


Comparative Effects of Four Imported Premix Sources on Growth Performance, Carcass Traits, Blood Biochemistry, Immune Response, and Cecal Microbiota Counts of Ross 308 Broiler Chickens
Abstract
Imported premixes differ widely in their declared vitamin, mineral, amino acid and additive contents, and this variability may translate into measurable differences in broiler performance and physiology. A 35-day feeding trial was conducted to compare four commercially imported premix sources—an Iranian product (Premix 1, T1, used as the comparison treatment), a Dutch product (Premix 2, T2), a Jordanian product (Premix 3, T3) and a Canadian product (Premix 4, T4)—each included at 2.5% in corn–soybean meal starter and grower diets fed to Ross 308 broilers. A total of 120 one-day-old chicks of uniform weight (40.00 ± 2.00 g) were allocated to four treatments in a completely randomised design, with three replicate cages of ten birds each. Live body weight, weight gain, feed intake, feed conversion ratio (FCR) and production index were recorded weekly; carcass traits, serum lipid and protein profiles, haematological indices, antibody titres against Newcastle disease virus (NDV) and infectious bursal disease virus (IBDV), and caecal Lactobacillus and Escherichia coli populations were assessed at 35 days of age. Premix source significantly (P ≤ 0.05) affected nearly all production traits. Birds fed the Dutch premix (T2) recorded the highest final body weight, cumulative weight gain and feed intake, together with the most favourable cumulative FCR, whereas birds fed the Canadian premix (T4) achieved the highest production index. The Jordanian premix (T3) was associated with the highest serum total protein, globulin, red blood cell count, haemoglobin and packed cell volume, whereas T4 produced the strongest antibody response against NDV. High-density lipoprotein cholesterol was significantly higher in T3 and T4 than in T1, while total cholesterol, triglycerides, low-density lipoprotein and very-low-density lipoprotein were unaffected by treatment. Caecal Lactobacillus and E. coli counts did not differ significantly among treatments. These findings indicate that, despite broadly similar declared nutrient specifications, the four imported premixes differed in their biological effects on growth, carcass composition and physiological status in broilers, with the Dutch and Canadian products showing advantages for different response variables relative to the Iranian comparison premix.
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1. Introduction
Premixes are concentrated, factory-blended preparations of vitamins, macro- and micro-minerals, essential and non-essential amino acids, enzymes and antioxidants that are added to compound feeds at low inclusion rates to guarantee adequate micronutrient supply for poultry (Al-Yaseen & Abdul-Abbas, 2010). Because the digestive tract of poultry harbours only a limited and variable microbial capacity to synthesise vitamins de novo, and because cereal–soybean meal diets are inherently deficient in several trace elements and amino acids, commercial premixes have become an indispensable component of modern broiler nutrition (Korver, 2022). The technology evolved from crude micro-ingredient blends supplying 10–15% of the diet in the mid-twentieth century to highly concentrated formulations that now contribute as little as 1–3% of the finished feed, reflecting advances in carrier technology, micro-encapsulation, and chelation chemistry (Al-Yaseen & Abdul-Abbas, 2010).
A premix is conventionally described as having two functional components: an active fraction, comprising the vitamins, trace minerals, amino acids, enzymes and/or antioxidants that constitute the nutritional payload, and a carrier fraction, typically an organic substrate (ground cereal, starch or bran) or an inorganic substrate (limestone or silicate) that ensures homogeneous dispersion of the active ingredients throughout the bulk feed (Djuragić et al., 2009). The balance of amino acids, vitamins and trace minerals supplied is recognised to influence not only growth rate and feed efficiency but also immune competence, antioxidant status, and gut microbial ecology (Baker & Han, 1994; Surai, 2002; Surai et al., 2018). Exogenous enzymes such as phytase, xylanase and α-amylase, frequently incorporated into modern premixes, further enhance nutrient availability by hydrolysing phytate-bound phosphorus and non-starch polysaccharides that would otherwise remain largely indigestible to monogastric animals (Selle & Ravindran, 2007; Beeson et al., 2017; Choct et al., 2010).
