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Abstract

:

The aim of the study was to determine the effect of Fe glycine chelate supplementation on the chemical composition and nutritional quality of breast meat from broiler chicken. The following parameters were assessed: fat content, cholesterol content, fatty acid profile, atherogenic index (AI), thrombogenic index (TI), and hypocholesterolemic/hypercholesterolemic (H/H) fatty acid ratio. The 42-day experiment involved 200 broiler chickens assigned into four dietary groups: the control receiving Fe sulfate in the dose of 40 mg/kg of feed and three experimental groups of chickens supplemented with 40 mg (Fe-Gly40), 20 mg (Fe-Gly20), or 10 mg (Fe-Gly10) of Fe glycine chelate per 1 kg of diet. The results showed no negative effect of the application of Fe glycine chelate on the chemical composition and nutritional quality of breast muscle. Therefore, the advisability of the application of Fe glycine chelates in the nutrition of broiler chickens should be revised.
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1. Introduction


Given the high content of polyunsaturated fatty acids (PUFAs), particularly the n − 3 family, and the low content of fat and cholesterol, poultry meat is regarded to have high dietary value and bring much more beneficial effects on consumer health than red meat [1,2]. Investigations conducted by our research team and other researchers have demonstrated that the dietary quality of poultry meat can be modified through alterations in broiler chicken nutrition. For instance, supplementation with PUFAs, herbs, and minerals used as easily assimilable organic compounds has been found to be effective [3,4,5,6,7,8].



Iron (Fe) plays an important role in all living organisms. It has an impact on hematopoietic processes, oxygen and electron transport, DNA synthesis, and immunity. In turn, the deficiency of this element worsens animal health status [9,10]. Fe exhibits antioxidant activity (e.g., it is part of catalase; each of the catalase subunits contains a heme system with a central iron atom); however, since Fe is a catalyst of PUFA oxidation, its excessive supply may have a pro-oxidative effect [11]. Hence, it is important to provide appropriate dietary amounts of Fe tailored to the needs of chickens. Additionally, research results highlight the importance of the form of Fe administered to chickens, as it has been shown that organic forms have a positive effect on Fe assimilation [12]. In turn, due to the presence of ferritin, the level of Fe in the organism has an impact on Fe and lipid (including cholesterol) pathways and may modify the content of these components in meat [13]. Iron is present in the cytochrome and terminal components of stearoyl coenzyme A (CoA) desaturase, which converts palmitic acid (16:0) to palmitoleic acid (16:ln-7) and stearic acid (18:0) to oleic acid (18:ln-9) [14]. It has also been shown that Fe deficiency may have an impact on the activity or synthesis of A6-desaturase and thus alter PUFA metabolism and tissue composition. In the biosynthesis of long-chain PUFAs, desaturases catalyze the insertion of a double bond in the cis configuration between carbon atoms of active fatty acids. This reaction involves the transfer of an electron by NADH reductase to cytochrome b5, whose active center contains two non-heme iron atoms [14]. The aim of the present study was to assess the possible effect of Fe glycine chelate applied in feed rations for Ross 308 broiler chickens on the nutritional quality of the breast muscle of these birds. More specifically, the total fat and cholesterol content as well as the fatty acid profile with its indicators, i.e., the atherogenic index (AI), the thrombogenic index (TI), and the hypocholesterolemic/hypercholesterolemic (H/H) fatty acid ratio, were determined.




2. Materials and Methods


All procedures were used in the experiment in compliance with the consent from the Local Bioethics Committee for experimental animals, University of Life Sciences in Lublin, Poland (Resolution No. 37/2011 of 17 May 2011).



2.1. Experimental Factor


Previous investigations carried out by our team demonstrated that supplementation of the diet for Ross 308 chickens with Fe glycine chelate at the doses of 40, 20, or 10 mg/kg of feed (covering 100%, 50%, or 25% of the demand) increased the efficiency of chicken fattening, lowered the percentage of chicken falls, and stimulated cellular defense mechanisms (increased percentage of T1 helper cells and enhanced production of cytotoxic CD8+ T cells and IL-2 promoting the natural response of the organism to inflammation) [10,15]. There was no negative effect of the supplementation with Fe glycine chelate on the physical, morphometric, and strength parameters of tibiae, although the best results were obtained in groups receiving 40 mg and 10 mg Fe/kg of feed [16]. We also reported that the Fe glycine chelate supplementation of feed rations for Ross 308 broiler chickens had no negative effect on the chemical composition (fat, ash crude, protein, total cholesterol, total fatty acids: saturated fatty acids (SFAs), monounsaturated fatty acids (MUFAs), PUFAs, and unsaturated fatty acids (UFAs), and the n − 3/n − 6 fatty acid ratio) and on the sensory quality of thigh muscle [17]. In turn, in another study, we showed that Fe glycine chelate supplementation covering 50% and 25% of the demand (20 and 10 mg Fe/kg of feed, respectively) reduced the antioxidant stability of the thigh muscle of Ross 308 chickens, compared to the control group, which was manifested by an increase in malondialdehyde (MDA) levels [18].




