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ABSTRACT

A microbial protein on cereal carrier was tested as fish meal substitute in 

broiler diets. The control diet consisted mainly of corn, soybean meal and fish 

meal. The treated broiler groups displayed performance similar to the control 

group. Bone minerals (ash, Ca, P), as well as carcass and gut development were 

similar, too. Serum Ca and P of the treated broilers were within the normal 

range of values, slightly higher for P, while the serum level of vitamin E was 

remarkably higher (3-fold increase) in the treated groups. The experimental 

evidence supports the possibility of using this new product as substitute to the 

fish meal in broiler diets due to its valuable supply of vitamin E.
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INTRODUCTION

“Eco-business” and environmental protection are the basal elements of 

enterprises and competition, the demand for “eco-products” rising constantly. 

“Eco-business” is regarded as a new drive for world economy given the new 

market orientation towards ecological products and the large costs incurred with 

The tested vitamin-enhanced microbial product is an ecological product. 

Together with its possible derivates that are to be obtained with biotechnologies 

yet to be developed it will allow the substitution of the antibiotic treatment as 

growth promoter in animal production.

Following the recent EU ban on certain categories of growth-promoting 

products the market for forages displays a particular interest for ecological 

products replacing antibiotics as growth promoters in animal feeding.

The vitamin-enhanced microbial protein on cereal carrier experimented by 

us has a non-conventional protein component of microbial origin as well a 

cereal component. The product displayed a high nutritional potential and 

antitoxin properties enhanced by a bentonite and natural zeolites-based carrier.

The protein component was obtained by biosynthesis from a mutant 

Hansenula polymorpha yeast with high biom
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1996). The main characteristic of the yeast we used is the readily degradable 

cell wall, which confers a new quality to the new biological product compared 

to the traditional feed grade biomass, i.e., a higher biodegradability enhancing 

the in situ release of mannan oligo- – under licensing). 

– under licensing). 

The defective cell wall of the selected mutant yeas

1996) induced a new rearrangement of the protein-manan layer, which 

facilitated its enzymatic lysis and the release of fractions with antitoxin effects. 

The mannan oligo-saccharides (Ragini et al., 1996), cell wall components 

released by (in vivo or in vitro) enzymatic lysis, have the feature to occupy the 

binding site of pathogen bacteria to the gut wall. Mannose, the main sugar of 

the mannan oligo-saccharides compound of yeast cell wall may block the 

colonization of the pathogens that have on their surface lectins that bind to this 

sugar, being therefore the component with antitoxin effect (Pop, 1997). 

The purpose of this experiment was to test the performance of broilers by 

replacing the dietary fishmeal with the new vitamin-enhanced protein on cereal 

carrier. The quality of the microbial protein was shown experimentally; the 

antitoxin feature of the product is to be shown at a later stage.

MATERIAL AND METHOD

The trial used 3 groups, one control and two experimental, of 10 broilers 

each. The experiment monitored broiler growth and feed conversion ratio. Six 

broilers from each group were slaughtered in the end of the experiment and 

assessed for carcass and organ development and quality.

The vitamin-enhanced protein product on cereal carrier was obtained by 

biosynthesis from Hansenula polymorpha. Tables 1, 2 and 3 show the chemical 

and biochemical characteristics of the tested product.

Table 1 Gross chemical composition (%)

DM CP Starch EE Sugar CF Ash Ca Mg P

94.55 43.41 4.35 1.7 3 2.5 15.42 0.3 0.21 0.89

Table 2 Vitamin concentration

Vitamin A (IU %) Vitamin E (mg %) Vitamin B1 (mg %) Vitamin B2 (mg %)

Absent 6.81 0.252 1.668

Methionine and cystine were partially destroyed during the acid hydrolysis.

