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Abstract

This study assessed the effects of dietary supplementation with probiotics and enzymes on
performance, blood antioxidant capacity, and cecal short-chain fatty acid concentration. Two hundred one-
day-old quail chicks were randomly divided into four groups, each containing 50 chicks. All the chicks were
fed with a basal diet for 35 days. The control group was fed the basal diet, and the experimental groups were
fed the basal diet augmented with a commercial probiotic and enzyme supplement at 0.5 g/kg, 1 g/kg and 2
g/kg. At the end of experiment, initial live weight, final live weight, live weight gain and feed intake were
affected significantly by the addition of the supplement. However, the supplement did not influence the feed
conversion ratio. Increasing the levels of the probiotic and enzyme supplement Diazyme 256 in the diets
caused linear and quadratic responses in malondialdehyde, glutathione, superoxide dismutase, and
glutathione peroxidase level. Catalase showed a linear increase with the rise in level of the supplement.
However, ceruloplasmin, albumin, total protein and globulin were not affected. Significant linear responses
were observed in propionic acid, butyric acid and isocaproic acid with the increasing levels of the
supplement. There were no significant differences in acetic acid, isobutyric acid, valeric acid, isovaleric acid,
caproic acid, branched chain fatty acids, and short chain fatty acid concentrations for quails fed various
levels of the supplement. In conclusion, the supplement Diazyme 256 containing probiotics and enzymes
could be used in quail diets to improve growth performance, antioxidant capacity and intestinal health.

Keywords: antioxidant capacity, growth performance, short-chain fatty acid
# Corresponding author: okaplan6l@gmail.com

Introduction

Many feed additives have been developed with biotechnology and used to improve the health of
poultry. Antibiotics that are used in poultry production are produced by selected microorganisms and natural
metabolites (Guo et al., 2004). The prolonged use of antibiotics as growth promotors in poultry production
prevented the advance of pathogenic and beneficial microorganisms in the digestive tract (Kahraman et al.,
1996). But the use of antibiotics in feed could lead to the development of resistance in pathogenic bacteria.
In addition, residues in animal products became a risk to human health (Giler et al., 2019). Because of
these undesirable aspects, the use of antibiotics as growth promoters in animal feed was prohibited. As a
result of the ban on the use of antibiotics and other growth factor chemical substances, alternative feed
additives were sought (Kaplan et al.,, 2018). Thus probiotics, prebiotics, enzymes, organic acids and
products such as essential oils began to be used as alternatives (Pournazari et al., 2017).

The term probiotic is derived from the Latin preposition pro (‘for’) and the Greek word biotikos and
means ‘for life’. Probiotics are living microbial feed supplements that affect the host animal beneficially by
improving intestinal microbial balance. They strengthen the immune system by increasing the level of
antibodies in the digestive system (Fuller, 1989; Abd El-Hack et al., 2020). Probiotic bacteria have significant
antioxidant abilities in vivo and in vitro (Persichetti et al., 2014).
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The use of Lactobacillus acidophilus and L. casei as probiotics in broiler diets may influence growth
performance positively (Angel et al., 2005; Khan et al., 2020). In recent research, the use of probiotics as
feed additives in Japanese quails was observed to improve feed bioavailability, health and immune status
(Kheiri et al., 2015). Supplementation of Lactobacillus spp. can manipulate fermentation in the digestive tract
of broilers resulting in increased short-chain fat acid (SCFA) accumulation in the cecum and thus improve
gastrointestinal tract development and prevent disease (Meimandipour et al., 2010).

Enzymes are biocatalysts that are involved in biochemical reactions and can be synthesized by living
cells. The aim of adding enzymes to diets is to improve the digestion of carbohydrates by inactivating
undesirable substances (Diler, 2007). Some feedstuffs are high in protein, but contain a large number of anti-
nutritional factors, such as protease inhibitors, soybean protein and oligosaccharides in soybean meal, hon-
starch polysaccharides in corn, and phytic acid in bran, which limit their wider application in animal
production (Lv et al.,, 2021). The use of exogenous enzymes to counteract the targeted anti-nutritional
properties of dietary components and to increase growth performance in poultry is routine practice (Munir &
Magsood, 2013). Enzymes as a feed additive are much more effective in poultry than in other species owing
to the rapid passage of feed through the digestive tract. They enable the digestion of non-digestible
polysaccharides in the cell wall of grain, reduce intestinal viscosity caused by non-digestible polysaccharides
and increase the bioavailability of phosphorus, feed efficiency and metabolic energy values (Karademir &
Karademir, 2003).

