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Abstract

The present study aimed to evaluate growth performance and meat quality of broiler chicken
with respect to feeding of 100 g flaxseed meal (FM)/kg and increasing lysine levels in the
broiler diet. The results revealed no effect of lysine and FM feeding on growth performance
except for a negative effect of FM on feed efficiency of birds, which was countered by feeding
1.25 BIS lysine. Feeding FM improved the fatty acid profile of broiler chicken meat signifi-
cantly, whereas no effect was observed for increasing lysine levels beyond BIS recommenda-
tion. FM significantly reduced meat cholesterol, fat, water-holding capacity (WHC), extract
release volume (ERV) and antioxidant potential, whereas it increased the pH of fresh meat,
drip loss and lipid peroxidation of broiler chicken meat. As compared with other lysine levels,
generally 1.25 BIS lysine significantly increased the pH of refrigerated stored meat, WHC,
ERV and antioxidant potential, whereas it significantly reduced cholesterol, fat, drip loss
and lipid peroxidation of broiler chicken meat. Thus, the inclusion of 100 g FM/kg
diet along with 1.25 BIS lysine in broiler ration was optimum for desirable broiler perform-
ance, fatty acid profile, oxidative stability and other functional properties of broiler chicken
meat.

Introduction

As a result of changing food habits, cardiovascular diseases are on the rise worldwide and have
great economic consequences. Therefore, health professionals worldwide are emphasizing the
need to increase intake of ω-3 polyunsaturated fatty acids (PUFA), while reducing trans-fatty
acids, saturated fatty acids (SFA) and cholesterol to prevent or lower the incidence of coronary
heart disease, depression, Crohn’s disease, ulcerative colitis and lupus erythematosus, and to
lessen the impacts of aging (Simopoulos 2002; Vos & Cunnane 2003). Since a close relation-
ship exists between the fatty acid profile of poultry diets and that of deposited lipids, the
majority of efforts are focused on alteration of the carcass fatty acid profile and improvement
of poultry meat oxidative stability. In this regard, the poultry industry is looking at possibilities
to include more and more flaxseed in the feed of broiler chickens, due to its nutritional prop-
erties. Among oilseeds, flaxseed is characterized by a higher content of alpha-linolenic acid
(ALA). It is one of the most concentrated sources of PUFA available in animal feedstuffs
for poultry, with moderate levels of monounsaturated fatty acids (MUFA) and low levels of
SFA. The inclusion of flaxseed in broiler diets has shown an increase in the ω-3 fatty acid levels
of chicken meat (Ajuyah et al. 1991). Linolenic acid is preferentially increased in dark meat,
while long chain ω-3 fatty acids increase preferentially in white meat (Gonzalez-Esquerra &
Leeson 2000). However, increased unsaturation of broiler meat makes it more prone to oxida-
tive rancidity leading to the production of a secondary metabolite, malondialdehyde (MDA),
an indicator of rancidity along with free fatty acids and other peroxides. Thus, flaxseed feeding
improves the fatty acid profile of chicken meat but may compromise its storage stability.

It is well established in swine and poultry that feeding lysine promotes carcass leanness by
reducing carcass fatness and intramuscular lipid content, and also increases carcass muscling
and intramuscular moisture content (Berri et al. 2008). This will consequently result in a
higher proportion of muscle protein, thus exerting positive effects on water-holding capacity
(WHC) and drip loss of meat. Lysine can also alter carcass yield and composition by both
increasing meat yield and reducing carcass fatness (Sterling et al. 2006). Numerous studies
have reported that intramuscular fat content is increased by feeding lysine-deficient diets to
swine (Apple et al. 2004). L-Carnitine, a water-soluble zwitterionic compound synthesized
in vivo from lysine and methionine (Golzar Adabi et al. 2011), has a role in transporting
long-chain fatty acids across the inner mitochondrial membrane during β-oxidation; thus, it
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may play an important role in reducing fat deposition in modern
strains of broiler chickens. Carnitine has been shown to depress
lipid peroxidation and elevate enzymatic antioxidants activities
in tissues of juvenile black sea bream (Ma et al. 2008). In fish,
it has been observed that carnitine prevents the accumulation of
end products of lipid peroxidation and has effective superoxide
anion radical scavenging, hydrogen peroxide scavenging and fer-
rous ions chelating abilities in vitro (Gulcin 2006). In the present
study, keeping in view the health-related issues and the role played
by flaxseed and lysine in alteration of fatty acid profile of animal
tissues, their physico-chemical properties and oxidative stability,
broiler birds were fed diets containing 100 g FM/kg diet and
increasing lysine levels to investigate the same along with their
growth performance.

