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Full fat maize germ (FFMG) is a by-product of maize
starch extraction unit and has the potential to be used in the
poultry feed as an alternative to expensive oils to increase
the energy density of the ration. The inclusion of FFMG in
poultry diet not only reduces the need for supplementing
costly fat or oils but can also reduce the risk of rancid fats
or oils in poultry feeds. Furthermore, maize germ oil (MGO)
is rich in polyunsaturated fatty acid (Lasna 2006) and
broilers fed diets rich in PUFA are reported to have lower
total body fat than those fed diets rich in saturated fatty
acids (Sanz et al. 2000). In addition to the above mentioned
benefits maize oil contains 0.77% phytosterols (Ostlund et
al. 2002), which was reported to reduce plasma total
cholesterol and low density lipoprotein in animals (Ling
and Jones 1995).

Though there are few works on the effect of feeding
FFGM on production performance of broilers, the response
to feeding FFMG on the carcass characteristics of broilers
is lacking. Hence the present study was undertaken to
evaluate the effect of feeding FFMG, containing about 45%
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ABSTRACT

This study was undertaken to evaluate the effect of dietary inclusion of full fat maize germ (FFMG) at different
levels on the carcass characteristics of broilers. A feeding trial of 42 days consisting of 6 dietary treatments – 0
(control), 5, 10, 15 FFMG, 9 % defatted maize germ (DFMG) and 7 to 10 % of maize germ oil (MGO) was
conducted. Eight birds per treatment were slaughtered and serum samples, liver, breast and thigh muscle tissue,
abdominal fat pad, intestinal contents and left tibial bone were preserved at –20°C for analyses. Serum total and
HDL cholesterol, muscle cholesterol, liver and muscle lipid content were analyzed, and characterization of muscle
fat and abdominal fat was done. Cooking loss of breast meat was determined. Intestinal lipase activity and bone ash
including Ca and P were estimated. Muscle lipid content, iodine number and saponification number of breast meat
fat and abdominal fat, per cent cooking loss of breast meat, serum total and HDL cholesterol, muscle cholesterol,
intestinal lipase activity and bone ash content of birds fed different levels of FFMG were comparable with control.
The percentage of linoleic acid and total PUFA increased linearly with increasing level of FFMG. Calcium % in
birds fed FFMG was significantly higher than the control. The results indicated that the inclusion of FFMG at 5 to
15 % does not have any adverse effect on the carcass characteristics of broilers.
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ether extract, on the carcass characteristics of broilers.

MATERIALS AND METHODS

Forty-eight birds (from a trial conducted with 180, day-
old broiler chicks, which were divided into 6 groups and
fed isocaloric and isonitrogenous, prestarter, starter and
finisher diets, containing 0% (control), 5, 10 and 15%
FFMG, 9% defatted maize germ (DFMG) and 7 to 10%
MGO for 42 days (Lasna 2006)), belonging to 6 groups
with 8 birds (4 males and 4 females) per treatment, were
slaughtered at the end of 6 weeks of age for carcass study.
Serum samples, liver, breast and thigh muscle tissue,
abdominal fat pad, intestinal contents and left tibial bone
were preserved at –20°C for analyses.

Liver tissues, breast and thigh muscles were oven-dried
at 60°C and analyzed for their lipid content using petroleum
ether. From the breast meat samples, fat was extracted using
petroleum ether and analyzed for its characters, viz. acid
number, iodine number and saponification number as per
AOAC (2000). Abdominal fat pad was analysed for iodine
number and saponification number (AOAC 2000). The
cooking loss of breast muscle sample was estimated as per
Pearson and Dutson (1994).

For the assay of fatty acids, 4 g of thigh meat was
homogenized, the lipid was extracted (Folch et al. 1957)
and analysed using gas chromatograph. The sample was
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methylated by direct methylation procedure using
tricosanoic acid as internal standard (Wang et al. 2000).
The methyl esters of fatty acids were separated in the
column and quantified based on the retention time for fatty
acids using flame ionization detector.

The lipid extracted from thigh muscle tissues was
quantified for total cholesterol (Wybenga et al. 1970).
Serum samples were also assayed for total and HDL
cholesterol by one step method of Wybenga et al. (1970).

The left tibial bones were cleaned of adhering flesh and
placed in boiling water for 30 min, cleaned, dried at 100°C
for 24 h, defatted with petroleum ether, dried, weighed and
ashed at 550°C for 3 h. Calcium and phosphorus were
estimated (AOAC 2000) and expressed as percentage in
total ash. The lipase activity in the small intestine content
was assessed as per Boutwell (1962).

The data collected on various parameters were
statistically analyzed as per Snedecor and Cochran (1989)
and the means of different experimental groups were tested
for statistical significance by Duncan’s multiple range test
(Duncan 1955).