In recent years, several studies evaluated the effects of probiotics and enzymes as feed additives.
However, few studies researched the use of probiotics and enzymes in Japanese quail diets. Therefore, the
aim of this study was to investigate the effects of Diazyme 256 in Japanese quail diets on growth
performance, some blood parameters, such as glutathione (GSH), superoxide dismutase (SOD), glutathione
peroxidase (GPx), catalase (CAT), malondialdehyde (MDA), ceruloplasmin, albumin, total protein, globulin,
and SCFA and BCFA (branched chain fatty acid) concentrations in the cecum.

Materials and Methods

The study was approved by Kafkas University Animal Experiments Local Ethics Committee (Decision
No: KAU-HAYDEK /2018-085/ 2019-138). Two hundred unsexed one-day-old Japanese quail (Coturnix
coturnix japonica) chicks were used. The chicks were randomly allocated to four groups of 50. Each group
was then randomly divided into five replications each containing ten chicks.

The birds were fed a diet based on corn and soybean meal (Table 1). All diets were calculated to meet
the requirements of animals according to NRC (1994) standards. Nutrient analyses of the feed were
performed according to methodology of the AOAC (2000). The trial lasted for 35 days.

Table 1 Composition and nutrient analyses of basal diet used to study effects of Diazyme 256 as a dietary
supplement for Japanese quail

Feed ingredients, as fed % Nutrient analyses Quantity
Corn 56.35 Calculated values
Soybean meal 36.10 Metabolizable energy, kcal/kg 2909
Corn gluten (CP, 60%) 4.35 Crude protein, % 23.00
Limestone 1.45 Calcium, % 0.90
Dicalcium phosphate 1.00 Total phosphorus, % 0.59
DL- Methionine 0.08 Analysed values
L-Lysine hydrochloride 0.07 Metabolizable energy, kcal/kg 2917
Vitamin-mineral premix1 0.40 Crude protein, % 23.13
Salt 0.20 Calcium, % 1.00
Total phosphorus, % 0.51

Tvitamin-mineral premix provided per kg diet: vitamin A: 8 000 U, vitamin D3: 1000 IU, vitamin E: 20 IU, vitamin K: 0.5
mg, vitamin B1: 3 mg, vitamin B2: 9 mg, vitamin B6: 7 mg, vitamin B12: 0.03 mg, niacin: 35 mg, D-pantothenic acid: 10
mg, folic acid: 0.55 mg, biotin: 0.18 mg, iron: 100 mg, copper: 8 mg, zinc: 100 mg, manganese: 120 mg, iodine: 0.7 mg,
and selenium: 0.3 mg

To form the experimental treatments the basal diet was augmented with various levels of a
commercial supplement (Diazyme 256°, Tarimsan Chemicals A.S. Istanbul, Turkey), which contained
probiotics and enzymes. The diets consisted of CON: unsupplemented basal diet, PE1l: basal diet
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augmented with 0.5 g/kg Diazyme 256; PE2: basal diet with 1 g/kg Diazyme 256; and PE3: basal diet with 2
o/kg Diazyme 256. The probiotic and enzyme content of the supplement is shown in Table 2.

Table 2 Probiotic and enzyme contents of the dietary supplement for Japanese quail

Probiotics Content, CFU/kg Enzymes Content

Total lactic acid bacteria 593 x 10° Endo-1,4-beta-xylanase 3300 000 EPU/kg
Lactobacillus farciminis 2x 10" Alpha amylase 1 100 SKBU/kg
Lactobacillus acidophilus 1x10° 1,4 beta glucanase 55000 CU/kg
Enterococcus faecium 2x10° Protease 22 000 PU/Kkg
Pediococcus acidilactici 1x10° Hemicellulase 15 000 HCU/kg
Saccharomyces cerevisiae 375 x 10°

Bacillus subtilis 8 x 10°

Bacillus lincheniformis 8x10°

CFU: colony forming units, CU: cellulose units (the amount of enzyme that liberates 1 pmol of reducing sugar,
expressed as glucose equivalents, in 1 min under the conditions of the assay), EPU: endo-pentosanase units (the
amount of enzyme which releases 0.0083 pmol of reducing sugars (xylose equivalent) per minute from oat spelt xylan at
pH 4.5 and 50°C), HCU: hemicellulose units, PU: papain units, SKBU: Sandstedt Kneen Blish units (the amount of
enzyme needed to form 10 mg of reducing sugars from 1% soluble starch solution at pH 5.0 and 40 °C in 30 minutes)

