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The aim of this study was to investigate the responses of non-starch polysaccharide (NSP) enzymes and protease combination on growth performance, meat quality, and nutrients digestibility of yellow-feathered broilers fed with corn-soybean meal basal diets with normal and subnormal crude protein (CP) levels. The experimental design was completely randomized with a 2 × 2 factorial arrangement of treatments, including six replicates of 20 birds per pen. Two basal diets were formulated with normal CP level as positive control (PC) and subnormal CP level without extra essential amino acid (AA) supplementation as negative control (NC). The basal diets were supplemented without or with NSP enzymes and protease. Broilers fed with the NC diet had lower (P < 0.05) final body weight (BW), average daily weight gain (ADG) on days 1–21, 22–56 and 1–56 and higher (P < 0.05) feed-to-gain ratio (F/G) on day 22–56 than those fed with PC diet. The broilers fed with the NC diet had higher (P < 0.05) L* and b* values in thigh muscle, crypt depth in the duodenum, and dry matter (DM) digestibility as well as lower (P < 0.05) villus height, musculature thicknesses, and villus height: crypt depth in the duodenum than those fed with the PC diet. Dietary NSP enzymes and protease combination increased (P < 0.05) the ADG and F/G of the broilers on days 1–56, and pH values in breast and thigh muscles as well as the digestibility of DM, gross energy (GE), CP and most AAs of the broilers on day 56. Compared with the PC diet, the combination of NSP enzymes and protease exhibited greater (P < 0.05) improvements in the digestibility of DM, CP, and some AAs (Asp, Ile, and Leu) in the broilers fed with the NC diet. In conclusion, reducing CP diet without essential AA supplementation impaired the growth performance and meat color of the thigh muscles of the broilers. The combination of NSP enzymes and protease effectively improved the growth performance, meat quality, and nutritional values of the broilers. In terms of the digestibility of DM, CP, and some AAs, the magnitude of response to the addition of NSP enzymes and protease was greater in the low nutritional-quality diet with a subnormal CP level.
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INTRODUCTION

With the increasing demand and price volatility of ingredients, a concerted effort to improve the nutritive value of poultry feeds with exogenous enzyme supplementation has been ongoing in the poultry industry (1, 2). The existing knowledge is that exogenous enzymes could play a great role in enhancing the potential feeding value of poultry diets (3–5). In addition to the use of individual exogenous enzymes, combinations of exogenous enzyme preparations (i.e., carbohydrase, phytase, and protease) have also been proposed to be more effective in enhancing growth performance and nutrient availability in poultry (6–8). A number of studies have demonstrated that a combination of exogenous non-starch polysaccharide (NSP) enzymes and protease supplementation was used expectantly to improve growth performance and nutrient ultilization, and reduce nutrient excretion in broilers (9) and hens (7, 10). The efficiency of exogenous enzyme combinations varied depending on dietary nutritional quality and substrate specificity (8, 11). Responses to exogenous enzyme additions were expected to be greater in diets the lower ingredient quality and nutritional density (12–14). The multi-enzyme addition of xylanase, amylase, and protease exhibited greater effects on increasing energy digestibility of corn-soybean meal diets with lower energy contents compared with diets with higher energy levels in broiler chickens (15). However, several studies have indicated that there was no beneficial responses of exogenous enzyme supplementation on performance and nutrient digestibility of broiler chickens fed WITH diets varying in nutrient density (16, 17). The lack of effect of dietary exogenous enzymes could be that a greater reduction in the nutritional levels of diets could have possibly elicited the beneficial effects of enzyme supplementations (16, 18). So far, research data on possible interactions between dietary crude protein (CP) levels and exogenous enzyme supplementation in broiler diets were not only limited but also inconsistent and as a result, more information is still required. Therefore, this study was conducted to investigate whether there were different responses of combined NSP enzymes and protease supplementation on growth performance, carcass traits, meat quality and nutrient utilization in broiler chickens fed diets with normal and subnormal CP levels.



