
Veronica Hebean et al.46

Brewer’s starch corn as alternative feed ingredient to 

improve efficacy and meat quality of Large White pigs in 

growing –finishing period

National Research Development Institute for Animal Biology and Nutrition, Calea 

Bucuresti nr.1, 077015, Balotesti, Romania

SUMMARY

The study investigated the consequences on economical and qualitative 

performance of replacing barley and to reduce total or partial soybean meal by 

using brewer’s starch corn in Large White pigs growing–finishing period. 43 

animals at 52 kg initially during 77 days were assigned at random in 4 groups (2 

using barley and 2 with brewer’s starch corn and a quantity of soybean meal 

reduced total or partial). Cost of diets was small reduced by using by-product. 

There are not significant difference regarding body weight (P>0.05). The 

average daily gain we had significant different caused maybe by level reduced 

of energy and protein not by diets structure. The cost / kg gain was reduced 

using by-product. The both measuring used (on life animal by PIGLOG 

apparatus and on slaughtered animals by Zwey Punkte, ZP method) show us 

a significant reduction (P<0.05) of per cent of fat in by-product groups 

and more animals were included in U class after EUROP system for 

MV2 groups (18,18% and 20,00% respectively). Data obtained using two 

methods for measuring of quality carcase was similarly this fact allowing using

method of measuring directly at growers. In conclusion, brewer’s starch corn 

could be used in pigs feeding with positive results especially regarding per cent 

of muscular tissue and economical efficiency.
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INTRODUCTION

Since the beginning of keeping animals people were faced with the 

question of available and suitable feedstuffs. During long periods of the history 

feed shortage and insufficient feed quality were limiting the food production on 

the basis of animals. Especially herbivorous species were used to convert 

fibrous plant material (for example straw) in edible products like meat or milk. 

Omnivorous species (especially pigs) were housed to produce meat on the basis 

of by-products of food (like bran a.s.o.). In the future the question will be, how 

to increase the use of those products for animal feed which cannot be used by 
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humans, (e.g. organic substances with high fiber content) or which are not 

desired/intended for direct human consumption. Since the beginning of the 20th 

century the utilization of by-products as feed was accompanied by efforts in 

feed legislation to avoid negative effects on animals` health and the quality of 

food. In the last decade the use of by-products in animal feeding is more and 

more on debate especially due to scandals like BSE and dioxin. On the one hand 

the utilization is intended due to ecological and economical reasons, on the 

other hand the use of by-products will be impaired more and more due to a 

reduced "social acceptance", i.e. the willingness of people to accept food from 

animals that were fed some groups of by-products (for example meat and bone 

meal). Chemical composition of carcass is influenced by nutritional value of 

raw materials in consequence  is necessary to have optimal compound feed 

formulation in order to improve efficacy and meat quality. Among all of the 

energy sources used in livestock and poultry ration, cereal grains fill the most 

important role, providing the bulk of the energy for animals as well as 

substantial portions of the protein (Ensminger, 1990). Although grains are the 

most widely used high energy feed, by-products of grains milling, often provide 

excellent economical alternatives. Little information exists on the nutrient 

composition and value of brewer’s starch corn as an opportunity feedstuff for 

swine. It has been estimated that the cost of feed energy will likely increase by 

approximately 10%, while the cost of feed protein is likely to decline by more 

than 20% between 2006-2012 (Hickeling, 2006, Stain, 2007). This is a reason to 

reduce the energy-protein level especially if an optimal formula is found for 

compound feed for assuring at least similar performance. Corn is processed 

using a wet milling procedure to produce several important products. The most 

abundant of these is starch, which is further processed to generate by products 

as brewer, gluten etc. These by-products can be used in animal nutrition with 

maximum efficiency. In this paper was used brewer’s of corn, a by-product of 

starch factory which has a nutritional value which allow us to replace total and 

partial barley and to reduce the quantity of soybean meal and in consequence 

that could us to decrease the cost of animal feeding. Brewer’s starch corn 

protein represents a cheaper source of dietary protein which has become as an 

available co-product of food industry. The aim of the present study was to 

determine whether using brewer’s starch corn and reducing energy – protein 

level in compound feed for Large White pigs we could obtain at least similar 

qualitative and quantitative performance as using barley in the rations and 

finally to improve economical efficiency. 

