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Mustard meal (MM) from an essential oil extraction plant was dried under the sun or in a gas-heated

pan. Its crude protein, ether extract and fiber contents on dry matter (DM) basis were 30-32, 19-22 and 12-

13%, respectively. The metabolizable energy values of the sun dried and the gas dried meals were 2.89 and

2.44 kcal/g DM, respectively. The meal obtained from either the sun or the gas drying process was incorpo-

rated into broiler diets at 0, 10, 20 or 30% through the whole 6 weeks of experimental period. It was found

that body weight gain, feed intake and feed efficiency decreased with the increasing levels of MM. The over-

all performance indicated that MM could be incorporated in broiler diet at 10% during 2-7 weeks of age

without any adverse effects. Since older chicks can tolerate higher level of fiber and toxic substances from

MM, the incorporation of MM to the diet fed only during week 7 can be up to 20%, which is corresponding

to the substitution of 62% soybean meal. No significant differences among groups on carcass quality (i.e.

dressing  percentage  and  the  weight  of  liver,  pancreas  and  abdominal  fat)  were  observed.  However,  the

thyroid gland was found to enlarge with the increasing levels of MM.
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The investigation on the potential use of
agro-industrial  residues  and  by-products  to
substitute conventional feed is useful for the re-
duction of feed cost. In Thailand, mustard meal
(MM) is an interesting by-product from oil ex-
traction process of the seed because of its high
nutrient  content  and  the  availability  of  around
4,000 tons of fresh matter a year. Since mustard
(Brassica juncea) is in the same genus as rapeseed
(B. napus or B. compestris), it contains similar
toxic substances i.e. glucosinolate, erucic acid,
sinapine, tannin and some anti-nutrient factors.
The  substances  induce  unpalatability,  growth
retardation, thyroid gland enlargement, low feed
efficiency and reproductive problem, particularly
when the seed is incorporated in the diet at high
level. Bhattacharjee et al. (1995) found that MM
could substitute peanut meal at 30% in Japanese
quail diet during 2-8 weeks of age without adverse
effect. The substitution level over 50% reduced
body weight, protein bound iodine and thyroxin
(T4) in blood serum while thyroid gland and serum
cholesterol increased. Das and Ali (1993) reported
that undetoxicated MM could substitute 50% of
sesame meal. At the higher level it reduced egg

size and feed intake. Marangos and Hill (1976)
found no deleterious effect on egg performance
when MM was incorporated in layer diet at 12%.
However, fishy flavor was observed in eggs.

Newkirk et al. (1997) reported that MM had
higher metabolizable energy (ME) and apparent
ileal crude protein (CP) digestibility than rape seed
meal, thus gave slightly better performance of
broilers although its glucosinolate content was
higher (34.3 vs 21.8-25.5 µmole/g). Blair (1984)
found that MM which containing 45.7% CP, 1.69%
ether extract (EE) and 6.5% crude fiber (CF) can
incorporated  in  broiler  diet  at  10%  without  any
adverse effect on growth but the weight of thyroid
gland increased significantly (P<0.05). However,
when the meal was treated with ammonia and sup-
plemented with lysine, the incorporated level could
be increased to 20%. Begum et al. (1997) found no
deleterious effect when MM was sub-stituted for
peanut meal at 30% in broiler diet. At over 50%,
however, body weight decreased. Gohl (1981) sug-
gested that MM should not incorporate in poultry
diet higher than 9%.

The objective of this experiment was to
investigate the optimum level of 2 types of MM,
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i.e. sun dry and gas dry, in broiler diets.

Materials and Methods

One thousand and fifty one day old broilers
(Arbor Acre 707) were fed a commercial pellet diet
containing 21% CP during the first week of birds’
age. After that they were randomly divided to 7
groups, each with 3 replicates (50 birds per repli-
cate). The ratio of male and female chicks was

estimated to be varied between 0.8-1.2 : 1.0. Feed
and water were provided ad libitum. Experimental
diets were in mash form containing either type of
MM, i.e. sun dry or gas dry. These MM contained
on dry matter (DM) basis: 30-32% CP, 19-22%
EE and 12-13% CF. Apparent ME of the sun dry
meal was 2.89 kcal/g DM and gas dry meal was
2.44 kcal/g DM (Cheva-Isarakul et al., 2003). The
incorporation levels of MM were 10, 20 or 30% of
the diet, which were equal to the substitution of