METHODS AND MATERIALS


Experimental Design and Diets

The study procedures were reviewed and approved by the Institutional Animal Care and Use Committee of South China Agricultural University to ensure compliance with welfare and humane practices (SCAU-10564)). The experimental design was completely randomized with a 2 × 2 factorial arrangement of treatments. Two basal diets were formulated with normal CP level as positive control (PC) and subnormal CP level without extra essential amino acid (AA) supplementation as negative control (NC). The basal diets were supplemented without (control) or with exogenous NSP enzymes and protease combination (enzyme). The NSP enzymes (Kemzyme® FHS, enzyme activities: xylanase 80,000 U/g, and β-glucanase 6,000 U/g) and protease (Kemzyme®, heat- and acid-resistant protected protease, activity: 8,000 U/g) were provided by Kemin (China) Technologies Co., Ltd. (Zhuhai, Guangdong, China). The recommended level of 200 mg/kg enzyme mixtures was added to the diets at the expense of corn (14), providing 16,800 U of xylanase, 1,180 U of β-glucanase, and 1,530 U of protease per kg diet based on the analysis.

A total of 480-day-old male yellow-feathered broilers were kept in floor pens in a building with a controlled environment. The birds were weighed individually and divided into four dietary treatments with 6 replicate pens of 20 birds per pen. The room temperature was initially set at 34°C and was accordingly reduced by 2°C per week to maintain 20°C. A lighting program of 18-h light and 6-h darkness was maintained throughout the trial except for the first day when the birds had 24 h of light. The PC diet was formulated to meet the nutrient requirements of the National Agricultural Industry Standard (NY/T 3645-2020) for yellow-feathered broilers and contained CP levels of 22 and 19.5% for broilers at the starter and grower-finisher phases, respectively (Table 1). The NC diets were formulated with subnormal CP levels of 20 and 18% without extra essential AA supplementation compared to the PC diet, while other nutrients met the requirements for broilers in the two phases. Both the PC and NC diets were without or with supplemental exogenous enzymes according to the experimental design. Each diet contained 5 g/kg titanium dioxide (TiO2) as an indigestible marker for calculation of nutrient digestibility coefficients (19). The diets were pelleted using a conditioning temperature of 65°C. All the diets were fed in a pelleted form throughout the experimental period. The experimental diets and water were provided ad libitum.


Table 1. Composition and nutrient levels of the positive and negative control diets.
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At 21 and 56 days of age, after 12-h feed withdrawal, the birds were weighed, and feed consumption was recorded by each replicate pen. Average daily gain (ADG), average daily feed intake (ADFI), and feed:gain ratio (F:G) were calculated following any necessary corrections for mortality. Mortality was very low and averaged.95% throughout the experimental period. On day 56, based on the average body weight (BW) of birds in each replicate pen, two birds per each replicate were selected and euthanized by CO2 inhalation, and then killed by bleeding. The left breast and thigh meats were removed and weighed to determine the percentages of breast and thigh meats relative to live BW at processing. The breast and thigh muscles were sliced and weighed. The concentration of hydrogen ion was estimated using a microprocessor pH meter (model pH 211; Hanna Instruments, Woonsocket, RI), which was set into incisions on the cranial left side of the muscles. Two measurements were recorded, and the mean pH value of the muscles of each carcass was calculated. Hunter L* (lightness), a* (redness), and b* (yellowness), of the meat were measured using a Minolta CR410 chromameter (Konica Minolta Sensing, Osaka, Japan) in two different fields of the internal face of the cranial position of the post-mortem. Segments of about 1.5 cm from the middle of the duodenum and jejunum were excised and flushed with ice-cold saline and immediately placed in 4% paraformaldehyde for morphometric analysis. The indices of villus height, crypt depth, and muscular thickness were measured by computer-aided light microscope image analysis. Excreta samples were collected per cage over three consecutive days (from days 54 to 56) for determination of nutrient digestibility. Multiple subsamples from three consecutive days were pooled, homogenized, and stored in airtight containers at 4°C until further analysis. Diets and excreta samples were analyzed for DM, GE, CP, and AAs.



