.22+0.07 and 0.18+0.05, respectively.

The reduction of niacin content of cooked meat in the
present study is in accordance with the results of Gerber et
al. (2009) %, who reported that niacin losses in grilling,
boiling and braising were 39.5 to 53.4, 65.2 and 64.0 per
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cent, respectively. As per the report of Lombradi-Boccia et
al. (2005), the niacin content in the raw and pan-cooked
chicken breast was 0.03 and 0.01, respectively. Further,
Karimian-Khosroshahi et al. (2016) 2 reported the niacin
content of raw and cooked rainbow trout samples were 6.21,
5.36, 4.48, 5.37, and 5.41 mg /100g for control, baked,
boiled, microwaved and fried samples and opined that the
boiling process reduced the niacin content significantly
(P<0.05). Polidori et al. (2021) 4 reported that raw and
cooked donkey meat's niacin content was 6.09 and 5.22 mg
/100g. The cyanocobalamin content of the current study
results agrees with the report of Bennink and Ono (1982) 8],
who reported that the vitamin B-12 content of raw and
cooked separable lean meat ranged from 1 - 10
ug/100g. Czerwonka et al. (2014) **! observed that roasting
and grilling had little effect on vitamin B12 while frying

https://www.agriculturaljournals.com

reduced the content of this vitamin by 32 per cent when
compared with raw meat. However, Polidori et al. (2021) 144
reported that the cyanocobalamin content of raw and cooked
donkey meat was 1.80 and 1.10 mg /100g.

Effect of boiling and grilling on the minerals content of
chicken breast meat

A significant difference (P<0.01) in the various
minerals viz., calcium, phosphorus, iron, zinc and copper
content of control and cooked chicken (Table 3).
The grilled chicken meat had higher calcium, phosphorus,
iron, zinc and copper content when compared to boiled
meat. It is evident that an increasing trend in mineral content
was noticed as a result of the cooking process and this might
be due to the cooking loss of meat during heat treatment.

Table 3: Effect of boiling and grilling on the minerals content of chicken breast meat

Minerals (n =6) Raw Boiling Grilling
Control T1 (75°C) T2 (95°C) T3 (75°C) T4 (95°C)
Calcium (per cent) 0.10%+0.00 0.13°+0.01 0.24%+0.00 0.16°+0.01 0.332+0.00
Phosphorus (per cent) 0.20°+0.00 0.222+0.02 0.28°+0.00 0.29°+0.01 0.35°+0.01
Iron (ppm) 161.67%+0.56 207.00°+0.37 215.73°+0.15 224.07940.1 233.83°+0.20
Zinc (mg/kg) 2.902+0.01 3.93°+0.01 4.04+0.00 3.57°+0.01 5.16°+0.01
Copper (ppm) 5.932+0.01 7.90°+0.01 15.48%+0.0 9.63¢+0.02 22.14+0.03

Superscript within classes do not differ significantly (P<0.05). n =6 for each treatment.

The calcium content of the samples are in accordance with
the report of Purchaset al.(2014) ¥ who reported
increased calcium in cooked meat compared to raw meat.
Kimet al. (2015) 7 studied the calcium content in the
blanched beef by immersion in boiling water (1-10 min),
steaming (1-10 min), or pan-frying in oil (30-240 s) and
observed that calcium content was high in the pan-fried
samples, but the boiled and steamed samples had the same
content.

The phosphorus content of the results of the samples are in
agreement with Tomovic et al. (2015) B4, who studied the
effects of endpoint temperatures of 51, 61, 71, 81 and 91°C
on the mineral content of pork loin and all cooking
treatments led to significantly increased mineral content. As
the endpoint temperature increased, the mineral content also
increased and reached numerically or significantly the
highest contents at 71°C for phosphorus, after which
mineral contents decreased in pork loin. In contrast to this
study, grilling and boiling pork and beef decreased the
contents of phosphorus content in cooked meat (Gerber et
al., 2009) % when compared to raw meat.