RESULTS AND DISCUSSIONS

The lipid % in thigh and breast muscle was comparable
in all the treatments (Table 1). Similarly no significant
difference in the liver lipid content of birds fed different
levels of FFMG was observed except that in the MGO fed
group (Table 1). The reduction in the lipid content in liver
of birds fed MGO was in agreement with the reports of
Sanz et al. (2000) who reported reduction in liver lipid
content due to feeding of unsaturated oils.

The serum total and HDL cholesterol and muscle total
cholesterol were not significantly different among the
groups fed different levels of FFMG or MGO (Table 1).
Addition of fat rich in PUFA was reported to reduce serum
cholesterol (Crespo and Esteve-Garcia 2003). But the
comparable cholesterol content among groups observed in
this trial might be because of the inclusion of predominantly

unsaturated oil (rice bran oil) up to 7.36% in the control
feed. Thus both maize germ oil and rice bran oil being
unsaturated, no differences could be observed between the
control and other experimental groups. There is no apparent
explanation for the higher level of serum total cholesterol
in the group fed DFMG when compared to all other groups
(Table 1).

The bone ash content of birds fed FFMG was not
significantly different from the control, whereas the birds
fed MGO had significantly higher bone ash percentage when
compared to control (Table 1). In contrary, Atteh et al.
(1983) reported that maize oil significantly reduced bone
ash. Calcium content (as percentage of bone ash) was
significantly higher in birds fed FFMG and DFMG whereas
it was comparable in control and MGO fed group (Table
1). However, Atteh et al. (1983) reported that maize oil
supplementation significantly reduced calcium retention
when compared to birds fed diets without supplemental fat.
They reasoned it to the high level of linoleic acid in maize
oil, the soap of which is less utilized. No significant effects
of diets were observed on phosphorus content (Table 1).
Atteh and Leeson (1983) also reported similar results. They
concluded that phosphorus retention and bone phosphorus
content were not affected by the supplementation of
different fatty acids presumably because the product of
reaction between fatty acids and phosphorus is soluble and
readily absorbed.

The acid number and iodine number of breast meat fat
and iodine number of abdominal fat were not different
among treatment groups (Table 2). The acid number of the
breast meat fat was higher in all the groups, which may be
due to the exposure to heat during the extraction of fat from
the meat. The comparable iodine number among different
groups, in both breast meat fat and abdominal fat may be
due to the fact that all the groups were having either rice
bran oil or maize germ oil in the diet, having almost similar
iodine number of 105 (Tahira 2007) and 112.06 (Lasna
2006), respectively. The chain length of fatty acids in the

Table 1. Effect of feeding maize germ and maize germ oil on liver and meat lipid content, serum and muscle cholesterol, bone ash
and bone mineral content

Parameters Control 5% FFMG 10% FFMG 15% FFMG 9% DFMG MGO

Lipid (%)
Liver* 7.04a±1.14 5.19ab±0.58 5.34ab±0.42 6.62ab±1.04 6.41ab±0.93 4.58b±0.24
Breast muscle* 1.33±0.24 1.43±0.35 0.78±0.07 1.01±0.22 1.03±0.23 1.28±0.23
Thigh muscle* 2.32±0.50 2.37±0.30 2.53±0.42 2.26±0.10 3.06±0.60 2.87±0.48
Serum total cholesterol (mg/dl)* 144.66b±13.04 156.70b±9.12 157.06b±6.42 159.31b±8.23 196.49a±9.58 165.11b±7.60
Serum HDL cholesterol (mg/dl)* 77.78ab±12.83 87.96a±6.68 74.07ab±2.45 81.02a±4.42 62.96b±4.04 74.07ab±4.04
Muscle (thigh) 123.68ab±2.63 110.90b±15.12 102.50b±13.29 112.67b±4.17 122.50ab±11.50 153.62a±7.43

Total cholesterol (mg%) **
Bone ash on dry fat 49.67bc±1.40 47.22c±0.66 51.49ab±0.89 51.31ab±0.66 50.06bc±0.99 53.32a±0.88

free basis (%) **
Calcium (% bone ash)** 36.66b±0.60 40.01a±1.01 40.35a±0.64 40.96a±0.63 41.33a±0.54 35.97b±1.09
Phosphorus (% bone ash)** 15.95±0.42 16.60±0.11 17.04±0.17 16.65±0.05 16.88±0.14 16.12±0.71

*Mean ± SE of 8 observations; **mean ± SE of 3 observations. Mean bearing at least one common superscript within a row do not
differ significantly. (P<0.05).



July 2014] FULL FAT MAIZE GERM IN BROILERS 781

69

breast meat fat and abdominal fat of birds fed different levels
of FFMG were comparable to control. The length of the
fatty acids both in the abdominal fat and breast meat fat of
the birds fed MGO was higher than the control (P<0.05).
Saponification number was reported to be influenced by
the nature of oils/fats (Valencia et al. 1993)

The per cent cooking loss of meat from groups fed
different levels of FFMG was comparable with the control,
whereas the birds fed MGO had significantly lower
percentage of cooking loss (Table 2) which may be due to
the presence of a tocopherol (80–100 ppm of a tocopherol)
in MGO (Loliger 1989). α tocopherol is reported to maintain
the integrity of cellular membranes which might have
reduced the drip loss (Mitsumoto et al. 1995).

