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  INTRODUCTION 
 

The lumen of the small intestine is equipped with villi, and 
their structure and height can be changed in response to 
different dietary agents. It has been reported that some 
chemicals, especially fats can influence the villus growth 
and consequently the absorptive capacity of the small intes-
tine (Kruger et al. 1971; Antheony et al. 1991). Conjugated 
linoleic acid (CLA) is one of the unique fatty acids that 
could be supplemented into the chicken’s ration. This com-

pound is a specific isomer of linoleic acid, which in nature 
is produced as a by-product of the fatty acid biohydrogena-
tion in the rumen. One of the interesting aspects of CLA is 
its fat-reducing effects in animal and human subjects (Park 
and Pariza, 2006). Fish oil is a good source of n-3 polyun-
saturated fatty acids (PUFAs) (Farhomand and Checani-
azar, 2009). The health promoting effects of n-3 PUFAs, 
especially EPA (C20:5 n-3) and DHA (C22:6 n-3), are well 
known (Knapp, 1991; Kinsella et al. 1990). Previous re-
ports have demonstrated that dietary inclusion of fish oil 

 

An experiment was conducted on broiler chickens to study the effects of conjugated linoleic acid (CLA), 
fish oil, both at 7% of the diet, or their mixtures at 3.5% of the diet, on the performance, carcass traits and 
intestinal morphology of broiler chickens. The chicks fed with 7% fish oil or 7% CLA diets, were found to 
have an inferior weight gain in grower and finisher phases, respectively. A significant reduction in feed 
intake was observed with the diets containing 7% fish oil. However, adding CLA to the diets, did not affect 
birds feed intake. The dietary fish oil and CLA supplementation adversely affected the feed conversion ratio 
as well as carcass yield. CLA at the 7% level increased liver weight. There were no differences in the car-
cass, thigh or abdominal fat pad percentages between the experimental treatments; however the birds fed 
the diet containing 7% fish oil had the lowest breast and the highest liver percentages. Histological exami-
nation of small intestine revealed that, the diet containing 3.5% fish oil + 3.5% CLA resulted in higher vil-
lus height than the diets with 7% fish oil or CLA. Such an increase was observed in the crypt depth of the 
duodenum and jejunum, but no difference was detected in the crypt depth of the ileum. The small intestinal 
wall thickness and goblet cell numbers in the chickens fed the diet containing the mixture of fish oil and 
CLA were lower than those of the other treatments. The results of this study showed that a high dose of fish 
oil or CLA can reduce broiler chickens performance, but their combination can moderate this adverse ef-
fect. 
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did not adversely affect mortality rate, weight gain or feed 
conversion ratio of broiler chickens as compared to the 
plant oils (Nash et al. 1995), However, some authors re-
ported unfavorable taste in the meat of broiler chickens fed 
up to 2% dietary fish oil (Hardin et al. 1964). The body fat 
reducing effects of PUFAs have been shown in previous 
reports (Chashnidel et al. 2010). There are few reports on 
the effects of CLA or fish oil on the intestinal structure in 
broiler chickens. In the majority of the research that has 
been reported, less than 5% CLA or fish oil was used in 
formulating experimental diets. Therefore, the objective of 
the present study was to assess the effects of high dietary 
levels of CLA, fish oil and their mixture, on performance, 
various carcass characteristics and small intestine morphol-
ogy of broiler chickens.  
 

  MATERIALS AND METHODS 
A total of 240 Ross 308 mixed-sex broiler chickens were 
used in this study. Chicks that were ten days old were 
placed randomly into each of 12 litter pens (1.5×1.5 m2). A 
lighting program of 23L:1D was used for the entire 42-d 
rearing period. The birds were housed in an environmen-
tally-controlled room, and they had free access to feed 
(mash) and water. Experimental diets were formulated ac-
cording to the Ross 308 manual. All chicks were fed a 
commercial starter diet from 0 to 10 days and the experi-
mental diets from 11 to 28 days (grower phase) and 29 to 
42 days (finisher phase). Three isocaloric and isonitroge-
nous diets were formulated to contain, 7% CLA (CLA), 7% 
fish oil (FO), or 3.5% CLA + 3.5% fish oil (CLA+FO) (Ta-
ble 1). The CLA supplement used in this study was LUTA-
CLA 60, prepared and supplied by BASF company 
(Ludwigshafen, Germany) and contained 30% isomer 9c, 
11t and 30% isomer 10t, 12c of conjugated linoleic acid 
plus mostly oleic acid, so that dietary inclusion of 7 and 
3.5% CLA supplied 4.2 and 2.1% CLA, respectively.  