Table 1. Feed formulation and nutrient composition of broiler diets for 8-21 days (week 2-3)

of age

Type of MM                                                 Sun dried meal Gas dried meal

In diet (%) 0 10 20 30 10 20 30

Substituted SBM (%) 0 21 42 64 21 42 64

Ingredients:
   Corn (8.5% CP) 49.31 45.48 41.69 37.86 44.74 40.18 35.61
   SBM (44% CP) 27.25 21.46 15.66 9.86 21.47 15.69 9.91
   MM1/ - 10.00 20.00 30.00 10.00 20.00 30.00
   Crude rice bran oil 4.72 4.55 4.37 4.20 5.28 5.84 6.39
   DCP 0.79 0.73 0.66 0.60 0.73 0.67 0.61
   Oyster shell 1.09 0.99 0.90 0.81 0.99 0.90 0.81
   DL-Methionine 0.16 0.15 0.13 0.12 0.15 0.13 0.12
   L-Lysine 0.18 0.14 0.09 0.05 0.14 0.09 0.05
   Constant2/ 16.50 16.50 16.50 16.50 16.50 16.50 16.50

       Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Calculated chemical composition (% air dry basis)
   CP 21.00 21.00 21.00 21.00 21.00 21.00 21.00
   ME (kcal/g) 3.15 3.15 3.15 3.15 3.15 3.15 3.15
   CF 5.17 5.70 6.24 6.78 5.70 6.23 6.77
   EE 8.44 9.78 11.12 12.46 10.78 13.13 15.47
   Ca 1.00 1.00 1.00 1.00 1.00 1.00 1.00
   P, available 0.45 0.45 0.45 0.45 0.45 0.45 0.45
   Lys 1.20 1.20 1.20 1.20 1.20 1.20 1.20
   Met 0.50 0.50 0.50 0.50 0.50 0.50 0.50
   Met + Cys 0.78 0.77 0.77 0.76 0.77 0.77 0.76

MM = Mustard meal, SBM = Soybean meal, DCP = Dicalcium phosphate (18% P).
1/ CP, EE, CF (%) and ME (kcal/g) of sun dried mustard meal were 28.90, 17.07, 11.34 and 2.724, while those

of gas dried meal were 29.50, 20.04, 11.56 and 2.328, respectively. The amino acid content of MM was

according to Bell et al. (1984).
2/ The other ingredients were incorporated in all diets at a constant percentage, i.e., rice bran 10.00, fish meal

(57% CP) 6.00, salt 0.25 and vitamin-mineral premix3/ 0.25.
3/ mg/kg feed unless otherwise noted: Vitamins; A 15,000 IU, D

3
 3,750 IU, E 15, K

3
 2, B

1
 3, B

2
 10, B

6
 6, B

12
 0.01,

Nicotinic acid 40, Pantothenic acid 15, Folic acid 0.7, Biotin 0.075, Choline chloride 300; Minerals: Fe 40,

Cu 5, Mn 60, Zn 60, I 1, Se 0.5; Favoring agent 25 and preservative 6.25.
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soybean meal (SBM) at the levels of 21, 42, 64%;
26, 52, 78% and 31, 62, 94% during 2-3, 4-6 and
7 week of age, respectively. The other diet was the
control (without MM). All diets (Table 1-3) con-
tained equal ME at 3.15 kcal/g air dry throughout
the experimental period. However, CP content of
the diets was varied with birds’ age (21, 19 and
17% during week 2-3, 4-6 and 7, respectively).
Body weight and feed intake were recorded at the
end of week 3, 6 and 7 of age. At the end of the
experiment,  2  birds  (one  male  and  one  female
from each replicate) were randomly slaughtered.
Dressing percentage and weight of liver, pancreas,
abdominal  plus  visceral  fat  and  thyroid  gland

Table 2. Feed formulation and nutrient composition of broiler diets for 22-42 days (week 4-

6) of age

Type of MM                                                 Sun dried meal Gas dried meal

