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Abstract

:

This study aimed to evaluate how different percentages of guar meal in feed rations for broiler chickens affect their rearing performance and carcass composition. The experiment was conducted in a group of one hundred sixty Ross 308 broilers randomly allocated to four equinumerous groups (K, G4, G8 and G12). The birds were reared over 42 days with the application of three feeding periods: starter (days 1–21), grower (days 22–35) and finisher (days 36–42). All the feed rations were prepared using maize meal, soybean meal, oil and mineral and vitamin additives. An experimental factor was the share of guar meal in feed rations: group K—0%, G4—4%, G8—8% and G12—12%. It was demonstrated that a higher percentage (8% or 12%) of guar meal in the feed rations had a negative effect on the chickens’ weight gain and feed intake. The birds receiving feed rations supplemented with guar meal featured higher feed conversion levels than those fed rations in which soybean meal was the only protein-rich component (p ≤ 0.05). Birds fed rations with the highest percentage (12%) of guar meal showed a significant decrease in chilled carcass weight and dressing percentage compared with other chickens. A higher percentage (8% or 12%) of guar meal in feed rations had an adverse effect on the birds’ muscularity. In addition, it was demonstrated that their meat was DFD (dark, firm and dry; pH1 > 6.4), but from a dietary point of view, it contained the smallest amount of intramuscular fat. To sum up, 4% of guar meal should be recommended in broiler chicken feeding to ensure their satisfactory rearing performance and carcass composition, including the physico-chemical properties of their muscles.
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1. Introduction


Intensive poultry production, utilising the genetic potential of broiler chickens to the maximum, combined with state-of-the-art feeding technologies, requires that large amounts of protein-rich components of feed rations are available on the market. The main source of protein in poultry feed, and the best one in terms of digestibility and amino acid composition, is genetically modified soybean meal. However, the growing requirement for this raw material makes researchers look for alternative protein-rich plant components that are not genetically modified [1,2,3,4,5].



Guar meal—a by-product of extracting guar gum from guar beans—seems to be an interesting choice [3,6,7]. Guar (Cyamopsis tetragonoloba) is a genetically non-modified (non-GMO) annual legume. Due to the high content of a valuable polysaccharide—β-galactomannan, commonly known as guar gum—it is grown on a commercial scale [8,9]. Guar gum extracted from Cyamopsis tetragonoloba is used, for instance, as a thickener and stabiliser in ice cream, yoghurt and sauces. It also has other applications, including in oil, pharmaceutical, paper-making and cosmetic industries and in the mining sector [8,10,11,12].



About 95% of the global production of guar is derived from India, mainly from the Rajasthan province, and from Pakistan [13,14,15,16]. The annual global production of guar seeds ranges from 1.0 to 1.6 million tonnes and depends, among other factors, on the weather in India [17,18]. Nidhina and Muthukumar [12] and Bhatt et al. [19] reported that Cyamopsis tetragonoloba beans consist of three fractions: the endosperm (35–42%), the seed (43–47%) and the shell (14–17%). Depending on the predominant fraction in guar meal, protein content ranges from 35% to 60%. On average, the seed fraction contains about 60% protein, while the shell contains 35% [20,21,22]. Guar meal makes an excellent source of essential amino acids, mainly: arginine, lysine, tryptophan, isoleucine, valine and phenylalanine [18,23,24]. In view of a higher content of crude protein, methionine and phosphorus in relation to soybean meal, adding guar meal to poultry feed may be an efficient strategy for cutting down on the feeding cost with no adverse effect on production [25]. However, the use of a high percentage of this source of plant protein in poultry feed is limited due to the observed undesirable effects, including diarrhoea, reduced growth rate, deteriorated productivity and increased mortality rate [26,27,28]. The usage of guar meal in broiler diets limits the level of anti-nutrients such as guar gum (β-mannan), saponins and trypsin inhibitors. β-mannan is considered a major anti-nutritional factor in guar meal. One of the methods to ameliorate the negative effects of β-mannan in guar meal is to supplement the diet with the β-mannanase enzyme [3,12,23,27].



Many researchers have attempted to determine the optimum content of guar meal in feed rations that will not adversely affect the production performance, the features of the carcass or the economic performance of broiler chickens. Reference literature implies that 2.5% and 5% of guar meal in broiler chicken feed had no adverse effect on the results of the supravital assessment. In contrast, higher doses (7.5%, 10%, 12% and 18%) had a negative effect on the birds’ growth rate and health [26,29,30,31]. Mishra et al. [32], having partially replaced soybean meal with guar meal in broiler feed, found that a gradual increase in the share of guar meal (2% at the first and 5% at the second and third rearing phase) had no adverse effect on the birds’ weight gain, feed conversion rate and carcass quality. Gheisarai et al. [33] and Rao et al. [31], having replaced soybean meal with 3 to 18% of guar meal, at three phases of the chickens’ rearing, noted an improvement in productivity ratios and carcass parameters for the lowest (3–9%) percentage and deterioration of those parameters for levels from 12% to 18%. In addition, reference literature provides no information on the impact of guar meal in broiler chickens’ diet on their carcass composition, including on the physico-chemical properties of meat.



Therefore, an experiment was undertaken to evaluate how different percentages of guar meal in feed rations for broiler chickens affect their rearing performance and carcass composition.




2. Materials and Methods


2.1. Chemical Analysis of Guar Meal


The guar meal was purchased on the feed market as a coarse meal (Guar 60PF). The content of dry mass, crude protein, crude fat, crude fibre and crude ash in guar meal was determined according to the methodology of AOAC International [34]. The number of nitrogen-free extracts (NFE) was calculated from the formula:


NFE = dry matter − (crude protein + total ash + crude fat + crude fibre)











The content of amino acids (except tryptophan) was determined through UPLC-UV ultraperformance liquid chromatography with spectrophotometric detection (PB 59 KLP, 2014). Tryptophan was, by contrast, determined by HPLC-FLD high-performance liquid chromatography with fluorescence detection [35]. Fatty acids were separated using the Folch method [36]. The fatty acid profile of the lipid fraction was determined by gas chromatography of methyl esters in a Varian 450-GC gas chromatograph with a flame ionisation detector (air–hydrogen). A Select ™ Biodiesel for FAME capillary column (30 m, 0.32 mm, 0.45 μm) with a Select Biodiesel for FAME Fused Silica filling was used. The injector temperature was 250 °C, detector temperature was 300 °C and column temperatures were 100 °C (initial) and 235 °C (final). Helium was used as a carrier gas, with a flow of 1.5 mL per minute. Fibre fractions were analysed using Van Soest and Wine’s detergent method [37] with alpha-amylase in an Ancom Fiber Analyser. The gross energy value of guar meal was determined using an Oxygen Bomb Calorimeter [38].