Group body weight (BW), average daily gain (ADG), 
daily feed intake (DFI) and feed conversion ratio (FCR) per 
pen were calculated for the grower (10-28 d) and finisher 
(29-42 d) phases. On d 42, two male birds per cage were 
weighed and slaughtered after an overnight feed withdrawal 
period. After scalding (63 ˚C) for 45 s, carcasses were me-
chanically defeathered and manually eviscerated. They 
were cut up after an internal carcass temperature of 4 ˚C 
was reached (approximately 4 to 6 h). Sex was verified at 
processing, and carcass, breast (pectoralis major+pectoralis 
minor) and thigh weights were recorded on 8 birds per 
treatment. Carcass yield was calculated as eviscerated car-
cass with neck, feet, and abdominal fat pad removed, as a 
percentage of live BW at the time of feed withdrawal. Data 
sets of completely randomized design with 3 treatments and 

4 replicates were compared across the treatments using the 
one-way analysis of variance (ANOVA) procedure. The 
pen was considered as experimental unit for performance 
traits and each chicken was the experimental unit for car-
cass parameters and intestinal morphology. At 42 days of 
age, two chicks per replicate pen (1 male and 1 female) 
were randomly sampled for morphometric analysis. The 
intestinal tract was removed immediately and severed from 
the gizzard, and the pancreas was removed. 

Three 1-centimeter tissue segments were taken from the 
proximal, middle and distal parts of the duodenum (from 
the gizzard to the pancreo-biliary ducts), jejunum (from the 
pancreo-biliary ducts to Meckel´s diverticulum) and ileum 
(from a Meckel´s diverticulum to the ileocaecal junction) 
sections.  

All samples from each of those birds were taken from the 
same area of each section of the tract. Samples were stored 
in 10% buffered formalin for fixation, where they were 
gently shaken to remove any adhering intestinal contents. 

Cross sections (5 µm thick) of each intestinal segment 
were processed in low-melt paraffin and stained with hema-
toxylin and eosin. This procedure provides a longitudinal 
section of villi. Using a Zeiss light microscope, 15 meas-
urements per intestinal section were made for each parame-
ter and averaged into one value per bird. Each histological 
data point was obtained from the mean of 45 records (3 
sections and 15 villi per section). Significant means were 
then elucidated using the Duncan multiple range tests. All 
statistical tests were conducted at the 95% confidence level 
using the SAS program (SAS, 2002). 
 

  RESULTS AND DISCUSSION 
Table 2 shows the effect of dietary fats on the performance 
of broiler chickens. During the growing phase, weight gain 
of the birds fed the diet containing 3.5% fish oil + 3.5% 
CLA was higher than other treatments (P<0.05). During the 
finisher phase, weight gain of the birds fed fed the 3.5% 
fish oil + 3.5% CLA or 7% fish oil were greater than those 
of the birds fed the 7% CLA diet (P<0.05). During the 
growing phase, the highest feed intake was observed in 
birds fed the CLA + fish oil mixture and then the 7% CLA 

(P<0.05). The lowest feed intake (P0.05) was observed in 
the 7% fish oil treatment group during both the grower and 
finisher phases. The best feed conversion ratio for both the 
grower and finisher phases was related to the CLA + fish 
oil diet (P<0.01). The effects of the experimental diets on 
carcass parameters are shown in Table 3. There were no 
differences in carcass, thigh or abdominal fat pad among 
the experimental groups. However the birds fed the diet 
containing 7% fish oil had lower breast weight than the 
other treatments (P<0.01). 
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The liver weight of the birds fed the 7% fish oil diet was 

comparable to that of the CLFO treatment which was sig-
nificantly less than that of the CL treatment group (P<0.01). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 4 shows that the diet containing 3.5% fish oil + 

3.5% CLA resulted in longer villi than the two other diets 
(P<0.01).  