In diet (%) 0 10 20 30 10 20 30

Substituted SBM (%) 0 26 52 78 26 52 78

Ingredients:
   Corn (8.5% CP) 54.53 50.74 64.90 43.12 49.97 45.40 40.84
   SBM (44% CP) 22.40 16.60 10.81 5.00 16.62 10.84 5.06
   MM1/ - 10.00 20.00 30.00 10.00 20.00 30.00
   Crude rice bran oil 3.62 3.44 3.27 3.08 4.18 4.73 5.29
   DCP 0.70 0.63 0.57 0.51 0.64 0.58 0.52
   Oyster shell 1.05 0.95 0.86 0.76 0.95 0.86 0.76
   DL-Methionine 0.08 0.06 0.05 0.03 0.06 0.05 0.03
   L-Lysine 0.12 0.08 0.04 - 0.08 0.04 -
   Constant2/ 17.50 17.50 17.50 17.50 17.50 17.50 17.50

       Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Calculated chemical composition (% air dry basis)
   CP 19.00 19.00 19.00 19.00 19.00 19.00 19.00
   ME (kcal/g) 3.15 3.15 3.15 3.15 3.15 3.15 3.15
   CF 5.17 5.71 6.24 6.78 5.70 6.24 6.77
   EE 7.66 9.00 10.34 11.67 10.01 12.35 14.69
   Ca 0.90 0.90 0.90 0.90 0.90 0.90 0.90
   P, available 0.40 0.40 0.40 0.40 0.40 0.40 0.40
   Lys 1.00 1.00 1.00 1.00 1.00 1.00 1.00
   Met 0.38 0.38 0.38 0.38 0.38 0.38 0.38
   Met + Cys 0.64 0.63 0.62 0.62 0.63 0.62 0.61

MM = Mustard meal, SBM = Soybean meal, DCP = Dicalcium phosphate (18% P).
1/, 3/See Table 1.

2/ The other ingredients were incorporated in all diets at a constant percentage, i. e., rice bran 12.00, fish

meal (57% CP) 5.00, salt 0.25 and vitamin-mineral premix3/ 0.25.

were recorded. All data were analyzed by ANOVA
according to completely randomized design. The
difference between groups was investigated using
Duncan’s  new  multiple  range  test  (Steel  and
Torrie, 1984). The work has been done at Chiang
Mai University farm.

Results and Discussion

Production performance

The overall body weight gain, feed intake
and feed efficiency (feed conversion ratio, FCR)
of broilers decreased with the increasing levels of
MM, particularly at the levels beyond 10%. There-
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fore, the use of MM in broiler diets during 2-7
weeks of birds’ age should not exceed 10% of the
diet, which was equal to the substitution of SBM
at 21, 26 and 31% during week 2-3, 4-6 and 7 of
birds’ age, respectively. The results of this study
were in agreement with Gohl (1981), Blair (1984)
and Bhattacharjee et al. (1995). However, when
the growth of each period was taken into consider-
ation it was found that young chick (less than 6
weeks of age) was sensitive to the toxic substance
of MM. On the other hand, older chickens seemed
to be more tolerate to the higher levels of both
fiber and toxic substances in MM. Therefore, 20%
MM could be incorporated in the diet during week

7 of broilers’ age without any adverse effect (Table
4).

No significant difference was observed on
mortality rate, although the high rate of 13% in
broilers fed sun dried MM was noticed. It might
be due to heat stress during the last week of the
experimental period in which the temperature was
up to 37-40ºC.

Carcass quality

There were no significant differences among
groups on dressing percentage and the weight of
liver, pancreas, and abdominal plus visceral fat.
However, thyroid gland increased with the in-

Table 3. Feed formulation and nutrient composition of broiler diets for 43-49 days (week 7)

of age

Type of MM                                                 Sun dried meal Gas dried meal