Recent reviews emphasise that contemporary poultry nutrition increasingly depends on aligning dietary nutrient supply with the changing requirements of rapidly growing birds (Cao et al., 2024).
Experimental evidence further indicates that the source and bioavailability of trace minerals can influence feed conversion, antioxidant capacity, tissue mineral deposition and related physiological responses in broilers (Macelline et al., 2024; Nie et al., 2025).
Dietary and drinking-water interventions have also produced variable growth and carcass responses under heat stress and alternative feed formulations, underscoring the need to evaluate each product under defined experimental conditions (Al-Ramamneh, 2023; Prasanth et al., 2026).
In practice, broiler producers in many developing markets, including Iraq, rely heavily on imported premixes of diverse geographical origins. Although their declared specifications may appear broadly similar, their biological performance under common management and environmental conditions has rarely been compared directly. Given that Iraq's climate imposes substantial heat-stress pressure on broiler flocks for much of the year and that premix quality can affect birds' capacity to cope with such stress (Calik et al., 2022a), an objective side-by-side comparison of commercially available imported premixes is of direct practical relevance to local poultry producers and feed formulators.
However, direct evidence comparing commercially available imported premixes of different origins within a single broiler production system remains limited, particularly for the simultaneous evaluation of growth, carcass characteristics, blood indices, immune response and caecal bacterial counts under Iraqi conditions.
The present study was therefore designed to compare four imported premix products of different origins (Iran, the Netherlands, Jordan and Canada) with respect to their effects on growth performance, carcass characteristics, serum biochemistry, haematology, humoral immune response and caecal microbial populations in Ross 308 broiler chickens reared under Iraqi field conditions.
2. Materials and Methods
2.1 Birds, housing and experimental design
The trial was carried out at the research facilities of the Department of Animal Production, College of Agriculture, University of Karbala, Iraq, during the last quarter of 2025 (8 October–13 November). A total of 120 one-day-old, unsexed Ross 308 broiler chicks of uniform initial weight (40.00 ± 2.00 g) were obtained from a single commercial hatchery and randomly allocated to four dietary treatments in a completely randomised design (CRD), with three replicate cages per treatment and ten birds per replicate. Birds were housed in a mechanically ventilated, four-tier battery-cage system within a hall measuring 6 × 11 m; each cage measured 1 × 1 m, with a floor-to-feeder height of approximately 0.70 m. Room temperature and ventilation were regulated by a digital environmental controller linked to gas brooders and exhaust fans to meet the thermal requirements of each growth phase. A near-continuous lighting schedule (23 h light:1 h dark) was applied during the first three days to facilitate early feed and water intake and to minimise crowding, after which standard commercial lighting recommendations were followed. Feed was offered ad libitum from day 1, initially using plastic feeder trays (38 cm diameter) and 5-L drinkers, which were progressively replaced with longitudinal metal feeders (1 m × 10 cm × 15 cm) and adjustable nipple drinkers as the birds grew.
2.2 Dietary treatments
Birds were fed a two-phase commercial corn–soybean meal diet (Al-Hafidh feed mill) consisting of a starter ration (1–21 d) and a grower ration (22–35 d). All four dietary treatments shared an identical basal formulation and differed only in the source of the imported premix included at 2.5% of the diet (Table 1): T1 (comparison)—Iranian premix (Premix 1); T2—Dutch premix (Premix 2); T3—Jordanian premix (Premix 3); and T4—Canadian premix (Premix 4). The declared nutrient specifications of the four premix products, as provided by the respective manufacturers, are summarised in Table 2, and the calculated nutrient composition of the resulting experimental diets is presented in Table 3.
Table 1. Ingredient composition of the basal starter (1–21 d) and grower (22–35 d) diets common to all treatments (%).
	Ingredient
	Starter (1–21 d)
	Grower (22–35 d)