Table 1 Ingredients and nutrient content of the experimental diets

Finisher (29-42 days of age)    Grower (11-28 days of age)   Starter 

CLFO  CL  FO    CLFO  CL  FO2   (1-10 d) 
Ingredients  

58.92  59.5  57.98    54  55.8  53.99    60.23  Corn (%) 

28.6  26.38  30.27    32.26  28.6  32.27    30.81  Soy meal (%) 

1.51  2.99  1.00    3.01  5.00  3.00    5.37  Fish meal (%) 

3.50  -  7.00    3.50  -  7.00    -  Fish oil 

3.50  7.40  -    3.50  7.00  -    -  
Conjugated linoleic acid 
(CLA) (%)1 

1.36  1.3  1.39    1.42  1.33  1.42    1.41  Oyster shell (%) 

0.82  0.71  0.84    0.66  0.52  0.66    0.51  DCP (%) 

0.34  0.32  0.35    0.32  0.28  0.32    0.25  Salt (%) 

1.00  1.00  1.00    1.00  1.00  1.00    1.00  Vit-Min P (%)3 

0.18  0.16  0.18    0.25  0.23  0.25    0.26  DL-Met (%) 

0.27  0.25  -    0.09  0.24  0.09    0.15  L-Lys (%) 

                  Calculated content  

90.11  90.18  90.10    90.15  90.17  90.14    89.40  Dry matter (DM) (%) 

3225  3225  3241    3175  3175  3211    2860  
Metabolizable energy (ME) 
(kcal/kg)  

19.00  19.00  19.00    21.00  21.00  21.00    22.5  Crude protein (CP) (%) 

9.60  10.07  9.55    9.52  9.65  9.52    2.86  Ether extracts (EE) (%)  

3.12 3.18 3.41   3.47 3.27 3.48   3.53 Crude fibre (CF) (%) 

3.4  5.56  1.46    3.31  5.27  1.39    1.46  Linoleic acid (%) 

0.85  0.85  0.85    0.90  0.90  0.90    0.95  Ca (%) 

0.43  0.43  0.43    0.45  0.45  0.45    0.48  Ava P (%) 

0.16  0.16  0.16    0.16  0.16  0.16    0.15  Na (%) 

1.20  1.20  1.02    1.23  1.34  1.23    1.37  Lys (%) 

0.49  0.48  0.48    0.60  0.60  0.60    0.66  Met (%) 

0.80  0.80  0.80    0.95  0.95  0.95    1.04  Met + Cys (%) 
1 CLA used in this experiment was CLA LUTA60 which contains 60% CLA, then 7% and 3.5% dietary inclusion of CLA will be equal to 4.2% and 2.1% respectively.  
2 FO: diet containing 7% fish oil; CL: diet containing 7% CLA; CLSO: diet containing 3.5% CLA + 3.5% soybean oil.  
3 Mineral premix provided per kg of ration with: Fe: 50 mg; Mn: 70 mg; Zn: 50 mg; Cu: 7 mg; Co: 0.4 mg; Se: 0.17 mg and I: 0.75 mg.  
Vitamin premix provided per kg of ration with: vitamin A: 6000 IU: vitamin D3: 2200 IU; vitamin E: 2000 IU; vitamin K3: 20 μg; vitamin B12 33 IU; B2: 19 μg and Pan-
tothenic: 60 mg. 

Table 2 Effects of dietary, fish oil or conjugated linoleic acid (CLA)1 and their mixtures on performance of broiler chickens* 

Total experiment (10-42 d)  Finisher phase (29-42 d)  Grower phase (10-28 d)  
 

FCR 
DFI 

(g/b/d) 

DWG 

(g/b/d) 

 

FCR DFI (g/b/d)  
DWG 

(g/b/d) 

 

FCR 
DFI 

(g/b/d) 

DWG 

(g/b/d) 

 

Treatments 

2.03b 79.8b 39.5b 1.95c 114.9b 58.9a 2.17a 52.52c 24.2c FO2 

2.42a 102.4a 42.4ab 2.79a 141.9a 50.9b 2.02ab 72.42b 35.9b CL 

2.13b 111.3a 52.6a 2.36b 148.2a 63.1a 1.90b 82.98a 43.8a CLFO 

0.06 8.8 4.79 0.05 5.31 3.13 0.09 3.44 2.18 SEM 
* Four replicates within each treatment, 20 birds per replicate. 
1 CLA used in this experiment was CLA LUTA60 which contains 60% CLA, then 7% and 3.5% dietary inclusion of CLA will be equal to 4.2% and 2.1% respectively.  
2 FO: diet containing 7% fish oil; CL: diet containing 7% CLA and CLFO: diet containing 3.5% CLA + 3.5% fish oil. 
BW: body weight; DWG: daily weight gain; DFI: daily feed intake and FCR: feed conversion ratio.  
The means within the same column with at least one common letter, do not have significant difference (P>0.05).  
SEM: standard error of the means. 