In diet (%) 0 10 20 30 10 20 30

Substituted SBM (%) 0 31 62 94 31 62 94

Ingredients:
   Corn (8.5% CP) 60.96 57.14 53.33 49.50 56.39 51.84 47.26
   SBM (44% CP) 18.50 12.70 6.91 1.11 12.72 6.94 1.16
   MM1/ - 10.00 20.00 30.00 10.00 20.00 30.00
   Crude rice bran oil 2.66 2.49 2.32 2.15 3.22 3.78 4.34
   DCP 0.69 0.63 0.56 0.50 0.63 0.56 0.50
   Oyster shell 1.02 0.92 0.83 0.73 0.92 0.83 0.73
   DL-Methionine 0.05 0.04 0.02 0.01 0.04 0.02 0.01
   L-Lysine 0.12 0.08 0.03 - 0.08 0.03 -
   Constant2/ 16.00 16.00 16.00 16.00 16.00 16.00 16.00

       Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Calculated chemical composition (% air dry basis)
   CP 17.00 17.00 17.00 17.00 17.00 17.00 17.00
   ME (kcal/g) 3.15 3.15 3.15 3.15 3.15 3.15 3.15
   CF 5.05 5.59 6.12 6.66 5.59 6.12 6.65
   EE 6.79 8.12 9.47 10.82 9.13 11.48 13.82
   Ca 0.80 0.80 0.80 0.80 0.80 0.80 0.80
   P, available 0.35 0.35 0.35 0.35 0.35 0.35 0.35
   Lys 0.85 0.85 0.85 0.85 0.85 0.85 0.85
   Met 0.32 0.32 0.32 0.32 0.32 0.32 0.32
   Met + Cys 0.56 0.55 0.55 0.54 0.55 0.55 0.54

MM = Mustard meal, SBM = Soybean meal, DCP = Dicalcium phosphate (18% P).
1/, 3/See Table 1.

2/ The other ingredients were incorporated in all diets at a constant percentage, i. e., rice bran 12.00, fish

meal (57% CP) 3.50, salt 0.25 and vitamin-mineral premix3/ 0.25.



Songklanakarin J. Sci. Technol.

Vol. 26  No. 1  Jan.-Feb. 2004 28

The use of mustard meal as a protein source in broiler diets

Tangtaweewipat, S., et al.

creasing levels of MM (Table 5). It indicated that
although  some  toxic  substances  such  as  allyl
isothiocyanate, nitrile and indoles (derivatives of

glucosinolate) were extracted from the seed, the
remaining in the meal was still high enough to
inhibit thyroid function. Tangtaweewipat et al.

Table 4. Performances of broilers fed diets containing varying levels of sun dried and gas

dried mustard meals (MM) during 2-7 weeks of age1/

MM (%) in diet Type of MM BW gain (kg) Feed intake (kg) FCR Mortality (%)

Overall (42 days)
0 - 2.25a 4.36ab 1.94c 7.3

10 Sun dried2/ 2.14ab 4.36ab 2.04ab 13.3
10 Gas dried3/ 2.16a 4.34ab 2.01bc 6.0
20 Sun dried 2.04b 4.30ab 2.13a 3.3
20 Gas dried 2.04b 4.18b 2.11ab 3.3
30 Sun dried 1.85c 3.94c 2.13a 4.7
30 Gas dried 1.84c 3.81c 2.07ab 3.3

Pooled SEM 0.01 0.02 0.01 1.1

Week 2-3 (14 days)
0 - 0.52a 0.77a 1.48d 0.7

10 Sun dried 0.49b 0.76a 1.55bcd 0.7
10 Gas dried 0.50ab 0.76a 1.53cd 0
20 Sun dried 0.46c 0.75a 1.64a 0
20 Gas dried 0.46c 0.73ab 1.58abc 0
30 Sun dried 0.42d 0.67c 1.61ab 0.7
30 Gas dried 0.42d 0.68c 1.64a 0

Pooled SEM 0.003 0.005 0.01 -

Week 4-6 (21 days)
0 - 1.37a 2.54a 1.86b 2.0

10 Sun dried 1.26bc 2.57a 2.04a 4.0
10 Gas dried 1.24bc 2.51a 2.03a 4.7
20 Sun dried 1.17cd 2.50a 2.13a 2.7
20 Gas dried 1.20c 2.45a 2.03a 2.1
30 Sun dried 1.10d 2.29b 2.09a 4.0
30 Gas dried 1.10d 2.22b 2.02a 0.7