MATERIAL AND METHODS

Animals and diets

The biological testing was performed within IBNA experimental farm on 

44 Large White pigs in growing – fattening and finishing periods (77 days, 

average life weight initially 52 Kg). Large White breed is well adapted a 
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technological conditions and belong to mixed morpho-productive type (meat –

fat). Animals were assigned at random to for diets differing by periods (2 

experimental phases), energy-protein level and raw material used, table 1 and 2. 

For two groups were used barley and on two groups barley was total replaced 

by brewer’s of starch corn, and soybean meal was reduced up to 62% in 

growing-fattening period and 50% respectively in finishing period when by-

product was 20% including in the diet, whereas incorporating of 30% by 

product in compound feed has had as result a total removal of soybean meal (a 

raw material obtained in general from import and more expensive than another 

ingredients). Like any co-product, the nutritional value of corn short varies 

between batches of ingredient hereby is necessary to evaluate permanently 

chemical composition in order to establish nutritional value.

Table 1. Compound feed in growing – fattening period 

GroupsDiets*

MV 1 MV 2 EV1 EV 2

Corn 55.70 40.55 48.77 46.58

Barley 10.00 30.00 - -

Brewer’s of starch corn - - 20.00 30.00

Sunflower meal - 8.00 - 8.00

Soybean meal 17.00 9.00 6.50 -

Full fat soybean 13.00 8.00 20.00 10.50

Mono calcium phosphate 0.80 1.00 1.50 1.60

Limestone 2.00 1.80 1.60 1.50

Choline premix 0.10 0.10 0.10 0.10

Lysine - 0.15 0.13 0.32

Salt 0.40 0.40 0.40 0.40

Vitamin-mineral premix 1.00 1.00 1.00 1.00

TOTAL 100 100 100 100

Cost (lei/kg) 1.20 1.14 1.19 1.07

Indices of quality

Metabolisable energy (Kcal/kg) 3213 2967 3182 2965

Crude protein (%) 17.20 15.03 17.06 15.10

Lysine (%) 0.91 0.81 0.90 0.81

Methionine + cysteine (%) 0.58 0.52 0.60 0.58

Calcium (%) 0.98 0.93 0.92 0.88

Total phosphorus (%) 0.61 0.60 0.61 0.60

* In MV2 and EV2 groups energy and protein levels were reduced by about 8%.

The animals were investigated in the same environmental conditions, 

individual weighted initially and finally of testing, permanently access at water, 

“ad-libitum” feeding and daily recorded of consumption. 

During biological testing the fallow parameter quantitative and qualitative 

was determined: body weight; average daily gain, daily consumption of feed 

compound, feed conversion, economical efficiency, carcase quality (fat 
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thickness, meat-fat ratio, and inclusion in quality classes), chemical 

composition of meat.

Table 2. Compound feed in finishing period 

GroupsDiets

MV 1 MV 2 EV1 EV 2

Corn 49.20 47.58 54.35 57.00

Barley 20.00 30.00 - -

Brewer’s of starch corn - - 20.00 30.00

Sunflower meal 8.00 13.00 7.00 8.00

Soybean meal 15.00 5.00 10.00 -

Oil 3.50 - 3.80 -

Mono calcium phosphate 1.10 1.10 1.60 1.60

Limestone 1.70 1.70 1.60 1.60

Choline premix 0.10 0 .10 0.10 0.10

Lyisine - 0.12 0.15 0.30

Salt 0.40 0.40 0.40 0.40

Vitamin-mineral premix 1.00 1.00 1.00 1.00

TOTAL 100 100 100 100

Cost (lei/kg) 1.19 1.06 1.01 0.99

Indices of quality

Metabolisable energy (Kcal/kg) 3187 2900 3183 2922

Crude protein (%) 15.13 13.17 15.22 13.29

Lysine (%) 0.68 0.60 0.69 0.61

Methionine + cysteine (%) 0.54 0.51 0.55 0.50

Calcium (%) 0.89 0.90 0.91 0.89

Total phosphorus (%) 0.61 0.61 0.61 0.58

* In MV2 and EV2 groups energy and protein levels were reduced ~10%.