Table 3  Effects of fish oil or conjugated linoleic acid (CLA)1 and their mixtures on carcass parameters of broiler chickens (as a percent of live 
weight)* 

Fat pad  Liver Whole leg Breast Carcass Treatments 

2.0 2.6b 18.1 18.1b 54.5 FO 

2.1 3.3a 18.3 20.3a 56.3 CL 

2.1 2.6b 18.4 21.2a 56.3 CLFO 

0.08 0.04 0.23 0.35 1.31 SEM 
* n= 8.  

1 CLA used in this experiment was CLA LUTA60 which contains 60% CLA, then 7% and 3.5% dietary inclusion of CLA will be equal to 4.2% and 2.1% respectively.  
2 FO: diet containing 7% fish oil; CL: diet containing 7% CLA and CLFO: diet containing 3.5% CLA + 3.5% fish oil. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05).  
SEM: standard error of the means. 
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The significant effect was observed for crypt depth in the 

duodenum and jejunum (P<0.01). The epithelial thickness 
and goblet cell numbers in the small intestinal tissue of 
birds fed the diet containing fish oil + CLA mixture were 
lower than the other two groups (P<0.01). There were no 
differences in the ratio of the crypt depth to villus height in 
any segments of the small intestine among the experimental 
groups. In this study, the chickens fed the diets containing 
7% fish oil or 7% CLA showed a reduced daily weight 
gain. The lower feed intake in the chickens fed the 7% die-
tary fish oil as compared to the other experimental diets 
could be attributed to the lower palatability of the higher 
dietary fish oil. The unfavorable effect of CLA on body 
weight gain of chickens has been reported by Szymczyk et 
al. (2001) and Suksombat et al. (2007). However, in the 
majority of the previous reports dietary CLA did not ad-
versely affect feed intake of the birds. These findings were 
obtained using a variety of dietary CLA rates, such as 1% 
(Takahashi et al. 2002), 1.5% (Szymczyk et al. 2001), 1.8% 
(Simon et al. 2000), 2 to 3 % (Du et al. 2003) and 4% (Sirri 
et al. 2003). In most of the previous reports dietary CLA 
did not affect FCR (Simon et al. 2000; Du and Ahn, 2002), 
but in the present study the CLA-containing diets improved 
FCR in the grower phase. This trend was reversed in the 
finisher phase and for the whole experimental period, which 
may be a result of a prolonged feeding period with CLA. It 
seems that the growth rate of broiler chickens was more 
susceptible than other performance traits, and more than 1% 
dietary CLA decreases birds' growth. In the study of 
Szymczyk et al. (2001), the breast and thigh percent 
showed different trends in response to increased dietary 
CLA levels, so that the breast was not altered but the thigh 
percentage significantly increased. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 4 Effects of dietary fish oil, conjugated linoleic acid (CLA)1 and their mixtures on small intestine morphology of broiler chickens 
Duodenum Jejunum 

Crypt 
depth 

to 
villus 
height 
ratio 

Crypt 
depth to 

villus 
height 
ratio 

Goblet 
cell num-
bers (in 

100 µm2) 

Goblet 
cell num-
bers (in 

100 µm2) 

Villus 
height 
(µm) 

Epithelum 
thicknes 

(µm) 

Crypt 
depth 
(µm) 

Epithelum 
thicknes 

(µm) 

Crypt 
depth 
(µm) 

Villus 
height 
(µm) 

Treatments 

FO2 

In some other reports the dietary CLA at the rates of 
1.5% (Suksombat et al. 2007) or 4% (Sirri et al. 2003) did 
not influence the carcass, breast or thigh yields. Suksombat 
et al. (2007) showed that a reduced abdominal fat pad in 
birds fed CLA was not accompanied with an increase in 
carcass, breast or thigh percentages. These controversial 
results could imply that the effects of CLA on the carcass 
parameters of broiler chickens possibly are not a simple 
result of changes in abdominal fat deposition. In the present 
study the type of dietary fat did not affect abdominal fat pad 
deposition; however, there are controversial reports in this 
respect. Du and Ahn (2002) found that consumption of 
0.5% dietary CLA by broiler chickens for a three-week 
experimental period increased abdominal fat pad. Neverthe-
less, there are reports on reducing the effects of CLA on 
abdominal fat (Simon et al. 2000; Szymczyk et al. 2001). 
The higher liver weight in broiler chickens fed CLA has 
been reported by previous authors too ( Du and Ahn, 2004). 