In addition, the content of tannins was assayed in guar meal [39] by extracting tannins using a mixture of ethyl alcohol, glycerine and water, creating a coloured complex with phosphomolybdenum–phosphowolfram reagent and measuring the absorption of the coloured solution at 700 nm wavelength. Furthermore, anti-trypsin activity was determined in guar meal using a method designed by Smith et al. [40], that is, a spectrophotometric assay of absorption of the products of casein breakdown by trypsin in the presence of an inhibitor.




2.2. Experiment Design, Birds and Diets


The experiment involved one hundred sixty Ross 308 chickens assigned to four equinumerous groups (K, G4, G8 and G12). One-day-old, sexed chicks were weighed and randomly put into 20 metal cages—eight birds per cage (4 males and 4 females)—which resulted in five replications in each feeding group. All the cages were placed in one room, in an identical environment, and the chicks had unlimited access to feed and water. Throughout the rearing period, 24 h electric lighting was used. In the first week of the experiment, the ambient temperature was 32 °C. Afterwards, it was reduced every seven days by 1–2 °C until it reached about 2 °C in the final week of rearing. The 42-day chicken period was divided into three feeding phases: starter (days 1–21), grower (days 22–35) and finisher (days 36–42). The feed rations were all in mash form. The all-mash feed formulas were designed according to recommendations for broiler chickens [41], making them isoenergetic and isoprotein diets. The nutritional value of feed was calculated based on the chemical composition of the feed components and metabolizable energy, using equations [42]. The rations were prepared by own means from maize meal, soybean meal, oil and mineral and vitamin additives. An experimental factor was the share of guar meal in all-mash feed: control group (K)—0%, G4—4%, G8—8% and G12—12% (Table 1, Table 2 and Table 3).



During the experiment, the chickens were weighed on rearing days 1, 21, 35 and 42, and the amount of feed intake was measured. The collected data were used for calculating the feed conversion rate (FCR).




2.3. Assessment of Carcass Quality


On the 42nd day of the birds’ life, eight birds (4 males and 4 females)—with a body weight representative of a specific group and sex—were selected from each group and slaughtered. Fifteen minutes after the slaughter, the reaction (pH1) was measured in their breast muscles (m. pectoralis major) and thigh muscles (m. iliotibialis). Next, the carcasses were chilled over 24 h at a temperature of 4 °C, after which, the reaction (pH24) of the muscles was measured again. In order to calculate the dressing percentage, the chilled carcass weight was determined, and simplified dissection analysis was carried out following a procedure described by Ziołecki and Doruchowski [43]. During dissection, breast and leg muscle samples were taken to evaluate their physico-chemical characteristics.



The proximate composition and fatty acid profile in the breast and thigh muscle was determined in line with the adopted guar meal evaluation methods.



Water losses, expressed as water-holding capacity (WHC), were established using Grau and Hamm’s method [44], as modified by Pohja and Ninivaara [45], based on the percentage of water loss from a meat sample placed on blotting paper (Whatman No. 4) and pressed continually (with a 2 kg weight) in between two glass plates. Following a planimetric assessment of the surface area of infiltration (in cm2), the forced drip loss was determined on the assumption that 1 cm2 of the infiltration surface corresponds to 10 mg of muscle drip absorbed by the blotting paper. The measurement was carried out twice, and the mean value was calculated.



The instrumental evaluation of breast muscle colour was performed by means of the photocolorimeter in the system CIE L*a*b*, where L* represented lightness as a spatial vector, whereas a* and b* were trichromatic coordinates (positive values of a* corresponded to the red colour, negative to green colour, positive b* values were for yellow, and negative b* for blue) [46]. The chroma index (C*) and the colour hue (H) were calculated based on colour parameters a* and b* according to the following formulas [47]:


C* = [(a*)2 + (b*)2]0.5; H = log(b*/a*)












2.4. Statistical Analysis


The results were statistically analysed with Statistica software ver. 13.3 [48]. The elements of the calculation were measures of location (arithmetic mean) and absolute measures (SEM), and one-way analysis of variance (ANOVA) was applied. The significance of differences between the mean values was evaluated using the post hoc Duncan’s Multiple Range test.





3. Results


3.1. Chemical Composition of Guar Meal


The nutritional value of guar meal used in the growing experiment involving broiler chickens is presented in Table 4.



The analysed guar meal contained 48.39% crude protein consisting of lysine, arginine, leucine, phenylalanine, valine and tyrosine and 7.78% crude fibre. The determined content of anti-nutrients, such as tannins and trypsin inhibitors, was 1.18% and 0.12%, respectively.




3.2. Performance and Carcass Composition of Broiler Chickens


All-mash feed containing graded levels of guar meal significantly varied the body weight of broiler chickens as early as day 21 of rearing (Table 5).



Along with increasing the share of guar meal in the diet to 4%, 8% and 12%, the birds’ body weight decreased linearly by 26 g, 53 g and 145 g, respectively, compared with the group of birds receiving feed rations with soybean meal as the only protein-rich component (group K). After the grower phase, chickens from the K and G4 groups had a similar body weight and were significantly (p ≤ 0.05) heavier than chickens from the other two groups (G8 and G12). Moreover, on the last day of the experiment, chickens from the K and G4 groups had a similar body weight that was approx. 8% and 20% higher compared with birds from the G8 and G12 groups (p ≤ 0.05). Chicken body weight was largely determined by feed intake since chicks that weighed significantly more at respective phases also consumed more feed. Over 42 rearing days, birds from the K and G4 groups consumed more (p ≤ 0.05) feed than chicks fed rations containing a higher percentage (8% and 12%) of guar meal. The increasing share (4%, 8% and 12%) of guar meal in starter and grower diets linearly increased the feed conversion ratio compared with the K group (p ≤ 0.05). At the last rearing phase (finisher), the mean feed conversion was from 1.97 kg in G8 to 2.33 kg in G4. Compared with chicks from the K group, featuring the lowest (1.63 kg) feed conversion per weight gain unit throughout the rearing period, birds fed diets with lower levels (4% or 8%) of guar meal consumed 0.08 kg more but much less (0.30 kg) than chicks in G12 (p ≤ 0.05).



The body weight of chicks selected for slaughter varied (p ≤ 0.05) between K and G4 and G8 and G12, which was associated with a mean body weight of birds from respective groups on day 42 of rearing (Table 6).