	Yellow corn
	58.2
	58.3

	Soybean meal
	34.6
	34.7

	Wheat bran
	4.0
	4.0

	Limestone
	0.1
	0.1

	Dicalcium phosphate
	0.5
	0.3

	Toxin binder
	0.1
	0.1

	Premix (treatment-specific)
	2.5
	2.5

	Total
	100.0
	100.0


The premix component (2.5%) was the only ingredient that differed among T1–T4, each receiving its respective imported product (Golden Mix, Max Care, Provimi, or Kapre).
Table 2. Declared nutrient and additive composition of the four imported premix products (manufacturer specifications, per kg unless stated).
	Item
	T1 Golden Mix (Iran)
	T2 Max Care (Netherlands)
	T3 Provimi (Jordan)
	T4 Kapre (Canada)

	Crude protein (%)
	16.5
	16.3
	16.0
	17.0

	Digestible lysine (%)
	8
	7.5
	10.0
	10.7

	Digestible Met+Cys (%)
	9
	9.5
	8.9
	8.9

	Threonine (%)
	2
	1.3
	4.3
	1.7

	Calcium (%)
	13
	12.8
	14.5
	20.0–21.0

	Available phosphorus (%)
	5
	7.3
	5.6
	4.5–5.5

	Metabolizable energy (kcal/kg)
	3,150
	3,382
	1,000
	4,800

	Vitamin A (IU/kg)
	480,000
	480,000
	480,000
	500,000

	Vitamin D3 (IU/kg)
	150,000
	140,000
	220,000
	240,000

	Vitamin E (mg or IU/kg)
	2,000 IU
	2,000 IU
	2,000 mg
	3,200 mg

	Choline chloride (mg/kg)
	17,000
	17,000
	16,000
	21,000

	Zn / Mn / Cu (ppm or mg/kg)
	2,500/2,900/500
	2,400/2,800/600
	3,600/3,200/500
	3,800/3,200/500

	Selenium (ppm or mg/kg)
	10
	10
	11
	11


Manufacturer specification sheets for the Iranian Golden Mix product did not provide a directly comparable analytical breakdown; values for the remaining three premixes are reproduced from manufacturer documentation supplied with the respective batches. These declared specifications should be independently re-verified against the original manufacturer certificates of analysis before submission for publication.
Table 3. Calculated nutrient composition of the starter and grower experimental diets by treatment (%, as fed).
	Item
	Phase
	T1
	T2
	T3
	T4

	Crude protein (%)
	Starter
	23.0
	23.0
	23.0
	23.0

	
	Grower
	20.1
	20.1
	20.1
	20.1

	ME (kcal/kg)
	Starter
	2,950
	2,950
	2,950
	2,950

	
	Grower
	3,100
	3,100
	3,100
	3,100

	Methionine (%)
	Starter
	0.56
	0.40
	0.48
	0.50

	
	Grower
	0.54
	0.40
	0.48
	0.50

	Lysine (%)
	Starter
	1.47
	0.96
	0.95
	0.95

	
	Grower
	1.37
	0.96
	0.95
	0.95

	Calcium (%)
	Starter
	0.95
	0.90
	0.95
	0.93

	
	Grower
	0.95
	0.90
	0.95
	0.93

	Available P (%)
	Starter
	0.43
	0.40
	0.39
	0.40

	
	Grower
	0.43
	0.40
	0.39
	0.40


The differences in methionine and lysine concentrations among the premixes are attributed to variations in the formulation and composition of each commercial premix.
2.3 Health and vaccination programme
A standard biosecurity and vaccination programme was applied throughout the trial to safeguard flock health (Table 4), with vaccine choice and timing based on regional epidemiological risk.
Table 4. Vaccination programme applied during the experimental period.
	Age (days)
	Treatment / vaccine