The birds were housed in cages equipped with manual feeders and automatic nipple drinkers. Water
and feed were given ad libitum. The house temperature was monitored throughout the study. It was set at
32-35 °C on the first day, lowered gradually, and maintained at 22 °C for the last two weeks of the
experiment. Cage dimensions were 95 x 45 x 22 cm. Ten quail were housed in each cage. A lighting
programme was implemented in accordance with commercial conditions and provided 23 hours of light per
day throughout the experiment.

Live weights of each subgroup were recorded at the beginning and end of the study. Live weight gain

(LWG) was determined as the difference between these measurements. Feed intake (FI) was recorded
weekly, and was determined from the difference between feed delivered and feed remaining in the feeder.
Feed conversion (FCR) was calculated as the ratio between FI and LWG for each subgroup.
In the fourth week and at the end of the study, blood samples were taken from the wing veins of the animals
into tubes containing EDTA as an anticoagulant. After obtaining a sufficient amount, these blood samples
were divided into two parts, and plasma was obtained from one of these samples. The samples were
centrifuged at 3000 rpm for 15 minutes and stored at -20 °C until analysis. Superoxide dismutase, GPx and
CAT antioxidant enzyme activity levels in the plasma were determined by enzyme-linked immunosorbent
assay (Epoch, Agilent Technologies, Santa Clara, California, USA) using commercial kits (Cayman Chemical
Company, Ann Arbor, Michigan, USA). Whole blood reduced GSH analysis was determined colorimetrically
according to Beutler et al. (1963). The MDA in plasma was determined by the method of Yoshioka et al.
(1979), ceruloplasmin by the method of Colombo & Ricterich (1964) and albumin and total protein levels
were measured with a commercial test kit (Biolabo, Maizy, France). Globulin value was calculated by
subtracting albumin from total protein (Doumas et al., 1971).

At the end of the study, the contents of the cecum were sampled and stored at -18 °C. Then frozen
cecal digesta were thawed at 4 °C and diluted tenfold with double-distilled water in sterile screwcap tubes
before analysis. The cecal digesta were centrifuged at 4000 rpm for 15 min at 4 °C for homogenization. The
supernatant was taken into a 750 ul Eppendorf tube and mixed with 150 pl ice-cold 25% metaphosphoric
acid solution. Then the tubes were kept in an ice-cold waterbath for 30 min to ensure the collapse of
proteins. Subsequently, tubes were centrifuged for 10 min at 10000 rpm at + 4 °C. Supernatants were
analysed with a gas chromatograph (Shimadzu GC-2010, Shimadzu Co., Kyoto, Japan) coupled with a 30 m
x 0.53 mm internal diameter column (Teknokroma TRB-FFAP, Teknokroma, Barcelona, Spain) and flame
ionization detector to determine SCFA concentrations in cecal digesta. The analysis was performed
according to Zhang et al. (2003). The injector-port and flame ionization detector temperatures were fixed at
250 °C. The initial temperature was held at 120 °C for 4 min after injection and then increased at 4 °C/min to
160 °C, where it was held for 4 min. Helium was used as the carrier gas. The injection volume was set at 1 pl
and analyses were performed in duplicate.
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A one-way variance analysis was run to determine the effects of treatments, and polynomial contrasts
were used to determine their nature. The statistical analyses used the SPSS version 20 software (IBM Corp.,
Armonk, New York, USA).

Results and Discussion

Initial weight, final weight, LWG and FI exhibited cubic responses to the level of supplement (Table 3).
However, the supplement did not affect FCR.