Materials and methods

Animals, experimental diets and design

All procedures used in the experiment on the birds were reviewed
and approved by Animal Ethics Committee of Indian Veterinary

Research Institute, Izatnagar. Following a completely randomized
design (CRD), 1-day-old straight run (sex ratio ≈1) 240 commer-
cial broiler chicken of uniform body weight were distributed at
random into 30 replicates with eight chicks in each and housed
in specially designed battery brooder cages for 6 weeks. Five diet-
ary treatments (iso-caloric and iso-nitrogenous) were formulated
as per the recommendation of BIS (1992), using 100 g flaxseed
meal (FM)/kg diet to replace soyabean in the basal diet and
four levels of lysine (1.0, 1.05, 1.15 and 1.25 BIS recommended
lysine) viz. T1 (0.0 g FM/kg & 1.0 BIS lysine), T2 (100 g FM/kg
& 1.0 BIS lysine), T3 (100 g FM & 1.05 BIS lysine), T4 (100 g
FM/kg & 1.15 BIS lysine) and T5 (100 g FM/kg & 1.25 BIS lysine).
The ingredients and nutrient composition of broiler starter (0–3
weeks) and finisher (4–6 weeks) diets are shown in Table 1.
Each dietary treatment was allocated six replicates (48 chicks/
treatment) and each replicate was taken as an experimental unit.
From each replicate, two birds were slaughtered at random, sever-
ing the carotid arteries, trachea, oesophagus and jugular veins, for
the collection of meat samples at 42 days of age (whole breast &
both thighs) without skin for meat quality analysis.

Table 1. Ingredients and nutrient composition of broiler starter and finisher diets

Ingredients (g/kg)

Broiler starter (0–3 weeks) Broiler finisher (4–6 weeks)

T1 T2 T3 T4 T5 T1 T2 T3 T4 T5

Maize 534 522 521 520 520 622.4 610.6 610.6 610.6 610.6

Flaxseed meal* 0.0 100 100 100 100 0.0 100 100 100 100

Soyabean 390 300 300 300 300 300 210 210 210 210

Fish meal 30 30 30 30 30 30 30 30 30 30

Oil 14 16 16 16 16 14 16 16 16 16

Limestone 9.0 9.0 9.0 9.0 9.0 11 10 10 10 10

Dicalcium phosphate 15 15 15 15 15 15 15.5 15.5 15.5 15.5

Salt 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

DL-methionine 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Lysine† 0.40 0.83 1.66 3.30 4.95 0.00 0.30 0.40 1.60 2.90

Trace mineral Premix‡ 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Vitamin Premix§ 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

Vitamin B complex‖ 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15

Choline chloride 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Toxin binder 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Nutrient composition of diets (g/kg) (calculated based on ingredient composition)

Crude protein (CP) 231.9 231.9 231.9 231.9 231.9 200.7 200.7 200.7 200.7 200.7

Metabolizable energy (MJ/kg) 12.21 12.20 12.20 12.20 12.20 12.53 12.52 12.52 12.52 12.52

Calcium 10 10 10 10 10 11 11 11 11 11

Available P 5.0 5.0 5.0 5.0 5.0 4.0 4.0 4.0 4.0 4.0

Lysine† 13.0 13.0 13.7 15.0 16.3 10.0 10.0 10.5 11.5 12.5

*Protein content of soyabean meal (CP = 435 g/kg).
†T1 = 100%; T2 = 100%; T3 = 105%; T4 = 115%; T5 = 125% BIS recommended lysine (Bureau of Indian Standards).
‡Trace mineral premix each (100 g) contains: ferrous sulphate heptahydrate (FeSO4.7H2O) 8 g, zinc sulphate heptahydrate (ZnSO4.7H2O) 10 g, manganese sulphate (MnSO4. H2O) 10 g, copper
sulphate pentahydrate (CUSO4.5H2O) 1 g, potassium iodide (KI) 30 g.
§Vitamin premix (each gm) contains: Retinol 82.5 IU, Cholecalciferol 12 000 U, dl-Tocopherol acetate 160 mg, Menadione 10 mg.
‖Vitamin B complex (each gram) contains Thiamine 8 mg, Riboflavin 50 mg, Pyridoxine 16 mg, Cyanocobalamin 80 µg, Niacin 120 mg, Calcium.
pantothenate 80 mg, L-lysine 10 mg and DL-methionine 10 mg.
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Measurements and analysis

Growth performance
The weekly body weight and feed intake was recorded to arrive at
overall body weight gain, feed intake and feed conversion ratio
(FCR).