Measuring and analysis

a) Measuring

After 77 days we determined carcass quality for all life animals using 

PIGLOG 5 ultrasonic apparatus and an authorized classifier has established for 

slaughtering animals by Zwey Punkte method per cent of muscular tissue. This 

method has applied starting 2005 in units which slaughter less than 200 pigs / 

week averaging between 50-120 kg. It is a simple method which consists in 

carry out two linear measuring on half carcase, on Gluteus medius muscle 

(Roibu, 2002). For estimating per cent of muscular tissue (P%) the following

formula was used:

FFM

M

F

xP 4212.8lg50.25154.4)0492.26(978.47% −−++=

or

P% = 50.226 – 0.6105 × F + 0.2148 × M

where: 
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- F = fat thickness above Gluteus medius muscle including pigskin 

thickness;

- M = meat thickness between medullar duct and anterior top of Gluteus 

medius muscle.

Based of these two measurements, an algorithm was used to evaluate the

per cent of muscle, which established the classes of quality in EUROP system: 

Per cent of muscular tissue in carcase weight         Class

Ø 55% and more                                                     E

Ø 50% - 54%                                                          U

Ø 45% - 49%                                                          R

Ø 40% - 44%                                                          O

Ø below 40%                                                          P

This system allow to satisfy consumer’s demand for a high content in lean 

meat in carcase, a high efficiency for producers by reducing feed consuming 

because for 1 kg lean meat the consuming of energy is reduced comparative 

with consuming for 1 kg fat (the ratio is around 1:2). 

b) Analyses

The raw materials used have chemical analysed and compound feed 

elaborated was in accord with nutritional requirement (NRC, 1998) adapted to 

physiological period. Brewer’s starch corn used had a content of 91.46% DM 

(dry matter), 2526 kcal EM (metabolically energy), 19.98% CP (crude protein), 

0.50% Lys. (lysine), 0.76% M+C (methionine + cysteine), 1.95% CF (crude 

fat), 8.91% cellulose. Barley had only 10% CP so our by-product adds protein 

in the ration. After production process compound feed was chemical analysed. 

After animal slaughtering samples taking Longissimus dorsi chemical 

composition was made. 

Statistical analyses

The results were expressed as mean values ± SE. The data were submitted 

to an analysis of variance (ANOVA) and the average were compared using 

Student's test at 7, 5 and 1% significance level. The experimental design 

consisted of 4 treatments with 2 factors of influence: ingredients (barley 20% or 

30%, brewer’s starch corn 20% or 30%) and energy-protein level. ANOVA test 

allowed us to determine the significance of the two factors effect (diet on one 

hand and energy- protein ratio on the other hand) as well the interaction diet x 

energy: protein density. 

RESULTS AND DISCUSSION

Animal performance

Table 3 shows us pig’s productive performance. Addition of by-product 

reduce performance bio-productive maybe caused of lower digestibility of 

nutrients; whereas there are not significant difference between groups of 
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animals (P>0.05) regarding average body weight whatever the period. The 

nutritional value of our by-product was enhanced by improving the AA balance 

through supplementation with limiting AA like lysine (0.15% and 0.30% 

respectively), in synthetic form. Widyaratne, 2005 propose also a reduction of 

high fibre content by with supplementary enzymes. Brewer’s starch corn add 

protein in the ration hereby we can substitute a part of soybean meal. Average 

daily gain is significant influenced as fallow: in first period there are significant 

difference between MV1 and EV2 groups (P=0.04; in this case we have 2 

factors of influence) and MV2-EV2 groups (P=0.017; with a factor of influence, 

ingredients used respectively); in second period, the proportion of inclusion in 

the ration of barley or by-product had a significant influence (MV1-MV2, 

P=0.006; MV1-EV2, P=0.003 and EV1-EV2, P=0.006, see table 3 for more 

details). Increasing up to 30% participation of by-product in the diet induces a 

diminution of performance while the level energy-protein could only have 

additive effects especially in the first period (growing-fattening). The feed 

intake was close between groups. Feed conversion has increased when the 

energy-protein level was reduced (Table 4). 