The results of the present study showed that 7% fish oil 
or CLA resulted in an adverse effect on broiler chicken 
performance. It seems that the dietary CLA level and mix-
ing it with n-3 fatty acids and also the birds’ age could 
moderate the negative effects of CLA on broiler chickens’ 
growth rate, so that during the finisher phase (but not dur-
ing the growth phase) the chickens fed the lower level of 
dietary CLA level showed a better weight gain that those 
fed a higher level of dietary CLA. One of the aims of this 
study was to survey any possible interaction between CLA 
and PUFAs. Both categories of fatty acids can alter lipid 
metabolism in birds. It was proposed that the combination 
of CLA and PUFAs in the bird's diet may enhance their 
performance and reduce the body fat deposition (Zanini et 
al. 2006).  

0.155 126b 39a 9.5a 816c 142b 46a 9.1a 1716c 0.082  

130b  37a  9.6a  863b  141b  41b  9.2a  1787b CL 0.150  0.079  

141a  33b  6.8b  894a  153a 34c 5.6b  1850a  CLFO 0.158  0.083  

SEM 0.007  5.4  1.7  0.91  14.68  0.003  5.2  2.4  0.9  19 

Ileum 
Treatments Epithelum thicknes 

(µm) 
Crypt depth to 

villus height ratio 
Goblet cell numbers (in 

100 µm2) 
Crypt depth (µm) Villus height (µm) 

FO 0.120 97.8 37a 10.16a  811b 

32b  9.66ab  824b  CL 0.119  98.1  

26c  8.00b  880a CLFO 0.116  102.5  

SEM 0.006  5.16  2.36  0.96  25.3  
1 CLA used in this experiment was CLA LUTA60 which contains 60% CLA, then 7% and 3.5% dietary inclusion of CLA will be equal to 4.2% and 2.1% respectively.  
2 FO: diet containing 7% fish oil; CL: diet containing 7% CLA and CLFO: diet containing 3.5% CLA + 3.5% fish oil. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05).  
SEM: standard error of the means. 
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The origin of this idea was the lower n-6:n-3 ratio in the 
diets containing the mixture of CLA and n-3 fatty acids 
(Aydin et al. 2001). Based on former reports, CLA can re-
duce lipogenesis in the adipose tissue, but not in the hepatic 
tissue (Du and Ahn, 2002). This may explain the ineffi-
ciency of CLA to reduce abdominal fat deposition in broiler 
chickens, because the liver is the main site of lipogenesis in 
birds. The longer villi in the intestine of chickens fed the 
diet containing the mixture of fish oil and CLA agrees well 
with more weight gain and feed intake in this group as 
compared to those fed 7% CLA or 7% fish oil diets. The 
epithelial thickness in the jejunum influenced by the ex-
perimental diets and thinner epithelium was observed in the 
groups fed the CLA + fish oil mixture. The thinner epithe-
lium in the small intestine can facilitate absorption, increase 
nutrient uptake and decrease the metabolic demands of the 
digestive tract (Visek, 1978). The lower epithelial thickness 
may prevent the formation of polyamines and volatile fatty 
acids and increase electrolyte turnover and intestinal cell 
activity, so the extra energy could serve for meat produc-
tion (Bedford, 2000). The crypt depth in the duodenum and 
jejunum sections was increased in the chickens fed the 
3.5% CLA + 3.5% fish oil diet; however, the crypt depth in 
the ileum was not changed by the experimental diets. 
Crypts act as the villi production factory and deeper crypt is 
a sign of more active cellular turnover and higher demand 
for newly formed tissues (Yason et al. 1987).  

The crypt depth to villus height ratio was not influenced 
by experimental diets. This criterion represents the possible 
digestive capacity of the small intestine and a reduction in 
this ratio may result in a more efficient digestion and ab-
sorption process (Montagne et al. 2003). With respect to the 
positive relationship between the villus height and perform-
ance traits, it seems that at least in this study the villus 
height was more correlated to chicken performance than the 
crypt depth to villus height ratio. 

 

  CONCLUSION 
The results of this study showed that the high dosage of fish 
oil or CLA can reduce broiler chicken performance, but 
their combination can moderate this adverse effect. In other 
word, the dietary inclusion of 7% CLA was more toxic than 
3.5% CLA and 7% fish oil was more toxic than 3.5% fish 
oil. If the CLA and fish oil toxicities act through different 
ways, then they were not additive and the 3.5% CLA + 
3.5% fish oil would not be as toxic as either one at 7%. 
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