	1
	Electrolyte/glucose solution (50 g/L) with a multivitamin (A, D3, E) tonic in drinking water

	4
	Newcastle disease (ND Clone 30, strain B1) by coarse spray

	14
	Infectious bursal disease (IBD) vaccine via drinking water

	17
	Newcastle disease (La Sota strain, ND Clone 30) by coarse spray


2.4 Measurements
Live body weight and feed intake were recorded weekly per replicate, after a 4-hour feed withdrawal, and used to calculate weekly and cumulative body weight gain and feed conversion ratio (FCR = feed intake / weight gain). A production (performance) index was calculated as: PI = (mean body weight (g) × viability %) / (rearing days × FCR × 10), with viability = 100 − mortality %; mortality was nil (100% viability) in all treatments. At 35 days of age, six birds per treatment (two per replicate) were randomly selected, fasted for 4 h, weighed, and slaughtered for evaluation of dressing percentage (with and without giblets), relative weights of primary cuts (breast, thigh) and secondary cuts (back, wings, neck), and relative weights of the heart, liver and gizzard, following the procedures of Al-Fayadh et al. (2011). Blood samples were collected from the jugular vein at 35 days for determination of total serum protein and albumin (Henry et al., 1974; Doumas et al., 1971; globulin calculated by difference), total cholesterol (Richmond, 1973), triglycerides (Fossati & Prencipe, 1982), HDL-cholesterol (Warnick & Wood, 1995), LDL-cholesterol (by calculation), VLDL-cholesterol (triglycerides/5), red and white blood cell counts and packed cell volume (Dacie & Lewis, 1995), and haemoglobin concentration (cyanmethaemoglobin method). Serum antibody titres against Newcastle disease virus and infectious bursal disease virus were determined by indirect ELISA using commercial kits (ID.vet, France), following the manufacturer's validation criteria and log-transformation procedure. At slaughter, ileo-cecal junction contents were sampled aseptically for enumeration of Lactobacillus spp. (MRS agar, anaerobic incubation, 37°C/48 h) and Escherichia coli (MacConkey agar, 37°C/48 h) by the pour-plate technique, with results expressed as log10 CFU/g of digesta.
2.5 Statistical analysis
Data were analysed as a completely randomised design using the general linear model Yij = μ + Ti + eij, where Yij is the observation, μ is the overall mean, Ti is the fixed effect of premix treatment and eij is the random error. Treatment means were compared using Duncan's multiple range test (Duncan, 1955) following analysis of variance, with significance declared at P ≤ 0.05. All analyses were performed using SAS statistical software (SAS Institute, 2013).
3. Results
3.1 Growth performance
Premix source significantly (P ≤ 0.05) affected weekly live body weight from week 1 onwards (Table 5). Treatment differences were evident across the rearing period. At 35 days, T2 recorded the numerically highest final body weight (2,455.67 g), while the final body weights of T2 and T4 were statistically comparable according to the superscript groupings in Table 5.
Table 5. Effect of imported premix source on weekly live body weight (g) of Ross 308 broilers, 1–35 days (mean ± SE).
	Treatment
	Week 1
	Week 2
	Week 3
	Week 4
	Week 5 (final)

	T1
	181.10±0.36 b
	514.33±0.88 b
	1002.67±4.26 b
	1672.33±2.96 b
	2347.50±8.38 b

	T2
	182.50±0.76 ab
	518.67±1.45 ab
	1050.33±15.28 a
	1726.67±29.62 ab
	2455.67±59.20 a

	T3
	183.87±0.47 ab
	518.83±1.36 ab
	1033.00±1.15 b
	1706.67±4.26 b
	2394.63±7.67 b

	T4
	186.20±1.03 a
	519.83±0.62 a
	1054.67±2.03 a
	1755.83±28.08 a
	2412.50±3.24 ab

	P-value
	*
	*
	*
	*
	*


T1 = imported Iranian premix (Golden Mix); T2 = imported Dutch premix (Max Care); T3 = imported Jordanian premix (Provimi); T4 = imported Canadian premix (Kapre). All premixes were included at 2.5% of the diet. Means within a column followed by different superscript letters differ significantly (P≤0.05); NS = not significant.
Cumulative weight gain followed a broadly similar pattern. T2 recorded the highest cumulative gain (2,414.67 g) at 35 days, while T1 recorded the lowest value (2,306.50 g); T3 (2,353.63 g) and T4 (2,371.50 g) were intermediate and shared superscript groupings with T2 and/or T1 (Table 6). Weekly gain differences were most pronounced during the first three weeks and converged thereafter, with no significant treatment effect on weight gain during weeks 4 and 5.
Table 6. Effect of imported premix source on weekly and cumulative body weight gain (g/bird) of Ross 308 broilers, 1–35 days (mean ± SE).
	Treatment
	Week 1
	Week 2
	Week 3
	Week 4
	Week 5
	Cumulative

	T1
	140.10±0.35 b
	333.23±1.22 b
	488.33±4.37 b
	669.67±6.36 a
	675.17±4.85 a
	2306.50±6.65 b

	T2
	141.50±0.87 ab
	336.17±1.39 a
	531.67±31.96 a
	676.33±17.65 a
	729.00±29.00 a
	2414.67±56.09 a

	T3
	142.87±0.61 ab
	334.97±1.02 ab
	514.17±2.55 ab
	673.67±4.70 a
	687.97±3.71 a
	2353.63±7.67 ab

	T4
	145.20±1.03 a
	333.63±0.94 ab
	534.83±1.64 a
	701.17±27.05 a
	656.67±25.86 a
	2371.50±3.24 ab