The iron content of the samples are in agreement
with Gerber et al. (2009) 2%, who reported that iron content
increased in grilled, boiled, pan-fried and then steamed meat
samples. Purchas et al. (2014) ™3 found an increased iron
content in cooked meat than in uncooked lean beef. Kim et
al. (2015) 27 reported that the highest iron content was
observed in boiled beef samples, followed by pan-fried
samples.

The zinc content of the meat samples corresponds with the
report of Gerber et al. (2009) %, who reported a significant
increase in zinc due to the cooking of beef cut. Purchase et
al. (2014) ™ recorded an increased zinc level in cooked
meat compared to raw meat. Reports indicated that the
minerals are very stable during the cooking process,
whereas others have noticed rising mineral concentrations
after cooking because of increased dry matter (Campo et
al., 2013) [*2,

The current study copper content agrees with Purchas et
al. (2014) 31 who reported an increased copper in cooked
meat compared to raw meat. Uran and Gokoglu (2014) 52
reported that the lowest concentration of copper was found
in fried samples and the highest in grilled samples.
Additionally, the retention of minerals in sous-vide cooking
(Falowo et al., 2017; Silva et al., 2016) [*® 41 was similar to
raw meat and higher than boiled samples.

Effect of boiling and grilling on the amino acid profile of
chicken breast meat: The results of the amino acid content
of broiler breast meat samples cooked by grilling and
boiling with two different internal core temperatures are
presented in Table 4. The boiled meat had a higher content
of histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, and valine when compared to
grilled meat. In general, most of the amino acids increased
significantly (P<0.01) after cooking except arginine, alanine
and methionine. Also, higher internal core temperatures in
both cooking methods significantly reduced the amino acid
content.

Table 4: Effect of boiling and grilling on the amino acid profile of chicken breast meat

Amino acid profile Raw Boiling Grilling
(n =6) Control T1 (75°C) T2 (95°C) T3 (75°C) T4 (95°C)
Arginine 6.78° £0.17 2.442+0.03 2.36* +0.03 5.06"°+0.04 4.89°+ 0.00
Histidine 9.77* £0.16 13.15%0.03 12.59°+0.26 9.92% +0.05 9.87°+ 0.10
Isoleucine 13.58%+0.09 18.82° +0.03 18.01°+0.59 14.95° +0.02 14.48° +0.01
Leucine 20.79% +0.22 28.249 +0.04 27.45° +0.07 22.56" +0.04 22.33 +0.04
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Lysine 23.94°+0.29 27.899+0.0 26.66°¢ +0.07 20.53* +0.04 20.34° +0.01
Methionine 1.69 +0.05 1.52° +0.01 1.56° +0.01 1.34° +0.02 1.18* +0.09
Phenyl alanine 11.722 +0.17 14.03° 0.0 13.25° +0.24 12.022+0.01 11.93%+0.00
Threonine 12.89* +0.16 16.34° +0.04 15.96°+0.29 13.67° +0.01 13.09* +0.00
Valine 3.982+0.12 5.85" +0.00 5.61° +0.02 4.22°°+0.01 4.09°+0.00
Alanine 3.59d +0.12 1.08a +0.02 1.04a+0.01 1.99°+0.03 1.64°+0.05
Aspartic acid 4.92°+0.13 31.08°+0.04 29.31° +0.04 4.80°+0.01 3.80°+0.02
Glutamic acid 11.63°+0.24 56.65°+0.08 56.25°+0.37 1.22°+0.05 1.06+0.02
Glycine 13.95%+0.07 17.08°+0.02 16.41°+0.35 14.33%+£0.01 14.09°+0.0
Serine 11.20°+0.07 15.03° +0.01 14.50 +0.27 12.472 £0.0 12.092 +0.0
Tyrosine 13.572 +0.18 16.77° +0.06 16.62° +0.09 14.62 +0.01 14.44° +0

Superscripts within classes do not differ significantly (p>0.05). n =6 for each treatment.