Sample Analyses

Measurement of DM was performed according to the Association of Official Analytical Chemists standard procedures (AOAC 930.15; AOAC, 2007) at 135°C for 2 h. GE values were measured using an isoperibol oxygen bomb calorimeter (Kalorimeter C7000 prozesso, IKA, Staufen, Germany). Determination of CP content was performed with the Kjeldahl method (method 984.13; AOAC, 2007) on a Kjeltec TM 8400 apparatus (FOSS Inc., Eden Prairie, MN, United States). One xylanase unit was defined as the amount of enzyme that releases.48 μmol of reducing sugar as xylose from wheat arabino xylan per minute at pH 4.2 and 50°C. One protease unit was defined as the amount of enzyme that releases 1 μg of phenolic compound, expressed as tyrosine equivalents, from a casein substrate per minute at pH 7.5 and 40°C. TiO2 concentrations were determined in triplicate for diets and digesta samples, respectively, with the colorimetric method. The nutrient digestibility of DM, GE, CP, and AAs of the diets were calculated according to the following formulas:
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Statistical Analyses

All the data were analyzed by two-way ANOVA using the general linear model procedure of SAS 9.2 (SAS Institute, 2010). The model included the main effects of dietary CP levels, dietary enzyme treatments, and their interactions. Either one replicate cage or one broiler served as an experimental unit, and the values presented in the Tables are means with pooled standard error of mean (SEM). Differences among the means were tested with the LSD method, and statistical significance was set at P < 0.05.




RESULTS


Growth Performance and Carcass Traits

The results of growth performance and carcass traits are shown in Tables 2, 3. The NC group had lower (P < 0.05) final BW and ADG of broilers on days 1–21, 22–56, and 1–56 and higher (P < 0.05) F/G on days 22–56 than the PC group. Compared with the control group, the combination of dietary NSP enzymes and protease increased (P < 0.05) the final BW and ADG of broilers on days 1–21, 22–56, and 1–56 but decreased (P < 0.05) the F/G (P < 0.05) on days 22–56. Dietary CP levels and enzyme supplementation had no effect (P > 0.05) on ADFI on days 1–21, 22–56, and 1–56 and on the percentage of dressing, eviscerated yield, breast muscle, thigh muscle, and abdominal fat on day 56. There were no significant interactions (P > 0.05) between dietary CP levels and enzyme supplementation in all the above-mentioned indices.


Table 2. Effects of NSP enzymes and protease on growth performance of yellow-feathered broilers fed with diets with different CP levels during days 1–56.
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Table 3. Effects of NSP enzymes and protease on carcass traits of yellow-feathered broilers fed with diets with different CP levels on day 56.
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Meat Quality

The results of meat quality are shown in Table 4. The broilers fed with the NC diet had higher (P < 0.05) L* and b* values in the thigh muscle of the broilers on day 56 than those fed the PC diet. Dietary NSP enzyme and protease supplementation increased (P < 0.05) pH values and had no effect (P > 0.05) on L* and b* values in in both breast and thigh muscles of the broilers on day 56. There were no significant interactions (P > 0.05) between dietary CP levels and enzyme supplementation in the measured indices related to meat quality.


Table 4. Effects of NSP enzymes and protease on meat quality of yellow-feathered broilers fed with diets with different CP levels on day 56.
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Intestinal Histomorphology

The results of intestinal histomorphology are shown in Table 5. Broilers fed with the NC diet had lower (P < 0.05) villus height, musculature thicknesses, villus height: crypt depth, and higher crypt depth (P < 0.05) in the duodenum of broilers on day 56 than those fed with the PC diet. The broilers fed with the NC diet had lower (P < 0.05) musculature thickness in the jejunum on day 56 than those fed with the PC diet. Dietary CP level had no effect (P > 0.05) on villus height, crypt depth, and villus height:crypt depth in the jejunum. Dietary enzyme supplementation and interactions between dietary CP levels and enzymes supplementation (P > 0.05) did not influence the measured indices of intestinal histomorphology.