	P-value
	*
	*
	*
	NS
	NS
	*


T1 = imported Iranian premix (Golden Mix); T2 = imported Dutch premix (Max Care); T3 = imported Jordanian premix (Provimi); T4 = imported Canadian premix (Kapre). All premixes were included at 2.5% of the diet. Means within a column followed by different superscript letters differ significantly (P≤0.05); NS = not significant.
Cumulative feed intake was significantly highest in T2 (3,524.5 g) and lowest in T1 (3,428.9 g), with significant treatment effects emerging from week 2 onward, although week 1 intake was statistically similar across all groups, confirming initial flock homogeneity (Table 7).
Table 7. Effect of imported premix source on weekly and cumulative feed intake (g/bird) of Ross 308 broilers, 1–35 days (mean ± SE).
	Treatment
	d1–7
	d8–14
	d15–21
	d22–28
	d29–35
	Cumulative

	T1
	136.50±2.26 a
	415.80±2.77 b
	656.87±5.89 b
	940.07±2.95 b
	1279.63±3.76 b
	3428.87±9.28 b

	T2
	139.70±0.96 a
	430.93±0.91 a
	689.00±3.01 a
	962.57±1.29 a
	1302.33±0.95 a
	3524.53±2.38 a

	T3
	139.17±1.08 a
	417.50±1.60 ab
	676.53±2.55 b
	945.50±2.27 ab
	1289.23±0.67 b
	3467.93±3.10 b

	T4
	135.97±2.82 a
	422.43±1.06 ab
	682.57±1.42 ab
	948.17±3.08 ab
	1287.10±2.14 b
	3476.40±7.28 b

	P-value
	NS
	*
	*
	*
	*
	*


T1 = imported Iranian premix (Golden Mix); T2 = imported Dutch premix (Max Care); T3 = imported Jordanian premix (Provimi); T4 = imported Canadian premix (Kapre). All premixes were included at 2.5% of the diet. Means within a column followed by different superscript letters differ significantly (P≤0.05); NS = not significant.
Cumulative FCR was significantly more favourable (lower) for T2 (1.358) compared with T1, T3 and T4 (1.373, 1.363 and 1.360, respectively), notwithstanding some week-to-week fluctuation in which treatment held the numerical advantage (Table 8).
Table 8. Effect of imported premix source on weekly and cumulative feed conversion ratio (g feed/g gain) of Ross 308 broilers, 1–35 days (mean ± SE).
	Treatment
	d1–7
	d8–14
	d15–21
	d22–28
	d29–35
	Cumulative

	T1
	0.974±0.013 a
	1.248±0.004 b
	1.345±0.018 a
	1.404±0.009 a
	1.895±0.008 a
	1.373±0.002 a

	T2
	0.987±0.007 a
	1.282±0.006 a
	1.304±0.072 b
	1.425±0.035 a
	1.792±0.065 b
	1.358±0.024 b

	T3
	0.974±0.004 a
	1.246±0.003 b
	1.314±0.010 a
	1.404±0.010 a
	1.874±0.011 a
	1.363±0.002 a

	T4
	0.936±0.018 b
	1.266±0.005 a
	1.276±0.002 a
	1.356±0.050 b
	1.972±0.076 a
	1.360±0.001 a

	P-value
	*
	*
	*
	*
	*
	*


T1 = imported Iranian premix (Golden Mix); T2 = imported Dutch premix (Max Care); T3 = imported Jordanian premix (Provimi); T4 = imported Canadian premix (Kapre). All premixes were included at 2.5% of the diet. Means within a column followed by different superscript letters differ significantly (P≤0.05); NS = not significant.
The overall production index, which integrates final body weight, viability and FCR, was significantly highest for T4 (335.25), followed by T3 (318.50) and T2 (312.15), with T1 recording the lowest value (275.40; Table 9).
Table 9. Effect of imported premix source on the production (performance) index  and mortality of Ross 308 broilers at 35 days (mean ± SE).
	Treatment
	Production index
	mortality

	T1
	275.40±0.95 c
	0

	T2
	312.15±1.12 b
	0

	T3
	318.50±0.88 b
	0

	T4
	335.25±0.74 a
	0

	P-value
	*
	


T1 = imported Iranian premix (Golden Mix); T2 = imported Dutch premix (Max Care); T3 = imported Jordanian premix (Provimi); T4 = imported Canadian premix (Kapre). All premixes were included at 2.5% of the diet. Means within a column followed by different superscript letters differ significantly (P≤0.05); NS = not significant.
3.2 Carcass traits
Breast meat yield was significantly higher in T2 (31.41%) and T3 (30.35%) than in T1 and T4, while T1 and T4 had significantly higher back and neck percentages; thigh percentage was unaffected by treatment (Table 10).
Table 10. Effect of imported premix source on relative weights (%) of primary and secondary carcass cuts of Ross 308 broilers at 35 days (mean ± SE).
	Treatment
	Breast
	Thigh
	Back
	Wings
	Neck