The pre-slaughter body weight of chickens had an influence on chilled carcass weight. Carcass weight higher by about 12% and 23% was noted in the K and G4 groups compared with the G8 group (p ≤ 0.05). By contrast, chilled carcass weight and dressing percentage were lower (p ≤ 0.05) compared with other groups in the case of birds fed rations containing 12% of guar meal. Analysis of carcass muscularity showed that the carcasses of chicks fed rations containing a higher percentage (8% or 12%) of guar meal had a lower total share of muscles compared with birds from the G4 group (p ≤ 0.05). The highest percentage (28.83%) of breast muscles was found in the carcasses of chicks from the G4 group, lower (by one percentage point) in birds from the K group, and the lowest (p ≤ 0.05) was in those fed rations containing 8% or 12% of guar meal. On the contrary, the share of thigh muscles in the carcasses of birds from the G4 group was the lowest and differed significantly from that in chicks from other groups (p ≤ 0.05). No differences between the groups were found in the percentage of skin with subcutaneous fat and abdominal fat. Guar meal replacing soybean meal in feed rations increased the share of giblets as the percentage of guar meal in the feed increased (p ≤ 0.05). Chicks from the G12 group featured the highest share of gizzard, whereas birds from the control group had the lowest (p ≤ 0.05). Despite no differences found (p > 0.05) in the share of heart and liver, the results imply that their share was slightly higher in chickens fed rations with higher levels (8% or 12%) of guar meal.




3.3. Physico-Chemical Properties of Muscles


Analysis of the content of essential nutrients in breast muscles did not reveal that the diet had any significant effect on the content of dry matter, including crude protein, crude fat and crude ash (Table 7).



Leg muscles showed no difference in protein content (p > 0.05). The muscles of chickens from the K group and those fed rations with the lowest (4%) share of guar meal contained more (p ≤ 0.05) dry matter, consisting of more fat and less ash than in the two other groups (p ≤ 0.05).



Table 8 and Table 9 present the fatty acids profile of intramuscular fat in breast and leg muscles.



The examined breast muscles showed no significant differences from group to group, both in terms of total saturated fatty acids (SFA) and unsaturated fatty acids (UFA). Unsaturated fatty acids were predominantly monounsaturated fatty acids (MUFA) that were present in amounts two times higher than polyunsaturated fatty acids (PUFA). Significantly (p ≤ 0.05) higher levels of linolenic acid (C18:3 n-3) were measured in the muscles of chickens from the K group and those receiving feed rations with the lowest percentage (4%) of guar meal compared with the G12 group. A higher (p ≤ 0.05) share of arachidonic acid was identified in the muscles of birds fed rations containing more (8% or 12%) guar meal than in the muscles of chickens from the K and G4 group (p ≤ 0.05). Similarly, the lipid profile of leg muscles in all chickens showed a similar content of SFA, UFA and PUFA, but the level of monounsaturated fatty acids (MUFA) varied. The share of MUFA was significantly higher (p ≤ 0.05) in the muscles of chickens from the K and G4 groups compared with G12, which should be associated with a higher (p ≤ 0.05) share of an essential MUFA—oleic acid (C18:1). The leg muscles of chickens fed rations with 12% of guar meal contained significantly more stearic acid (C18:0) than those of chickens from other groups (p ≤ 0.05).



The pH reaction of breast and thigh muscles varied, both 15 min after slaughter and after 24 h of carcass chilling (Table 10).



The lowest pH1 and pH24 were observed in the muscles of birds from the K group, and the highest was observed in those receiving feed rations containing 12% of guar meal. After 24 h of chilling, the pH reaction of breast muscles ranged from 5.97 in chickens from the K group to 6.16 in chickens fed rations with a 12% share of guar meal. The fastest glycolysis (pH decreased by 0.44) was noted in the breast muscles of chickens from the G8 group, while the slowest was recorded in the muscles of birds from the G4 group (pH decreased by 0.27). Analysis of thigh muscles showed that 45 min after slaughter, their pH was lower (except in G8) than that of breast muscles. After 24 h of carcass chilling, these muscles were not acidified since their pH did not decrease (except in the control group), but it rather increased linearly along with the increasing share of guar meal in the diet. No significant effect of the feed rations on the water-holding capacity (WHC) of breast muscles was observed, but a downward trend in WHC was recorded for an increasing share of guar meal in the feed. The thigh muscles of birds that were fed rations with a higher share of guar meal (8% and 12%) showed a significantly (p ≤ 0.05) lower drip compared to other birds. Analysis of the L*a*b*C*H parameters of muscle colour led to a conclusion that both breast and thigh muscles varied significantly between the groups in terms of colour lightness (L*) only. The lightest colour was observed in the muscles of control chickens, and the colour lightness of both muscles decreased with an increasing share of guar meal in the feed. The difference (4.43) between the colour lightness of muscles of chickens from the K group and those from the G12 group was confirmed to be significant (p ≤ 0.05).





4. Discussion


The content of protein in guar meal depends on the plant cultivar and the type of fraction (seed, shell) being predominant in the raw material [20,21,22]. If the seed is dominant, the protein level can reach up to 60%, while for the shell, it is only about 35%. The analysed guar meal contained an average (48.39%) amount of this ingredient, similar to that determined by Peng et al. [49] and Haribhau et al. [3]. The evaluated guar meal was rich in essential amino acids, which is consistent with studies by Lee et al. [23], Saeed et al. [18], Biel and Jaroszewska [24] and Peng et al. [49]. Lee et al. [21] and Song et al. [50] claimed that about 88% of the crude protein in guar meal true protein, compared to soybean meal (SBM), is rich in arginine but deficient in lysine, methionine, threonine, isoleucine and leucine. The share of specific fractions in guar meal is also associated with the content of crude fibre, which is little desired by poultry. The examined guar meal contained nearly twice more (7.78%) fibre than guar beans, in which a low content of fibre (4.1% and 5.13%) was determined by Pathak et al. [51] and Rao et al. [28]. In contrast, its level was lower (9.3%) than in beans analysed by Ahmed et al. [52]. The determined gross energy value of the evaluated raw material was slightly lower than reported by Peng et al. [49]. Unfortunately, most animal feeds, next to nutrients, also contain anti-nutrients. According to Rao et al. [31], the main nutrients present in guar meal are trypsin inhibitors and highly viscous galactomannan polysaccharides. The level of trypsin inhibitors determined during the analysis was similar to that measured in soybean meal. Thus, the results of Conner [20], Lee et al. [21,26] and Nasrala et al. [53], who found that guar meal contained fewer trypsin inhibitors than soybean meal, were not corroborated.