2.2. Chickens and the Design of the Experiment


The 42-day investigations involved 200 chickens assigned into four dietary groups: the control receiving Fe sulfate in the dose of 40 mg/kg of feed and three experimental groups of chickens supplemented with 40 mg (Fe week until it reached 24°C -Gly40), 20 mg (Fe-Gly20), or 10 mg (Fe-Gly10) of Fe glycine chelate per 1 kg of feed (Figure 1). The initial temperature of 32°C was lowered by 2°C each [19]. The Fe demand was determined following the recommendations from Ross 308 chicken producers [20], while the feed mixtures supplied throughout the rearing stages (starter 1–21 days of age; grower 22–35 days of age; finisher 36–42 days of age) were optimized in accordance with the National Research Council (NRC) standards [21]. The nutritional value of the experimental mixtures is shown in Table 1, while Table 2 presents the FA profile in the basal feed mixture.




2.3. Muscle Samples


The chickens were slaughtered on experimental day 42. The carcasses were cooled for 24 h at 4 °C and whole breast muscles were dissected, skinned, and transferred individually into resealable plastic bags, which were then kept in a freezer at −20 °C until chemical analyses [7].




2.4. Chemical Analyses


Prior to the chemical analyses, the meat was thawed at room temperature. The content of basic chemical components in the muscles and feed was determined using the AOAC method [22]: crude protein content with the Kjeldahl method, crude fat content with the Soxhlet method (SER 148 instrument from Velp, Italy), and crude ash content with the method of incineration in a muffle furnace (550 °C, oxidanthydrogen peroxide). The moisture content in the muscles was determined by drying the samples at 65 °C for 24 h. The Fe content in the incinerated samples was determined using the AAS method (Unicam 939 apparatus from AA Spectrometer Unicam; standards from Merck, Germany). The total cholesterol content was determined with the colorimetric method (EPOLL 20 colorimeter, from POLL Ltd., Warsaw, Poland; standard C3045 from Sigma, Ronkonkoma, NY, USA). The fatty acid profile was determined with the gas chromatography technique (Varian 3800 GC apparatus from Varian, The Netherlands) with an FID detector and a CP-Wax 52CBWCOT fused silica capillary column (60 min, internal diameter 0.25 mm, Supelco 37 standards FAME Mix 47885-U, Sigma, Poznań, Poland). The methods for the determination of the analyzed components were described in detail in our previous papers [6]. All chemical analyses were performed in triplicate.




2.5. Measurement of Meat pH


Meat pH was determined 15 and 45 min post slaughter as in Santé and Fernandez [23] (Testo 205 pH-meter from Testo AG, Titisee-Neustadt, Germany). The apparatus was calibrated with certified buffer solutions with pH 4.01 and 7.0. The same muscle sample was measured three times, and the mean pH value was calculated.




2.6. Calculations and Statistical Analysis


Based on the fatty acid content, Ʃ SFA, Ʃ MUFA, Ʃ PUFA, Ʃ UFA, Ʃ PUFA n − 3, Ʃ PUFA n − 6, Ʃ PUFA/SFA, Ʃ SFA/UFA, and the n − 6/n − 3 ratio were calculated.



Formulas developed by De Sousa et al. [24] were used to calculate the atherogenic index (AI), the thrombogenic index (TI), and the hypocholesterolemic/hypercholesterolemic (H/H) fatty acid ratio.



The results were analyzed statistically in the Statistica 6.0 program. Statistically significant differences (p < 0.05) in the mean values between the experimental groups were calculated with a one-way analysis of variance (ANOVA), the t-Student-Newman-Keuls test, and Tukey’s post hoc test.