The trials were conducted on 90 Cobb 500 broilers (1-35 days) kept in 

metabolic cages in a room with uninterrupted light regimen and normal 

temperature (28°C during the first week and 24°C during the subsequent 

weeks). The broilers had free access to the food and water.
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The broilers were assigned to 3 groups (30 broilers per group): one control 

group (C) and two experimental groups (E1 and E2). The birds received two 

compound feed formulations according to their age: the starter formulation (0-

14 days) and the grower-finisher formulation (15-35 days)

Table 3 Amino acid level (g/100g product)

Amino acid Tested product Soybean meal Fishmeal

Lysine 2.89 2.492 5.03

Methionine 0.493 0.635 1.85

Histidine 1.341 1.165 1.84

Arginine 1.415 2.505 3.76

Aspartic acid 4.105 4.777 6.06

Threonine 2.376 2.013 2.75

Serine 2.913 3.164 2.57

Glutamic acid 6.224 7.415 8.37

Proline 2.139 3.123 2.87

Glycine 3.253 3.369 4.41

Alanine 4.028 3.065 4.10

Cystine 0.402 0.650 0.59

Valine 2.402 2.149 3.17

Isoleucine 1.739 1.790 2.69

Leucine 2.905 3.467 4.47

Tyrosine 1.183 1.215 2.11

Phenilalanine 1.278 1.878 2.59

Table 4 Compound feed formulation (%)

Starter Grower - finisher

Ingredients

C E1 E2 C E1 E2

Corn 57.55 54.84 51.78 57.59 54.13 51.13

Soybean 30.3 31.40 32.2 29.4 31.40 32.1

Protein product on 

cereal carrier

- 3.00 6.00 - 3.00 6.00

Fish meal 5.00 3.70 2.50 4.00 2.00 1.00

Oil 2.70 2.70 3.00 4.50 4.80 5.00

Feed grade lime stone 1.40 1.40 1.40 1.50 1.50 1.50

Salt 1.20 1.20 1.30 1.20 1.30 1.40

Vitamin-mineral 

premix A1

0.25 0.15 0.15 0.25 0.25 0.25

Vitamin-mineral 

premix A1

1.00 1.00 1.00 - - -

DL-methionine - - - 1.00 1.00 1.00

L-lysine 0.38 0.39 0.41 0.37 0.40 0.40

Three compound feed formulations were developed and used (one control 

and 2 experimental). The control formulation was based on corn, soybean meal 

and fishmeal. 25 and 50% of the fish meal was replaced by the vitamin-

enhanced protein product on cereal carrier during both growth phases (3 and 6% 
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inclusion rate in the CF formulations) (Table 4). The compound feeds were 

manufactured in IBNA feed mill.

The three formulations had similar energy and protein levels. They 

included equal amounts of sulphur amino acids and lysine, of available calcium 

and phosphorus, according to the requirements for the intensive broiler rearing 

(Table 5).

Table 5 Dietary nutrient level (%)

Starter Grower - finisher

ME (MJ/kg CF) 12.85 12.85 12.91 13.19 13.18 13.20

CP 23.01 23.09 23.06 21.91 21.89 21.96

Met. + cyst. 1.08 1.04 1.04 1.00 1.00 1.00

Lysine 1.40 1.40 1.40 1.30 1.30 1.30

Calcium 0.90 0.91 0.92 0.90 0.88 0.91

Phosphorus, available 0.45 0.46 0.44 0.46 0.44 0.45

The required levels of sulphur amino acids and lysine were provided by 

supplemental amounts of synthetic DL-methionine and L-lysine. The broilers 

received vaccines according to the sanitary-veterinary requirements and treated 

with coccidiostatics (Amprol plus and Avox) in the prevention level.

Each batch of compound feed was assayed for protein, fat, ash, fiber and 

energy level. Broiler feed intake was recorded daily and weight gain was 

recorded weekly throughout the experimental period and used to determine 

broiler performance and feed conversion ratio. Broiler health and mortality were 

also checked on a daily basis.

At the end of the trial (35 days) 6 broilers from each group were 

slaughtered and blood and tibia samples were collected and assayed (serum Ca, 

P and vitamin E; bone DM, EE, ash, Ca and P). Broiler carcass and organs were 

also weighed.

RESULTS AND DISCUSSION

Table 6 shows the average values per group for the monitored parameters. 

Figure 1 shows body weight evolution, which was similar for the three groups. 

The development parameters range within the normal values for broilers, except 

for the feed conversion ratio, which was lower in the control group. There were 

no health problems or cases of mortality among the broilers.

Table 7 shows the results of serum Ca, P and vitamin E assessment. The 

values for Ca and P range within the normal values for broilers at 35 days. 