The loss of moisture in the cooked meat enhanced the
contents of other nutritive components (Lopes et al., 2015).
Also, Kimet al. (2017) [2® 31 reported that the arginine,
histidine, methionine and valine in chicken breast meat
showed differences by cooking methods and the amount
increased after cooking and opined that the amino acid
content increased due to reducing water retention capacity to
thermal denaturation of the protein. The degree of protein
denaturation was different for each cooking method,
temperature and chicken part, demonstrating a difference in
protein as well as amino acid content. The lysine was lost
due to the formation of Maillard reaction products by
heating, while threonine was converted to other compounds,
as reported by Oduro et al. (2011) B9, Further, Lea et al.
(1960) [ reported that the lysine was lost by auto-oxidation
of fat at temperatures below 100°C, while at high
temperatures (i.e. 115-130°C), the loss was apparently
independent of the presence of fat.

According to Macy et al. (1964) 41, most free amino acids
increased in concentration during roasting at an internal
temperature of 77°C except for threonine, serine, glutamic
acids, histidine, arginine and the increase in amino acids
content was due to hydrolysis of protein by photolytic
enzymes. The reduction of total essential amino acid values
was more pronounced in the fried samples as compared to
the boiled and roasted samples (Oluwaniyi et al., 2010) [0,
Histidine and taurine, in particular, have been found to show
low retention rates of 69.8 and 52.4% when cooked at 75°C
(Wilkinson et al., 2014) 81, Veal showed a high retention

rate of over 100% for all amino acids while cooked by
microwaving, boiling, and grilling and the cooking method
only showed a difference in the leucine rate (Lopes et
al., 2015) B,

Shehab (2016) 1 reported a noticeable amount of sulfur-
containing amino acids such as leucine, tyrosine,
phenylalanine and lysine (as essential amino acids), as well
as serine, glycine, alanine, histidine and arginine (as non-
essential amino acids), were destroyed, while as the slight
decrease was noticed in all the other amino acid contents
under cooking of chicken breast or thigh meat samples by
microwave cooking, boiling, pressure and roasting.
Muthulakshmi et al. (2021) B¢ found an increase in essential
amino acid content in pressure cooked meat when compared
to sous-vide cooked meat at 75 °C. Moreover, Oshibanjo et
al. (2019) ™1 reported that the breakfast sausage grilled at
80°C had the highest essential amino acid scores than those
grilled at 90°C and 100°C.

Effect of boiling and grilling on the fatty acids profile of
chicken breast meat

The results of the fatty acids profile of broiler breast meat
samples cooked using various methods, with various
internal core temperatures, are presented in Table 5 and a
significant difference (P<0.01) was observed among
samples. The most abundant fatty acids found in raw meat
samples were palmitic acid (32.12 per cent), oleic acid
(28.49 per cent), linoleic acid (14.51 per cent), stearic acid
(7.44 per cent), and myristic acid (6.22 per cent).

Table 5: Effect of boiling and grilling on the Fatty acid profile of chicken breast meat