3. Results


3.1. Content of Basic Chemical Components, Total Cholesterol Content, and pH


Table 3 shows data on the pH and chemical composition of the meat. The application of the different FeGly levels did not exert a statistically significant effect on the moisture level or the content of crude protein and total cholesterol in the breast muscle. Similarly, the pH value did not depend on the experimental factor. The crude ash content can be represented as Fe-Gly10 > Fe-Gly20 > Fe-Gly40 = control (p = 0.002). In turn, the crude fat content can be represented as Fe-Gly20 = Fe-Gly10 > Fe-Gly40, while the total fat content in the control group was not statistically different from the results obtained in the experimental groups (p = 0.02).




3.2. Fatty Acid Profile in Breast Meat


Table 4 shows data on the FA profile in the meat. The Fe-Gly supplementation did not have a significant effect on the sum of SFAs, MUFAs, PUFAs, and UFAs in the breast muscle. However, the groups differed significantly in their content of individual fatty acids. The breast muscle in the Fe-Gly20 and Fe-Gly10 groups contained a significantly lower amount of myristic acid (C14:0) than that in the control. The breast muscle from these groups had a significantly higher content of eicosenoic acid (20:1n − 11) than the samples from the Fe-Gly40 group and significantly lower (p = 0.01) amounts of α-linoleic acid (18:3n − 3) than in the Fe-Gly40 and control groups.




3.3. Nutritional Value of Meat


The indices of the nutritional value of the meat are provided in Table 5. The experimental factor had no effect on the S/P indices (ratio of saturated to unsaturated fatty acids), the n − 6/n − 3 ratio, the TI value, and the H/H ratio. The level of Fe-Gly exerted a significant effect only on the AI value, which was significantly higher in the Fe-Gly20 and Fe-Gly10 groups than in the control. There was no difference in the AI value between the control and Fe-Gly40 groups and among the Fe-Gly40, Fe-Gly20, and Fe-Gly10 groups.





4. Discussion


The present study showed no effect of the application of Fe glycine chelate on the content of crude protein in the chicken breast muscle, which proves that, despite its high biological importance, Fe even in the highly assimilable form does not substantially regulate protein synthesis in the organism, i.e., it does not increase muscle mass. These results are in agreement with our previous studies, where Fe glycine chelate supplementation had no impact on body weight gains and on the percentage proportion of breast and thigh muscles in carcasses [25]. Replacement of Fe sulfate with glycine chelate providing 40, 20, or 10 mg Fe/kg of feed reduced the content of fat in thigh muscle but had no effect on the protein content [17]. The content of crude fat in the breast muscle was significantly lower in the group receiving 40 mg Fe-Gly than in the group supplemented with 20 or 10 mg Fe-Gly, which confirms that higher levels of Fe in the organism inhibit lipogenesis.



Fe and lipid (including cholesterol) pathways change in response to changes in Fe levels in the organism [13]. Ferritin, i.e., an iron-storage protein modulating Fe uptake and release, is probably involved in these processes through inhibition of oxidative damage, lipid peroxidation, and various pro-inflammatory processes accompanying cellular stress [26]. Moreover, Fe is an integral part of some enzymes and transporters involved in lipid metabolism [27]. Fe has an impact on fat metabolism through the relationship between Fe metabolism and the amount of adipose tissue in the organism [28]. This is evidenced by the observation that a low level of Fe in the blood of obese subjects is probably caused by the impact of pro-inflammatory cytokines (chronic inflammation in obesity), i.e., strong inducers of the production of hepcidin in the liver, which inhibits ferroportin, thus reducing serum Fe levels and Fe availability in erythropoiesis [29]. As demonstrated in studies conducted on rats receiving a high-iron diet, Fe overload can impair lipid metabolism and reduce the expression of adiponectin and leptin [30,31]. The components of the Fe and erythropoiesis pathways modulate adipose tissue accumulation and glucose and lipid (including cholesterol) homeostasis [31].



As suggested by Ogłuszka et al. [32], there is a relationship between the level of n − 3 fatty acids and Fe metabolism; however, the mechanisms of the interaction have not been elucidated to date. A relationship between the Fe pathway and the synthesis and regulation of fatty acid levels has been observed e.g., in cancer cells [33]. Analyses of rats receiving high doses of Fe conducted by Valenzuela et al. [34] revealed reduced activity of Δ5 and Δ6 desaturases, i.e., key enzymes involved in the synthesis of long-chain n − 6 and n − 3 FAs. It resulted in a decrease in the PUFA level in the liver. In contrast, the present study showed no such effects. The supplementation with Fe glycine chelates had only a slight effect on the FA profile in the broiler breast muscle. Similarly, in our previous publication, we did not find a significant effect of Fe glycine chelate (10, 20, or 40 mg/kg of feed) on the sum of SFAs, MUFAs, and PUFAs and on the n − 6/n − 3 ratio in thigh muscles although there were differences in the content of some acids between the experimental groups [17]. The present analyses revealed that the Fe application did not have a significant effect on the content of arachidonic acid. As shown by research, enhanced release of arachidonic acid and eicosanoid compounds in iron-overloaded cardiomyocytes causes incorporation of this fatty acid into phosphatidylcholine as well as induction of cyclooxygenase-2 and production of eicosanoids [35]. Therefore, our results may indicate that the amount of Fe administered to chickens was not excessive.