Table 3 Influence of dietary augmentation with Diazyme 256 on growth performance of Japanese qualil

) Treatments P-value
Traits Control PE1 PE2 PE3 SE Linear Quadratic Cubic
Initial weight, g 12.55 13.92 12.51 12.84 0.19 0.709 0.128 0.006
Final weight, g 208.56 226.91 210.04 226.26 3.15 0.149 0.845 0.011
Weight gain, g 195.57 212.44 196.85 205.11 2.30 0.442 0.260 0.004
Feed intake, g 623.17 698.90 623.50 646.23 13.11 0.955 0.287 0.034
Feed conversion 3.18 3.28 3.16 3.15 0.04 0.607 0.541 0.450

PE1: 0.5 g/kg supplement added to basal diet, PE2: 1 g/kg supplement added to basal diet, PE3: 2 g/kg supplement
added to basal diet

In animals, the enzyme system develops with age. Therefore the addition of external enzymes is more
effective in young animals (Demirel & Gurbiz, 1999). Probiotics help in the digestion of nutrients by working
symbiotically with enzymes produced by the cells of the digestive systems of animals (Vanbelle et al., 1990).
In the present study, increasing doses of Diazyme 256 were added to quail basal diets. This had a
synergistic effect on digestive enzymes and nutrient digestibility. At the end of the current study, the
increasing levels of Diazyme 256 in the diet affected initial LW, final LW, LWG and FI as cubic responses.
Low doses (PE1) were more effective than higher doses. However, the addition of Diazyme 256 did not
affect FCR. The results of many studies are compatible those of the present study (Huang, 2012). Siadati et
al., 2012 found improved LWG using Lactobacillus strains at doses of 50, 100, 150, and 200 mg/kg in quail
diets. Abdel-Moneim et al. (2020) reported that whereas the LWG value increased with the use of probiotics
in quail diets, the FI value was not affected. Zhao et al. (2020) noted that the use of probiotic Bacillus
licheniformis H, enhanced affected performance positively. In a study in which probiotics and enzymes were
given together in broiler diets positively affected their performance (Wang et al., 2021). Similarly, Li et al.
(2014) reported that the use of probiotics affected performance positively by releasing high-active protease,
amylase, and lipase. In a study that used enzyme in Japanese quail diets, LWG and FCR improved, but FI
was not affected (Kianfar et al., 2013). Jazi et al. (2020) reported that feeding quails with Bacillus subtilis
improved growth performance, but the addition of an enzyme to broiler diets decreased LWG, Fl and FCR. In
a study conducted with quails, probiotics at doses of 0.1 g/kg and 0.3 g/kg did not affect initial LW, final LW,
LWG, Fl and FCR (Durna Aydin et al., 2021). Enzyme supplementation did not show improvement in growth
performance and nutrient digestibility in broilers (Sharifi et al., 2012). When phytase and protease enzymes
were added to a diet containing quinoa seeds, the growth performance of broiler chickens and intestinal
bacterial ecology were affected positively (Asnaashari Amiri et al., 2021). In a study that used xylanase in a
broiler diet, LW and FI were not affected (McCaffery et al., 2019). In another study, 100, 150, 200 and 250
mg/kg probiotics in quail diets improved growth performance and feed efficiency (Gao et al.,, 2017).The
addition of probiotics to poultry diets did not affect growth performance in some studies (Hao et al., 2008).
The variations among these studies could be explained by the dose, quality, and chemical composition of the
probiotics and enzymes and the differences in maintenance and feeding conditions.

Increasing doses of Diazyme 256 in diets showed linear (P = 0.000, for all) and quadratic (P = 0.061,
P =0.033, P =0.006 and P = 0.009, respectively) a response in MDA, GSH, SOD and GPx values. Thus the
effective dose for GSH, SOD and GPx values in the current study was 0.5 g/kg. Catalase showed a linear
increase with rises in the level of Diazyme 256 in diets (P= 0.000). However, ceruloplasmin, albumin, total
protein and globulin were not affected. Table 4 shows the influence of the diets on antioxidant capacity.
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Table 4 Influence of dietary augmentation with Diazyme 256 on antioxidant capacity of plasma from
Japanese quail

. Treatments P-value
Traits Control PE1 PE2 PE3 SE Linear  Quadratic Cubic
MDA, mol/L 4.31 4.14 3.97 3.91 0.03 0.000 0.061 0.484
GSH, mg/dL 13.66 17.63 18.30 18.76 0.57 0.000 0.033 0.375
SOD, U/mL 18.45 27.25 30.22 31.84 1.29 0.000 0.006 0.387
CAT, nmol/min/mL 3.17 3.23 3.30 3.30 0.01 0.000 0.119 0.326
GPx, nmol/min/mL 30.76 35.81 44.52 56.79 2.33 0.000 0.009 0.986
Ceruloplasmin, mg/dL 17.32 17.37 17.24 17.34 0.21 0.981 0.951 0.846
Albumin, g/dL 2.04 2.02 1.97 1.98 0.02 0.288 0.761 0.670
Total protein, g/dL 3.18 3.17 3.14 3.15 0.01 0.449 0.796 0,746
Globulin, g/dL 1.14 1.14 1.17 1.16 0.02 0.647 0.923 0.869