Table 3. Effects of using brewer’s starch corn on the productive parameters of pigs

Groups

Parameters

MV 1 MV 2 EV 1 EV 2

Initially average body weight 

(Kg)*

52.64

a 

 ± 5.85 52.73

a  

± 4.71 52.90

a 

 ± 5.63 52.73

a 

± 5.59

Average body weight after 52 

days ( kg)*

86.64

a 

± 11.75 87.82

a 

 ± 8.16 83.40

a

 ± 7.15 81.55

a 

± 8.74 

Average body weight after 77 

days ( kg)*

109.82

a 

± 13.33 106.45

a 

± 9.91 106.80

a 

± 8.47 101.36

a 

± 9.03

Average daily gain growing –

fattening period (kg)**

0.654

ab 

± 0.13 0.675

a 

± 0.12 0.587

ab 

± 0.11 0.554

b 

± 0.13

Average daily gain finishing  

period (kg)** 

0.927

a 

± 0.11 0.745

b 

± 0.18 0.936

a 

 ± 0.14 0.793

b 

± 0.10

Total average daily gain (kg) 0.743

a 

 ± 0.11 0.698

ab 

± 0.11 0.700

ab 

± 0.08 0.632

b 

± 0.09

* same letters there are not significant difference (P > 0.05)

** different letters significant difference (P < 0.05 )

Table 4. Feed intake and conversion

Groups

Parameters

MV 1 MV 2 EV 1 EV 2

Average daily feed intake growing-

fattening period (kg/day)

2.68 2.74 2.39 2.57

Average daily feed intake finishing 

period (kg/day)

3.99 3.61 3.67 3.89

Feed conversion growing-fattening 

period (kg feed./kg gain)

4.10 4.06 4.07 4.64

Feed conversion finishing period (kg 

feed./kg gain)

4.30 4.85 3.92 4.91
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Economic efficiency

Using brewer’s starch corn in animal’s feeding and reduction of proportion 

of soybean meal in feed compound had as consequence reduction of cost / kg 

compound feed with 0.83% (when by product included 20% in ration) and 

6.14% (30% by product in diet) in growing-fattening period and 15.13% and 

6,60 % respectively, in fattening-finishing period. This resulted in 11.73% and 

7.69% lower cost/kg gain for EV1 total period than in the control group, and 

1.79% lower cost/ kg gain EV2 group than in the control group respectively 

(Table 5). Reducing energy-protein level for total period the benefit is higher as 

consequence of including a higher per cent of carcasses in E and U classes (>5-

10%) as well cost reduction of food (Table 6). Pop et al, 2003 obtained close 

results using this by-product in steer fattening. 

Table 5. Economic efficiency

Groups

Parameters

MV 1 MV 2 EV 1 EV 2

Cost growing-fattening period 

(lei/kg gain)

4.92 4.63 4.84 4.96

Cost finishing period (lei/kg 

gain)

5.12 5.14 3.96 4.86

Total cost  (lei/kg gain) 5.03 4.81 4.44 4.94

% cost kg gain EV1 vs.:

MV1 88.27

MV2 92.31

% cost kg gain EV2 vs.:

MV1 98.21

MV2 102.70

Carcass quality

Indices of carcass quality after determination on living or slaughtered

animals are indicated in table 6. 

a. Determination on living animals

Fat thickness (Table 6) decreased 15% in EV1 group comparative with 

MV1 (higher level energy and protein) and up to 18% EV2 group vs. MV2 

group (lower level energy: protein). Contrary, lean meat proportion (Table 6, 

Graphs 1 and 2) in carcass increases with the supplementation of the by-

product, especially at 30% inclusion in the ratio (>8% than groups with 30% 

barley). A study by Mourot et al, 1999 shows that the adipose tissue develops 

rather late in Duroc pigs compared to other meat breads and that it may be 

compared to veal as intramuscular fat content. In 2004 H beanu et al, using 

Large White and Duroc breeds in finishing period had obtained similar results. 