Fatty acid profile
For fatty acid profile analysis, the direct and simple method of
O’Fallon et al. (2007) was followed for the preparation of fatty
acid methyl ester (FAME) of meat samples. A fatty acid standard
containing 37 different FAMEs was used and 0.5 µl was injected
into a gas chromatograph (GC) to obtain standard peaks. The
fatty acid composition of the FAME was determined by capillary
GC on a CP-6173, 60 × 0.25 × 0.20 mm3 capillary column
(Varian) installed on a Thermo Scientific Ceres 800 plus GC fitted
with Automatic sampler AI3000, integrator and flame ionization
detector. The initial oven temperature was 120 °C, held for 5 min,
subsequently increased to 240 °C at a rate of 2 °C/min, and then
held for 60 min. Nitrogen was used as the carrier gas at a flow rate
of 1 ml/min. Both the injector and the detector were set at 260 °C.
The split ratio was 30:1. Fatty acids were identified by comparing
their retention times with the fatty acid methyl standards and
were expressed as g/kg of total fatty acids.

Physicochemical properties
Fat content (dry basis) of fresh breast and thigh meat samples
(2 g) was determined using Soxhlet extraction (AOAC 1995).
Cholesterol estimation of fresh meat was done separately for
breast and thigh using the method of Wybenga et al. (1970).
The pH of meat samples, fresh as well as after 1 month of refri-
gerated storage, was measured as per the method devised by
Troutt et al. (1992). For the estimation of purge loss/drip loss, fro-
zen meat samples from thigh as well as breast were taken, weighed
and recorded as the initial weight (W1). The weighed samples
were placed into polyethylene bags, labelled and stored hanging
at 4 °C for 24 h. The meat samples were weighed again, final
weight (W2) was recorded and drip loss was calculated by differ-
ence method.

The extract release volume (ERV) of fresh breast and thigh
meat samples as well after 1 month of refrigerated storage was
determined by the technique of Jay (1964). Water holding cap-
acity of breast and thigh meat samples was determined by the
method devised by Wardlaw et al. (1973) in fresh as well as in
stored conditions. The Lovibond Tintometer colour (redness,
yellowness and chroma) of breast and thigh meat samples was
measured by Lovibond Tintometer (Model F, Greenwich, UK).

Antioxidant parameters
The antioxidant status of broiler meat was assessed by ABTS
(2, 2-azinobis-3-ethylbenzothiazoline-6-sulphonic acid) and DPPH
(1, 1-diphenyl-2-picrylhydrazyl) assay. Spectrophotometric (Perkin
Elmer, Model: Lambda EZ 201) analysis of ABTS + and DPPH +
radical scavenging activity of fresh breast and thigh meat samples
aswell as after 1month of refrigerated storagewas performed accord-
ing to the methods of Shirwaikar et al. (2006) and Kato et al. (1988),
respectively.

Lipid peroxidation parameters
The lipid peroxidation status of breast, thigh and liver samples on
a fresh basis and after 1 month of refrigerated storage was assessed
by the measurement of thiobarbituric acid reactive substances
(TBARS) (Witte et al. 1970), free fatty acid and peroxide values
(Koniecko 1979). The TBARS value was calculated as mg MDA
per kg of the sample by multiplying optical density (O.D.)
value with K-factor of 5.2.

Statistical analysis

For each treatment, twomeat samples were taken from each of the six
allocated replicates for data collection and each replicatewas taken as
an experimental unit. The data obtained from the experiment were
subjected to one-way analysis of variance for a CRD, using the
GLM procedure of SPSS software (version 17), by the methods of
Snedecor&Cochran (1989). Significantmeandifferences were tested
by Duncan multiple range test (DMRT) as described by Duncan
(1955) with a statistical significance level of P < 0.05.

Results

Growth performance

Although the results revealed no significant difference among
dietary treatments, numerically higher body weight gain was
observed in treatment T5 (Table 2). No dietary effect was
observed on overall (0–42 days) feed intake of birds. However,
overall (0–42 days) FCR of birds showed significant (P < 0.01) dif-
ferences between treatments. FCR was significantly (P < 0.01)
lower in T1 and T5 compared with T2, T3 and T4, which did
not differ significantly from each other. This clearly indicated
that FM feeding had a negative effect on FCR and this negative
effect was neutralized by 1.25 BIS recommended lysine.