The rearing performance measured for birds fed rations containing 4%, 8% or 12% of guar meal coincides with other authors’ findings [20,26,29,30,31,32,33,54]. The above-mentioned researchers used slightly different proportions of guar meal in feed rations, and its content varied in respective diets (starter, grower, finisher), but the final outcome was similar. Mishra et al. [32], supplementing the diets with guar meal at the amount of 20 g/kg (pre-starter) or 50 g/kg (starter and grower) as a partial substitute for soybean meal, did not observe any significant impact on the chickens’ body weight and feed intake. After 14 days, birds fed pre-starter rations containing guar meal weighed 539.9 g, while the control birds weighed 526.9 g. After two more weeks, the difference in body weight was 8.6 g to the advantage of the group fed a guar meal diet. On the final day of the experiment (day 35), the chickens had nearly an identical weight (1866.5 g—feed rations without guar meal; 1863.1 g—with guar meal). In turn, Kamran et al. [25], using higher (5%, 10% and 15%) proportions of guar meal in chicken feed, noted a clear decrease in body weight gain at increased levels of guar meal in the diets. After the first three weeks of rearing, the difference in weight gain between chickens fed rations containing 5% and 15% of guar meal amounted to 214 g (14%). At the end of rearing, this difference increased to 27%. The highest (15%) percentage of guar meal in the birds’ diet also significantly reduced feed intake and conversion compared with broiler chickens fed rations in which soybean meal was the only protein-rich component. The highest feed intake was noted for chickens that were fed diets with 5% guar meal, but it did not differ significantly from the intake recorded in the control group and for birds fed rations containing 10% of guar meal. The use of 5% of guar meal in the birds’ diet increased their feed conversion by 0.15 kg compared with chickens fed rations that did not contain guar meal at all (p > 0.05). Moreover, Conner [20], Hassan [54] and Lee et al. [29] demonstrated that up to 5% of guar meal in feed rations for broiler chickens was a level having no adverse impact on the birds’ rearing performance. By contrast, Gharaei et al. [55], having added 3%, 6% and 9% of guar meal to feed rations for broiler chickens, proved that irrespective of whether the feed contained 3% or 6% of guar meal, the final body weight of chickens (on day 42 of rearing) was similar (2530 g and 2503 g) and did not differ from the weight of birds fed rations without guar meal (2545 g). Chickens receiving feed rations with 9% of guar meal weighed (by ca. 200 g) less (p ≤ 0.05), while their feed conversion rate was higher (from 3% to 7%) compared with other birds. Rajasekhar et al. [4], having introduced lower levels (4% and 6%) of guar meal into the birds’ diets, observed a linear decrease in body weight and an increase in feed conversion at respective phases of broiler chicken rearing. By contrast, Gheisarai et al. [33] demonstrated that from 3% to 9% of guar meal increased the birds’ body weight, while higher (12–18%) levels of guar meal in the chickens’ diets deteriorated their rearing performance. Mohayayee and Karimi [56], by using guar meal in starter, grower and finisher feed rations at graded levels of low (2%, 4% and 6%), medium (4%, 6% and 8%) and high (6%, 9% and 12%), proved that over 42 days of rearing the highest feed intake was recorded for chickens fed rations without guar meal. In contrast, a significant decrease in feed intake was noted for birds fed diets with the highest percentage of guar meal (p ≤ 0.05). Moreover, Ahmed and Abou-Elkhair [1], having used 7.5% and 10% of guar meal in chicken feed, found that the intake of feed decreased linearly (p ≤ 0.05) as the share of guar meal in the feed increased. The decreasing feed intake for birds fed rations with increasing levels of guar meal should most likely be attributed to an increased concentration of anti-nutrients making the feed taste bitter, discouraging the birds. As a consequence, lower feed intake contributes to the reduced intake of nutrients, resulting in smaller weight gain, particularly in the youngest broiler chickens, the most sensitive to diet quality.



The decrease in dressing percentage at higher levels of guar meal in feed rations for broiler chickens is consistent with the findings of Ahmed and Abou-Elkhair [1]. The use of 7.5% or 10% of guar meal in chicken feed linearly decreased the share of breast muscles compared with birds receiving diets in which the only source of protein was soybean meal (p ≤ 0.05). The deteriorated carcass composition of broiler chickens should be associated with worse rearing performance ratios (BW, FI). Ahmed and Abou-Elkhair [1] did not find any influence of guar meal in feed rations on the percentage of abdominal fat in the carcass and the heart weight. However, compared to the control birds, chickens fed rations with 10% of guar meal were observed to have bigger livers (p ≤ 0.05), while bigger gizzards were characteristic of those receiving feed containing less guar meal (7.5%). Rao et al. [28] did not note any significant influence of 6%, 12% and 18% of guar meal added to feed rations for broiler chickens on the dressing percentage, breast yield, giblet weight, abdominal fat and the weight of heart and liver.



The proximate composition of breasts and legs should be deemed typical of respective muscles [2,5,57,58]. It is difficult to refer these results to other studies that have analysed guar meal’s impact on the chemical composition of muscles since no such data are available in reference literature. This is similar to the case of the composition and share of fatty acids in the lipid fraction of breast and leg muscles. It is a known fact that the percentage of fatty acids in intramuscular fat depends on the composition of the birds’ diet [2,5,57,59]. Differences noted in the share of fatty acids in both muscles stem from the selected chicken-feeding pattern. Studies by Konieczka et al. [60] and Milczarek et al. [61] clearly illustrate the effect of the composition and share of fatty acids in oils used in broiler chicken feed rations on the lipid profile of muscles. An increased share of n-3 acids in the chickens’ diet increases their concentration in intramuscular fat, improving health. However, high levels of PUFA from the n-3 family accelerate fat oxidation.



According to the classification of meat quality based on acidity, as proposed by Trojan and Niewiarowicz [62] and by Gardzielewska et al. [63], meat can be considered free of defects if its pH1 ranges from 5.8 or 5.9 to 6.2 or 6.3. Studies showed that the reaction (pH1) of breast muscles of all chickens exceeded the upper limit (6.3). In the breast muscles of birds fed rations containing a higher percentage (8% and 12%) of guar meal, pH1 was high (above 6.4). Due to such a high pH, the meat is classified as DFD (dark, firm and dry), whereas the muscles of control chickens can be still regarded as normal meat since the 6.3 limit was only exceeded minimally. After 24 h of chilling, their pH reaction was lower and ranged from 5.97 in the muscles of chickens from the K group to 6.16 in the muscles of chickens fed rations with a 12% share of guar meal (p ≤ 0.05). Analysis of the reaction of thigh muscles showed that pH1 was even lower (except in G8) than that of breast muscles. The values measured in the K and G4 groups imply that the meat was free of defects. A value slightly (by 0.06) above the recommended upper limit of the pH range was noted in the G12 group, whereas pH1 of the thigh muscles of chickens from the G8 group, amounting to 6.48, was significantly higher compared with the muscles of other birds. The aforementioned value testifies that the meat showed signs of DFD. Surprising results were recorded in the measurement of the pH reaction of thigh muscles after 24 h of chilling since the muscles were not acidified, and their pH even increased (except for the control group). Moreover, it was revealed that the pH24 of the muscles of chickens fed rations containing guar meal was higher at higher levels of guar meal in chicken feed; the G12 group reached a level of 6.78, which was significantly higher than in other groups.