	T1
	26.98±0.03 b
	21.73±0.59 a
	16.38±1.11 a
	8.57±0.13 a
	4.18±0.29 a

	T2
	31.41±0.16 a
	20.94±0.62 a
	15.77±0.11 b
	7.43±0.25 b
	3.93±0.36 a

	T3
	30.35±0.79 a
	20.83±0.32 a
	15.78±0.93 ab
	8.29±0.34 ab
	2.70±0.55 b

	T4
	27.80±0.61 b
	20.74±0.59 a
	16.33±0.99 a
	7.24±0.41 b
	4.08±0.88 a

	P-value
	*
	NS
	*
	*
	*


T1 = imported Iranian premix (Golden Mix); T2 = imported Dutch premix (Max Care); T3 = imported Jordanian premix (Provimi); T4 = imported Canadian premix (Kapre). All premixes were included at 2.5% of the diet. Means within a column followed by different superscript letters differ significantly (P≤0.05); NS = not significant.
Dressing percentages, with or without giblets, were significantly higher in T1 and T3 than in T2. Eviscerated yield also differed significantly among treatments (Table 11). Relative liver and gizzard weights were significantly greater in T2 and T4 than in T1 and T3, whereas heart weight did not differ among treatments.
Table 11. Effect of imported premix source on dressing percentage and relative weights (%) of edible organs of Ross 308 broilers at 35 days (mean ± SE).
	Treatment
	Heart
	Liver
	Gizzard
	Eviscerated yield (%)
	Dressing % (without giblets)
	Dressing % (with giblets)

	T1
	0.49±0.07 a
	2.27±0.28 b
	1.63±0.06 b
	54.60±1.55 b
	73.58±0.07 a
	77.98±0.45 a

	T2
	0.44±0.07 a
	2.58±0.06 a
	1.83±0.08 a
	55.54±0.06 b
	72.50±2.64 b
	77.34±2.75 b

	T3
	0.48±0.07 a
	1.87±0.00 b
	1.67±0.13 b
	54.64±4.38 a
	74.10±0.08 a
	78.14±0.14 a

	T4
	0.54±0.06 a
	2.21±0.06 a
	1.93±0.13 a
	52.22±0.32 b
	72.87±1.41 ab
	77.56±1.44 ab

	P-value
	NS
	*
	*
	*
	*
	*


T1 = imported Iranian premix (Golden Mix); T2 = imported Dutch premix (Max Care); T3 = imported Jordanian premix (Provimi); T4 = imported Canadian premix (Kapre). All premixes were included at 2.5% of the diet. Means within a column followed by different superscript letters differ significantly (P≤0.05); NS = not significant.
3.3 Serum lipid profile
Total cholesterol, triglycerides, VLDL and LDL did not differ significantly among treatments. However, HDL-cholesterol was significantly higher in T4 (89.67 mg/dL) and T3 (89.50 mg/dL) than in T1 (77.00 mg/dL), with T2 intermediate (Table 12).
Table 12. Effect of imported premix source on serum lipid profile (mg/dL) of Ross 308 broilers at 35 days (mean ± SE).
	Treatment
	Total cholesterol
	Triglycerides
	HDL-C
	VLDL-C
	LDL-C

	T1
	110.33±10.84 a
	79.33±15.60 a
	77.00±5.57 b
	15.33±3.18 a
	17.33±5.91 a

	T2
	113.67±4.91 a
	89.00±12.29 a
	82.00±4.00 ab
	17.80±2.47 a
	13.87±3.58 a

	T3
	121.50±12.50 a
	80.50±29.50 a
	89.50±8.50 a
	16.10±5.90 a
	15.90±1.90 a

	T4
	111.67±3.53 a
	50.00±20.53 a
	89.67±2.60 a
	17.93±4.05 a
	11.60±3.44 a

	P-value
	NS
	NS
	*
	NS
	NS


T1 = imported Iranian premix (Golden Mix); T2 = imported Dutch premix (Max Care); T3 = imported Jordanian premix (Provimi); T4 = imported Canadian premix (Kapre). All premixes were included at 2.5% of the diet. Means within a column followed by different superscript letters differ significantly (P≤0.05); NS = not significant.
3.4 Serum protein fractions
Total serum protein and globulin were significantly highest in T3 (4.39 and 3.14 g/dL, respectively), while albumin was numerically highest in T2 (1.29 g/dL) and lowest in T4 (1.06 g/dL; Table 13).
Table 13. Effect of imported premix source on serum protein fractions (g/dL) of Ross 308 broilers at 35 days (mean ± SE).
	Treatment
	Total protein
	Globulin
	Albumin