The proportions between SFAs and UFAs as well as the levels of aldehydes, ketones, and alcohols determine the odor of meat, i.e., one of the most important organoleptic traits [17]. Since PUFAs are very sensitive to peroxidation leading to the formation of volatile and non-volatile compounds with an unpleasant odor, their content in meat is extremely important [36]. As shown in our previous study, in comparison with the control group, the Fe chelate supplementation was found to reduce the antioxidant stability in the thigh muscle, which lowered the quality of the meat [18] but did not have a significant effect on its sensory traits [17]. Noteworthy is the fact that mineral chelates used as supplementation of poultry feed are 2- or 3-fold more expensive than sulfates in Poland, but they are concurrently more readily assimilable [19].



The Ʃ PUFA-to-Ʃ SFA ratio in meat should be higher than 0.45, as lower values are responsible for a hypercholesterolemic effect on the human organism [37]. The Ʃ PUFA/Ʃ SFA proportion in all the groups analyzed in this study exceeded 0.88, i.e., the breast muscle had high anticholesterolemic potential. The content and ratio of n − 6 and n − 3 PUFAs determine the hypocholesterolemic index value, as n − 3 fatty acids play the main role in the regulation of the thrombogenic index and n − 6 fatty acids modulate the atherogenic index [38]. Meat with high dietary values is characterized by low AI and TI indices (1.0 and 0.5, respectively) and a high H/H index [19,38]. In the present study, the AI index in the chicken breast muscle was very low, i.e., slightly above 0.5. Noteworthy, the TI value in the experimental groups ranged from 1.02 (Fe-Gly40) to 1.08 (Fe-Gly10), i.e., it was approximately 50% higher than the recommended value. Nevertheless, we believe that one parameter that does not meet the recommendations should not have an impact on the general assessment of the dietary value of breast muscle from chickens supplemented with Fe glycine chelates. Noteworthy, the TI value in the control group was high as well, i.e., 1.06. The H/H ratio indicates that fatty acids have an effect on cholesterol metabolism; hence, the values of this parameter should be high [38]. In the present study, the H/H value in the experimental groups was in the range from 2.7 (Fe-Gly20) to approx. 2.8 (Fe-Gly40), while the ratio in the control group was below 0.6, i.e., it was approx. 80% lower than in the Fe-Gly supplemented groups.




5. Conclusions


To sum up, there was no negative effect of the supplementation of the nutrition for broiler chickens with Fe glycine chelate in amounts covering the demand in 100% (40 mg Fe/kg of feed) and at deficient levels covering the demand in 50% (20 mg Fe/kg of feed) and 25% (10 mg Fe/kg of feed) on the chemical composition and dietary quality of chicken breast muscle. The present results did not confirm a positive effect of these chelates on meat quality. Therefore, the use of Fe glycine chelates in the nutrition of broiler chickens should be reconsidered.
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Figure 1. Experimental design. 
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Table 1. Nutritional value of experimental mixtures.
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	Nutrient Value of 1 kg of Mixture
	Starter

(1–21 days)
	Grower

(22–35 days)
	Finisher

(36–42 days)





	a Metabolizable energy (ME, MJ kg−1)
	12.7
	13.1
	13.2



	b Crude protein, g·kg–1
	202
	182
	181



	b Crude fibre, g·kg–1
	30.6
	29.9
	29.9



	b Crude fat, g·kg–1
	46.6
	60.8
	64.3



	a Lysine, g·kg–1
	12.9
	11.3
	10.9



	a Methionine + cysteine, g·kg–1
	9.3
	8.3
	8.1



	a Total Ca, g·kg–1
	8.8
	7.8
	7.5



	a Total P, g·kg–1
	6.6
	6.5
	6.3



	a Available P, g·kg–1
	4.2
	4.1
	3.9



	a Total Ca/available P
	21.2
	19.0
	19.2



	b Fe, mg
	
	
	



	40 mg FeSO4
	113.59
	109.80
	106.69



	40 mg Fe-Gly
	110.28
	107.32
	104.61



	20 mg Fe-Gly
	90.25
	89.84
	85.37



	10 mg Fe-Gly
	83.38
	79.81
	76.92







a values analysed; b values calculated.
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Table 2. Fatty acids in basal mixtures in g/100g of total FA content.