No significant effect of the feed rations on breast muscles’ water-holding capacity was confirmed. However, it was noted that as the pH1 increased, the percentage of free water in the muscles decreased. A significantly smaller drip was observed in the thigh muscles of chickens from groups G8 and G12 compared with K and G4. The measured WHC ratio of breast and leg muscles can be associated with their pH reaction and colour lightness (L*) and leads to a conclusion that as the muscles’ pH1 increases, the free water drip loss decreases, and the colour lightness is reduced. Irrespective of the chicken feed rations, the colour of both muscles did not differ in terms of red saturation (a*) and yellow saturation (b*), as well as chroma (C*) and hue (H).



It is impossible to discuss the results relating to the physical properties of the muscles since the reference literature does not offer results from similar studies.




5. Conclusions


To sum up, the results provide a basis for recommending 4% of guar meal in chicken feed as a partial substitute for soybean meal. Higher levels (8% and 12%) of guar meal in broiler chicken feed resulted in a significantly decreased feed intake and, as a consequence, a clear reduction in the birds’ body weight and a higher feed conversion ratio compared with broiler chickens fed rations without guar meal and rations containing 4% of guar meal. Chickens fed rations containing a higher percentage of guar meal (in particular 12%) performed significantly worse in terms of carcass composition, that is, dressing percentage and carcass muscularity. In addition, it was demonstrated that their meat was DFD (pH1 > 6.4) but contained the smallest amount of intramuscular fat from a dietary perspective.
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Table 1. Composition and nutritive value of starter rations containing graded levels of guar meal.






Table 1. Composition and nutritive value of starter rations containing graded levels of guar meal.





	
Item

	
Groups




	
K (Control)

	
G4

	
G8

	
G12






	
Raw materials (%) and feed additives (%)




	
Maize meal

	
50.02

	
50.62

	
51.40

	
52.20




	
Soybean meal

	
42.00

	
37.50

	
33.00

	
28.50




	
Guar meal

	
-

	
4.00

	
8.00

	
12.00




	
Rapeseed oil

	
4.70

	
4.60

	
4.30

	
4.00




	
DL-methionine 99%

	
0.22

	
0.21

	
0.21

	
0.20




	
Limestone

	
0.64

	
0.65

	
0.71

	
0.72




	
2-Ca phosphate

	
1.80

	
1.80

	
1.75

	
1.75




	
NaCl

	
0.12

	
0.12

	
0.13

	
0.13




	
Premix *

	
0.50

	
0.50

	
0.50

	
0.50




	
Total

	
100.00

	
100.00

	
100.00

	
100.00




	
Calculated nutrients per 1 kg of rations:




	
ME (MJ)

	
12.84

	
12.88

	
12.87

	
12.87




	
Crude protein (g)

	
225.1

	
225.4

	
225.9

	
226.3




	
Crude fibre (g)

	
26.2

	
27.85

	
29.53

	
31.22




	
Lysine (g)

	
13.05

	
13.20

	
13.36

	
13.51




	
Methionine (g)

	
5.82

	
5.80

	
5.89

	
5.88




	
Methionine + cysteine (g)

	
9.80

	
9.68

	
9.66

	
9.54




	
Threonine (g)

	
9.29

	
9.05

	
8.83

	
8.60




	
Tryptophan (g)

	
2.95

	
2.96

	
2.97

	
2.97




	
Ca (g)

	
9.71

	
9.70

	
9.72

	
9.72




	
P (g)

	
11.38

	
11.42

	
11.24

	
11.28




	
P available (g)

	
4.45

	
4.45

	
4.43

	
4.42




	
Na (g)

	
1.69

	
1.68

	
1.69

	
1.68








* One kilogram of starter premix contained: vitamin A—2,400,000 IU; D3—900,000 IU; E—9000 IU; K—700 mg; B1—500 mg; B2—1200 mg; B6—800 mg; B12—6000 µg; PP—8000 mg; pantotenian calcium—2600 mg; B9—300 mg; H—50,000 µg; B4—70,000 mg; microelements: Cu—3500 mg; Fe—15,000 mg; J—350 mg; Mn—20,000 mg; Zn—20,000 mg; Se—55 mg; antioxidant.
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Table 2. Composition and nutritive value of grower rations containing graded levels of guar meal.
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Item

	
Groups




	
K (Control)

	
G4

	
G8

	
G12






	
Raw materials (%) and feed additives (%)




	
Maize meal

	
55.77

	
56.58

	
57.58

	
58.67




	
Soybean meal

	
36.00

	
31.50

	
26.80

	
22.10




	
Guar meal

	
-

	
4.00

	
8.00

	
12.00




	
Rapeseed oil

	
5.00

	
4.70

	
4.40

	
4.00




	
Lysine 98.5%

	
0.03

	
0.01

	
-

	
-




	
DL-methionine 99%

	
0.20

	
0.20

	
0.19

	
0.18




	
Limestone

	
0.74

	
0.76

	
0.78

	
0.79




	
2-Ca phosphate

	
1.61

	
1.60

	
1.60

	
1.60




	
NaCl

	
0.15

	
0.15

	
0.15

	
0.16




	
Premix *

	
0.50

	
0.50

	
0.50

	
0.50




	
Total

	
100.00

	
100.00

	
100.00

	
100.00




	
Calculated nutrients per 1 kg of rations:




	
ME (MJ)

	
13.14

	
13.15

	
13.15

	
13.14




	
Crude protein (g)

	
203.5

	
204.0

	
203.7

	
203.5




	
Crude fibre (g)

	
25.43

	
27.12

	
28.78

	
30.47




	
Lysine (g)

	
11.76

	
11.76

	
11.77

	
11.88




	
Methionine (g)

	
5.34

	
5.33

	
5.36

	
5.34




	
Methionine + cysteine (g)