Serum P was slightly higher in groups E1 and E2. Serum vitamin E was three 

times higher in groups E1 and E2 compared to group C due to the additional 

vitamin E of the experimented product, which was the only feed ingredient that 

varied in the diets of the three groups 
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Table 6 Broiler performance (average values per group)

C E1 E2

1 day 29.35 29.18 29.60

21 days 643.63 653.05 654.91Body weight at 

35 days 1304.32 1270.33 1287.26

0-21 days 29.25 29.71 29.78

21-35 days 47.19 44.09 45.17

Average weight 

gain 

0-35 days 36.43 35.46 35.93

0-21 days 43.05 43.40 43,91

21-35 days 67.66 89.22 89,18

Average feed 

intake 

(g/broiler/day) 0-35 days 59.90 61.73 62,02

Feed conversion ratio 

(g feed/g gain) 0-35 days

1.64 1.74 1.73
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Fig. 1 Weekly variation of the feed intake

Table 7 Serum analysis (mg/100 ml serum, average values per group)

C E1 E2

Ca 11.16 10.56 10.96

P 8.37 8.95 8.95

Vitamin E 0.323 0.98 0.97

The literature shows that vitamin E concentrates at the membrane level due 

to its double affinity for lipids and proteins. Thus bonded, vitamin E plays an 

antioxidant role and protects the membranes during the reactions they undergo. 

In very high doses, 20 times the requirement, vitamin E acts as stimulator of the 

immune system being synergic with selenium.

The higher serum vitamin E in the experimental groups as compared to the 

control group (0.98 vs. 0.323 mg/100 ml serum) increases the quality of the 

finished product. Generally, the animals raised intensively cannot synthesize 

vitamin E and the dietary tocopherol is not enough. Therefore, the high serum 

vitamin E in the experimental broilers shows the quality of the tested vitamin-

enhanced product, a valuable source of vitamin E, unlike the fish meal.

Table 7 shows the values for bone Ca, P and ash. The experimental values 

were related to the dry, degreased bone. The assessed parameters range within 
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the normal values for 35 days broilers. There were no significant differences 

between the experimental and the control group. Serum Ca was slightly higher 

in E1 and E2.

Table 8 Tibia analysis (g %, average values per group)

C E1 E2

DM, 105o C 49.72 49.90 49.91

Fat 7.04 6.99 6.43

Ash 50.6 51.07 50.10

Ca 18.73 19.40 19.03

P 9.52 9.61 9.52

Table 9 shows the data on carcass and digestive tract development at 35 

days. Carcass and digestive tract development was similar in all groups.

Table 9 Carcass and digestive tract development

C E1 E2

Sex female female female

Age 35 days 35 days 35 days

C 1 = 1245

C 2 = 1122.5

C 3 = 1155

C 1 = 1300

C 2 = 1095

C 3 = 1312.5

C 1 = 1185

C 2 = 990

C 3 = 1187.5

Weight at 

slaughtering

X = 1174.17 X = 1235.83 X = 1120.83

C 1 = 64

C 2 = 66

C 3 = 67.5

C 1 = 68

C 2 = 60

C 3 = 69.5

C 1 = 65.5

C 2 = 64.5

C 3 = 73.5

Digestive 

tract

X = 65.83 X = 65.83 X = 67.83

C 1 = 5.5

C 2 = 5

C 3 = 5

C 1 = 6

C 2 = 4

C 3 = 5.5

C 1 = 5.5

C 2 = 4

C 3 = 5.5

Heart

X = 5.17 X = 5.17 X = 5

C 1 = 27.5

C 2 = 21

C 3 = 28.5

C 1 = 26

C 2 = 17.5

C 3 = 25.5

C 1 =28

C 2 = 23.5

C 3 = 27.5

Liver

X = 25.67 X = 23 X = 26.33

C 1 = 423.75

C 2 = 375

C 3 = 376.25

C 1 = 428.75

C 2 = 361.25

C 3 = 437.5

C 1 = 396.25

C 2 = 323.75

C 3 = 386.25

Carcass

X = 391.67 X = 409.17 X = 368.75

CONCLUSIONS

The performance of E1 and E2 broilers (treated with a vitamin-enhanced 

protein product) was similar to the performance of C broilers. The new product 

can replace the fish meal in compound feed formulations being a good source of 

microbial protein. Serum P and bone Ca were slightly higher in E1 and E2 

groups, which shows a better assimilation of minerals in the treated groups.
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The tested product increased the serum vitamin E proving to be a valuable 

source of dietary vitamin E, unlike the fish meal.
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