Thus, at 17% protein level on Large White pigs the meat: fat ratio was average 

49.57% and on Duroc this ratio was better 50.83% respectively. 
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Table. 6. Qualitative parameters of carcass

Specification Groups

MV 1 MV 2 EV 1 EV 2

Determination on living animals

*** 

:

- Final weight at slaughtering (kg)

*

109.80 

a

 ± 

13.33

106.45

a 

± 

9.91

106.73

a 

± 

8.47

101.36

a

 ± 

9.03

- Fat thickness (mm) 26.14 24.00 22.75 20.41

- Muscle area (mm

2

) 41.00 40.40 42.00 42.27

- Lean meat proportion in carcass (%) 40.04 45.97 47.10 49.71

- Class of quality (%):

E - 10.00 - -

U 9.09 20.00 20.00 45.46

R 36.36 30.00 50.00 54.54

O 36.36 30.00 20.00 -

P 18.19 10.00 10.00 -

Determination on carcass (after 

slaughtering)

****

- Fat thickness (mm)

**

27.27

a

24.70

a

23.12

b

21.41

b

- Lean meat proportion in carcass (%)

**

45.19

a

46.99

a

48.88

b

48.77

ab

- Yield at slaughtering (%) 75.95 74.93 74.44 72.83

- Class of quality (%):

E - 10.00 - -

U 18.18 20.00 40.00 45.45

R 36.36 30.00 60.00 45.45

O 36.36 20.00 - -

P 9.10 20.00 - 9.10

*same letters there are not significant difference (P > 0.05)

** different letters significant difference (P < 0.05 )

*** Measuring done with Piglog 5

**** ZP Method  
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b. Determination on carcass (after slaughtering)

After slaughtering the values obtained by ZP method for the indices of 

carcass quality were quite similar, which allowed us to determine directly at the 

growers the carcass parameters. Samples of Longissimus dorsi muscle were

taken in order to determine chemical composition. Dry matter, crude protein, 

crude fat and crud ash level were analyzed (Table 7). While the chemical 

composition was similar in the higher level energy and protein groups (MV1 

and EV1 diets) in lower level protein and energy groups (MV2 and EV2 diets, 

respectively) the protein content was higher in MV2 diet than EV2 diet (>3%) 

and regarding crude fat the content is reduced in EV2 group (30% by-product) 

than MV2 group (30% barley) up to 41%. 

Table 7. Chemical composition of Longissimus dorsi muscle 

GroupsSpecification

MV1 MV2 EV1 EV2

Dry matter (%) 24.49 26.60 24.88 25.15

Crude protein (% g DM) 88.62 83.29 88.35 86.14

Crude fat (% g DM) 5.55 11.20 6.37 7.94

Crude ash (% g DM) 4.72 4.34 4.55 4.53

CONCLUSIONS

By product obtained in industrial process or by chemical reaction conduce 

toward more availability and variety of feed ingredients in animal nutrition. The 

corn is second cereal as economical value and a higher quantity is processed for 

obtaining of starch and by products resulted can be conduct to animal food. At 

30% level of inclusion in the diet of brewer’s starch corn the performance 

hadn’t reduced significant (P>0.05) and further, the indices of carcass quality 

had improved comparative with the barley diets. More of 5-10% carcass had 



Archiva Zootechnica 12:2, 46-55, 2009 55

included in E and U class of quality after EUROP system by using brewer’s

starch corn. On the other hand, including by-product (19% protein) we had the 

possibility to exclude soy bean meal of the diet this ingredient coming in higher 

part from import so a higher price with. The cost with compound feed had 

decreased whatever the period in by-products diets. All these reason allow us to 

prescribe brewer’s starch corn as alternative feed ingredient to improve efficacy 

and meat quality of pigs in grower –finishing periods. 
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