	
9.02

	
8.90

	
8.82

	
8.68




	
Threonine (g)

	
8.37

	
8.15

	
7.89

	
7.64




	
Tryptophan (g)

	
2.62

	
2.63

	
2.62

	
2.63




	
Ca (g)

	
9.31

	
9.31

	
9.32

	
9.32




	
P (g)

	
10.40

	
10.38

	
10.42

	
10.45




	
P available (g)

	
4.08

	
4.05

	
4.04

	
4.02




	
Na (g)

	
1.70

	
1.70

	
1.69

	
1.70








* One kiloggram of grower premix contained: vitamin A—2,000,000 IU; D3—800,000 IU; E—7000 IU; K—600 mg; B1—360 mg; B2—1000 mg; B6—700 mg; B12—2600 µg; PP—6000 mg; pantotenian calcium—2600 mg; B9—200 mg; H—40,000 µg; B4—70,000 mg; microelements: Cu—3000 mg; Fe—12,000 mg; J—300 mg; Mn—18,000 mg; Zn—20,000 mg; Se—90 mg; antioxidant.
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Table 3. Composition and nutritive value of finisher rations containing graded levels of guar meal.






Table 3. Composition and nutritive value of finisher rations containing graded levels of guar meal.





	
Item

	
Groups




	
K (Control)

	
G4

	
G8

	
G12






	
Raw materials (%) and feed additives (%)




	
Maize meal

	
57.46

	
58.35

	
59.14

	
60.24




	
Soybean meal

	
33.80

	
29.20

	
24.70

	
20.00




	
Guar meal

	
-

	
4.00

	
8.00

	
12.00




	
Rapeseed oil

	
5.70

	
5.40

	
5.10

	
4.70




	
DL-methionine 99%

	
0.12

	
0.11

	
0.10

	
0.09




	
Limestone

	
0.74

	
0.76

	
0.77

	
0.77




	
2-Ca phosphate

	
1.52

	
1.52

	
1.52

	
1.53




	
NaCl

	
0.16

	
0.16

	
0.17

	
0.17




	
Premix *

	
0.50

	
0.50

	
0.50

	
0.50




	
Total

	
100.00

	
100.00

	
100.00

	
100.00




	
Calculated nutrients per 1 kg of rations:




	
ME (MJ)

	
13.41

	
13.41

	
13.41

	
13.40




	
Crude protein (g)

	
195.2

	
195.3

	
195.8

	
195.6




	
Crude fibre (g)

	
22.05

	
26.72

	
28.41

	
30.10




	
Lysine (g)

	
10.93

	
11.06

	
11.22

	
11.33




	
Methionine (g)

	
4.44

	
4.43

	
4.41

	
4.40




	
Methionine + cysteine (g)

	
7.99

	
7.87

	
7.75

	
7.62




	
Threonine (g)

	
8.02

	
7.78

	
7.56

	
7.30




	
Tryptophan (g)

	
2.50

	
2.50

	
2.51

	
2.50




	
Ca (g)

	
7.99

	
7.67

	
7.35

	
7.02




	
P (g)

	
8.02

	
8.17

	
8.33

	
8.47




	
P available (g)

	
2.50

	
2.58

	
2.67

	
2.74




	
Na (g)

	
8.94

	
8.97

	
8.96

	
8.93








* One kilogram of finisher premix contained: vitamin A—2,000,000 IU; D3—800,000 IU; E—7000 IU; K—600 mg; B1—360 mg; B2—1000 mg; B6—700 mg; B12—2600 µg; PP—6000 mg; pantotenian calcium—2400 mg; B9—200 mg; H—40,000 µg; B4—70,000 mg; microelements: Cu—3000 mg; Fe—12,000 mg; J—300 mg; Mn—18,000 mg; Zn—20,000 mg; Se—50 mg; antioxidant.
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Table 4. Chemical composition of guar meal.
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	Item
	Contents





	Basal nutrients (g·kg−1)
	



	Dry matter
	904.3



	Crude ash
	48.9



	Crude protein
	483.9



	Crude fat
	38.3



	Crude fibre
	77.8



	N-free extracts
	255.4



	Amino acids (g·kg−1)
	



	Lysine
	20.9



	Methionine
	5.93



	Cysteine
	4.52



	Tryptophan
	7.00



	Asparagine
	48.1



	Threonine
	13.9



	Serine
	21.7



	Glutamine
	97.9



	Proline
	17.1



	Glycine
	24.3



	Alanine
	18.9



	Valine
	18.8



	Isoleucine
	15.0



	Leucine
	27.1



	Tyrosine
	16.1



	Phenylalanine
	18.9



	Histidine
	13.2



	Arginine
	62.7



	Fatty acids profile (% of total fatty acids)
	



	C14:0
	0.15



	C15:0
	0.11



	C16:0
	15.26



	C16:1
	0.19



	C17:0
	0.13



	C17:1
	0.08



	C18:0
	6.60



	C18:1
	26.09



	C18:2 n-6
	43.16



	C18:3 n-3
	3.32



	C20:0
	1.30



	C20:1
	0.39



	C22:0
	0.94



	C22:1
	0.10



	C23:0
	0.30



	C24:0
	1.76



	Others
	0.12



	SFA—saturated fatty acids
	26.55



	UFA—unsaturated fatty acids
	73.33



	MUFA—monosaturated fatty acids
	26.85



	PUFA—polysaturated fatty acids
	46.48



	Fibre fraction (%)
	



	Neutral detergent fibre—NDF
	26.56



	Acid detergent fibre—ADF
	8.50



	Lignine—ADL
	0.90



	Cellulose—CEL
	7.60



	Hemicellulose—HCEL
	18.06



	Gross energy (kcal·kg−1)
	4460



	Anti-nutritional factors (g·kg−1)
	



	Trypsin inhibitors
	1.2



	Tannins
	11.8
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Table 5. The rearing performance of broiler chickens fed graded levels of guar meal.
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Item

	
Group

	
SEM

	
p-Value




	
K

	
G4

	
G8

	
G12






	
Body weight (g)




	
1 day

	
47

	
47

	
47

	
47

	
0.074

	
0.125




	
21 days

	
695 a

	
669 b

	
642 c

	
550 d

	
12.772

	
0.001




	
35 days

	
1884 a

	
1834 a

	
1652 b

	
1388 c

	
45.006

	
0.001




	
42 days

	
2397 a

	
2324 ab

	
2210 c

	
1920 d

	
41.927

	
0.001




	
Feed intake (g)