Table 2. Fatty acids in basal mixtures in g/100g of total FA content.











	
	Starter

1–21 days
	Grower

22–35 days
	Finisher

36–42 days





	Myristic (14:0)
	0.03
	0.07
	0.07



	Palmitic (16:0)
	1.42
	1.17
	1.15



	Stearic (18:0)
	0.29
	0.32
	0.33



	Oleic (18:1n − 9)
	2.25
	2.24
	2.19



	Linoleic (18:2n − 6)
	4.72
	4.95
	4.96



	Linolenic (18:3n − 3)
	1.18
	0.86
	0.89
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Table 3. pH, moisture, and chemical composition of crude broiler breast meat.
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	Control

n = 10
	Fe-Gly40

n = 10
	Fe-Gly20

n = 10
	Fe-Gly10

n = 10
	SEM
	p Value





	pH15
	6.01 ± 0.03
	6.03 ± 0.02
	6.03 ± 0.04
	6.02 ± 0.01
	0.03
	0.51



	pH45
	5.72 ± 0.01
	5.75 ± 0.02
	5.74 ± 0.02
	5.73 ± 0.04
	0.20
	0.45



	Moisture, %
	74.5 ± 0.73
	74.4 ± 0.65
	74.3 ± 0.58
	74.5 ± 0.97
	0.07
	0.77



	Crude ash, %
	1.25 ± 0.02 a
	1.28 ± 0.02 a
	1.34 ± 0.01 b
	1.39 ± 0.04 c
	0.01
	0.002



	Crude protein, %
	23.2 ± 0.82
	23.1 ± 0.54
	23.3 ± 0.92
	23.1 ± 0.74
	0.08
	0.77



	Crude fat, %
	1.11 ± 0.03 ab
	1.01 ± 0.02 b
	1.22 ± 0.05 a
	1.22 ± 0.02 a
	0.04
	0.02



	Cholesterol, mg/100 g
	54.2 ± 3.21
	52.9 ± 4.41
	53.7 ± 4.12
	53.7 ± 3.53
	2.29
	0.09







a,b,c—means in the same rows with different letters differ significantly at p < 0.05.
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Table 4. Fatty acid profile (g/100 g of total FA) in broiler breast muscle.
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	Control

n = 10
	Fe-Gly40

n = 10
	Fe-Gly20

n = 10
	Fe-Gly10

n = 10
	SEM
	p Value





	SFA
	
	
	
	
	
	



	Lauric acid (C12:0)
	0.02 ± 0.01
	0.02 ± 0.01
	0.02 ± 0.01
	0.02 ± 0.01
	0.01
	0.64



	Myristic acid (C14:0)
	0.49 ± 0.13 b
	0.42 ± 0.09 ab
	0.38 ± 0.11 a
	0.37 ± 0.07 a
	0.02
	0.02



	Pantadecanoic acid (15:0)
	0.10 ± 0.01
	0.10 ± 0.05
	0.09 ± 0.06
	0.09 ± 0.10
	0.01
	0.20



	Palmitic acid (16:0)
	23.1 ± 0.54
	21.9 ± 1.01
	22.2 ± 0.91
	22.0 ± 1.03
	0.24
	0.26



	Heptadecanoic acid (17:0)
	0.14 ± 0.11
	0.12 ± 0.05
	0.13 ± 0.11
	0.14 ± 0.07
	0.01
	0.31



	Stearic acid (18:0)
	7.45 ± 0.21
	7.50 ± 0.11
	7.97 ± 0.52
	8.60 ± 0.34
	0.21
	0.19



	Arachidic acid (20:0)
	0.10 ± 0.01
	0.09 ± 0.01
	0.08 ± 0.01
	0.10 ± 0.01
	0.01
	0.51



	MUFA
	
	
	
	
	
	



	Palmitoleic acid (16:1)
	4.01 ± 0.21
	3.94 ± 0.11
	4.11 ± 0.27
	3.15 ± 0.31
	0.18
	0.22



	Margaroleic acid (17:1)
	0.27 ± 0.02
	0.18 ± 0.01
	0.31 ± 0.01
	0.26 ± 0.02
	0.03
	0.57