Pooled SEM 0.01 0.02 0.01 -

Week 7 (7 days)
0 - 0.36abc 1.05a 2.96 4.7

10 Sun dried 0.40ab 1.06a 2.70 8.7
10 Gas dried 0.43a 1.07a 2.50 1.4
20 Sun dried 0.40ab 1.05a 2.67 0.7
20 Gas dried 0.38abc 0.99ab 2.64 1.4
30 Sun dried 0.34bc 0.97ab 2.89 0
30 Gas dried 0.32c 0.91b 2.86 2.7

Pooled SEM 0.01 0.01 0.05 -

Values within column with no common superscripts are significantly different (P<0.05).
1/ In the first week, BW gain and feed intake were 97 and 119 g/bird, respectively.
2/ 3-days sun dried.
3/ 8-hrs dried by gas machine.
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Table 5. Dressing percentage and relative weight of visceral organs and thyroid gland of

broilers fed diets containing various levels of sun dried and gas dried mustard

meals (MM) during 2-7 weeks of age.

MM in diet Type of % Liver Fat1/ Pancreas Thyroid

(%) MM Dressing (% BW) (mg/100 g BW)

0 - 88.38 1.85 2.23 0.154 3.26b

10 Sun dried2/ 88.83 1.91 2.43 0.169 3.99ab

10 Gas dried3/ 88.27 1.74 2.37 0.182 3.99ab

20 Sun dried 86.91 1.79 2.04 0.152 3.22ab

20 Gas dried 88.04 1.75 2.40 0.156 4.46a

30 Sun dried 87.45 1.86 2.30 0.165 4.01ab

30 Gas dried 88.89 1.83 2.70 0.179 4.65a

Pooled SEM 0.21 0.03 0.06 0.003 0.12
Male Ave. ± SD 87.5±0.6 1.77±0.05 2.20±0.1 0.16±1.0 3.51±0.52

Female Ave. ± SD 87.5±0.6 1.88±0.08 2.49±0.3 0.17±1.2 4.14±0.72

Values within column with no common superscripts are significantly different (P<0.05).

Ave. = Average. SD = Standard deviation.

Dressing percentage = {(Liveweight - Blood - Feather - Whole visceral organs) ××××× 100}/Liveweight
1/ Visceral plus abdominal fat.

2/, 3/See Table 4.

Table 6. Cost of broiler production fed diets containing various levels of sun

dried and gas dried mustard meals (MM) during 2-7 weeks of age

MM in diet Type of BW gain FCR                Production cost1/

(%) MM (kg) (Bt/bird) (Bt/kg BW)

0 - 2.25 1.94 33.78 15.01
10 Sun dried2/ 2.14 2.04 32.53 15.20
10 Gas dried3/ 2.16 2.01 32.64 15.11
20 Sun dried 2.04 2.13 30.41 14.91
20 Gas dried 2.04 2.11 30.41 14.91
30 Sun dried 1.85 2.13 26.49 14.32
30 Gas dried 1.84 2.07 26.90 14.62

1/ Price of each ingredients (Bt/kg): Corn 5.60, Rice bran 4.10, SBM 9.10, FM 16.50, Rice

bran oil 20.00, DCP 12.00, Oyster shell 2.00, Met 160.00, Lys 75.00, Salt 3.00, Vitamin-

mineral premix 120.00 and Mustard meal 5.00. (43 Bt = 1 $ US)
2/,3/ See Table 4.

(1998) reported the similarity and found enlarged
thyroid glands and low blood thyroxin in broilers
fed with rape seed meal containing 75.3 µmol/g
glucosinolate.  Bhattacharjee  et  al.  (1995)  also
reported similar evident in Japanese quail con-
suming deoiled mustard cake.

Production cost

When the price of MM was calculated base
on its CP content compared to SBM, its cost would
be 5 Baht (Bt)/kg or around 116 $US/ton (approx.
1 $US = 43 Baht). Since the cost of MM diets
were lower than the control and FCR of all groups
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were similar, feed cost per kg body weight of the
birds fed 30% MM was found to be the lowest
(Table 6).

In conclusion, MM can be incorporated in
broiler diet at 10% during 2-7 weeks of age or at
20%  only  in  week  7.  Carcass  quality  was  not
affected by MM with the exception of the enlarged
thyroid glands.
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