PE1: 0.5 g/kg supplement added to the basal diet, PE2: 1 g/kg supplement added to the basal diet, PE3: 2 g/kg
supplement added to the basal diet, MDA: malondialdehyde, GSH: glutathione, SOD: superoxide dismutase, CAT:
catalase, GPx: glutathione peroxidase

Probiotics have their own antioxidant enzymatic systems (Landis & Tower, 2005). The culture
supernatant, intact cells, and intracellular cell-free extracts of Bifidobacterium animalis cleared up hydroxyl
radicals and superoxide anion in in vitro studies by improving antioxidase activities (Shen et al., 2011). In this
study, plasma MDA, GSH SOD, CAT and GPx values were affected significantly by the addition of probiotic
and enzyme to quail diets, but plasma ceruloplasmin, albumin, total protein and globulin were not affected
statistically. The results of many studies were compatible with those of the current study. Dietary
augmentation with Lactobacillus fermentum increased serum SOD, GPx and hepatic CAT and muscle SOD
in pigs (Wang, et al., 2009). In another study, the addition of probiotics in various doses increased GPx
activity in chicks (Aluwong et al., 2013). Addition of 0.1 g/kg and 0.3 g/kg probiotics to quail diets exhibited a
linear response in MDA, GSH, SOD, CAT and GPx. However, ceruloplasmin, albumin, total protein and
globulin were not affected by the addition of probiotics (Durna Aydin et al., 2021). Abdel-Moneim et al. (2020
increased B. subtilis levels in Japanese quail diets and showed a linear increase in serum total protein,
albumin GSH and CAT levels, whereas there was a linear decrease in MDA value. Zhao et al. (2020)
reported that the use of probiotic (Bacillus licheniformis H, enhanced) decreased MDA concentration in the
ileum and improved the activities of antioxidant enzymes in the ileum, serum, and liver. In addition, probiotics
promoted antioxidant enzymatic activities (for example SOD and GSH) and total antioxidant status of the
host (Wang et al., 2017). On the other hand, Jazi et al. (2020) reported that SOD and GSH-Px activities and
MDA content in breast muscle were not affected by the addition of Bacilius subtilis to quail diets. The
addition of xylanase and phytase to Japanese quail diets affected animals positively against transfer of
stress (Mehraei Hamzekolaei et al., 2016). When probiotics and enzymes were given together in broiler
diets, antioxidative capacity was affected positively (Wang et al., 2021). In an investigation of the effects of
dietary supplementation with Bacillus amyloliquefaciens on antioxidant capacity and digestive enzyme
activity of broiler chickens, GSH-Px and SOD activities in serum and liver, and total antioxidant capacity (T-
AOQC) in liver of broilers on day 42 increased linearly with rising levels of BA, whereas MDA level in serum
decreased linearly (Sun et al., 2021).

Table 5 shows the effects of the diets on some cecal SCFAs (umol/g). Propionic acid (P = 0.007),
butyric acid (P = 0.022) and isocaproic acid (P = 0.032) were affected linearly with the increasing levels of
Diazyme 256. There were no significant differences in acetic acid, isobutyric acid, valeric acid, isovaleric
acid, caproic acid, and BCFA and SCFA concentrations for quails fed the various levels of Diazyme 256.
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Table 5 Influence of dietary augmentation with Diazyme 256 on fatty acid concentrations in cecal contents of
Japanese quail

Fatty acid concentration, Treatments P-value

Hmol/g Control PE1 PE2 PE3 SE Linear  Quadratic  Cubic
Acetic acid 42.02 51.76 47.95 52.46 3.13 0.359 0.693 0.464
Propionic acid 3.72 4.66 4.35 5.87 0.27 0.007 0.524 0.139
Isobutyric acid 0.29 0.42 0.29 0.46 0.03 0.217 0.790 0.096
Butyric acid 512 10.70 11.08 11.67 1.01 0.022 0.179 0.504
Valeric acid 0.67 0.86 0.75 0.88 0.06 0.402 0.858 0.377
Isovaleric acid 1.87 1.93 2.02 1.91 0.06 0.727 0.569 0.695
Caproic acid 0.16 0.18 0.18 0.23 0.01 0.143 0.591 0.582
Isocaproic acid 1.37 1.65 1.70 1.67 0.05 0.032 0.116 0.736
Branch chain fatty acids 2.84 3.21 3.07 3.27 0.10 0.232 0.673 0.379
Short chain fatty acids 53.70 70.35 66.47 73.28 3.85 0.122 0.522 0.367