	Oleic acid (18:1n − 9)
	31.7 ± 1.11
	32.0 ± 2.04
	34.5 ± 2.30
	34.2 ± 1.21
	0.52
	0.11



	Vaccenic acid (18:1n − 11)
	2.25 ± 0.14
	2.37 ± 0.09
	2.61 ± 0.11
	2.38 ± 0.21
	0.06
	0.13



	Eicosenoic acid (20:1n − 11)
	0.32 ± 0.01 ab
	0.28 ± 0.02 a
	0.41 ± 0.03 b
	0.39 ± 0.03 b
	0.02
	0.01



	PUFA
	
	
	
	
	
	



	Linoleic acid (18:2n − 6)
	25.0 ± 1.23
	26.2 ± 2.01
	22.9 ± 1.17
	24.2 ± 0.92
	0.51
	0.12



	Eicosadienoic acid (20:2n − 6)
	0.29 ± 0.02
	0.32 ± 0.02
	0.37 ± 0.04
	0.29 ± 0.02
	0.02
	0.27



	Arachidonic acid (20:4n − 6)
	1.88 ± 0.11
	1.78 ± 0.12
	1.63 ± 0.1
	1.30 ± 0.11
	0.19
	0.78



	α-linoleic acid (18:3n − 3)
	2.20 ± 0.21 b
	2.17 ± 0.14 b
	1.83 ± 0.21 a
	1.88 ± 0.15 a
	0.06
	0.01



	Eicosatrenic acid (20:3n − 3)
	0.26 ± 0.02
	0.27 ± 0.01
	0.37 ± 0.02
	0.25 ± 0.02
	0.02
	0.06



	Σ SFA
	31.4 ± 2.24
	30.1 ± 1.09
	30.8 ± 2.77
	31.3 ± 1.98
	0.22
	0.14



	Σ MUFA
	38.7 ± 2.01
	38.9 ± 3.12
	42.0 ± 2.09
	40.4 ± 3.36
	0.58
	0.15



	Σ PUFA
	29.6 ± 1.09
	30.7 ± 1.96
	27.1 ± 2.01
	27.9 ± 1.79
	0.62
	0.14



	Σ UFA
	68.3 ± 4.55
	69.7 ± 5.01
	69.1 ± 5.03
	68.4 ± 3.46
	0.23
	0.09



	Σ PUFA n − 6
	2.18 ± 0.11
	2.10 ± 0.08
	1.99 ± 0.11
	1.59 ± 0.06
	0.20
	0.77



	Σ PUFA n − 3
	2.46 ± 0.12
	2.44 ± 0.09
	2.20 ± 0.11
	2.13 ± 0.05
	0.06
	0.07



	Σ PUFA/Σ SFA
	0.95 ± 0.03
	1.02 ± 0.02
	0.88 ± 0.01
	089 ± 0.03
	0.02
	0.11



	Σ SFA /Σ UFA
	0.46 ± 0.01
	0.43 ± 0.01
	0.45 ± 0.02
	0.46 ± 0.01
	0.01
	0.11







SEM—standard error of the means; SFA—saturated fatty acids; MUFA—monounsaturated fatty acids; PUFA—polyunsaturated fatty acids; UFA—unsaturated fatty acids; a,b—mean values in rows with different letters differ significantly at p < 0.05.
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Table 5. Indices of the nutritional value of meat.
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	Control

n = 10
	Fe-Gly40

n = 10
	Fe-Gly20

n = 10
	Fe-Gly10

n = 10
	SEM
	p Value





	S/P
	0.455
	0.428
	0.442
	0.453
	0.01
	0.13



	n − 6/n − 3
	0.869
	0.888
	0.908
	0.742
	0.08
	0.91



	AI
	0.58 b
	0.54 ab
	0.51 a
	0.53 a
	0.01
	0.01



	TI
	1.06
	1.02
	1.03
	1.08
	0.01
	0.28



	H/H
	2.58
	2.79
	2.70
	2.76
	0.04
	0.36







Data represent the mean of 10 broiler chickens per treatment. S/P—ratio of saturated fatty acids to unsaturated fatty acids; n − 6/n − 3—the calculated n − 6/n − 3 ratio was a sum of [(C18:2n − 6, C20:2n − 6, C20:4n − 6)/(C18:3n − 3, 20:3n − 3)]; AI—atherogenic index; TI—thrombogenic index; H/H—hypocholesterolemic/hypercholesterolemic ratio; a,b—means in the same rows with different letters differ significantly at p < 0.05.
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