Table 5. Effects of NSP enzymes and protease on intestinal histomorphology of yellow-feathered broilers fed with diets with different CP levels on day 56.
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Nutrient Utilization

The results of nutrient utilization are shown in Table 6. Dietary CP levels affected (P < 0.05) DM digestibility but had no effect (P > 0.05) on the digestibility of GE and CP. Dietary enzyme supplementation influenced (P < 0.05) the digestibility of DM, GE, CP, and most AAs. There were significant interactions (P < 0.05) between dietary CP levels and enzyme in digestibility of DM, CP, and some AAs (Asp, Ile, and Leu). The broilers fed with the NC diet had higher (P < 0.05) DM digestibility than those fed with the PC diet. The combination of dietary NSP enzyme and protease increased (P < 0.05) the digestibility of DM, GE, CP, and most AAs. Dietary enzyme supplementation exhibited greater improvements in the digestibility of DM, CP, and some AAs (Asp, Ile, and Leu) of broilers in NC group than in the PC group. No significant interactions (P > 0.05) between dietary CP levels and enzyme supplementation were observed in other indices mentioned above.


Table 6. Effects of NSP enzymes and protease on digestibility of DM, GE, CP, and amino acids of yellow-feathered broilers fed with diets with different CP levels.
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DISCUSSION

The efficacy of exogenous enzymes in poultry has been previously reported, and there was considerable evidence to support their beneficial effects on poultry productivity (2, 20). In the current study, the relative responses of feed exogenous enzymes were assessed in yellow-feathered broilers fed with diets with different dietary CP levels, namely, normal and suboptimal CP levels. Several studies have suggested that reducing CP levels in diets with adequate supplementation of indispensable amino acids could not completely compromise the growth performance of broilers (21–23). The NC diet was expected to decrease the final BW and ADG on days 1–21, 22–56, and 1–56 compared to the PC diet. When the broilers consumed a feed intake similar to the two different CP diets, birds fed with the NC diet had lower total CP and essential AA intake than those fed with the PC diet, and the poor performance could be attributed to possible deficiency in essential AAs. In addition, the broilers fed with the NC diet had greater F/G than those fed with the PC diet on days 22–56, but no differences in F/G were observed between PC and NC diets on days 1–21 and 1–56. The different aged responses to the nutritional levels of diets were agreed with previous study (24). One explanation was that endogenous enzymatic activities and the microbial community in the digestive tract might not be completely developed in the early stage, which could be due to lack of significant growth response of broilers fed with diets with different nutritional densities (18, 25). In the current study, a combination of NSP enzymes and protease supplementation significantly improved the growth performance of broilers fed with both the PC and NC diets regardless of CP levels on days 1–21, 22–56, and 1–56. The positive results were in agreement with those reported in chick broilers (7) and ducks (26). However, they were inconsistent with studies that reported that mixture enzyme additions had no impact or negative impact on performance variables (17, 27). The varied effects of enzyme treatments on growth performance could depend on enzymes sources and activities, dietary compositions, and specific substrates and age of birds. The nutritional quality of a diet was probably an important factor that influenced the efficiency of an enzyme product. Responses to exogenous enzyme product additions were expected to be greater in diets with lower nutritional quality (12–14). In the present study, no interaction between dietary CP level and supplemental enzyme mixture level was observed in growth performance. One explanation could be that the extent of CP reduction in the NC diet could have possibly elicited the greater responses of enzyme addition to promote growth.

The carcass traits results in the current study indicated that lowering the CP levels in diets had no effect on the relative percentage of breast and thigh muscles and abdominal fat of yellow-feathered broilers, which was similar to the previous finding (28). However, other studies have shown a significant increase in abdominal fat deposition when broilers or ducks were fed with low-CP diets (29, 30). Our study demonstrated that the light and yellow colors of thigh muscles were influenced by dietary CP levels. The greater amount of meat light color reflected a greater degree of protein denaturation and a lower heme pigment concentration in broilers fed with NC diets. Twenty-hours after slaughtering, supplemental dietary enzymes increased the pH values of breast and thigh muscles in broilers on day 56, which was in association with decreased drip loss of the meat. In contrast, other authors have reported that commercial enzyme supplementation was less effective in improving meat quality parameters of broiler chickens (31, 32). The effects of enzyme treatments were inconsistent and varied because of pre-slaughter responses to stress, storage time and temperature, and glycogen reserves at slaughter. Therefore, further studies are needed to determine the effects of enzyme supplementation on the meat quality of broiler chickens.