	T1
	3.86±0.08 b
	2.76±0.12 ab
	1.10±0.06 b

	T2
	3.71±0.11 b
	2.42±0.21 b
	1.29±0.30 ab

	T3
	4.39±0.04 a
	3.14±0.09 a
	1.25±0.05 ab

	T4
	3.85±0.11 b
	2.79±0.21 ab
	1.06±0.13 b

	P-value
	*
	*
	*


T1 = imported Iranian premix (Golden Mix); T2 = imported Dutch premix (Max Care); T3 = imported Jordanian premix (Provimi); T4 = imported Canadian premix (Kapre). All premixes were included at 2.5% of the diet. Means within a column followed by different superscript letters differ significantly (P≤0.05); NS = not significant.
3.5 Haematological parameters
Treatment significantly affected all measured haematological indices. T3 recorded the highest red blood cell count (2.47 × 10¹²/L), haemoglobin (12.73 g/dL) and packed cell volume (31.36%), all significantly greater than T2, which recorded the lowest values for these parameters as well as the lowest white blood cell count (125.36 × 10⁹/L; Table 14).
Table 14. Effect of imported premix source on haematological parameters of Ross 308 broilers at 35 days (mean ± SE).
	Treatment
	RBC (×10¹²/L)
	WBC (×10⁹/L)
	Haemoglobin (g/dL)
	PCV (%)

	T1
	2.46±0.07 a
	130.63±2.33 a
	12.16±0.16 ab
	30.96±0.51 ab

	T2
	2.16±0.06 b
	125.36±3.99 b
	11.13±0.27 b
	28.16±0.69 b

	T3
	2.47±0.12 a
	128.83±4.34 a
	12.73±0.73 a
	31.36±1.64 a

	T4
	2.36±0.03 ab
	126.96±1.28 a
	11.53±0.35 ab
	29.43±0.37 ab

	P-value
	*
	*
	*
	*


T1 = imported Iranian premix (Golden Mix); T2 = imported Dutch premix (Max Care); T3 = imported Jordanian premix (Provimi); T4 = imported Canadian premix (Kapre). All premixes were included at 2.5% of the diet. Means within a column followed by different superscript letters differ significantly (P≤0.05); NS = not significant.
3.6 Humoral immune response
Antibody titres against Newcastle disease virus were significantly higher in T4 (2,028.0) than in T1 (623.3, the lowest value), with T2 and T3 intermediate and not significantly different from either extreme. Antibody titres against infectious bursal disease virus did not differ significantly among treatments, although T2 showed a non-significant numerical advantage (Table 15).
Table 15. Effect of imported premix source on serum antibody titres against Newcastle disease virus (NDV) and infectious bursal disease virus (IBDV) and cecal Lactobacillus and Escherichia coli populations (log10 CFU/g digesta)of Ross 308 broilers at 35 days (mean ± SE).
	Treatment
	Anti-NDV titre
	Anti-IBDV titre (log10)
	Lactobacillus spp.
	Escherichia coli

	T1
	623.34±61.34 b
	8.10±0.44 a
	7.24±0.08 a
	7.15±0.05 a

	T2
	686.33±116.14 ab
	8.47±0.66 a
	7.14±0.04 a
	7.01±0.04 a

	T3
	1324.00±310.45 ab
	8.29±0.78 a
	7.13±0.16 a
	7.12±0.28 a

	T4
	2028.00±339.73 a
	8.06±0.82 a
	7.28±0.03 a
	7.32±0.07 a

	P-value
	*
	NS
	NS
	NS


T1 = imported Iranian premix (Golden Mix); T2 = imported Dutch premix (Max Care); T3 = imported Jordanian premix (Provimi); T4 = imported Canadian premix (Kapre). All premixes were included at 2.5% of the diet. Means within a column followed by different superscript letters differ significantly (P≤0.05); NS = not significant.