PE1: 0.5 g/kg supplement added to the basal diet, PE2: 1 g/kg supplement added to the basal diet, PE3: 2 g/kg
supplement added to the basal diet

Significant numbers of studies focused on intestinal microbiota in individual health status. Probiotics
improved metabolic diseases such as obesity and diabetes mellitus by modulating the intestinal
microorganisms (Wang et al., 2015). Short chain fatty acids are formed by bacterial fermentation in the
cecum. They stimulate cell growth, improve intestinal integrity, reduce the digestive tract pH, and prevent the
growth of pathogenic microorganisms (Knudsen et al., 2012; Abd El-Hack et al., 2020). Increased SCFA
concentrations have beneficial effects on energy, metabolism, microflora and immune responses (Pan & Yu,
2014). Cereal grains may affect cecal microflora and SCFA production. Poultry fed maize-based diets
generally consumed lower concentrations of non-starch polysaccharide substrates, which might have
affected the development of cecum microflora and fermentative capacity. Resistant starch concentrations
indicated the presence of high amylose in cereal grains. The viscous structure of these polysaccharides has
a direct effect on nutrient absorption, modifies intestinal physiological function and interacts with intestinal
microflora. Increased amounts of NSP in the digestive system affect intestinal microflora negatively. Cecal
volatile fatty acid concentration was increased significantly with enzyme supplementation in poultry (Choct et
al. 1996). Therefore, adding enzymes to the diet could be advantageous for gut health, especially for young
animals. In the current study, significant linear responses in propionic acid, butyric acid and isocaproic acid
were observed with increasing levels of Diazyme 256. However, there were no significant differences in
concentrations of acetic acid, isobutyric acid, valeric acid, isovaleric acid, caproic acid, BCFAs and SCFAs.
Murugesan et al. (2014) observed that cecal butyrate increased with the addition of protease, phytase and
Bacillus spp to broiler diets. Durna Aydin et al. (2021) observed no significant differences in acetic acid,
propionic acid, butyric acid, isobutyric acid, valeric acid, isovaleric acid and BCFA concentrations in quails
fed with various levels of probiotic. However, they did find significant linear responses in ascetic acid,
isocaproic acid and SCFA with the addition of 0.1 g/kg and 0.3 g/kg probiotic to quail diet, and a significant
guadratic response in caproic acid was also seen. In a study in which various doses (0.5 g/10 | and 1 g/10 I)
of probiotics were added to quail drinking water, acetic acid, propionic acid, isobutyric acid, butyric acid,
isovaleric acid, valeric acid, caproic acid, total SCFA and BCFA values of the cecum contents were not
statistically significant (Durna Aydin & Yildiz, 2020). The use of xylanase in broiler diets did not affect cecal
acetic acid, but improved propionic, isobutyric and isovaleric acid concentrations in the cecum (McCaffery et
al.,, 2019). Weng et al. (2019) reported that in a study of the correlation of variables on metabolic and
microbiota with diet in intestinal inflammation, the value of isocaproic acid decreased. This showed that pH
acidity in the intestine was impaired and pathogenic microorganisms were active in inflammation. In the light
of these studies, the increase in cecum SCFAs could be interpreted as having a positive effect on gut health.
On the other hand, cecal fermentation was influenced by the use of Diazyme 256. Morever, the addition of
Bacillus licheniformis has been shown to decrease cecal concentrations of propionic, butyric, n-butyric and
n-valeric acids in broilers (Novak et al., 2011). Thus, the use of probiotics and enzymes has a positive effect
on cecum volatile fatty acids, and seemed to improve intestinal health. Therefore, the use of probiotic and
enzyme complexes could be an alternative to antibiotics.
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Conclusion

The diets augmented with Diazyme 256 increased GSH, SOD, GPx and CAT, indicating a protective
effect against oxidative damage. Moreover, the significant increase in propionic acid, butyric acid and
isocaproic acid indicated that these diets could improve intestinal health in quail. Thus, Diazyme 256 could
be used safely to avoid oxidative stress and maintain gut health in qualil.
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