Fatty acid profile

The current results showed significant differences between treat-
ments (Table 3). Palmitic and stearic acid contents were

Table 2. Growth performance of broiler chicken (n = 48)

Treatment T1 T2 T3 T4 T5

Flaxseed (g/kg) 0 100 100 100 100 Pooled S.E.M. P value

Lysine (times BIS) 1.00 1.00 1.05 1.15 1.25

Overall growth performance (0–42 days) Body weight gain (g) 1624 1571 1576 1587 1662 15.8 NS

Feed intake (g) 2865 3194 3199 3142 3036 43.6 NS

Feed conversion ratio 1.76 2.03 2.03 1.98 1.83 0.027 <0.01

NS, non-significant; BIS, Bureau of Indian Standards.
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Table 3. Fatty acid profile of broiler chicken meat* (n = 5)

Fatty acid (g/kg total fatty acids)

Thigh Breast

Pooled S.E.M. P valueT1 T2 T3 T4 T5 T1 T2 T3 T4 T5

Myristic acid (C14:0) 5.8 5.4 5.1 5.6 6.3 6.5 6.1 5.9 5.9 8.0 0.25 NS

Palmitic acid (C16:0) 277 194 193 190 191 280 223 220 222 220 10.5 <0.01

Palmitoleic (C16:1) 52 52 50 52 57 40 36 37 32 39 2.8 NS

Stearic acid (C18:0) 114 48 53 43 43 168 100 100 97 101 12.7 <0.05

Oleic acid (C18:1) ω-9 317 369 365 372 371 315 374 368 374 365 7.3 <0.01

Linoleic acid (C18:2) ω-6 185 242 247 250 245 140 180 192 182 183 12.1 <0.01

Eicosanoic acid (C20:1) ω-9 10 27 21 21 26 12 29 23 22 23 2.0 <0.01

Linolenic acid (C18:3) ω-3 12 30 29 30 30 4 14 13 13 14 3.1 <0.05

Behenic acid (C22:0) 2 1 3 2 ND ND 3 5 12 8 1.2 NS

Erucic acid (C22:1) ω-9 2.4 ND 1.0 ND 1.4 3.1 1.6 ND 3.0 ND 0.40 NS

Eicosatrienoic acid (C20:3) ω-3 5 19 19 17 18 10 21 22 22 21 1.8 <0.05

Arachidonic acid (C20:4) ω-6 7 1 1 1 1 11 2 2 2 3 10.9 NS

Lignoceric acid (C24:0) 10.6 12.1 13.4 11.1 10.9 10.8 11.9 12.4 13.2 15.1 0.45 NS

SFA 409 260 268 252 252 465 343 343 350 352 22.8 <0.01

MUFA 381 448 436 450 455 370 440 428 431 427 9.1 <0.01

PUFA 210 292 296 298 294 165 218 229 219 221 14.9 <0.01

ω-3 PUFA 17 49 48 47 48 14 35 35 35 35 4.0 <0.05

ω-6 PUFA 192 243 248 251 246 152 183 194 184 186 11.3 <0.01

ω-3: ω-6 fatty acid ratio 0.09 0.20 0.19 0.19 0.20 0.09 0.19 0.18 0.19 0.19 0.014 <0.01

PUFA:SFA ratio 0.51 1.12 1.10 1.18 1.17 0.36 0.63 0.67 0.62 0.63 0.098 <0.05

SFA, saturated fatty acids, MUFA, mono-unsaturated fatty acids; PUFA, poly-unsaturated fatty acids; ND, not detected; S.E.M., standard error of means.
*Sampling age of birds = 42 days.
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significantly higher (P < 0.01 and P < 0.05, respectively) in treat-
ment T1 compared with other treatments, which did not differ
from each other. Again, contents of fatty acids such as oleic
acid, linoleic acid, eicosanoic acid (P < 0.01), linolenic acid and
eicosatrienoic acid were significantly lower (P < 0.05) in T1 com-
pared with other treatments, which were statistically similar to
each other. Further, significantly higher (P < 0.01) SFA content
and lower MUFA, PUFA, ω-3 PUFA, ω-6 PUFA, ω-3: ω-6 fatty
acid ratio and PUFA:SFA ratio were observed in T1, both in
thigh and breast meat, as compared with other treatments,
which were statistically similar to each other. These results clearly
suggest that FM feeding caused a significant (P < 0.01) rise in the
contents of unsaturated fatty acids (UFAs), including MUFA,
PUFA, ω-3, ω-6 fatty acids, and ω-3: ω-6 & PUFA:SFR ratios,
whereas a significant (P < 0.01) decline was observed in SFAs.
However, treatments T2, T3, T4 and T5 with 100 g FM/kg diet
and increasing lysine levels were similar to each other, indicating
no effect of lysine feeding on fatty acid profile of broiler chicken
meat.

Physicochemical properties

The results revealed significant (P < 0.01) dietary effects on meat
cholesterol, fat content, pH and tintometer colour values
(Table 4). Cholesterol content and fat content in both breast
and thigh muscles reduced significantly (P < 0.01) due to the add-
ition of 100 g FM in diet, whereas, progressive decline of the same
was observed with increasing lysine levels, though the decline was
not significant in the case of breast cholesterol. The pH of broiler
meat, fresh as well as stored, was significantly lower (P < 0.01) in
treatment T1 than other treatments and significantly higher (P <
0.01) in T5, followed by T4. No significant differences were
observed in pH of fresh meat between T2, T3, T4 and T5 and
between T1 and T2 in case of pH after 1 month of refrigerated
storage. All these observations indicate that FM feeding caused
the pH increase of fresh meat only, whereas increasing lysine

levels caused a progressive rise of pH in stored meat only.
Although significant effects of dietary FM and lysine (P < 0.01
and P < 0.05, respectively) were observed on all parameters of
tintometer colour values of breast and thigh meat, no regular
trend was observed.