Fatty acids Raw Boiling Grilling
Profile (%) Control T1 (75°C) T2 (95°C) T3 (75°C) T4 (95°C)
Myristic acid 6.22° £0.01 1.23°+0.02 1.379+0.02 1.042+0.01 1.13°+0.01
Palmitic acid 32.12° +0.17 25.05° +0.03 24.93°+0.22 25.32°+0.09 22.812+0.01
Stearic acid 7.44°40.02 6.44°+0.05 11.91°+0.03 5.83%1+0.02 7.93%+0.01
Oleicacid 28.49% +0.33 37.06+0.02 35.49°+0.02 38.04¢+0.05 35.13°0.06
Linoleic acid 14.51°+0.15 22.31%0.01 15.55°+0.04 20.61°+0.01 22.74°+0.02
Linolenic acid 2.05%+0.04 0.47%+0.01 0.422+0.01 0.71°+0.01 0.96°+0.01
Arachidicacid 1.43°¢0.06 0.13°+0.03 0.29°+0.01 0.21°+0.01 0.172+0.01
Behenic acid 1.73%+0.00 2.79°+0.01 3.96°+0.00 1.75°+0.03 2.81°+0.00
EPA 0.332£0.01 0.34 +0.01 1.489+0.01 0.90° +0.00 1.68°+0.00
DHA 0.372+0.01 0.610° +0.00 0.98¢ +0.00 0.70°+0.00 1.28° +0.01
Palmitoleic acid 3.63%+0.01 3.63% +0.03 4.18%+0.66 5.01°+0.00 3.34°+0.01
Total SFA 48.94° +0.10 35.65°+0.09 42.479+0.28 34.142 £0.10 34.85°+0.01
Total MUFA 32.132+0.34 40.69° £0.02 39.67¢ +0.65 43,059 +0.05 38.48"+0.07
Total PUFA 17.26° +0.13 23.749 +0.00 18.44° +0.03 22.92° +0.02 26.65°£0.01
Total UFA 49.392 £0.27 64.43°+0.02 58.10° +0.67 65.97¢ +0.04 65.13°+0.08
®3 2.75°+0.03 1.422 +0.02 2.899+0.01 2.31° +0.00 3.92¢ +0.02
06 14.51% +0.15 22.319+0.01 15.55° +0.04 20.61° +0.01 22.74° +0.02
®6/o03 5.27* +0.11 15.7" +0.19 5.39% +0.04 8.91° +0.01 5.810° +0.03
PUFA/SFA 0.35% +0.00 0.67¢ £0.00 0.43°+0.00 0.67¢ +0.00 0.76 +0.00
SFAJ/UFA 0.99%+0.01 0.55°+0.00 0.73¢+0.01 0.522 +0.00 0.54% +0.00

Superscripts within classes do not differ significantly (p>0.05). n =6 for each treatment.
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The myristic acid, palmitic acid, stearic acid, linolenic acid
and arachidic acid showed a decreasing trend irrespective of
cooking method and temperature of cooking. The oleic acid,
linoleic acid, behenic acid, eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) showed an increasing trend in
irrespective of cooking method and cooking temperatures.
With regard to the total SFAs, a significant (P<0.01)
decrease was found irrespective of cooking methods and
cooking temperature when compared to the raw meat and
remarkable decreases were noticed in the grilled meat when
compared to the boiled meat. Upon comparison of cooking
methods, significant decreases were noticed in the grilled
meat sample compared to the boiled meat sample. Also,
increasing internal core temperature significantly increased
total SFAs. Bosco et al. (2001) 1% reported no differences in
the total SFA percentage in raw and cooked (boiled, fried,
roasted) rabbit meat. Current results agree with Gerber et al.
(2009) 291, who reported that the adipose tissue contains a
higher proportion of SFA than PUFA and the decrease in
SFA results from lipid losses during cooking. The total SFA
content of the breast meat decreased with boiled, pan fried
with oil and deep-fat fried, while other cooking methods
(grill, oven and microwave) caused an increase in the total
SFA content of the breast meat (Oz and Celik, 2015) 2,
Further, Muthulakshmi et al. (2021) B¢ also reported an
increase in the total SFA content of sous- vide and pressure
cooked chicken meat. In contrast, Xiong et al. (2020) &
found that the fatty acids content in chicken meat after
heating to different temperatures (50°,60°, 70°, 80°, 90°,
and 100° C), the saturated fatty acids were increased.

The total MUFASs, significant increases were found in the
cooked chicken meat samples when compared to the control
meat. The cooking process caused an increase in total
MUFA, although between cooking methods and internal
core temperature showed a significant difference (P<0.01).
Oz and Celik (2015) 2 reported that total SFA content of
goose leg meat decreased with cooking while total MUFA
content increased. There was an increase in the total MUFA
content of sous vide and pressure cooked chicken meat
samples reported by Muthulakshmiet al. (2021) [,
Werenska et al. (2021) reported that boiling (goose meat
without skin) and pan-frying (with skin and without skin)
caused a slight decrease, while grilling and oven convection
roasting (with skin and without skin) caused an increase of
total MUFA compared to raw samples.