	
1–21 days

	
41

	
43

	
42

	
39

	
0.733

	
0.267




	
22–35 days

	
133 a

	
133 a

	
122 b

	
123 b

	
0.583

	
0.032




	
36–42 days

	
160

	
163

	
157

	
154

	
1.119

	
0.846




	
1–42 days

	
91.5 a

	
93.0 a

	
87.8 b

	
85.9 b

	
0.831

	
0.011




	
Feed conversion ratio (kg·kg−1)




	
1–21 days

	
1.33 b

	
1.45 c

	
1.48 c

	
1.63 a

	
0.058

	
0.009




	
22–35 days

	
1.57 c

	
1.60 c

	
1.69 b

	
2.05 a

	
0.049

	
0.001




	
36–42 days

	
2.18 ab

	
2.33 a

	
1.97 c

	
2.03 bc

	
0.045

	
0.003




	
1–42 days

	
1.63 c

	
1.71 b

	
1.71 b

	
1.93 a

	
0.029

	
0.001








K—0%, G4—4%, G8—8% and G12—12% guar meal in rations for broiler chickens. SEM—standard error of mean. abc—means with different superscripts within a row are significantly different at p ≤ 0.05.
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Table 6. Carcass composition of broiler chickens fed graded levels of guar meal.
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Item

	
Group

	
SEM

	
p-Value




	
K

	
G4

	
G8

	
G12






	
Body weight before slaughter (g)

	
2413 a

	
2380 a

	
2166 b

	
1929 c

	
52.775

	
0.001




	
Chilled carcass weight (g)

	
1891 a

	
1868 a

	
1650 b

	
1447 c

	
44.634

	
0.001




	
Dressing percentage (%)

	
78.4 a

	
78.5 a

	
76.2 a

	
75.0 b

	
0.409

	
0.001




	
Share in chilled carcass (%)




	
Muscles total

	
47.04 ab

	
47.86 a

	
45.10 b

	
44.61 b

	
0.435

	
0.023




	
including:




	
Breast

	
27.83 a

	
28.83 a

	
25.49 b

	
25.12 b

	
0.422

	
0.001




	
Thigh

	
11.29

	
11.67

	
11.66

	
11.31

	
0.221

	
0.889




	
Drumstick

	
7.90 a

	
7.36 b

	
7.93 a

	
8.17 a

	
0.118

	
0.049




	
Abdominal fat

	
10.31

	
10.31

	
10.53

	
10.35

	
0.181

	
0.973




	
Skin with subcutaneous fat

	
0.99

	
1.00

	
1.13

	
0.95

	
0.044

	
0.515




	
Share in body weight (%)




	
Giblets total share in body weightbefore slaughter (%)

	
3.56 b

	
3.61 b

	
3.67 ab

	
4.03 a

	
0.102

	
0.044




	
including:




	
Heart

	
0.45

	
0.46

	
0.48

	
0.49

	
0.012

	
0.108




	
Gizzard

	
1.22 b

	
1.35 ab

	
1.32 ab

	
1.49 a

	
0.042

	
0.030




	
Liver

	
1.90

	
1.80

	
1.87

	
2.05

	
0.094

	
0.384








K—0%, G4—4%, G8—8% and G12—12% guar meal in rations for broiler chickens. SEM—standard error of mean. abc—means with different superscripts within a row are significantly different at p ≤ 0.05.
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Table 7. Proximate composition (g·100 g–1) in muscles of broiler chickens fed graded levels of guar meal.
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Item

	
Groups

	
SEM

	
p-Value




	
K

	
G4

	
G8

	
G12






	
Breast




	
Dry matter

	
25.93

	
25.94

	
25.74

	
25.38

	
0.141

	
0.437




	
Crude ash

	
1.16

	
1.19

	
1.19

	
1.19

	
0.005

	
0.053




	
Crude protein

	
23.12

	
22.74

	
22.73

	
20.40

	
0.623

	
0.423




	
Crude fat

	
1.28

	
1.38

	
1.17

	
0.89

	
0.072

	
0.085




	
Leg




	
Dry matter

	
27.26 a

	
25.56 ab

	
26.12 bc

	
25.89 c

	
0.208

	
0.003




	
Crude ash

	
1.04 b

	
1.03 b

	
1.06 a

	
1.07 a

	
0.004

	
0.002




	
Crude protein

	
19.54

	
19.20

	
19.58

	
19.31

	
0.108

	
0.567




	
Crude fat

	
5.49 ab

	
5.89 a

	
4.56 b

	
4.53 b

	
0.168

	
0.003








K—0%, G4—4%, G8—8% and G12—12% guar meal in rations for broiler chickens. SEM—standard error of mean. abc—means with different superscripts within a row are significantly different at p ≤ 0.05.
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Table 8. Fatty acids profile (% of total fatty acids) in breast muscles of broiler chickens fed graded levels of guar meal.
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Fatty Acids