The results pertaining to WHC and ERV of breast and thigh
meat, both in fresh and stored condition, revealed significantly
lower (P < 0.01) values in treatment T2 and significantly higher
(P < 0.01) values in T5, whereas an increasing trend was observed
from T2 to T5 (Table 5). However, the differences were not sig-
nificant in the case of WHC of fresh breast meat samples and
ERV of fresh thigh and breast meat samples. The highest drip
loss was observed in treatment T2 (P < 0.01), and lowest in T5,
whereas a decreasing trend was observed from T2 to T5. These
results indicated that FM feeding decreased WHC and ERV of
broiler meat, whereas increasing lysine levels progressively
increased them. Further, FM feeding increased drip loss of both
breast and thigh samples, whereas increasing lysine levels progres-
sively decreased it.

Antioxidant parameters

The DPPH and ABTS (% inhibition) values of meat reveal the free
radical scavenging ability of the meat. The results show that sig-
nificantly lower DPPH values of fresh breast (P < 0.05) and
thigh meat (P < 0.01) were observed in treatment T2 and higher
in T5, which was statistically similar to T1 (Table 6). A similar
trend was observed in DPPH values of breast and thigh after 1
month of refrigerated storage, except that T2 and T1 were statis-
tically similar. These observations indicated that FM feeding
decreased the DPPH values of fresh meat but had no effect on
the stored meat. However, with increasing lysine levels an increase
in DPPH values of broiler meat was observed. Similarly, the ABTS
values of fresh breast meat were found to be significantly lower
(P < 0.01) in treatment T2 and higher in T1, whereas, T5 and
T4 were statistically similar to T1. The ABTS value of fresh

Table 4. Cholesterol, fat content, pH and colour of broiler chicken meat* (n = 6)

Treatment T1 T2 T3 T4 T5

Flaxseed (g/kg) 0 100 100 100 100 Pooled S.E.M. P value

Lysine (times BIS) 1.00 1.00 1.05 1.15 1.25

Cholesterol (mg/g) Thigh 1.10 1.01 0.93 0.90 0.83 0.020 <0.01

Breast 1.05 0.93 0.83 0.85 0.74 0.051 NS

Fat (g/kg) Thigh 123 102 88 75 68 5.0 <0.01

Breast 69 52 41 40 32 3.2 <0.01

pH Fresh meat 6.07 6.20 6.19 6.18 6.22 0.014 <0.01

After 1 month’s storage 5.87 5.89 5.92 6.02 6.19 0.027 <0.01

Redness (a*) Breast 2.8 3.4 3.1 3.9 3.1 0.11 <0.05

Thigh 4.7 4.0 3.7 4.7 5.0 0.11 <0.01

Yellowness (b*) Breast 4.1 3.6 3.5 4.1 3.0 0.10 <0.01

Thigh 5.1 4.6 4.0 3.1 5.4 0.20 <0.01

Chroma Breast 6.4 6.9 6.4 7.9 6.1 0.19 <0.05

Thigh 6.9 6.1 5.5 5.6 7.4 0.18 <0.01

Redness = a*, Yellowness = b*, Chroma = (a*2 + b*2)1/2, S.E.M., standard error of means; NS, non-significant; BIS, Bureau of Indian Standards.
*Sampling age of birds = 42 days.
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thigh meat was higher (P < 0.05) in T5 compared with other treat-
ments but was similar to T1. Similarly, the ABTS value of breast
and thigh meat after 1 month of storage revealed the significantly
lower (P < 0.01) values in treatment T2 and highest in T5, which
was statistically similar to that of T1. In general, an increasing
trend of ABTS values was observed from T2 to T5 and T1 was
significantly different (P < 0.01) from T2. All these observations
suggested that FM feeding decreased the ABTS values and
increasing lysine level up to 125% BIS recommendation increased
the ABTS values of broiler chicken meat.