The total PUFAs content showed a significant (P<0.01)
increase irrespective of cooking methods and cooking
temperatures when compared to the control. However, in
cooking methods, the grilled meat samples had a
significantly higher value (22.92 and 26.65%) than boiled
meat samples (23.74 and 18.44%). Igene and Pearson
(1979) 1 reported that cooking caused a decrease in total
SFA content in beef and chicken, while total MUFA and
PUFA contents of the samples increased with cooking.
Scheeder et al. (2001) 8 observed that cooking meatballs
decreased the total SFA content and increased the total
MUFA and PUFA contents. PUFA, being part of cell
membrane structure (phospholipids) might remain bound to
the membrane (Gerber et al., 2009) % and therefore, its
relative proportion increased in the meat. There was an
increase in the total PUFA content of sous-vide and pressure
cooked chicken meat samples observed by Muthulakshmi et
al. (2021). Alfaia et al. (2010) * %! cooked beef had lower
concentrations of total PUFA (5.8% microwaved, 5.9%-
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boiled, 7.1%-grilled meat) than raw meat due to a
significant loss of some n-6 and n-3 PUFA. In the present
study, the results exhibit that the boiled meat with higher
cooking temperature reduced total PUFA content and agreed
with Xiong et al., (2020) 1 who reported that PUFA
decreased significantly (P<0.05) with the elevation of
heating temperature. The grilled chicken meat was the
lowest and pan frying had the highest total PUFA content
after heat treatment (Werenska et al., 2021).

The PUFA/SFA ratio increased with both cooking methods
and internal core temperature. The recommended ratio of
polyunsaturated fatty acids (PUFASs) to SFAs (P/S) should
be above 0.4, with the normal P/S ratio of meat at around
0.1 (Wood et al., 2003) B, Heat treatment caused an
increase in the PUFA n-6/n-3 ratio. Similar results were
observed in various meat samples and cooking methods
(Juarez et al., 2010; Werenska et al., 2021; Muthulakshmi et
al., 2021) [24. 361,

Conclusion

Chicken meat is an important component of a healthy and
well balanced diet. Various cooking methods greatly impact
the nutritional quality of meat and meat products. The study
revealed a decrease in moisture content with a concomitant
increase in the other constituents of cooked meat samples of
both cooking methods. The increased cooking temperature
significantly (P<0.05) increased the protein, fat and ash
content. The grilled meat retained higher vitamins such as
thiamin, riboflavin, niacin and cyanocobalamin compared to
boiled chicken breast meat. Cooking processes significantly
increased the calcium, phosphorus, iron, zinc and copper
content of grilled meat compared to boiled meat. In cooked
meat, vitamin content was inversely proportional to internal
core temperature and mineral content was directly
proportional to cooking temperature. The essential amino
acid (EAA) content of chicken breast meat cooked in both
methods was significantly higher (P<0.05) when compared
to the raw meat and also, the increasing the internal core
temperature significantly (P<0.05) reduced EAA content.
The fatty acid profile of cooked chicken meat showed
decreasing trends of total SFA content and increasing trends
of total PUFA and total MUFA content compared to raw
meat. Total SFA reduction was higher in grilled meat
compared to boiled meat.

Chicken meat cooked at higher internal core temperatures
showed significantly (P<0.01) higher total SFA content.
Further, the total MUFA content was higher in grilled meat
and the total PUFA content was higher in boiled meat at
75°C internal core temperature. The PUFA/SFA ratio
increased irrespective of cooking methods and cooking
temperature as compared to the control. Similarly, an
increasing trend of PUFA n-6/n-3 ratio has been noticed in
the cooked meat samples irrespective of cooking
temperature and cooking methods.
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