The per cent of linoleic acid and total PUFA content
increased with increasing level of FFMG with the highest
value observed in MGO fed group (Table 3). The increase
in linoleic acid and total PUFA content of the meat observed
in the present study might be due to an increase in the dietary
intake of linoleic acid and PUFA as linoleic was the major
fatty acid in MGO constituting to about 51.25% (Lasna
2006). Pinchasov and Nir (1992) also observed a linear
increase in quantity of linoleic acid content and decrease in
saturated and monoenoic acid quantity in tissue with an

increase in dietary linoleic acid.
The lipase activity in the birds fed different levels of

FFMG was not significantly different from the control group
but it was higher in birds fed DFMG and MGO (Table 4).
Forman and Schneeman (1980) reported that a higher level
of corn oil in the diet of rats increased pancreatic lipase
activity. Specific lipase activity in the pancreatic juice was
reported to increase with increasing fat intake (Hulan and

Table 4. Lipase activity (U/ml) in the intestinal contents
of 6-week-old broiler chickens fed different levels

of maize germ and maize germ oil

Level of maize germ and Lipase activity
maize germ oil

Control 3.24c ± 0.29
5% FFMG 2.91c ± 0.31
10% FFMG 3.36c ± 0.42
15% FFMG 3.95bc ± 0.47
9% DFMG 5.19ab ± 0.53
MGO 5.64a ± 0.55

Mean ± SE of 6 observations. Means bearing at least 1 common
superscript within a column do not differ significantly (P<0.05).

Table 3. Fatty acid profile (% of total fatty acids) of thigh meat

Fatty acid Control FFMG-5% FFMG–10% FFMG–15% DFMG-9% MGO

Myristic acid (C14: 0) 00.68 00.68 00.56 00.61 00.54 00.49
Palmitic acid (C16: 0) 22.04 19.76 19.03 18.63 16.66 15.44
Pamitoleic acid (C16: 1) 03.86 05.78 04.16 03.51 05.38 05.53
Stearic acid (C18: 0) 06.38 02.40 05.94 04.09 04.05 04.63
Oleic acid (C18: 1) 35.23 36.64 32.10 31.65 35.09 30.17
Linoleic acid (C18: 2) 25.69 29.83 31.69 32.15 32.05 39.21
Linolenic acid (C18: 3) 00.99 00.93 00.86 01.34 00.94 01.10
EPA (C20: 5) 00.24 00.28 00.13 00.23 00.13 00.10
DHA (C22: 6) 00.92 00.93 01.20 01.24 01.29 00.76
Total saturated fatty acids 29.09 22.84 25.54 23.34 21.25 20.56
Total monoenoic fatty acids 39.09 42.42 36.26 35.16 40.47 35.70
Total PUFA 27.84 31.97 33.89 34.95 34.41 41.17
U/S 02.30 03.26 02.75 03.00 03.52 03.74

Values obtained for one pooled sample from 8 birds. U/S, Unsaturated fatty acids/ saturated fatty acids.

Table 2. Effect of feeding maize germ and maize germ oil on meat and abdominal fat
characteristics and cooking loss of meat

Level of maize  Breast meat fat characters Abdominal fat characters Cooking loss
germ and maize of meat(%)
germ oil Acid number Iodine number Saponification Iodine number Saponification

number number

Control 32.04±4.51  94.83±10.63 196.35a±14.70 61.31±2.42 179.84a±6.44 23.6ab±0.66
5% FFMG 27.04±4.29  86.01±10.05 205.23a±8.76 63.95±1.41 171.13ab±2.34 21.9b±0.34
10% FFMG 36.72±1.18  88.89±9.89  247.19a±20.73 70.99±1.51 177.02a±0.35 23.3ab±0.59
15%FFMG 27.51±1.11  98.90±6.30  207.73a±20.08 61.05±3.25  162.58ab±9.74 23.9a±0.48
9% DFMG 40.05±1.98  100.95±3.94 203.05a±9.26 70.69±4.34  175.48a±4.37 22.1b±0.73
MGO 38.46±0.95  95.16±5.68 104.25b±9.72 61.26±1.97  156.12b±4.91  19.4c±0.63

Mean±SE of 4 observations. Mean bearing at least one common superscript within a column do not differ significantly (P<0.05).
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Bird 1972). But in the present study there was no clear-cut
trend of lipase activity with the level of ether extract.

On the basis of present results it could be concluded
that, FFMG can be included up to 15% in the broiler diets
without adversely affecting the carcass quality, viz. liver
and meat lipid content, meat and abdominal fat
characteristics, cooking loss, serum and muscle cholesterol,
lipase activity and bone ash %.
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