Lipid peroxidation parameters

Parameters such as free fatty acid value, peroxide value and
TBARS value are used to assess the lipid peroxidation status of
the broiler meat. The results revealed that no significant effects
of FM feeding and increasing lysine levels were observed on
fresh thigh and breast meat free fatty acid and peroxide values,
whereas, after 1 month of refrigerated storage, significantly higher
values in breast (P < 0.01) and thigh (P < 0.05) were observed in
treatment T2 followed by T3 and the values were lower in T5
(Table 6). Similarly, significantly higher (P < 0.01) values of
breast, thigh and liver TBARS values, both in fresh and stored
conditions, were observed in treatment T2 than in other treat-
ments, and lower in T5. In general, for all lipid oxidation para-
meters a progressive decreasing trend was observed from T2 to
T5 and T2 was different from T1. These observations of the pre-
sent study strongly suggest that FM feeding caused an increase of
lipid peroxidation, whereas increasing lysine levels decreased it.

Discussion

Growth performance

The current results have shown no significant effects of FM feed-
ing or lysine supplementation on body weight gain or feed intake
of birds. However, FM feeding exerted a negative effect on FCR of
birds, whereas lysine supplementation tended to reduce this nega-
tive effect. Similar results were reported by Lopes et al. (2013) and

Shafey et al. (2014) who fed FM/flaxseed oil to birds. Similarly,
Acar et al. (1991) and Corzo et al. (2002) reported similar obser-
vations with respect to lysine supplementation in broiler chicken.
However, in contrast, other researchers have reported a consistent
reduction of body weight gain, feed intake and feed efficiency
with increasing levels of flaxseed in the broiler diet (Rahimi
et al. 2011; Anjum et al. 2013), due to poor energy availability,
presence of anti-nutritional factors, low digestibility of flaxseed
and high viscosity of jejunal digesta. Increasing dietary levels of
lysine resulted in better body weight gain, feed intake and feed
efficiency of broiler chicken (Corzo & Kidd 2004; Melaku et al.
2015). These contrasting observations can be attributed to differ-
ences in genetics and the management of birds.

Fatty acid profile

The higher proportion of UFAs in meat due to FM feeding can be
attributed to a higher proportion of UFAs in FM, which undergo
faster absorption in the gut. The ALA content of both breast and
thigh tissues increased significantly with increasing levels of FM
in broiler diet, whereas, in contrast, linoleic acid content
decreased (Mridula et al. 2015). The incorporation of flaxseed
and canola seed in the broiler diet has been shown to significantly
increase the proportions of ω-3 PUFA in the form of ALA, along
with increasing the PUFA and PUFA:SFA ratio (Rahimi et al.
2011). Zuidhof et al. (2009) reported that feeding flaxseed
increased breast ω-3 fatty acid levels significantly, primarily
ALA (18:3 ω-3) and eicosapentaenoic acid (C20:3 ω-3). The sup-
plementation of diets with flaxseed/flaxseed oil significantly
increased C18:3 ω-3, ω-3: ω-6 ratio, UFA:SFA ratio, and PUFA:
SFA ratio in broiler chicken (Taulescu et al. 2010; Anjum et al.
2013; Abdulla et al. 2015). However, no literature citing the effects
of lysine on fatty acid profile of broiler chicken meat is available.

Physicochemical properties

The decline of fat and cholesterol content due to FM can be
attributed to increased UFAs which undergo rapid oxidation reac-
tions compared to their saturated counterparts. The FM may also

Table 5. Water holding capacity (WHC), extract release volume (ERV) and drip loss of broiler chicken meat* (n = 6)