3.7 Cecal microbiota
No significant treatment differences were detected in cecal Lactobacillus or Escherichia coli populations, although T4 numerically recorded the highest counts of both genera and T2 the lowest E. coli count (Table 15).
4. Discussion
The significant differences in body weight, weight gain, feed intake and FCR observed among the four imported premixes, although the basal diets were formulated to be isoenergetic and isonitrogenous, may be explained by differences in digestible amino acid density, mineral form and enzyme or antioxidant inclusion among the commercial products, as indicated by the manufacturers' declared specifications (Table 2). Under the conditions of the present study, T2 produced the highest cumulative body weight gain and the most favourable cumulative FCR. These findings are consistent with the broader literature showing that balanced micronutrient and amino acid supplementation can enhance digestive and metabolic efficiency in broilers and support the conversion of dietary energy and protein into lean tissue (Baker & Han, 1994; Cowieson et al., 2008). The early divergence in body weight suggests that differences among the premixes were expressed during the post-hatch period, when intestinal enzymatic and absorptive capacity is still developing and may be responsive to readily available nutrients (Selle & Ravindran, 2007).
The shift in carcass composition towards a higher breast meat percentage in T2 and T3, at the expense of back and neck proportions, mirrors the pattern frequently reported when premix amino acid balance is improved, because lysine and methionine are preferentially partitioned towards breast-muscle protein accretion (Baker & Han, 1994). The greater relative liver and gizzard weights observed in T2 and T4 may reflect differences in digestive and metabolic responses to the nutrient specifications of these premixes; however, the present study did not determine the underlying mechanism (Choct et al., 2010).
The absence of treatment effects on total cholesterol, triglycerides, LDL and VLDL, together with the higher HDL-cholesterol concentrations in T3 and T4, suggests a selective difference in lipid-related responses rather than a generalised change in the serum lipid profile. Antioxidant micronutrients such as vitamin E and selenium, which were declared at different concentrations in the four premixes, can influence antioxidant protection and lipid metabolism; this may be consistent with the higher HDL values observed in the treatments with greater declared antioxidant contents (Ren et al., 2023). The higher total protein and globulin concentrations in T3, together with the highest erythrocyte count, haemoglobin concentration and packed cell volume, indicate a different protein and haematological response in this treatment. The lower haematological values recorded in T2, despite its favourable growth performance, show that growth efficiency and haematological indices did not follow the same treatment pattern. The higher anti-NDV antibody titre in T4 suggests that the micronutrient profile of the Canadian premix supported a stronger humoral response to NDV under the conditions of this study, consistent with the recognised roles of vitamin E and selenium in immune function (Calik et al., 2022b). The absence of a corresponding treatment effect on anti-IBDV titres indicates that the antibody responses varied by antigen. Finally, the lack of significant treatment effects on caecal Lactobacillus and E. coli populations indicates that premix source had no detectable effect on these two culturable bacterial groups. The numerically higher Lactobacillus count in T4 requires confirmation in studies with greater replication and broader microbiota analysis (Calik et al., 2022b).
5. Conclusion
The source of the imported premix influenced growth performance, selected carcass traits, serum protein fractions, haematological indices and the antibody response of Ross 308 broilers during the 35-day trial. The Dutch premix was associated with the highest final body weight and cumulative weight gain and with the most favourable cumulative feed conversion ratio. The Canadian premix produced the highest production index and the strongest antibody titre against Newcastle disease virus, whereas the Jordanian premix was associated with higher total protein, globulin and haematological values. Breast yield, dressing percentage and relative organ weights also differed among treatments. In contrast, premix source did not significantly affect total cholesterol, triglycerides, low-density lipoprotein, very-low-density lipoprotein, antibody titre against infectious bursal disease virus, or caecal Lactobacillus and E. coli counts. Overall, the tested commercial premixes produced different productive and physiological response patterns under the study conditions. The conclusions are restricted to the tested products, the 2.5% inclusion rate, the sample size and the environmental and management conditions used in this experiment.
Limitation
This study evaluated only 120 broilers, four commercial premixes and a 35-day feeding period, with three replicate cages per treatment. Manufacturer-declared premix compositions were not independently confirmed, and directly comparable analytical data were unavailable for the Iranian product. The microbiological assessment was limited to culturable caecal Lactobacillus spp. and E. coli. Economic performance, nutrient digestibility, enzyme activity, heat-stress validation and longer-term flock responses were not assessed. Greater replication and independent laboratory analysis of each premix are required to confirm the findings.
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