It is well-documented that exogenous enzyme products could play great role in enhancing the feeding value of poultry diets with different nutritional qualities (3, 5). In the present study, broilers given the NC diet had lower DM digestibility than birds given the PC diet, but there was no effect on GE and CP digestibility. The decreased DM digestibility could be attributed to the lower villus height and villus height:crypt depth ratio of the duodenum in broilers fed with the NC diet. However, dietary nutrient density had no effect on the digestibility of nitrogen, calcium, phosphorus, and most amino acids in the broilers (12). The combination of NSP enzymes and protease supplementation was effective in increasing the digestibility of DM, GE, CP, and most AA of the corn-soybean basal diet used in our study, attributing to chick growth more efficiently (33). The beneficial effects noted in the current study were in agreement with previous studies (33). The NSP content of feeds could impair nutrient digestibility, both directly because of physical hindrance and indirectly because of physiological changes in the gut such as increased digesta viscosity (26). Xylanase and glucanase could degrade cell wall structures and then release encapsulated nutrients most likely contributing to overall improvements in nutrient utilization by reducing the digesta viscosity and increasing the accessibility to digestive enzymes. Then, protease contributed to the hydrolysis of large protein molecules into more absorbable peptides and AAs, enhancing the overall digestion and absorption of CP and AAs (34). Additionally, the beneficial effects on CP and AA digestibility could be mediated by reduction in secretion of amino acid-rich endogenous proteins. Moreover, exogenous NSP enzymes and protease could work together to provide a proper condition for the action of exogenous amylase on starch, which can result in increased DM and energy digestibility (13). Interestingly, there was no effect of enzyme supplementation on feed intake and intestinal histomorphology of the duodenum and jejunum, suggesting that the observed performance responses were due to changes in the digestibility of energy and CP rather than nutrient intake. These findings were in accordance with those who also reported no effect of addition of a mixture of enzymes on the digestibility of energy and CP in the starter phase of broiler chickens (18, 27). The inconsistent and varied effects of enzyme products depended on dietary nutritional composition and levels, enzyme product profile, and age of the birds. Responses to exogenous enzyme addition were expected to be greater in a diet with low-nutrient density than one that provided higher nutrient density to the animals at or above requirements (12–14). Previous study have showed that the combined addition of pectinase, protease, and amylase significantly improved AMEn when added to a corn soybean meal basal diet with lower energy and protein levels (16, 17). In the current study, an interaction between dietary CP level and enzymes was present for the digestibility of DM, CP, and some AAs (Asp, Ile, and Leu). The increased digestibility of DM, CP, and some AAs (Asp, Ile, and Leu) by supplemental enzymes was more apparent in birds fed with the NC diet with reduced CP concentration. It is noteworthy that DM and Leu digestibility of birds fed with the enzyme-supplemented NC diet was restored to the similar level in birds fed with the PC diet. The different responses of enzymes to dietary CP levels offered more flexibility in the use of enzymes for corn-soybean-based meal diets to reduce feed cost in poultry production.

In conclusion, the dietary subnormal CP level without essential AA supplementation impaired the growth performance and meat color of the thigh muscle of yellow-feathered broilers on day 56. The combination of NSP enzymes and protease supplementation effectively improved growth performance, pH value of muscle meat, and the nutritional value of a corn-soybean-based meal diet of yellow-feathered broilers. The magnitude of the responses to exogenous enzyme addition was greater in diets with subnormal nutritional CP level in terms of the digestibility of DM, CP, and some AAs.
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"Premix provided the following per kiogram of diets for the starter period: VA 12,000 U, VD3 600 IU, VE 45 IU, VK 2.5mg, VB4 2.4mg, VB, 5mg, VBs 3.5mg, VB12.01 mg, niacin
42mg, D-calcium pantothenate 10m, folic acid 1mg, biotin. 15 mg, Fe 80mg, Cu8mg, Mn 80mg, Zn 85mg, 1.7 mg, Se.15mg; Premix provided the following per kilogram of diets for
the grower-fiisher period: VA 9,000 1U, VD3 500 1U, VE 35 IU, VK 2.2mg, VB; 2.4mg, VB2 5mg, VB 6mg, VB12.07 mg, niacin 35 mg, D-calcium pantothenate 18mg, folic acid. 7 mg,
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2Analyzed values based on triplicate determinations.

PC, positive control: NC, negative control.
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