Treatment T1 T2 T3 T4 T5

Flaxseed (g/kg) 0 100 100 100 100 Pooled S.E.M. P value

Lysine (times BIS) 1.00 1.00 1.05 1.15 1.25

WHC (%) Fresh meat Thigh 76 58 64 77 80 2.0 <0.01

Breast 79 71 83 85 86 2.2 NS

After 1 month Thigh 67 54 61 69 72 1.7 <0.01

Breast 71 67 72 81 84 1.8 <0.01

ERV (ml) Fresh meat Thigh 27.8 26.2 28.0 29.4 29.9 0.55 NS

Breast 26.7 26.2 27.0 27.5 28.2 0.55 NS

After 1 month Thigh 24.5 22.0 23.5 26.8 27.5 0.50 <0.01

Breast 22.5 18.0 21.5 23.5 24.5 0.54 <0.01

Drip loss (%) Fresh basis Thigh 6.9 8.8 7.5 6.1 5.5 0.26 <0.01

Breast 6.4 8.2 6.7 5.9 5.1 0.30 <0.01

S.E.M., standard error of means; NS, non-significant.
*Sampling age of birds = 42 days.
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exert its effect through an interference with bile acid metabolism,
where an increased intraluminal viscosity can (1) hinder micelle
formation and thus diminish lipid uptake and (2) inhibit
re-uptake of bile acids, causing increased hepatic synthesis of
bile acids from cholesterol in the liver, thereby reducing its level
in the body. Further, lysine serves as the source of L-carnitine,
which could be used to augment carnitine supply for use in
metabolism, thereby facilitating β-oxidation and so reducing the
amount of long chain fatty acids available for storage in adipose
tissues. The addition of 0.10 or 0.20 of either flaxseed or FM sig-
nificantly decreases the lipid content in both white and dark
meats (Ajuyah et al. 1991). Abdulla et al. (2015) reported a sig-
nificant reduction in breast meat cholesterol due to flaxseed oil
supplementation in broiler diets. Flaxseed oil supplementation
to broiler diets cause a significant reduction of drumstick fat
(Murakami et al. 2010; Lopes et al. 2013) and meat cholesterol
(Murakami et al. 2010). Similarly, Duraisamy et al. (2013)
reported a decline of breast cholesterol content of broilers when
fed diets containing more UFA than SFA. However, in contrast,
Rahimi et al. (2011) observed no effect on fat content of breast
and thigh muscles either by feeding flaxseed or canola seed
meals and even Taulescu et al. (2010) reported significantly

higher fat percentage (4.3%) at 0.15 flaxseed level compared to
the control (1.96%). Dietary lysine was observed to cause signifi-
cant reduction in carcass fatness (Berri et al. 2008; Bouyeh &
Gevorgyan 2011), but no effect on breast and thigh cholesterol
was observed, though numerically higher values were obtained
at higher lysine levels (Bouyeh & Gevorgyan 2011).

The feeding of broilers with increasing flaxseed levels has been
shown to result in a significant increase of muscle pH as well as
redness (a*) values of breast muscle (Shafey et al. 2014). The con-
trasting observations of Betti et al. (2009) are that breast and thigh
meat colour characteristics and functional properties such as pH
of muscles were not significantly affected by feeding different
levels of flaxseed (0.10 and 0.17) to broiler birds. Anjum et al.
(2013) also reported no effect of different dietary flaxseed levels
on the pH of nuggets from broilers meat. Further, increasing
the dietary lysine levels increases the ultimate pH values of broiler
meat (Berri et al. 2008; Geraert & Mercier 2010). However, in
contrast, Tang et al. (2007) observed that dietary lysine had no
influence on colour of breast muscle, muscle pH and the tender-
ness of breast fillets.

The negative effects of FM on WHC, ERV and drip loss of
meat may be attributed to its ability to increase the UFA content

Table 6. Antioxidant and lipid peroxidation parameters of broiler chicken meat* (n = 6)