	
Groups

	
SEM

	
p-Value




	
K

	
G4

	
G8

	
G12






	
C14:0

	
0.10

	
0.10

	
0.10

	
0.10

	
0.003

	
0.812




	
C14:1

	
0.01

	
0.01

	
0.01

	
0.02

	
0.001

	
0.203




	
C16:0

	
14.90

	
14.80

	
15.20

	
14.70

	
0.193

	
0.794




	
C16:1

	
1.30

	
1.46

	
1.42

	
1.38

	
0.005

	
0.681




	
C17:0

	
0.12

	
0.11

	
0.12

	
0.14

	
0.004

	
0.262




	
C17:1

	
0.05

	
0.05

	
0.06

	
0.07

	
0.067

	
0.463




	
C18:0

	
4.00

	
3.64

	
3.90

	
4.07

	
0.610

	
0.118




	
C18:1

	
52.90

	
53.00

	
52.10

	
51.80

	
0.191

	
0.064




	
C18:2 n-6

	
22.60

	
22.80

	
23.30

	
24.10

	
0.274

	
0.224




	
C18:3 n-3

	
3.03 a

	
3.10 a

	
2.77 ab

	
2.55 b

	
0.073

	
0.029




	
C20:0

	
0.01 b

	
0.01 b

	
0.04 a

	
0.07 a

	
0.006

	
0.001




	
C20:1

	
0.15

	
0.14

	
0.16

	
0.15

	
0.005

	
0.863




	
C20:2

	
0.05

	
0.06

	
0.07

	
0.07

	
0.006

	
0.401




	
C20:3 n-3

	
0.07

	
0.06

	
0.06

	
0.05

	
0.006

	
0.477




	
C20:4 n-6

	
0.55

	
0.50

	
0.55

	
0.57

	
0.024

	
0.844




	
C22:0

	
0.02

	
0.02

	
0.01

	
0.02

	
0.001

	
0.926




	
SFA

	
19.15

	
18.68

	
19.37

	
19.10

	
0.235

	
0.808




	
UFA

	
80.71

	
81.18

	
80.50

	
80.76

	
0.236

	
0.809




	
MUFA

	
54.41

	
54.66

	
53.75

	
53.42

	
0.192

	
0.078




	
PUFA

	
26.30

	
26.52

	
26.75

	
27.34

	
0.305

	
0.686




	
n-6:n-3

	
7.52

	
7.43

	
8.51

	
9.58

	
0.215

	
0.051








K—0%, G4—4%, G8—8% and G12—12% guar meal in rations for broiler chickens. SFA—saturated fatty acids, UFA—unsaturated fatty acids, MUFA—monounsaturated fatty acids, PUFA—polyunsaturated fatty acids, SEM—standard error of mean. ab—means with different superscripts within a row are significantly different at p ≤ 0.05.
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Table 9. Fatty acids profile (% of total fatty acids) in leg muscles of broiler chickens fed graded levels of guar meal.
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Fatty Acids

	
Groups

	
SEM

	
p-Value




	
K

	
G4

	
G8

	
G12






	
C14:0

	
0.08

	
0.08

	
0.09

	
0.10

	
0.002

	
0.063




	
C14:1

	
0.01

	
0.01

	
0.01

	
0.01

	
0.001

	
0.750




	
C16:0

	
14.00

	
14.20

	
13.90

	
13.90

	
0.197

	
0.972




	
C16:1

	
1.51

	
1.74

	
1.74

	
1.73

	
0.049

	
0.289




	
C17:0

	
0.12 b

	
0.13 b

	
0.14 b

	
0.16 a

	
0.004

	
0.001




	
C17:1

	
0.05 b

	
0.06 ab

	
0.06 ab

	
0.07 a

	
0.014

	
0.033




	
C18:0

	
2.71 b

	
2.61 b

	
2.68 b

	
3.16 a

	
0.067

	
0.007




	
C18:1

	
53.60 a

	
53.40 a

	
52.80 ab

	
52.30 b

	
0.155

	
0.007




	
C18:2 n-6

	
23.90

	
23.80

	
24.0

	
24.60

	
0.264

	
0.475




	
C18:3 n-3

	
3.50

	
3.31

	
3.13

	
3.30

	
0.058

	
0.156




	
C20:0

	
0.01 b

	
0.08 a

	
0.01 b

	
0.02 b

	
0.005

	
0.001




	
C20:1

	
0.12

	
0.15

	
0.12

	
0.14

	
0.004

	
0.090




	
C20:2

	
0.03

	
0.03

	
0.03

	
0.04

	
0.003

	
0.364




	
C20:3 n-3

	
0.02

	
0.03

	
0.03

	
0.03

	
0.001

	
0.078




	
C20:4 n-6

	
0.20 b

	
0.20 b

	
0.23 b

	
0.30 a

	
0.011

	
0.001




	
C22:0

	
0.01

	
0.01

	
0.01

	
0.01

	
0.001

	
0.283




	
SFA

	
16.93

	
17.11

	
16.83

	
17.35

	
0.224

	
0.855




	
UFA

	
82.94

	
82.73

	
82.15

	
82.52

	
0.224

	
0.856




	
MUFA

	
55.29 a

	
55.36 a

	
54.74 ab

	
54.25 b

	
0.166

	
0.047




	
PUFA

	
27.65

	
27.37

	
27.42

	
28.27

	
0.311

	
0.730




	
n-6:n-3

	
6.90

	
7.30

	
8.03

	
7.58

	
0.739

	
0.091








K—0%, G4—4%, G8—8% and G12—12% guar meal in rations for broiler chickens. SFA—saturated fatty acids, UFA—unsaturated fatty acids, MUFA—monounsaturated fatty acids, PUFA—polyunsaturated fatty acids, SEM—standard error of mean. ab—means with different superscripts within a row are significantly different at p ≤ 0.05.













[image: Table] 





Table 10. Physical properties of muscles of broiler chickens fed graded levels of guar meal.
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Item

	
Groups

	
SEM

	
p-Value




	
K

	
G4

	
G8

	
G12






	
Breast




	
pH1

	
6.35 b

	
6.38 ab

	
6.44 ab

	
6.54 a

	
0.029

	
0.008




	
pH24

	
5.97 b

	
6.11 ab

	
6.00 ab

	
6.16 a

	
0.035

	
0.003




	
WHC (%)

	
15.18

	
14.41

	
13.58

	
12.29

	
0.707

	
0.088




	
L*

	
52.30 a

	
50.24 ab

	
49.08 b

	
47.87 b

	
0.584

	
0.023




	
a*

	
2.79

	
2.74

	
2.75

	
3.04

	
0.114

	
0.772




	
b*

	
2.31

	
2.96

	
3.75

	
3.92

	
0.290

	
0.176




	
C* = [(a*)2 + (b*)2] 0.5

	
3.88

	
4.24

	
4.73

	
5.07

	
0.214

	
0.209




	
H = log (b*/a*)

	
0.64

	
0.78

	
0.84

	
0.92

	
0.054

	
0.314




	
Thigh




	
pH1

	
6.21 b

	
6.29 b

	
6.48 a

	
6.36 ab

	
0.028

	
0.006




	
pH24

	
6.20 d

	
6.47 c

	
6.64 b

	
6.78 a

	
0.045

	
0.001




	
WHC (%)

	
13.41 a

	
11.50 ab

	
8.25 b

	
8.27 b

	
0.726

	
0.018




	
L*

	
49.11 a

	
47.50 ab

	
45.78 b

	
47.25 ab

	
0.539

	
0.043




	
a*

	
6.34

	
6.66

	
6.19

	
7.66

	
0.492

	
0.735




	
b*

	
4.29

	
5.64

	
4.57

	
5.99

	
0.338

	
0.224




	
C* = [(a*)2 + (b*)2] 0.5

	
7.83

	
7.85

	
8.98

	
10.12

	
0.466

	
0.254




	
H = log (b*/a*)

	
0.59

	
0.64

	
0.70

	
0.71

	
0.049

	
0.711








K—0%, G4—4%, G8—8% and G12—12% guar meal in rations for broiler chickens. L*—lightness, a*—redness, b*—yellowness, C*—chroma, H—hue, WHC—water-holding capacity, SEM—standard error of mean. abcd—means with different superscripts within a row are significantly different at p ≤ 0.05.
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