Treatment T1 T2 T3 T4 T5

Flaxseed (g/kg) 0 100 100 100 100 Pooled S.E.M. P value

Lysine (times BIS) 1.00 1.00 1.05 1.15 1.25

DPPH (% inhibition) Fresh meat Breast 27.5 22.6 23.3 26.0 28.4 0.72 <0.05

Thigh 29.6 21.6 23.4 28.4 29.5 0.97 <0.01

After 1 month Breast 19.3 15.5 17.1 19.8 21.7 0.68 <0.05

Thigh 17.2 15.1 18.0 19.2 22.5 0.64 <0.01

ABTS (% inhibition) Fresh meat Breast 93.4 91.9 92.0 93.1 93.0 0.14 <0.01

Thigh 90.4 89.9 90.0 90.1 91.0 0.12 <0.05

After 1 month Breast 83.1 78.1 81.0 82.7 84.3 0.44 <0.01

Thigh 81.1 77.3 80.0 81.1 83.3 0.48 <0.01

Free fatty acid value (g/kg) Fresh meat Breast 0.80 0.90 0.80 0.80 0.70 0.005 NS

Thigh 0.90 0.90 0.90 0.90 0.90 0.005 NS

After 1 month Breast 0.09 1.20 0.90 0.80 0.80 0.004 <0.01

Thigh 1.40 1.90 1.70 1.50 0.90 0.011 <0.05

Peroxide value (meq/kg) Fresh meat Breast 1.16 1.32 1.23 1.24 1.18 0.039 NS

Thigh 1.30 1.41 1.37 1.41 1.31 0.034 NS

After 1 month Breast 1.17 1.50 1.32 1.27 1.18 0.037 <0.01

Thigh 1.37 1.81 1.60 1.48 1.33 0.055 <0.05

TBARS value (mg MDA/kg) Fresh meat Breast 0.10 0.58 0.24 0.17 0.24 0.041 <0.01

Thigh 0.37 0.88 0.62 0.44 0.48 0.046 <0.01

Liver 0.15 0.19 0.13 0.11 0.14 0.010 NS

After 1 month Breast 0.86 1.68 0.88 0.41 0.47 0.092 <0.01

Thigh 1.12 1.51 1.13 0.99 1.06 0.064 NS

Liver 0.16 0.25 0.15 0.17 0.15 0.008 <0.01

BIS, Bureau of Indian Standards; DPPH, 1, 1-diphenyl-2-picrylhydrazyl; ABTS, 2, 2-azinobis-3-ethylbenzothiazoline-6-sulphonic acid; TBARS, Thio-barbituric acid reactive substances;
MDA, malondialdehyde; NS, non-significant; S.E.M., standard error of means.
*Sampling age of birds = 42 days.
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of broiler meat, which makes it more prone to oxidation. This oxi-
dation may generate free radicals leading to protein denaturation,
thus exerting their negative effect on WHC, ERV and drip loss of
broiler meat. On the other hand, lysine has a prominent role in
enhancing muscle pH, reducing carcass fatness and increasing
protein deposition, thereby exerting a positive effect on WHC,
ERV and drip loss of meat. Moreover, it can be attributed to
the fact that lysine residue is one of the major sites of damage dur-
ing radical attack, thus lysine supplementation may provide alter-
nate targets for free radicals, resulting in the stabilization of
proteins in vitro. Similar to the current results, Geraert &
Mercier (2010) reported that increasing dietary lysine in finishing
broiler diets decreases drip loss. This effect was correlated with a
higher ultimate pH value obtained with the high dietary lysine
compared with low dietary supply. Berri et al. (2008) observed
that muscle drip loss revealed a significant reduction with increas-
ing lysine levels. However, in contrast to the current findings Betti
et al. (2009) reported that drip loss was not significantly affected
by feeding different levels of flaxseed (0.10 and 0.17) to broiler
birds. Tang et al. (2007) observed that WHC decreased signifi-
cantly as dietary lysine concentration increased. Further, literature
citing the effect of FM and lysine feeding in broilers on the WHC,
ERV and drip loss (%) of broiler chicken meat is scarce.

Antioxidant parameters

The negative effects of FM feeding on antioxidant potential may
be attributed to its ability to increase the UFA content of broiler
meat, making it more prone to oxidation which results in greater
generation of free radicals. Lysine serves to produce leaner car-
casses with lower lipid storage in adipose tissue, which produce
fewer free radicals. It has been documented that carnitine, synthe-
sized from lysine, depresses lipid peroxidation and elevates
enzymatic antioxidants activities in tissues of juvenile black sea
bream (Ma et al. 2008). In fish, it has been observed that carnitine
prevents the accumulation of end products of lipid peroxidation
and has effective superoxide anion radical scavenging, hydrogen
peroxide scavenging and ferrous ion chelating abilities in vitro
(Gulcin 2006). However, no literature suggesting the impact of
FM and lysine feeding on the anti-oxidant parameters of the
broiler meat is available.

Lipid peroxidation parameters

Similar to the antioxidant potential the increased lipid peroxida-
tion of broiler meat can be attributed to higher UFA content of
FM and again lysine serves to counter it. Further, lysine exerts
its effect via carnitine by reducing lipid peroxidation and effect-
ively scavenging the super-oxides and peroxides in the fish meat
(Wang et al. 2017). Berthelot et al. (2012) reported increased
lipid peroxidation due to the enrichment of lamb meat with
UFAs. However, no literature is available suggesting the impact
of FM and lysine feeding on free fatty acid and peroxide values
of the broiler meat. Further, no literature is available related to
the effect of lysine feeding on the TBARS value of broiler meat.
However, Anjum et al. (2013) found that TBARS value of both
leg and breast meat showed a significant increase with increasing
levels of flaxseed in diet because of increased unsaturation of
broiler meat. Similar results of TBARS values were provided by
Rahimi et al. (2011), Betti et al. (2009) and Abdulla et al. (2015).

Conclusion

In conclusion, the results of the present study have shown no
effect of higher lysine levels and FM feeding on growth perform-
ance except the negative effect of 100 g FM/kg diet on FCR of
birds which was alleviated by 1.25 BIS lysine feeding. The results
revealed that 100 g FM feeding significantly improved the fatty
acid profile of broiler chicken meat. Further, 100 g FM signifi-
cantly reduced meat cholesterol, fat, WHC, ERV and antioxidant
potential, whereas it increased the pH of fresh meat, drip loss and
lipid peroxidation of broiler chicken meat. Increasing lysine levels
up to 1.25 BIS recommendation increased the pH of refrigerated
stored meat, WHC, ERV and antioxidant potential, whereas it sig-
nificantly reduced cholesterol, fat, drip loss and lipid peroxidation
of broiler chicken meat. Thus, it was concluded that inclusion of
100 g FM/kg diet and 1.25 BIS recommended lysine in the broiler
chicken diet was optimum for a desirable broiler growth perform-
ance, fatty acid profile, physicochemical properties and oxidative
stability of broiler chicken meat.
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